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ABSTRACT 

Background: Depression is a mood disorder projected to be the highest cause of years 

of life lived with disability by 2030. Although a wide variety of antidepressants is 

currently available on the market, several concerns arise that affect the effectiveness 

of the treatment. Therefore, there is an urgent need to develop novel and more efficient 

treatment options for depression. The first step for the strategic drug design involves 

thinking outside the box to explore alternatives that may assist in the development of 

more efficient and novel pharmacological treatments. Therefore, the strategy should 

involve the most recent understanding of the pathophysiology of depression focusing 

on physiological processes not previously considered in the development of the 

currently available antidepressants. Understanding the pathophysiological elements 

involved in depression may provide a scenario to design target/network-based 

approaches towards drug development.  

Rationale of the present study: Neurogenesis has been highlighted as a promising 

target process to develop novel therapeutic interventions for depression. A set of 

considerations were established to discover novel potential treatment options for 

depression: to take neurogenesis as the target physiological mechanism for the 

evaluation of candidates with antidepressant effect, the selection of promising 

candidates to be included in the present study was based on the following criteria: (1) 

promising beneficial effect on depression based on the literature, (2) the neurogenic 

effect had not been previously evaluated, (3) no previous study on the molecular 

pathways involved in its beneficial effects on depressive symptoms and (4) at least 

one of the candidate(s) should act via the olfactory system in order to study the 

olfactory system-emotion-neurogenesis relationship in detail. The criteria enabled the 

identification of interesting candidates whose neurogenic effect was not previously 
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evaluated, thereby adding to the novelty and originality of the present study. One of 

the candidates evaluated in the present study was lavender essential oil (LEO) that is 

frequently used in aromatherapy. Previous studies have evaluated LEO showing 

promising effects on mood in both animal studies and clinical trials. The nature of 

LEO and its action on the olfactory system is an interesting feature, making LEO 

relevant to the present study. Finally, the effect of LEO on neurogenesis has not been 

explored. The other candidate evaluated was Bis-(7) cognition (B7C), a dimer formed 

by two tacrine molecules linked by a spacer containing 2 methylene groups considered 

as a treatment option for Alzheimer's disease (AD). The literature review on B7C 

pointed out that (1) the physicochemical characteristics of B7C makes it a good 

candidate for the treatment of central nervous system (CNS) disorders, (2) the 

beneficial effects of B7C on AD animal models and the high comorbidity of AD and 

depression highlight a research gap that invites an evaluation of the effect of B7C on 

depression, (3) no previous studies have evaluated the potential antidepressant effect 

of B7C, and (4) the neurogenic effect of B7C has not been explored.  

Aim: To evaluate the behavioral and neurogenic effect of lavender essential oil and 

bis-(7)-cognitin in rats and to explore the molecular mechanism of action in vivo and 

in vitro. 

Methods: An extensive literature review was carried out on LEO and B7C to explore 

the effectiveness on depressive symptoms and the molecular targets relevant in 

neurological disorders respectively. As a second stage of the project, both candidates 

were evaluated in vivo to assess their effect on behavior, and neurogenesis in a high 

corticosterone (CORT) animal model for depression. An in vitro evaluation was 

carried out to assess the effect of LEO and B7C on cell proliferation and explore the 

molecular pathways underlying their cell proliferation effect. 
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Results: The analysis of RCT studies focused on the effect of aromatherapy on 

depressive symptoms demonstrated the promising effect of aromatherapy in 

alleviating depressive symptoms. The animal studies selected in the systematic review 

to assess the effectiveness of LEO on depressive symptoms clearly demonstrated the 

positive effect of LEO and linalool to decrease depression-like behavior compared 

with the effect of commercial antidepressants. The effect of LEO on behavior and 

neurogenesis was evaluated in a high corticosterone model in rats. The results 

demonstrated that treatment with LEO decreased the CORT-induced depression like 

behavior. Also, neurogenesis was found to be the physiological progress involved in 

the antidepressant effect of LEO, as treatment with LEO increased the number of 

positive BrdU cells in the hippocampus and subventricular zone (SVZ). Additionally, 

LEO reverted the CORT-induced dendritic branching atrophy in doublecortin (DCX) 

positive cells in the hippocampus. The overall results of the evaluation of LEO in a 

high-CORT animal model for depression demonstrated that LEO is a promising 

treatment option for the treatment of depression as it has positive effects on mood and 

neurogenesis. The results from the in vitro experiments demonstrated that 0.05 µl/ml 

LEO reverted the CORT-induced decreased cell proliferation. Also, it was 

demonstrated that the mechanism underlying the cell proliferation effects of LEO 

involved the regulation of the PI3K/Akt and MAPK/ERK signaling pathways. B7C 

was found to have a positive effect on behavior and neurogenesis. Also, the optimal 

concentration of B7C was 0.3mg/kg which was further evaluated in a high-CORT 

animal model for depression. Treatment with B7C showed improvement in the 

CORT-induced anxiety-like behavior and decreased neurogenesis. The evidence of 

the present study supports further investigation of B7C on mood and the molecular 

mechanism underlying its effect. The findings of the in vitro experiments clearly 
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demonstrated the effect of B7C in increasing cell proliferation. Also, B7C showed a 

restorative effect on cell proliferation in a CORT-induced decreased cell proliferation 

in vitro experiment. Finally, the findings of the present study indicate that the 

mechanism underlying the cell proliferation effects of B7C involves the regulation of 

the PI3K/Akt and MAPK/ERK signaling pathways. 

Conclusions: LEO and B7C demonstrated to have a positive effect on mood and to 

increase neurogenesis. The present study is the first to address the effect of both 

candidates on behavior, neurogenesis and to examine the underlying mechanism of 

action in vitro.  
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1.1. Depression: A global health concern 

 

Depression is a life-threatening mood disorder characterized by the manifestation of 

affective, physical and cognitive symptoms including sadness, anhedonia, lack of 

interest in daily activities, feeling of worthlessness, fatigue, changes in appetite and 

sleep patterns, suicidal thoughts, poor concentration and memory impairment that last 

more than 2 weeks (Baquero and Martín, 2015; Ren et al., 2015; Tizabi, 2015; Qaseem 

et al., 2016). The quality of life of people suffering from depression is greatly affected. 

The presence of depressive symptoms has a negative impact on a person’s ability to 

perform daily tasks, resulting in disability and a high risk of perpetrating self-harm 

that may lead to suicide (Ernst et al., 1998; Yim et al., 2009).  

 

The global prevalence of depression has increased dramatically and it is reported by 

the WHO as the largest health concern of the 21st century (WHO, 2013). More than 

350 million people are suffering from depression (WHO, 2016) and this mood 

disorder is projected to be as the highest cause of years of life lived with disability by 

2030 (Ferrari et al., 2013; Bhattacharya et al., 2016). Depression is also linked with a 

high mortality rate accounting for about one million suicide cases every year (Caraci 

et al., 2010; Bhattacharya et al., 2016). Depression causes a significantly high 

economic burden accounting for an annual economic loss of USD 210 billion only in 

the USA (Greenberg et al., 2015; Wittenborn et al., 2015).  

 

The multifactorial nature of depression creates a complex scenario for its diagnosis 

and treatment management. This mood disorder involves a complex interplay of 

genetic and a number of environmental factors such as childhood maltreatment, lack 



  
 

3 
 

of parental care, loss of a parent during childhood, poor social support, low physical 

activity, and drug abuse (Köhler et al., 2018). Furthermore, the development of the 

gene-environment interactions, which cannot be easily predicted, and epigenetic 

mechanisms may play a role to the pathophysiology of depression (Köhler et al., 2018) 

bringing additional factors to bear on the complexity of this affective disorder.  

 

Although no reliable classification tools have been developed to associate the etiology 

of depression with the response to the treatment, several attempts have been made to 

define and classify the severity of this mood disorder. The diagnosis, treatment and 

evaluation of the treatment’s effectiveness rely on the assessment of the presence and 

severity of symptoms (Schmidt et al., 2011). Examples of validated assessment tools 

include the Hamilton Depression Rating Scale that comprises a clinical-rated and a 

self-reported assessment (Hamilton, 1960; Anderson et al., 2002) and the Beck 

Depression Inventory that includes a self-reporting tool (Anderson et al., 2002). Two 

major systems have been used to describe and classify the gravity of depression: the 

Diagnostic and Statistical Manual of Mental Disorders fifth edition (DSM-5) and the 

International Classification of Diseases and Related Health Problems (ICD-10) (WHO, 

1993; National Collaborating Centre for Mental Health, 2010). These systems have 

classified depression in terms of severity, duration, course of the disorder and subtypes 

according to the symptom profile (National Collaborating Centre for Mental Health, 

2010). The complexity of depression can be observed in the classification systems 

which describe more than 60 different types of major depressive disorders comprised 

of different combination of symptoms (Culpepper et al., 2015). Because the 

neurobiological abnormalities that contribute to the heterogeneity of depression are 
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complex and poorly understood, psychiatrists still rely on subjective tools for the 

assessment of the depressive symptoms (Schmidt et al., 2011).  

 

1.2. Pharmacotherapy: The first line of treatment for depression 

 

Pharmacotherapy for a long time has been the first line of treatment for depression 

(Richelson, 2013). The first antidepressants introduced back in the 50s were the so-

called tricyclic antidepressants (e.g. imipramine and desipramine) and monoamine 

oxidase inhibitors (e.g. tranylcypromine and phenelzine). In the 80s, selective 

serotonin reuptake inhibitors (SSRI) such as sertraline, paroxetine and citalopramin 

were introduced for the treatment of depression (Berton and Nestler, 2006; Richelson, 

2013; Saltiel and Silvershein, 2015; Hiemke, 2016). In the 90s, serotonin and 

norepinephrine reuptake inhibitors (SNRI) such as venlafaxine, duloxetine and 

desvenlafaxine and norepinephrine and dopamine reuptake inhibitors entered the 

market (Richelson, 2013; Saltiel and Silvershein, 2015; Hiemke, 2016).  

 

The criteria to choose the most appropriate antidepressant out of 30 antidepressants 

available in the market largely depend on the symptom profile of the patient (Saltiel 

and Silvershein, 2015; Hiemke, 2016). Some of the symptoms observed in depression 

include cognitive impairment and anxiety. For example, anxiety has been shown to 

have a high comorbidity with major depressive disorder (Richelson, 2013). In a study 

carried out in the Netherlands, about 67% of the patients diagnosed with depression 

showed a comorbid anxiety disorder and 63% of the patients with an anxiety disorder 

showed comorbid depressive symptoms (Lamers et al., 2011). Because of the high 

comorbidity of depression and anxiety and the overlapping neurobiochemical 
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disturbances in both conditions, effective antidepressants with anxiolytic effect, such 

as SSRIs and SNRIs, have been found to be effective for both, anxiety and depression 

(Richelson, 2013; Saltiel and Silvershein, 2015). Therefore, patients exhibiting 

anxiety in the repertoire of depressive symptoms can be prescribed SSRIs or SNRIs 

(Saltiel and Silvershein, 2015). 

 

1.3. The challenges of using pharmacotherapy for the treatment of depression 

 

Although a wide variety of antidepressants is currently available on the market, 

several concerns arise that affect the effectiveness of the treatment. First of all, full 

remission is seldom achieved in patients with depression (Wilkinson, 1995; Arroll et 

al., 2005; Chan et al., 2015). The degree of responsiveness to the pharmacological 

treatment considers a reduction of less than 50% of the symptomatology related to 

depression (Saltiel and Silvershein, 2015). Therefore, remission is only considered 

when the scores in the rating scales are low but this cannot be translated as absence of 

symptoms (Saltiel and Silvershein, 2015).  

 

Another issue related to the use of antidepressants is the degree of responsiveness. 

About 30 to 40 % of the patients with depression do not respond to treatment (Caraci 

et al., 2010; Qureshi and Al-Bedah, 2013; Saltiel and Silvershein, 2015) and up to 60% 

may experience some level of treatment resistance that may lead to prolonged 

depression episodes and increased severity of the symptoms (Strawbridge et al., 2017).  

 

Low compliance to antidepressant treatment is another concern closely linked to the 

side effects. The most frequently reported side effects include nausea, insomnia, 
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agitation, weight gain, somnolence, sexual dysfunction and cardiovascular 

disturbances (Nezafati et al., 2015; Tizabi, 2015; Yeung et al., 2015). The presence of 

side effects plays a crucial role in the patient’s compliance to the treatment. About 52% 

of patients taking antidepressants quit the treatment due to their inability to tolerate to 

the side effects (Qureshi and Al-Bedah, 2013; Saltiel and Silvershein, 2015). Another 

limitation of antidepressants is the long time required for the therapeutic effect (Tizabi, 

2015). Averagely, it takes about 6 to 7 weeks to experience alleviation of depressive 

symptoms (Richelson, 2013).  

 

When poor response to the pharmacological treatment is observed or the intolerance 

to the side effects greatly affects the compliance to the treatment, clinicians put in 

practice several strategies. For example, clinicians may consider the adjustment of the 

dose and the possibility to substitute the antidepressant with another available 

pharmacological option (Richelson, 2013; Culpepper et al., 2015). Also, revision of 

the diagnosis takes place accompanied by a full exploration of the presence of other 

conditions that might be contributing to the symptomatology including substance 

abuse, other psychiatric disorders or any other medical condition (Richelson, 2013; 

Culpepper et al., 2015). However, the above-mentioned strategies take a long time to 

determine whether the new approach implemented benefits the patient; subsequently 

this may negatively affect compliance to the treatment (Richelson, 2013).  

 

The drawbacks of the use of antidepressants have a negative impact on the patient’s 

treatment and necessitates the developing of novel and more effective options for the 

treatment of depression. In fact, an increasing number of patients with depression have 

turned to non-pharmacological alternatives given all the issues surrounding treatment 
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with the current antidepressants (Hiemke, 2016). Some of the non-pharmacological 

approaches explored by patients include psychoeducation, physical exercise, problem 

solving therapy, guided self-help and behavioral activation treatments (Dirmaier et al., 

2012) and complementary and alternative medicine (CAM) (Ernst et al., 1998; Yeung 

et al., 2015).  

 

As discussed above, depression is a critical health concern that continues to affect an 

increasing number of people all over the world. The complex nature of the 

neurobiology of depression that confers on it a high degree of heterogeneity and the 

issues related to pharmacotherapy of depression make it urgent to develop new 

therapeutic options. The first step for the strategic drug design involves thinking 

outside the box to explore alternatives that may assist in the development of more 

efficient and novel pharmacological treatments. Therefore, the strategy should involve 

the most recent understanding of the pathophysiology of depression focusing on 

physiological processes not previously considered in the development of the currently 

available antidepressants. This approach is the main focus of the present research 

project. 

 

1.4. Thinking outside the box: An exploration of the hypotheses on the 

pathophysiology of depression 

 

Target screening, clinical practice, pharmacotherapy, epidemiology, and pathology-

centered approaches are drug discovery strategies used to develop novel therapeutic 

options (Pangalos et al., 2007). Particularly, basic research focused on the pathology 

of the disease has been the most commonly implemented discovery strategy in 
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neurological disorders (Pangalos et al., 2007). Knowing the pathophysiology of a 

given disease provides an insightful picture of the disease process (Pangalos et al., 

2007). Consequently, key signaling pathways and potential drug targets can be 

identified (Pangalos et al., 2007). Despite the complex, sometimes poorly understood, 

pathophysiology in neurological disorders, the pathology-centered approach not only 

increases knowledge on the disease but also offers a platform for therapeutic 

innovation (Pangalos et al., 2007). Therefore, understanding the pathophysiological 

elements involved in depression may provide a scenario to designed target/network-

based approaches towards drug development.  

 

The neurobiology of depression comprises a complex interaction of genetic, 

epigenetic, biochemical and psychosocial factors. The details of how those elements 

interact with each other in the pathology of depression are still not well understood 

(Saltiel and Silvershein, 2015). However, knowledge based on extensive studies has 

resulted in numerous hypotheses that encapsulate different factors, molecular 

networks and key players. This has been useful in shedding light on the 

pathophysiology of depression (Lee et al., 2010). 

 

Rather that evaluating individual hypothesis on depression, researches should have in 

mind the interaction and overlapping key elements involved in each hypothesis (Lee 

et al., 2010; Petrik et al., 2012). Taking that direction, it would be possible to get a 

bigger picture of the pathophysiology of depression (Lee et al., 2010) and develop 

more effective and novel therapeutic options (Richelson, 2013).  
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1.4.1. Classical monoamine hypothesis 

 

Most antidepressants available on the market are based on serendipitous discoveries 

made more than half a century ago (Berton and Nestler, 2006; Wainwright et al., 2013). 

In 1928, an enzyme causing oxidative disamination of biogenic amines was fist 

described (López-Muñoz and Alamo, 2009). It was not until 1937 that this enzyme, 

which was also found in the brain, was characterized and named monoamine-oxidase 

(MAO) (López-Muñoz and Álamo, 2016). After World War II, large amounts of 

hydrazine, a compound used by the German army as rocket fuel, was distributed to 

chemical and pharmaceutical companies at a very low price (López-Muñoz and 

Alamo, 2009). Hydrazine derivatives were found to have antitubercular effects 

(López-Muñoz and Alamo, 2009). Back in 1952, iproniazid, a MAO inhibitor, was 

already being used to treat patients with tuberculosis. The side effects observed in the 

patients treated with iproniazid  included psychological changes such as greater 

vitality, improved sleep and social activity and positive mood (López-Muñoz and 

Alamo, 2009). Later on, the psychostimulant side effect of iproniazid was considered 

as a potential primary effect for the treatment of psychiatric disorders and the term 

antidepressant was first used to refer to the effects of this drug on patients with 

depression (López-Muñoz and Álamo, 2016).  

 

The mechanisms by which most antidepressants act follow the hypothesis of 

monoamine depletion (Tizabi, 2015). Monoaminergic transmission is the basis of 

important neural processes such as mood, reward, pleasure, motivation, cognition and 

executive functions (Saltiel and Silvershein, 2015).  The monoamine hypothesis was 

postulated based on the inhibitory action of iproniazid on MAO and further studies on 
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the blockade of synaptic reuptake of monoamines (López-Muñoz and Álamo, 2016). 

The monoamine hypothesis was first postulated in 1965 by Joseph J. Schildkraut of 

the Massachusset Mental Health Center in Boston and it stated that depression was 

the result of low neurotransmitter levels (López-Muñoz and Álamo, 2016).  

 

The mechanism involved in the monoamine hypothesis considers the restoration of 

the disturbances in monoaminergic neurotransmission by enhancing the availability 

of neurotransmitters in the synaptic cleft (Wainwright et al., 2013; Tizabi, 2015). 

Therefore, antidepressants in this category target the reuptake or degradation 

mechanisms of neurotransmitters (Saltiel and Silvershein, 2015; Tizabi, 2015). For 

instance, SSRI, SNRI and norepinephrine and dopamine reuptake inhibitor (NDRI)  

inhibit the serotonin transporter, serotonin and norepinephrine transporters and 

norepinephrine and dopamine transporters respectively, to increase the concentration 

of their respective monoamine in the synaptic cleft (Saltiel and Silvershein, 2015). 

Later research in the field of depression has strengthened the arguments behind the 

actions of monoamines and depression. Saltiel and Silvershein has provided a 

hypothetical map that establish the relationship between brain structures, monoamine 

function and depressive symptoms – this map represents a comprehensive summary 

of the monoamine hypothesis in depression (Figure 1) (Saltiel and Silvershein, 2015). 
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Figure 1. Hypothetical map establishing the relationship between brain 

structures, monoamine function and depressive symptoms. A: Brain map of the 

hypothetical malfunctioning brain circuits of neurotransmitters and their relationship 

with depressive symptoms. B: At least one of the symptoms shown in * and four or 

more of the symptoms shown as ✝ should be present to diagnose depression. 

Abbreviations: A, amygdala; BF, basal forebrain; C, cerebellum; H. hypothalamus; 

NA, nucleus accumbens; NT, neurotransmitter centers; PFC, prefrontal cortex; S, 

striatum; SC, spinal cord; T, thalamus. Figures modified from Saltiel and Silvershein, 

2015. 

 

The advances in antidepressant development that followed the iproniazid 

serendipitous discovery led to the generation of other categories of antidepressants 

design under the principles of the monoamine hypothesis of depression (Wainwright 

et al., 2013). Nowadays, antidepressants available on the market target the 

monoaminergic system and they are used as first-line treatment for depression (Pilar-

Cuéllar et al., 2013; Saltiel and Silvershein, 2015). However, due to the undesired side 

effects that lead to low compliance, in addition to relapses, low recovery rates and 
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drug resistance observed in clinical practice, there is an urgent need to develop novel 

therapeutic options that explore alternative research approaches (Berton and Nestler, 

2006; Lang and Borgwardt, 2013).  

 

Traditionally, the monoamine hypothesis was the classical approach in depression 

research until the late 90s (Pilar-Cuéllar et al., 2013). New evidence has led to the 

conclusion that the physiological aberrations observed in depression go beyond the 

monoamine hypothesis (Pilar-Cuéllar et al., 2013). As novel hypotheses develop, 

knowledge on the pathophysiology of depression is constructed to contribute to a 

better understanding of depression (Petrik et al., 2012). Therefore, future research 

directions should consider the integration of knowledge from the different hypotheses 

of depression.  

 

1.4.2. Hypothalamic-pituitary-adrenal axis hypothesis 

 

As illustrated in Figure 1, several brain structures have been associated with the 

behavioral abnormalities observed in mood disorders (Saltiel and Silvershein, 2015). 

Normal mood functioning depends on a complex network involving different brain 

regions (Campbell and Macqueen, 2004). Understanding how the abnormal neural 

circuitry functioning leads to mood disorders remains a challenging task in 

neuroscience. However, evidence from brain imaging studies, based on blood flow or 

related measurements in different brain areas has made it possible to identify brain 

regions such as the prefrontal cortex, cingulate cortex, hippocampus, striatum, 

amygdala and thalamus that showed dysregulation and implication in the affective-

emotional network in depression (Berton and Nestler, 2006; Bartsch, 2012).  
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Post mortem analysis of the brain has shown correlation between abnormalities 

observed in the above-mentioned brain regions and depressive symptoms (Berton and 

Nestler, 2006; Duman et al., 2016). A clear example of altered brain structure and 

function is the reduced volume of the prefrontal cortex and hippocampus which has 

shown strong association with the severity of depression (Duman et al., 2016). 

Additionally, depressive symptoms such as impaired memory, feelings of 

hopelessness, guilt and suicidal thoughts have been linked to functional and structural 

alterations in the prefrontal cortex and hippocampal regions (Berton and Nestler, 

2006). Cell atrophy, cell loss and circuitry malfunctioning found in the above-

mentioned brain structures, although not fully understood, are important contributing 

factors in the pathophysiology of depression and more research efforts are required to 

enable a full understanding of the brain structure-connectivity-functioning cross-talk 

(Campbell and Macqueen, 2004; Duman and Li, 2012). 

 

Different lines of research have pointed out that the abnormalities in the hippocampal 

structure and functioning are closely implicated in the symptomatology observed in 

depression (Campbell and Macqueen, 2004; MacQueen and Frodl, 2011). The 

hippocampus is a relatively small structure and part of the limbic system that has been 

extensively studied (Bartsch, 2012) and plays a pivotal role in cognition, consolidation 

of short and long term memory (Campbell and Macqueen, 2004) and regulation of 

emotional responses (Taupin, 2006).  Structurally speaking, the hippocampus consists 

of the cornu Ammonis subregions CA1 to CA4 and the dentate gyrus (Campbell and 

Macqueen, 2004). In terms of hippocampal connectivity and functioning, the dorsal 

hippocampal region has been found to play a preferential role in cognition and 
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memory while the ventral hippocampal region plays a primordial role in affective 

behavior (Zhao et al., 2008a). Regarding the cellular composition, about 90% of the 

neurons found in the hippocampus are glutaminergic neurons and granule cells while 

the remaining 10% are mainly GABA producing interneurons (Campbell and 

Macqueen, 2004).  

 

The hippocampus is rich in mineralocorticoid and glucocorticoid receptors 

(Wainwright et al., 2013). These receptors participate in the maintenance of the 

normal hypothalamic-pituitary-adrenal (HPA) axis function and the negative-

feedback regulatory processes involved in the flight-or-flight stress response 

(Wainwright et al., 2013). As a result, the hippocampus is particularly sensitive to 

behavioral stress and high levels of glucocorticoids (MacQueen and Frodl, 2011). 

While mild stress has enhancing effects on cognition and memory, sustained stress 

has been one of the most significant factors linked to susceptibility for depression and 

closely associated with structural and functional alterations in the hippocampus 

(Calabrese et al., 2009; MacQueen and Frodl, 2011; Duman et al., 2016).  

 

The HPA axis is an essential coping mechanism to stress controlled by the regulation 

of glucocorticoid release (Figure 2) (Berton and Nestler, 2006; Krugers et al., 2010). 

In depression, hyperactivity of the HPA axis, elevated glucocorticoid levels and 

disruption of the negative feedback regulatory mechanisms have been established as 

one of the most consistent findings in mood disorder research (Berton and Nestler, 

2006; Pariante, 2006; Duman et al., 2016). The hypothalamus releases corticotrophin-

releasing factor (CRF) and vasopressin that stimulates the secretion of 

adrenocorticotrophic hormone (ACTH) from the pituitary gland which enhances the 
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secretion of glucocorticoids from the adrenal cortex (Berton and Nestler, 2006; 

Pariante, 2006; Pariante and Lightman, 2008; Lee et al., 2010). The feedback loop of 

the HPA axis involves brain structures such as the hippocampus and amygdala (Lee 

et al., 2010). Glucocorticoids activate feedback inhibition of the release of CRF from 

the hypothalamus and ACTH via interaction with their glucocorticoid and 

mineralocorticoid receptors (Pariante and Lightman, 2008).  

 

 

Figure 2. Representation of the HPA axis. The intrinsic feedback connectivity of 

the HPA axis including the anterior pituitary and the adrenal cortex with structures 

from the limbic system (amygdala, hippocampus, prefrontal cortex) is depicted. 

Figure modified from Krugers et al., 2010. 

 

Increased levels of circulating glucocorticoids resulting from excessive activation of 

the HPA axis lead to higher expression of CRF in the hypothalamus which contributes 
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to the stimulation of ACTH release and therefore higher glucocorticoid levels (Berton 

and Nestler, 2006). In parallel, high glucocorticoid levels increase the excitotoxicity 

of CA3 neurons in the hippocampus and this results in dendritic atrophy, spine loss, 

apoptosis of neurons, and inhibition of the generation of new granule cells neurons 

(Berton and Nestler, 2006; Lee et al., 2010). The negative alterations in the 

hippocampus caused by HPA axis hyperactivity disrupt the feedback regulatory 

mechanisms and lead to hippocampal dysfunction (MacQueen and Frodl, 2011).  

Finally, aberrant hippocampal functioning has been associated with some of the 

symptoms observed in depression such as cognitive impairment, memory deficits and 

anhedonia (MacQueen and Frodl, 2011).  

 

Treatment with antidepressants has been associated with the restoration of the 

negative feedback in the HPA axis (Pariante and Lightman, 2008), leading to 

improvement of depressive symptoms (Wainwright et al., 2013). The restored 

negative feedback inhibition of the HPA axis by antidepressants has been linked to 

the functional restoration of the hippocampus (Wainwright et al., 2013) via 

upregulation of glucocorticoid receptor levels in the hippocampus (Calabrese et al., 

2009).  

 

1.4.3. Neuroplasticity, neurogenesis and neurotrophic hypotheses 

 

The neuroplasticity hypothesis emerged in the late 90s based on evidence gotten from 

the effect of stress on the hippocampus and decreased synaptic plasticity in the 

prefrontal cortex (Pilar-Cuéllar et al., 2013). Neuroplasticity is a dynamic brain 

mechanism in which information is received and processed via the neuronal circuitry 
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to adapt and respond to internal and external environmental stimuli (Calabrese et al., 

2009; Wainwright et al., 2013). Through neuronal plasticity, changes in structural and 

functional mechanisms in the brain involving neuronal remodeling, the formation of 

new synaptic connections (synaptic plasticity) and birth of new neurons (neurogenesis) 

take place (Calabrese et al., 2009). Because patients with depressive symptoms show 

difficulties in adaptation to environments and vulnerability to challenging situations, 

neuroplasticity has been associated with those behavioral abnormalities (Calabrese et 

al., 2009). Therefore, disturbances in neuroplasticity mechanisms have been linked to 

the aberrant emotional processes observed in depression (Calabrese et al., 2009; Lau 

et al., 2013).   

 

The involvement of several signaling pathways in neuroplasticity processes such as 

neural maintenance and remodeling, synaptogenesis and neurogenesis have been 

studied in depression. Due to the close interrelation of neuroplasticity mechanisms, 

key molecular elements and signaling pathways have been found to be involved in 

more than one neuroplasticity process. The information, sub-classified as 

neurotrophic, neurogenesis and synaptogenesis hypotheses, comprises crucial 

molecular elements and signaling pathways involved in different neuroplasticity 

mechanisms.  

 

There is a strong body of evidence that suggests a pathophysiological relationship of 

depression regarding neurogenesis (Gage et al., 2008; Tizabi, 2015). A healthy adult 

brain is equipped with about 100 billion neurons characterized by long and complex 

dendritic arboritization patterns that connect neurons in a network comprising about 

100 trillion synapses (Alzheimer’s Association, 2015). The brain synaptic network 
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allows rapid signal transmission and is the key foundation for the creation of 

memories, thoughts, sensations, emotions, locomotion and skills (Alzheimer’s 

Association, 2015).  

 

Neurodegenerative events have been established in different regions of the brain in 

depressed patients including the hippocampus. The hippocampus plays a pivotal role 

in cognitive and emotional processes and it is the primary memory structure in the 

brain (Sierksma et al., 2010). Reduction of the hippocampal volume in patients with 

major depression has been previously established (Sierksma et al., 2010; Alzheimer’s 

Association, 2015). Furthermore, depressive symptoms have been correlated with 

decreased hippocampal neurogenesis, defined as the process of producing new 

neurons from neural stem cells (Apple et al., 2016). In fact, the behavioral benefits of 

antidepressants have been linked with improved neurogenesis in the hippocampus 

(Apple et al., 2016). Consequently, neurogenesis has been highlighted as a promising 

target process to develop novel therapeutic interventions for depression (Apple et al., 

2016). 

 

For a long time, the birth of new neurons was limited to occur during embryonic and 

early postnatal developmental stages (Jessberger and Gage, 2014). Besides, loss of 

neuron was thought to be an irreversible process in the adult brain because of the idea 

of disruption of the stability in the brain if replacement of the dying neurons could 

take place (Eriksson et al., 1998; Gage et al., 2008; Chesnokova et al., 2016). The 

integration of newborn cells into the complex brain circuitry was assumed to be 

impossible as it could destabilized the circuit connections governing preexisting 

information and acquired skills (Jessberger and Gage, 2014). However, back in the 
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90s, Erikson and his colleagues were the first in demonstrating neurogenesis processes 

in the hippocampal sub granular zone of the adult brain. The analysis of postmortem 

brain tissue of cancer patients, that underwent incorporation of the nucleotide 

analogue bromodeoxyuridine (BrdU) used as a diagnostic tool in cancer patients, 

revealed the existence of neurogenesis in the adult brain (Eriksson et al., 1998; Apple 

et al., 2016; Chesnokova et al., 2016).  

 

Hippocampal neurogenic processes are of particular importance for the formation and 

consolidation of memories (Apple et al., 2016). In mammals, neurogenesis is limited 

to occur in specific brain regions including the subgranular zone (SGZ) of the dentate 

gyrus (DG) in the hippocampus and the subventricular zone (SVZ) which is located 

along the lateral wall of the lateral ventricles (Figure 3) (Aimone et al., 2014; Apple 

et al., 2016). Neural stem cells are generated in both regions which give rise to neural 

progenitor cells with the ability to differentiate into neurons or glia cells. Migration 

of neural progenitor cells generated in the SVZ occurs along the rostral migratory 

stream and serves as a supply of neurons for the olfactory bulb (OB). On the other 

hand, neural progenitor cells generated in the subgranular zone translocate to the 

granular cell layer of the DG where cells integrate into the existing neuronal network 

in the hippocampus (Aimone et al., 2014; Vadodaria and Gage, 2014). Every month, 

approximately 6% of the total population of granule cell neurons in the DG are newly 

generated neurons in rats (Hanson et al., 2011). 
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Figure 3. Neurogenesis in the adult mammalian brain. A: Sagittal section of the 

adult mouse brain depicting the neurogenic regions in the DG of the hippocampus 

(Hip) and the SVZ along the lateral ventricle (LV). New-born neurons originated in 

the SVZ migrate via the rostral migratory stream (RMS) towards the olfactory bulb 

(OB). B: Neuron lineage derived from neural stem cells (NSCs) in the neurogenic 

regions. C:  SGZ situated on the border of the granule cell layer (GCL) of the DG in 

the Hip and hilus. D: Cell type (as depicted in B) and cytoarchitecture in the SGZ 

neurogenic niche. The radial type 1 cells (NSCs) give raise to type 2a/b neural 

progenitor cells (NPCs) that differentiate into neuroblasts (3). After neuroblasts 

migration and maturation into neurons, neurons integrate into the GCL E: Cell type 
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(as depicted in B) and cytoarchitecture in the SVZ neurogenic niche and in the OB. 

The active type B NSCs, in close contact with the cerebrospinal fluid (CSF), generate 

type C NPCs that proliferate and give rise to type A neuroblasts. Neuroblasts migrate 

long distances via the RMS towards the OB where they mature into interneurons. Ce, 

cerebelum; Cx, cortex; Str, striatum (Eisch et al., 2008; Bátiz et al., 2016). Figure 

modified from Eisch et al., 2008 and Bátiz et al., 2016.  

 

Neurogenesis is a multistep process driven by cell proliferation that involves several 

developmental stages in the neurogenic regions (Nowakowski and Hayes, 2008). The 

neurogenesis developmental process includes cell proliferation, cell cycle exit and 

faith choice, cell migration, cell differentiation, cell maturation and integration into 

the existing circuitry (Figure 4) (Nowakowski and Hayes, 2008; Vadodaria and 

Jessberger, 2013).  

 

 

Figure 4. Developmental stages in the neurogenesis process. Figure modified from 

Vadodaria and Gage, 2014. 
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Neurogenesis in the adult brain is regulated by intrinsic (e.g. neurotrophic factors and 

epigenetic mechanisms) and extrinsic factors (e.g. exercise and a rich environment) 

while other factors such as stress and aging have been found to have a negative impact 

on the regulatory mechanisms (Figure 5) (Vadodaria & Jessberger, 2013). 

Neurotrophic/Growth Factors (NGFs) are members of a family of molecules essential 

in cell maintenance and survival, function and regulation of neuroplasticity 

mechanisms of neurons in the adult brain (Nunciato et al., 2013; Vilar and Mira, 2016). 

The most extensively studied NGFs in depression include the Brain Derived 

Neurotrophic Factor (BDNF), nerve growth factor, Neurotrophin 3 and Neurotrophin 

4 (NT3 and NT4) (Duman and Voleti, 2012; Nunciato et al., 2013; Duman et al., 2016). 

Additional NGFs involved in depression include the Vascular Endothelial Growth 

Factor (VEGF), Insulin-Like Growth Factor 1 (IGF1) and Fibroblast Growth Factor 2 

(FGF2) (Duman and Voleti, 2012). VEGF and ILGF1 are mainly expressed in 

peripheral tissues while the others, although also expressed in peripheral tissues, are 

largely expressed in the brain, suggesting that peripheral and central system cross-talk 

takes place (Duman and Voleti, 2012).  

 



  
 

23 
 

 

Figure 5. Factors involved in the regulation of adult neurogenesis. EGF, 

Epidermal growth factor; FGF-2, fibroblast growth factor 2; GABA, γ-aminobutyric 

acid; G-CSF, granulocyte colony-stimulating factor; LIF, leukemia inhibitory factor; 

TGF-β1, transforming growth factor β1; NO, nitric oxide; PACAP, pituitary adenylate 

cyclase-activating peptide; PEGF, platelet-derived endothelial cell growth factor 

(Kuhn, 2015). Modified from Kuhn, 2015. 

 

BDNF is an essential molecule involved in the regulation of plasticity in the 

hippocampus being an active player in cell survival, differentiation and migration, 

axonal and dendritic growth and synaptogenesis (Berton and Nestler, 2006; 
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MacQueen and Frodl, 2011; Bekinschtein et al., 2014). A pre-BDNF isoform of 35 

kDa is synthetized and later cleaved to either a 28kDa pro-BDNF form or a14kDa 

mature BDNF form (Hill et al., 2014). BDNF is also a crucial element for optimal 

functioning and integrity of the hippocampus (Sierksma et al., 2010). BDNF is 

required in the DG for the encoding and consolidation of pattern separated memories 

and this factor stimulates neurogenesis and survival of newborn neurons 

(Bekinschtein et al., 2014).  

 

Under stress conditions, BDNF mRNA expression is decreased in the dentate gyrus 

and CA3 region of the hippocampus (Sierksma et al., 2010). In patients with 

depression, low mRNA levels of BDNF in the hippocampus have been found. This 

suggests that changes in hippocampal neurogenesis regulated by BDNF is a key 

component of the pathophysiological processes in depression (Sierksma et al., 2010). 

Early studies on stress showed decreased levels of BDNF in the plasma of patients 

with depression which were restored after antidepressant treatment (Duman and 

Voleti, 2012; Duman et al., 2016). The BDNF upregulation mediated by 

antidepressant action in the hippocampus and prefrontal cortex suggests potential 

neuroprotective effects (Duman and Voleti, 2012; Tizabi, 2015). However, BDNF 

depletion itself is not enough to induce depressive behavior (Duman and Voleti, 2012) 

but downregulation of BDNF increases the susceptibility to other factors such as stress 

that may ultimately lead to depressive phenotype (Duman and Li, 2012). Restoration 

to normal BDNF levels has been observed after electroconvulsive shock therapy or 

antidepressant treatment (Hanson et al., 2011). BDNF mediated antidepressant effects 

have been reported after administration by infusion in the hippocampus and peripheral 

administration (Pilar-Cuéllar et al., 2013). Rather than promoting cell proliferation, 
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BDNF plays a key role in neurogenesis by stimulating cell survival and activation of 

the BDNF-TrkB pathway (Hanson et al., 2011; Duman and Voleti, 2012). 

 

The effect of BDNF starts with the interaction with the extracellular domain of its 

receptor, Tropomyosin-Related Kinase B (TrkB) triggering a series of downstream 

signaling pathways clearly illustrated and explained in Duman and Voleti, 2012 

(Figure 6). BDNF induces dimerization of TrkB that triggers a downstream cascade 

of post-receptor pathways (Berton and Nestler, 2006; Duman and Voleti, 2012).  The 

intracellular tyrosine kinase domain of TrkB causes autophosphorylation of the 

tyrosine residues which interact with adaptor proteins and activate signaling pathways 

such as the Ras-microtubule-associated protein kinase (MAPK), phosphoinositide 3 

kinase (PI3K)/serine threonine kinase (Akt) and phospholipase C  (PLC) (Duman 

and Voleti, 2012; Duman et al., 2016). Two intracellular tyrosine residues play an 

important role in the formation of protein signaling complexes and the activation of 

phosphorylation pathways (Duman and Voleti, 2012). Phosphorylation of the tyrosine 

515 residue of the intracellular domain of TrkB causes the recruitment of proteins 

including the Src homology 2 domain containing (Shc) adaptor protein, growth factor 

receptor-bound protein 2 (Grb2), son of sevenless (SOS) which ultimately activates 

the Ras-MAPK pathway (Duman and Voleti, 2012). Activation of the Ras-MAPK 

pathway mediates cell survival, cell growth and neuroplasticity (Duman and Voleti, 

2012). The formation of the Shc-Grb2 complex can also recruit Grb2-associated 

binder 1 (GAB1) resulting in the activation of the PI3K/Akt pathway which is 

involved in cell survival and neuroplasticity (Duman and Voleti, 2012). 

Phosphorylation of the tyrosine 816 residue recruits PLC that stimulates the 

formation of PI3, regulation of intracellular Ca2+, and diacylglycerol (DAG), leading 
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to the activation of CAMK and protein kinase C (PKC) pathways involved in 

neuroplasticity (Duman and Voleti, 2012).  

 

Figure 6. BDNF-TrkB mediated signaling pathways. Abbreviations: ERK, 

extracellular signal regulated kinase; MEK, MAP/ERK kinase; MKP1, MAP kinase 

phosphatase 1; PDK1, 3-phosphoinositide-dependent protein kinase 1. Figure 

modified from Duman and Volety, 2012. 

 

Based on preclinical and clinical studies, a correlation has been found between stress 

and depression and decreased levels of BDNF and components of the Ras-MAPK and 

PI3K-Akt pathways which are found to be restored after antidepressant treatment 

(Duman and Voleti, 2012). Therefore, BDNF and its receptor TrkB have been 

considered potential targets for developing antidepressant agents (Lee et al., 2010). 
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1.5. The olfactory system-emotion-neurogenesis relationship and its implications 

in depression 

 

Olfaction, the most ancient sense, is not only associated with primitive needs such as 

reward, threat, reproduction and homeostasis but also with mood, memory and 

cognition (Brennan, 2010; Soudry et al., 2011; Krusemark et al., 2013; Woolley et al., 

2015). As a vitally important sense, olfaction can have significant attributes 

considering its capacity to regulate behaviors (Sarafoleanu et al., 2009).   

 

In humans, the olfactory area contains about 50 million sensory cells with 8-20 cilia 

down in a mucous of the olfactory epithelium (Sarafoleanu et al., 2009). Volatile 

chemicals can interact with the receptors of the sensory cells and trigger a cascade of 

signal transport, transduction and response (Ache and Young, 2005; Sarafoleanu et 

al., 2009). The OB, comprising about 8000 glomeruli, is the outer structure of the 

olfactory system that receives the stimulus which is transported through the primary 

olfactory neuron axons (Figure 7) (Soudry et al., 2011). The extensive network of 

axonal terminals has projections onto the primary olfactory cortex where the 

chemosensory signals are processed and then projected to structures of the limbic 

system including the amygdala, thalamus, hypothalamus and hippocampus (Bartocci 

et al., 2000; Soudry et al., 2011; Krusemark et al., 2013). After the initial olfactory 

stimulus reaches the limbic system, the signal travels to the olfactory associative 

cortex in the orbitofrontal region (Bartocci et al., 2000; Mouly and Sullivan, 2010). 

The olfactory signal is processed in different parts of the brain where it is identified 

and triggers behavioral responses such as feeding, social interaction, reproduction, 

consolidation of memories and emotional responses (Arisi et al., 2012). The intimate 
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connection of the olfactory system with brain regions responsible of the regulation of 

emotions makes the emotion-olfactory system relationship relevant for the study of 

mood disorders such as anxiety and depression (Krusemark et al., 2013).  

 

Figure 7. Representation of OB pathways connecting the OB and the limbic 

system structures. Figure modified from Mouly and Sullivan, 2010. 

 

Positive (appetitive), negative (aversive or avoidance) or neutral responses can be 

triggered by pleasant or unpleasant odors (Bartocci et al., 2000; Horii et al., 2013). 

For example, predator odors can induce stress leading to behavioral and homeostatic 

changes by the activation of the HPA axis and the stimulation of the frontocortical 

system and the dopaminergic system in the amygdala (Horii et al., 2013). Conversely, 

pleasant odors activate regions of the orbitofrontal cortex (Rolls et al., 2003; Shen et 

al., 2005) and the positive effects of pleasant odors on emotion include stress relief, 

relaxation and improvement of mood (Han et al., 2017). 
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The link between olfaction and depressive symptoms have been previously proposed. 

A negative correlation between the olfactory sensitivity and depressive symptoms in 

both healthy subjects and patients with depression has been previously reported 

(Negoias et al., 2010; Kohli et al., 2016). Further evidence shows a significant 

negative correlation between the OB volume and depressive-symptoms scores 

(Negoias et al., 2010). In animal studies, changes in the OB volume occurred as a 

result of changes in olfactory sensory stimulation and removal of the OB affected the 

hippocampal function and showed to induce depressive symptoms (Taalman et al., 

2017). Findings from animal studies suggest that the behavioral responses observed 

after olfactory bulbectomy are caused by dysfunction in the cortico-hippocampal-

amygdala circuit (Taalman et al., 2017). Furthermore, it has been suggested that 

reduced neurogenesis in depression could also have an impact at the level of the OB 

(Negoias et al., 2010). Improvement of depressive symptoms have been associated to 

increased neurogenesis in the hippocampus as previously discussed. The theory of 

neurogenesis in the hippocampus and the positive effects on depression as an approach 

can also be explored in the OB (Taalman et al., 2017). As it occurs in the hippocampus, 

a similar reduction in volume and neurogenesis has been observed in the OB (Taalman 

et al., 2017). Several studies have suggested a relationship between reduced 

neurogenesis in the olfactory system and neurodegenerative and psychiatric disorders 

(Höglinger et al., 2004; Negoias et al., 2010; Bergmann et al., 2012). 

 

The genetic and molecular regulatory mechanisms governing neurogenesis in the OB 

are largely conserved between the embryonic and adult stages (Brann and Firestein, 

2014). New interneurons are continually added to the OB in the mammalian brain as 

a result of the neurogenesis process occurring in the SVZ, the germinative zone 



  
 

30 
 

situated along the lateral ventricle facing the stratum (Pignatelli and Belluzzi, 2010; 

Lim and Alvarez-Buylla, 2016). The stem cells in the SVZ give rise to neuroblasts 

that migrate through the RMS to the OB where they differentiate into interneurons 

(Altman, 1969; Pignatelli and Belluzzi, 2010). The SVZ-OB system is an interesting 

physiological mechanism useful in highlighting the role of neurogenesis and plasticity 

linked to psychiatric disorders such as depression (Apple et al., 2016; Lim and 

Alvarez-Buylla, 2016).  

 

1.6. Oxytocin: Its role in affective behavior and neurogenesis 

 

Oxytocin is a neuropeptide produced in the paraventricular and supraoptic nuclei of 

the hypothalamus involved in social behavior (Gimpl and Fahrenholz, 2001; Guastella 

et al., 2010; Lin et al., 2017). Oxytocin plays a role at peripheral (reproduction) and 

central (social and bonding behavior) processes (Gimpl and Fahrenholz, 2001; 

Guastella et al., 2010; Lin et al., 2017) regulating social behavior such as mother-child 

bonding, trust and olfactory-based social processing (Woolley et al., 2015). Oxytocin 

receptors are present in the OB where oxytocin acts in the creation of olfactory-social 

memories (Woolley et al., 2015) facilitating social recognition and social memories 

which are essential for the formation of social bonds (Burke et al., 2015). 

 

The beneficial effects of oxytocin on behavior have been reported in several studies 

and are worth considering for the treatment of mood disorders. Improvement of social 

behavior has been observed in both animals and human subjects after nasal 

administration of oxytocin (Leuner et al., 2012; Wacker and Ludwig, 2012). Also, 

positive behavioral and neuroendocrine effects under stress conditions have been 
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demonstrated in the dorsal hippocampus after oxytocin treatment (Lin et al., 2017). 

Protective effect against the stress-induced damage to the hippocampus suggests that 

oxytocin may facilitate hippocampal plasticity by stimulating neurogenesis within the 

hippocampus (Leuner et al., 2012). 

 

The role of oxytocin on positive social behavior via the olfactory system have been 

extensively studied. Furthermore, oxytocin has shown a positive effect on 

hippocampal neurogenesis. Therefore, oxytocin represents an important key player to 

be considered in the study of novel treatment options for depression.  

 

1.7. The rationale of the dissertation 

 

As previously discussed, neurogenesis is an important physiological process worthy 

of exploration in the development of novel pharmacological alternatives for the 

treatment of depression. Furthermore, the olfactory system-emotion-neurogenesis 

relationship represents an interesting process worthy of further in-depth investigation. 

Additionally, key role players such as the BDNF and oxytocin are important elements 

to be included in the evaluation of potential treatment options for depression due to 

the implications they hold in the mechanism of neurogenesis.  

 

In order to continue with the “thinking outside the box” approach to discover novel 

potential treatment options for depression, a set of considerations were established. 

The first consideration was to take neurogenesis as the target physiological 

mechanism for the evaluation of candidates with antidepressant effect. The second 

consideration was the selection of promising candidates to be included in the present 



  
 

32 
 

study based on the following criteria: (1) promising beneficial effect on depression 

based on the literature, (2) the neurogenic effect had not been previously evaluated, 

(3) no previous study on the molecular pathways involved in its beneficial effects on 

depressive symptoms and (4) at least one of the candidate(s) should act via the 

olfactory system in order to study the olfactory system-emotion-neurogenesis 

relationship in detail. The criteria established served as a guide to narrow the options 

to be included in the present study. The criteria enabled the identification of interesting 

candidates whose neurogenic effect was not previously evaluated, thereby adding to 

the novelty and originality of the present study. 

 

1.7. 1. Lavender Essential Oil and Bis-(7)-Cognitin: The selected candidates in 

the research project 

 

The rationale of the present study has clearly stated that (1) neurogenesis can be used 

as a target physiological process for the screening of potential candidates for the 

treatment of depression, (2) exploration of the effect of the selected candidate(s) on 

the olfactory system-emotion-neurogenesis relationship could open a new opportunity 

not only to build knowledge on the pathogenesis of depression but also to discover 

novel pharmacological treatments and (3) the BDNF and oxytocin stand out as 

important players that are worth to be monitored when screening the effect of 

candidates that have not been evaluated under the scenarios presented in (1) and (2). 

The next step to complete the strategy of the present research study was the selection 

of the candidates to be included.  

 

 



  
 

33 
 

Lavender essential oil 

 

Aromatherapy is a practice reported as early as 6000 BC which was used by ancient 

civilizations in China, India, Greece, Egypt and the Romans for the healing of the 

mind, body and soul (Ali et al., 2015; Koo, 2017; Manion and Widder, 2017). 

Contemporary aromatherapy emerged in the 20th century in France thanks to the work 

of the chemist Rene Maurice Gattefosse, who used the term aromatherapy for the first 

time in 1920 (Koo, 2017). In 1940, Jean Valnet, inspired in Gattefosse’ work, carried 

out research on the antiseptic properties of essential oils during World War II and used 

aromatherapy with psychiatric patients (Shirsat et al., 2013). The effect of essential 

oils on the central nervous system, massage and cosmetics was investigated by the 

Austrian biochemist, Margaret Maury, in 1964 (Shirsat et al., 2013). The increased 

popularity of aromatherapy popularity and its potential for clinical application was 

observed in the United States in the 80s (Koo, 2017).  

 

The health effects of aromatherapy have been evaluated on a wide variety of 

conditions such as pain management (Lakhan et al., 2016), insomnia (Lillehei et al., 

2015) and mood disorders including stress (Liu et al., 2013), anxiety (Barati et al., 

2016), and depression (Conrad and Adams, 2012). The volatile compounds found in 

the essential oils are chemosignals detected in olfactory epithelium that travel through 

the OB and reach structures of the limbic system triggering effects on mood (Andrade 

et al., 1999; Cavanagh and Wilkinson, 2002; Perry and Perry, 2006). Since essential 

oils have shown positive effects on mood, e.g. alleviation of depressive symptoms 

(Louis and Kowalski, 2002; Burnett et al., 2004), they represent a valuable potential 
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treatment option that needs further evaluation (Ernst et al., 1998; Andreescu et al., 

2008; Setzer, 2009).  

 

From the rich repertoire of essential oils used in aromatherapy, LEO is of particular 

interest for the purpose of the present study. Firstly, LEO is frequently used in 

aromatherapy (Andrade et al., 1999; Cavanagh and Wilkinson, 2002; Greenberg and 

Slyer, 2017). Secondly, previous studies have evaluated LEO showing promising 

effects on mood in both animal studies and clinical trials (Perry and Perry, 2006; Wu 

and James, 2011; Perry et al., 2012). Thirdly, the nature of LEO and its action on the 

olfactory system is an interesting feature, making LEO relevant to the present study. 

Despite the beneficial effect on mood including the relief of depressive symptoms, no 

further investigation has been done to elucidate the mechanism of action of LEO. 

Finally, the effect of LEO on neurogenesis has not been explored. Going by the afore 

stated reasons, it was clear that LEO fulfilled, to a great extent, the criteria established 

in the present study for the selection of candidates to be evaluated.  

 

Bis-(7)-Cognitin (B7C)  

 

Bis(heptyl)-cognitin (B7C) is a novel acetylcholinesterase inhibitor synthesized at the 

Department of Applied Biology and Chemical Technology of The Hong Kong 

Polytechnic University by Professor Yi-Fan Han and his research team (Wang et al., 

1999b). B7C is a dimer formed by two tacrine molecules linked by a spacer containing 

2 methylene groups (Hu et al., 2015a, 2015c). This particular molecule has caught the 

attention of researchers, especially as a treatment option for Alzheimer's disease (AD). 
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Because of the high comorbidity of AD and depression, and the positive effects of 

B7C on AD animal models, B7C was included in the present study.  

 

Epidemiological and clinical evidence has shown a strong relationship between 

depression and dementia, specifically with AD. Co-morbidity of depression and AD 

has been suggested since depression is found to be a risk factor for cognitive 

dysfunction that leads to the development of dementia and ultimately AD (Caraci et 

al., 2010; Baquero and Martín, 2015). Indeed, it has been demonstrated that higher 

levels of depressive symptoms result in rapid decline in cognition (Sierksma et al., 

2010; Baquero and Martín, 2015). Therefore, the close relationship between these two 

conditions presents a potential area of research to develop novel therapeutic options 

with a dual effect as mood stabilizers and neuroprotective agents that may have cross-

benefit for depression and AD (Tizabi, 2015). 

 

Neurodegenerative events have been established in different regions of the brain, 

including the hippocampus, in depressed patients. In AD, hippocampus is one of the 

first brain areas to show alterations in its structure (Caraci et al., 2010). Reduction of 

the hippocampal volume in patients with major depression significantly correlates 

with cognitive and memory impairment which are the major symptoms commonly 

observed in AD (Sierksma et al., 2010). Depression and AD symptoms have been 

correlated with decreased hippocampal neurogenesis, defined as the process to 

produce new neurons from neural stem cells.  

 

B7C has neuroprotective effects by inhibition of the enzymes acetylcholinesterase, 

neuronal nitric oxygen synthase and the N-methyl-D-aspartate receptor (Hu et al., 
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2015a). An advantageous feature of the B7C molecule is that it easily crosses the brain 

blood barrier due to its highly lipophilic profile making it a promising drug candidate 

for central nervous system disturbances (Hu et al., 2015a). Furthermore, evidence 

shows that B7C reverses cognitive impairments in a scopolamine-induced spatial and 

recognition memory deficit animal model (Han et al., 2012). Depression has been 

linked with AD because it is found to be a risk factor for cognitive dysfunction (Caraci 

et al., 2010; Baquero and Martín, 2015). The promising results revealed by B7C in 

neuroprotection presents an opportunity to explore its effects on depression.  

 

The literature review on B7C pointed out that (1) the physicochemical characteristics 

of B7C makes it a good candidate for the treatment of CNS disorders, (2) the 

beneficial effects of B7C on AD animal models and the high comorbidity of AD and 

depression highlight a research gap that invites an evaluation of the effect of B7C on 

depression, (3) no previous studies have evaluated the potential antidepressant effect 

of B7C, and (4) the neurogenic effect of B7C has not been explored.  

 

As described above, the strategy followed to design the present study drives from a 

thorough analysis of a global health concern, a critical evaluation of the treatment 

options available that supported the urgent need to explore new therapeutic 

alternatives, an analysis of the pathophysiology of depression, the selection of an 

important physiological process namely neurogenesis to screen candidates with 

potential antidepressant effect, and a critical selection of the candidates included in 

the present study, LEO and B7C.  
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CHAPTER 2 

AIMS, RESEARCH APPROACH AND THESIS 

OUTLINE 

 

 

Painting by Wei Ho Chan, 2018 (permission to use the painting in this thesis was 

granted by the artist) 
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2.1. Aims 

 

General aim 

To evaluate the behavioral and neurogenic effects of LEO and B7C in rats and to 

explore the molecular mechanism of action in vivo and in vitro. 

 

Specific aims  

Lavender Essential Oil (LEO) 

 To explore the effectiveness of the aromatherapy intervention in reducing 

depressive symptoms in clinical studies. 

 To evaluate the evidence on the effect of LEO in reducing depressive 

symptoms in preclinical and clinical studies. 

 To evaluate the effect of LEO on behavior and neurogenesis in a high 

corticosterone animal model. 

 To identify the molecular key players and mechanisms involved in the effect 

of LEO in vitro. 

Bis-(7)-Cognitin (B7C) 

 To investigate the molecular targets and mechanism of action of B7C on 

neurological disorders. 

 To evaluate the dose dependent effect of B7C on behavior and neurogenesis. 

 To evaluate the effect of B7C on behavior and neurogenesis in a high 

corticosterone animal model. 

 To identify the molecular key players and mechanisms involved in the effect 

of B7C in vitro. 
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2.2. Research approach 

The present study is divided into 3 main approaches: (1) literature review, (2) in vivo 

effect studies and (3) in vitro effect studies. The scope of the present study, research 

questions and the research approach are stated in the table below. 

Table 1. Scope, research questions and research approach of the PhD project 

Lavender Essential Oil (LEO) 

Aims Research question Research approach 

To explore the effectiveness of the 
aromatherapy intervention to reduce 
depressive symptoms in clinical studies. 

Is aromatherapy effective to reduce 
depressive symptoms? 

Literature review To evaluate the evidence on the effect 
of LEO to reduce depressive symptoms 
in preclinical and clinical studies. 
 

Is LEO efficacious in reducing 
depressive symptoms in preclinical 
and clinical studies? 
 
What is the mechanism of action of 
LEO involved in the reduction of 
depressive symptoms? 

To evaluate the effect of LEO on 
behavior and neurogenesis in a high 
corticosterone animal model. 
 

Does LEO decrease depression-like 
behavior in an animal model for 
depression? 
 
Is neurogenesis involved in the 
antidepressant effect of LEO? 

Evaluation by in vivo 
study 

To identify the molecular key players 
and mechanisms involved in the effect 
of LEO in vivo and in vitro. 

What is the molecular mechanism 
involved in the cell proliferation 
effect of LEO?  

 

Evaluation by in vivo 

and in vitro study 

Bis-(7)-Cognitin (B7C) 

Aims Research question Research approach 

To investigate the molecular targets and 
mechanism of action of B7C on 
neurological disorders. 

What are the molecular targets and 
mechanism of action of B7C on 
neurological disorders? 

Literature review 

To evaluate the dose dependent effect 
of B7C on behavior and neurogenesis. 
 
To evaluate the effect of B7C on 
behavior and neurogenesis in a high 
corticosterone animal model. 
 

Does B7C improve depression-like 
and anxiety like behavior? 
 
Does B7C affect neurogenesis? 
 
What is the optimal concentration of 
B7C that increases neurogenesis? 
 
Does B7C decrease depression-like 
behavior and affect neurogenesis in 
an animal model for depression? 

Evaluation in vivo 

To identify the molecular key players 
and mechanisms involved in the effect 
of B7C in vivo and in vitro. 

What is the molecular mechanism 
involved in the cell proliferation 
effect of B7C?  

Evaluation by in vivo 

and in vitro study 
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2.3. Thesis outline 

 

The present study aimed to investigate the effect of the acetylcholinesterase inhibitor 

B7C and LEO, a commonly used essential oil in aromatherapy, on depression and to 

explore whether neurogenesis is the physiological process behind the therapeutic 

effect of both candidates. In addition to an extensive literature review on B7C and 

LEO, a series of animal and in vitro experiments were performed. The research 

objectives and a brief outline of the studies included in the thesis are organized in 

different chapters as presented below: 

 

CHAPTER 3 PART A: A systematic review of the effectiveness of aromatherapy 

for depressive symptoms was carried out in this chapter. The aim was to gather all the 

clinical and up to date evidence available to analyze the effect of aromatherapy and to 

identify the essential oils most commonly used in clinical trials evaluating depressive 

symptoms. The review in this chapter allowed an in-depth analysis of the clinical 

evidence and supported further investigation of LEO. 

 

CHAPTER 3 PART B: This section reviews the preclinical and clinical evidence on 

the effectiveness of LEO on depression. Suggested by evidence presented in 

CHAPTER 3 part A, LEO was the most commonly used essential oil in clinical trials 

evaluating its effect on depressive symptoms. Therefore, this chapter aimed to gain 

more in-depth knowledge on the effect of LEO by analyzing the findings from 

preclinical and clinical studies. The results of a systematic review to evaluate the 

preclinical and clinical studies of LEO on depression are presented and discussed.  
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CHAPTER 4: CHAPTER 3 part B showed that LEO has been evaluated in animal 

studies showing promising results of being able to relieve depression-like behavior. 

However, no studies have explored the effect of LEO in animal models for depression. 

In addition, there were no animal studies that had reported on the mechanism of action 

involved in the effect of LEO. Therefore, the aim of this chapter was to evaluate the 

effect of LEO on behavior and neurogenesis in a high dose corticosterone model in 

rats. The animal model employed is frequently used to evaluate antidepressant activity 

and neurogenesis as administration of high corticosterone induces depression-like 

behavior and reduces neurogenesis.  

 

CHAPTER 5: As no previous study had evaluated the effect of B7C on depression, 

a literature review on B7C was carried out. The aim of this chapter was to explore the 

effect of B7C on the CNS to identify its molecular targets and evaluate the relevance 

of B7C as potential therapeutic agent for neurological disorders. Also, the literature 

search in this chapter was used to have an updated overview of the research done on 

B7C and support the study on B7C on depression. 

 

CHAPTER 6: The aim of this chapter was to evaluate the behavioral and neurogenic 

effect of B7C on rats. The study was divided into two phases. The first phase included 

a dose-dependent experiment to (1) evaluate whether B7C affected neurogenesis and 

(2) to identify the dose of B7C that showed a positive effect on behavior and 

stimulated neurogenesis. The second phase of this study was to evaluate the effect of 

B7C on rats with corticosterone-induced depression-like behavior and reduced 

neurogenesis. The experimental design used in the second phase included a 
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comparison with the antidepressant fluoxetine to evaluate whether the effect of B7C 

was equal or better than the effect of a widely used antidepressant. 

 

CHAPTER 7: A positive effect of LEO and B7C on behavior and neurogenesis was 

demonstrated in CHAPTER 4 and 6. Therefore, this chapter aimed to study the 

molecular mechanism of LEO and B7C in vitro. The in vitro model was designed to 

study two well-known molecular pathways involved in cell proliferation, that is the 

Phosphoinositide 3-kinase signaling pathway (PI3K/Akt/mTOR) and the Mitogen-

Activated Protein Kinases/Extracellular Signal-Regulated Kinases signaling pathway 

(MAPK/ERK).  

 

CHAPTER 8: In the animal studies carried out in CHAPTERS 4 and 6, the levels of 

oxytocin were measured in serum to investigate whether oxytocin played a role in the 

mechanism of action of LEO and B7C. Since oxytocin was found to be upregulated, 

an animal experiment was designed to evaluate the effect of oxytocin alone on 

neurogenesis.  
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CHAPTER 3 PART A 

The content of his chapter was published in Evidence-Based Complementary and 

Alternative Medicine 

THE EFFECTIVENESS OF AROMATHERAPY FOR 

DEPRESSIVE SYMPTOMS: A SYSTEMATIC REVIEW 

Sánchez-Vidaña DI, Ngai SP-C, He W, Chow JK-WJ, Lau BW-M, Tsang HW-H 

(2017). Evidence-Based Complement Alternative Medicine. 2017:21. 

 

Model: Fiona Chung 
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Abstract 

Background: Depression is one of the main global health concerns of our time. 

Although many antidepressants are currently available, the long start of therapeutic 

effect, intolerance to the side effects and low efficacy in a significant number of 

patients has resulted in low compliance to treatment among patients. People with 

depressions frequently search for new therapeutic options such as complementary and 

alternative therapies including aromatherapy. There is, therefore, a growing and 

urgent need for effective alternatives that do not compromise compliance in the 

treatment of depression. Aromatherapy represents a promising therapeutic option that 

needs further investigation. 

Aim: The systematic review aimed to analyze aromatherapy in terms of efficacy for 

the alleviation of depressive symptoms in clinical trials.  

Methods: Relevant articles were retrieved using predefined search terms in 5 

databases (AMED, CINHAL, CCRCT, MEDLINE, and PsycINFO). Articles were 

selected based on pre-established inclusion and exclusion criteria. The outcome 

measure was the level of depressive symptoms. 

Results: Twelve clinical studies were included. Two main administration methods 

were identified including inhalation aromatherapy (5 studies) and massage 

aromatherapy (7 studies). Alleviation of the depressive symptoms according to the 

scores measured using validated tools was reported in 7 studies.  

Conclusions: The analysis of the clinical evidence showed positive effect of 

aromatherapy in decreasing depressive symptoms in a wide variety of subjects. 

Further investigation is needed as half of the studies obtained low scores in the quality 

assessment.  
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3.1. Introduction 

 

Depression is a life-threatening mood disorder with a significant negative impact on 

people’s quality of life and professional performance due to disability, suffering and 

high risk of perpetrating self-harm (Ernst et al., 1998; Yim et al., 2009). According to 

the definition stated in the Diagnostic and Statistical Manual of Mental Disorders fifth 

edition (DSM-5), depression is manifested as a combination of symptoms 

accompanied by cognitive and physic phenomenology that leads to decreased interest 

in daily life activities (Baquero and Martín, 2015). Depressive symptoms include 

feelings of guilt, sadness, worthlessness and desperation, inability to experience 

pleasure, changes in appetite and sleep patterns, lack of energy, poor concentration 

and memory, motor retardation, fatigue and recurrent suicidal and death ideation 

which are experienced for more than 2 weeks (Baquero and Martín, 2015; Chan et al., 

2015; Tizabi, 2015; Qaseem et al., 2016). The WHO reports depression as the largest 

health concern of the 21st century and the major cause of years of life lived with 

disability worldwide (Ren et al., 2015; Bhattacharya et al., 2016). Major depressive 

disorder, for example, is associated with significant impairment to carry out daily 

household tasks and reduced engagement in personal and social activities due to 

decreased mental and physical performance which translates into lower quality of life 

(Smith et al., 2010). 

 

Despite the wide variety of antidepressants available on the market, concerns 

regarding side effects and compliance have a significant impact on the efficacy of 

pharmacotherapy for depression. For instance, it has been reported that about 60% of 

patients taking SSRI respond favorably to the treatment while nearly 30% of patients 
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do not respond (Caraci et al., 2010; Chan et al., 2015). Some of the side effects 

associated with the use of antidepressants include nauseas, insomnia, agitation, weight 

gain, somnolence and sexual dysfunction (Tizabi, 2015; Yeung et al., 2015). 

Treatment with benzodiazepines increases the risk of excessive sedation, dependence, 

cognitive impairment and decreased physical activity. All this negatively affects the 

daily performance of the patients exacerbating the already unpleasant depressive 

symptoms (Fißler and Quante, 2014). In addition to the side effects, it usually takes a 

long time for one to start experiencing the beneficial effect of antidepressants –for 

example, the taking of SSRI which prolongs the depressive symptoms in the patients. 

Due to the ineffectiveness of the treatment in some patients or their inability to endure 

the side effects, a large number of patients do not comply with the treatment and 

search for other therapeutic options (Qureshi and Al-Bedah, 2013; Chan et al., 2015; 

Yeung et al., 2015).  

 

Due to the dissatisfaction experienced and the limitations of conventional therapy, 

patients have turned to CAM as an option for the treatment of depression (Ernst et al., 

1998; Yeung et al., 2015). Positive findings in clinical studies have led to increased 

use of CAM in patients with depression (Qureshi and Al-Bedah, 2013). About 56% 

of patients were reported to have used CAM as an adjuvant and a supportive practice 

to their regular depression treatment (van der Watt et al., 2008; Yeung et al., 2015). 

Surveys carried out in Australia have shown that self-help and use of CAM are the 

preferred options for depression (Smith et al., 2010). Also, a large number of people 

with depressed symptoms make use of CAM according to reports in the US population 

(Smith et al., 2010). Therefore, special attention has been paid to the effectiveness of 

these therapies on depression. 



  
 

47 
 

 

The Cochrane Collaboration defines CAM as a health system that comprises a wide 

variety of healing resources for the prevention, diagnosis and treatment of diseases. It 

functions as a complement to the mainstream medicine system (Ernst et al., 1998).  

The complementary input and the conventional therapy combine to form a common 

whole in order to satisfy the unmet demands by the first line treatment (i.e. 

pharmacotherapy) or by enriching the conceptual contexts of medicine (Ernst et al., 

1998; Wieland et al., 2011). 

 

A wide variety of healing resources including medical products and practices forms 

part of the CAM (Ernst et al., 1995). According to the National Center for 

Complementary and Alternative Medicine (NCCAM), CAM therapies can be 

classified into five. Examples of CAM therapies include herbal medicine, 

aromatherapy, massage, traditional Chinese Medicine, meditation, yoga and 

acupuncture (Figure 8) (Ventola, 2010; Wieland et al., 2011; Singh and Chaturvedi, 

2015). The CAM therapies shown in Figure 8 can also be categorized as invasive and 

non-invasive therapies from which acupuncture is the only invasive procedure and the 

rest of the therapies such as meditation, aromatherapy, herbal medicine and so on are 

categorized as non-invasive (Singh and Chaturvedi, 2015).  
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Figure 8. CAM categories and practices 

 

In the UK, an increasing popularity of aromatherapy, one of the most preferred CAM 

therapy used, has been observed (Hur et al., 2014; Joswiak et al., 2016). Aromatherapy 

is an inexpensive and non-invasive modality of CAM that makes use of plant-derived 

essential oils for the treatment of a wide variety of diseases in order to improve 

psychological health and wellbeing (Cooke and Ernst, 2000; Setzer, 2009; Ndao et al., 

2012). There is a body of evidence supporting the beneficial effect of aromas on mood 

since pleasant fragrances trigger a state of relaxation, promote comfort, pleasant 

memories, invigoration and management of stress and are associated with positive 

mood (Louis and Kowalski, 2002; Burnett et al., 2004; Ali et al., 2015). Also, several 

essential oils have been used to improve depressive symptoms representing a valuable 

therapeutic option that is worthy of future exploration clinical studies (Ernst et al., 

1998; Andreescu et al., 2008; Setzer, 2009). Essential oils employed in aromatherapy 
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are absorbed into the body via the olfactory and respiratory system through the nasal 

mucosa by inhalation, transdermally through the external skin or orally by mouth 

(Perry and Perry, 2006; Fung et al., 2012; Ndao et al., 2012).  

 

The classification of essential oils is based on the botanical classification of the plant 

from which the essential oils are extracted (Carke, 2008). The use of chemotypes is 

another classification of essential oils based on the subspecies of a plant with the same 

morphological characteristics that produce essential oils with different chemical 

profile e.g. type and quantity of chemical components (Buckle, 2003). The chemotype 

describes the main compound within certain essential oil (Buckle, 2003). Frequently, 

essential oils are used at different concentrations depending on the route of 

administration: (1) for aromatherapy massage, 1-5% essential oil, (2) for oral 

administration, 8-50% essential oil, and (3) concentrated essential oil is used in 

inhalation aromatherapy (Tisserand and Balacs, 1995). However, the dosage and 

dilution of essential oil chosen are not standardized in practice (Tisserand and Balacs, 

1995). The most potent and effective administration method is oral administration in 

which the components of the essential oil reach the bloodstream (Carke, 2008). Since 

essential oils are lipophilic, they can easily be carried to all organs in the body (Carke, 

2008). In inhalation aromatherapy, the inhaled air containing essential oils do not only 

reach the circulation system via the blood capillary network in the nose and the 

bronchi in the lungs but also stimulate brain areas directly via the olfactory epithelium 

(Tisserand and Balacs, 1995; Carke, 2008).  

 

Essential oils trigger mechanisms in the brain via the olfactory system. The 

mechanism of action of essential oils administered by inhalation involves stimulation 
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of the olfactory receptors cells in the nasal epithelium, about 25 million cells, 

connected to the OB (Burnett et al., 2004; Ali et al., 2015). After stimulation, the 

signal is transmitted to the limbic system and hypothalamus in the brain through the 

OB and olfactory tract (Burnett et al., 2004). Once the signals reach the olfactory 

cortex, release of neurotransmitters e.g. serotonin takes place which results in the 

expected effect on emotions related to essential oil use (Burnett et al., 2004; Price and 

Price, 2011; Ali et al., 2015). 

 

A previous systematic review evaluated the effects of aromatherapy on depressive 

symptoms. The scope of the systematic review included studies from 2000 to 2008 

(Yim et al., 2009). New clinical studies focusing on the effectiveness of aromatherapy 

on depressive symptoms have been carried out since the publication of Yim et al’s 

work. Consequently, the need to update the analysis of the effectiveness of 

aromatherapy for the alleviation of depressive symptoms arises. Therefore, the aim of 

the present systematic review was to provide an updated critical assessment of the 

evidence from randomized controlled trials on the effectiveness of aromatherapy in 

the treatment of depression.  

 

3.2. Methods 

 

Search strategy 

A set of predefined key terms were used in the following databases according to the 

search strategy (Table 1): Allied and Complementary Medicine Database (AMED), 

Cochrane Central Register of Controlled Trials (CCRCT), Cumulative Index to 

Nursing and Allied health (CINAHL), MEDLINE and PsycINFO. The search was 
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restricted to studies in English. The search procedure was carried out by 2 independent 

authors and discrepancies were resolved by consulting a third author. 

 

Table 2. Search terms and database search strategy 

Table modified from Sánchez-Vidaña et al., 2017. 

ID Disease search terms 

1.        Depress* 
2.        Major depress* 
3.        Mood disorder 
4.        Depressive disorder 
5.        1 OR 2 OR 3 OR 4  

ID RCT search terms 

6.        Controlled clinical trial* 
7.        Random* controlled trial* 
8.        6 OR 7 

ID Aromatherapy search terms 

9.        Aroma 
10.     Aromatherapy 
11.     Aromatic therapy 
12.     Essential oil* 
13.     Fragrance 
14.     Fragrant oil* 
15.     Scent 
16.     Massage therapy 
17.     Medical massage 
18.     Massage 

19.     9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 17 OR 18  

20.     5 AND 8 AND 19 

*truncation symbol used in database search 
 

 

Inclusion and exclusion criteria and outcome measure for the selection of studies 

Randomized controlled trials (RCT) using any type of study design were included. No 

restriction in the year of publication was considered. Studies using validated 
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standardized tools to measure depressive symptoms were included disregarding the 

health condition evaluated in the study. Examples of assessment tools for depressive 

symptoms are Profile of Mood States rating scale (POMS) or Hospital Anxiety and 

Depression scale (HADS). Eligible studies evaluated the effect of essential oils using 

any administration method. Studies combining aromatherapy with any type of 

massage were included. Reviews and meta-analyses on aromatherapy on mood 

disorders were not included.  

 

Strategy for the selection of studies 

After pooling the articles retrieved from the databases, the duplicates were eliminated. 

The titles were screened and articles that did not meet the inclusion and exclusion 

criteria were eliminated. Afterwards, the full text of the pre-selected articles was 

checked to refine the selection. The database search and selection of the studies was 

carried out by 2 independent authors. Any disagreements were discussed and resolved 

and where necessary, a third author was consulted. 

 

Extraction of the data 

The data extracted included the study design, number of subjects, description of the 

subjects, and inclusion criteria of the studies. Further data extracted included the 

description of the comparison group, the method of administration, duration of the 

study, frequency of the treatment, assessment tools, outcome measures and conclusion. 

 

Quality assessment 

The Jadad scale was used to evaluate the quality of the studies included. The criteria 

of the Jadad scale take the following into consideration: the randomization, double 
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blinding, withdrawals and dropouts (Jadad et al., 1996). In a scale from 0 to 5, higher 

scores correspond to higher quality of the study.  

 

3.3. Results 

 

Database search and study selection  

The database search was done from in May 2016. A total of 875 studies were retrieved 

from the 5 databases (Figure 9). After removing the duplicates, 668 remained and 

when they were further screened, 522 studies were excluded because they did not 

evaluate depressive symptoms. Additionally, 84 studies were not RCTs, not in English 

and/or no depressive symptoms were measured; therefore, those studies were 

excluded. The remaining studies (n = 32) were checked in detail. Four studies could 

not be accessed as the full texts were not available. The authors of the studies that 

could not be accessed were contacted. However, the articles could not be retrieved 

because the authors could not be reached or the study was still unpublished. Therefore, 

the 4 studies were excluded. Twelve RCT studies met the pre-established criteria and, 

therefore, were included in the present systematic review (Graham et al., 2003; Lemon, 

2004; Soden et al., 2004; Wilkinson et al., 2007; Araki et al., 2012; Conrad and Adams, 

2012; Serfaty et al., 2012; Igarashi, 2013; Taavoni et al., 2013; Wu et al., 2014; 

Matsumoto et al., 2014; Sehhatie et al., 2015).  
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Figure 9. Study selection flowchart 

Figure modified from Sánchez-Vidaña et al., 2017. 

 

Description of the subjects 

The data extracted from the subject description is shown in Table 3. A total of 1226 

subjects were included out of which 80% were female and 18% were male participants. 

In one study (Lemon, 2004), the number of female and male participants were not 

stated representing 1.4% of the total population. The mean age of the subjects was 47 
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and the age range was 21 to 73 years. The majority of the subjects included were 

pregnant women (n = 333), followed by women in the menopausal phase (n = 90), 

patients with cancer (n = 82), patients with depression and or/anxiety disorder (n = 

32), post-partum women (n =28), women with children diagnosed with attention 

deficit/hyperactivity disorder (n = 25), healthy female volunteers (n = 20) and subjects 

diagnosed with idiopathic environmental intolerance (n = 16). 
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Table 3. Characteristics of the participants included in the selected studies 

Table modified from Sánchez-Vidaña et al., 2017. 

Reference Study design 
Subjects 

Number of 
subjects 

Mean subject 
age (range) Gender (n) Subject description Diagnostic 

systems/Inclusion criteria Baseline score for depressive symptoms 

Inhalation aromatherapy 

(Graham et 
al., 2003) 

Placebo-controlled 
randomized double-blind 
RCT 

313 65 (33-90) Female (150) 
Male (163)  

Individuals with 
cancer receiving 
radiotherapy 
treatment 

Patients prescribed with 8 
or more fractions of 
radiotherapy 

Baseline depression status: Odds ratio of 29 
using HADS. 

(Conrad and 
Adams, 
2012)* 

Randomized 
observational pilot study 
with repeated measures 

28 32 (25-43) Female (28) Postpartum women 

0-18 months postpartum 
women with scores of 10 or 
higher on either the 
Edinburgh Postnatal 
Depression Scale or the 
Generalized Anxiety 
Disorder Scale 

The baseline score using the Edinburgh 
postnatal Depression Scale for the control 
group was 15.9 and 16.1 for the intervention 
group. 

(Igarashi, 
2013) Prospective RCT 13 

27.3 for the 
control group 
(NA) 
29.3 for the 
treatment group 
(NA) 

Female (13) Pregnant women 28 week-pregnant women, 
singleton pregnancy 

Depression-dejection scale baseline score using 
POMS was 2.7 in the control group and 1.6 in 
the treatment group. 

(Matsumoto 
et al., 2014) 

Randomized controlled 
crossover study 20 20.5 Female (20) College students Healthy volunteers 

The depression-dejection scale baseline score 
using POMS was not provided, but the change 
difference between pre and post treatment was 
reported. The change in depression-dejection 
score was lower than -1 in the treatment group 
and statistically significant when compared to 
the change in the control group. 

(Sehhatie et 
al., 2015) 

Controlled double-blinded 
RCT 320 20-30, average 

age NA Female (320) Pregnant women 

Women between 18-35 
years, with a pregnancy age 
between 38 to 42 weeks, a 
score of 12 or less in the 
Edinburgh test 
 

Depression grade baseline in the Edinburgh test 
was 6.3 in the control group and 6.1 in the 
intervention group. 
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Reference Study design 
Subjects 

Number of 
subjects 

Mean subject 
age (range) Gender (n) Subject description Diagnostic 

systems/Inclusion criteria Baseline score for depressive symptoms 

Aromatherapy massage 

(Lemon, 
2004) RCT 32 

32.9 (23-53) in 
the treatment 
group 

Female (10 in the 
treatment group) 
Male (4 in the treatment 
group) 
No information provided 
on the number of female 
and male subjects in the 
control group 

Patients with 
depression and/or 
anxiety 

Patients scoring more than 
7 in the Montgomery-
Asberg Depression Rating 
scale (and/or the Tyrer brief 
Anxiety scale 

The baseline using the Montgomery-Asberg 
Depression rating scale was 19.8 in the control 
group and 30 in the treatment group. The 
baseline using the HADS was 14.6 and 15.3 in 
the control and treatment group, respectively. 

(Soden et 
al., 2004) Double-blind RCT 42 73, (44-85) Female (32), male (10) Individuals with 

cancer 

Individuals with cancer 
with a wide variety of levels 
of physical and 
psychological symptoms 

Baseline score using HADS was not stated. 
Only the median change in HADS was 
provided being 0 for the aromatherapy group, -
1.5 for the massage group, -0.5 for the 
aromatherapy massage group and 0.5 for the 
control.  

(Wilkinson 
et al., 2007) RCT 288 

52.1; 52.8 for 
the usual care 
group and 51.5 
for the usual 
care plus 
aromatherapy 
group 

Female (250), male (38) Individuals with 
cancer 

Patients diagnosed with 
cancer, a prognosis of more 
than 3 months, with clinical 
anxiety or depression 

The baseline score using the Center for 
Epidemiological Studies Depression Scale was 
26.1 for the aromatherapy group and 26 for the 
group receiving usual care (control). 

 
(Araki et al., 
2012) 

Non-blinded randomized 
crossover trial 16 46.1 (37.9-54.3) Female (15), 

Male (1) 

Patients diagnosed 
with idiopathic 
environmental 
intolerance 

Clinical examination by a 
physician and scoring above 
26 for men and 30 for 
women in the Chemical 
Odor Sensitivity scale 

Depression subscale baseline score using 
POMS was around 2.8 in the control period. 

(Conrad and 
Adams, 
2012)* 

Randomized 
observational pilot study 
with repeated measures 

28 NA Female (28) Postpartum women 

0-18 months postpartum 
women with scores of 10 or 
higher on either the 
Edinburgh Postnatal 
Depression Scale or the 
Generalized Anxiety 
Disorder Scale 
 

The baseline score using the Edinburgh 
postnatal Depression Scale for the control 
group was 15.9 and 16.1 for the intervention 
group. 
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Reference Study design 
Subjects 

Number of 
subjects 

Mean subject 
age (range) Gender (n) Subject description Diagnostic 

systems/Inclusion criteria Baseline score for depressive symptoms 

(Serfaty et 
al., 2012) Single-blind RCT 39 

 
52.5; 51.1 for 
the 
aromatherapy 
group and 54 
for the cognitive 
behavior 
therapy group 

Female (31), male (8) Individuals with 
cancer 

Patients diagnosed for at 
least one month, who also 
had at least a predicted 
survival of 6 months and 
score 11 or more in the 
HADS for anxiety or 
depression 

The baseline score in the depression-dejection 
subscale of POMS was 11.2 for the 
aromatherapy massage group and 13.4 for the 
control group. 

(Taavoni et 
al., 2013) RCT 90 

53.70 for the 
control group 
(49.42-57.98), 
52 (47.12-
56.88) for the 
massage 
therapy group, 
53.35 (49.01-
57.69) 

Female (90) 
Women who entered 
their menopausal 
period naturally 

Woman, age between 45 
and 60 years, with 
amenorrhea for at least 1 
year 

At baseline, according to the Menopause Rating 
Scale, the frequency of the severity of the 
depressive mood was reported as mild (14.9%), 
moderate (36.8%), severe (20.7%) and very 
severe (2.3%). No difference was found among 
the groups at baseline.  

(Wu et al., 
2014) RCT 25 34-48, average 

age NA Female (25) Woman with 
children 

Women whose children 
were diagnosed with 
attention deficit 
hyperactivity disorder 
 

Baseline using the Beck Depression Inventory 
was 8.6 in the control group and 10.8 in the 
treatment group. 

*: In this study, both aromatherapy modalities were tested, inhalation aromatherapy and aromatherapy massage. Therefore, the study was included in both categories in the table. Abbreviations: NA, Not Available; 
HADS, Hospital Anxiety and Depression scale; POMS, Profile of Mood States. 
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Intervention 

Control group 

Several comparison groups were used in the RCTs included. In 6 studies (Soden et al., 

2004; Araki et al., 2012; Igarashi, 2013; Taavoni et al., 2013; Wu et al., 2014; Sehhatie 

et al., 2015) no intervention was used as the comparison group. Four studies used a 

vehicle group (carrier oil or water) (Graham et al., 2003; Lemon, 2004; Conrad and 

Adams, 2012; Matsumoto et al., 2014) and an active control group consisting of usual 

supportive care while cognitive behavior therapy was used as comparison group in 2 

studies (Wilkinson et al., 2007; Serfaty et al., 2012).  

 

Description of the intervention groups  

Aromatherapy was administered as inhalation aromatherapy in 5 studies (Graham et 

al., 2003; Conrad and Adams, 2012; Igarashi, 2013; Matsumoto et al., 2014; Sehhatie 

et al., 2015), followed by with massage in 8 studies wherein 1 also used inhalation 

aromatherapy (Lemon, 2004; Soden et al., 2004; Wilkinson et al., 2007; Araki et al., 

2012; Conrad and Adams, 2012; Serfaty et al., 2012; Taavoni et al., 2013; Wu et al., 

2014). The detailed description of the intervention protocol is shown in Table 4. 

Caution should be taken when analyzing the evidence from the study carried out by 

Sehhatie et al. (Sehhatie et al., 2015) since two interventions (aromatherapy being part) 

for pain relief in labor. The concern arising from the combined intervention is that no 

discrimination between the contribution from each intervention in the final outcome 

is possible to carry out.  
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Table 4. Description of the interventions and protocols 

Table modified from Sánchez-Vidaña et al., 2017. 

Reference 

Intervention and protocol 

Comparison 

group (n) 
Treatment group(s) (n) Type of essential oil used 

Duration 

of the 

study 

Administration method 
Treatment 

frequency 

Duration 

per session 

Total 

no. of 

sessions 

Inhalation aromatherapy 

 

 

(Graham et al., 
2003) 

 

Control with 

sweet almond 

cold-pressed pure 
vegetable oil with 

no fragrance (NA) 

- Carrier oil with fractionated 

low (NA) grade essential oil 
- Pure essential oil (NA) 

- Fractionated oils of unknown purity 
diluted 1:3 in carrier oil 

- Mixture of lavender, bergamot and 

cedarwood (2:1:1) 

8 weeks 

3 drops of oil applied to a bib 

worn during the administration of 
the treatment 

Daily 15-20 min 56 

(Conrad and 

Adams, 2012)* 

Control, jojoba oil 

(14) 

- 2% dilution of a mixture of 

essential oils (6) 

- 0.25 rose otto essential oil and 0.75 
lavender,2% dilution of the essential 

oil mixture 

4 weeks 
8 drops of oil applied to a cotton 
pad. Subjects were instructed to 

smell the cotton pad for 15 min 

Twice a 

week 
15 min 8 

 

(Igarashi, 2013) 

 

Control, no 

intervention (6) 
- Pure essential oil (7) 

- Lavender 

- Petitgrain 

- Bergamot 

1 day 
5 drops of oil applied on a filter 

placed in a diffuser.  
Once 5 min 1 

(Matsumoto et al., 

2014) 

Control, water 

(20) 
- Pure essential oil (20) - Yuzu  2 days 

10µl oil in a cotton pad used in a 

diffuser set in the subject’s 
nostrils 

Twice 

10 min 

(sessions 
separated 

in intervals 

around 2.6 
days) 

2 

(Sehhatie et al., 

2015) 

Control group 
which did not 

receive any non-

pharmacological 
method for pain 

relief of labor 

(160) 

- Non-pharmacological methods 

for pain relief of labor 
including: Showering, being in 

upright position, aromatherapy 

and soft music without word 
(160) 

-20% lavender essential oil 
During 

labor 

10x10 cm cloth impregnated with 

1 ml 20% lavender essential oil 
which was attached to the 

mother’s breast at the beginning 

of the active phase. The 
aromatherapy intervention was 

combined with other non-

pharmacological interventions 
 

Once 

Duration of 
the active 

phase of 

labor 

1 

Aromatherapy massage 

(Lemon, 2004) 
Control, grape 

seed oil (16) 
- Diluted essential oil (16) 

- 9 essential oils (bergamot, lemon 
Clary sage, lavender, roman 

chamomile, geranium, rose otto, 

12 weeks 
15 ml grape seed carrier oil with 
(4 drops) or without essential oils 

applied in a full body massage 

Once a 

fortnight 
40 min 6 
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Reference 

Intervention and protocol 

Comparison 

group (n) 
Treatment group(s) (n) Type of essential oil used 

Duration 

of the 

study 

Administration method 
Treatment 

frequency 

Duration 

per session 

Total 

no. of 

sessions 

sandalwood, jasmine). A combination 

of essential oils chosen by the 
aromatherapist on each treatment 

session (16) 

using gentle effleurage and 

petrissage 

(Soden et al., 

2004) 

Control, no 

intervention (13) 

- Aromatherapy massage (16) 

- Massage with inert carrier oil 
(13) 

- 1% Lavender essential oil diluted in 

sweet almond oil 
2 years Back massage Weekly 30 min 4 

(Wilkinson et al., 

2007) 

Usual supportive 

care 

- Usual supportive care and 

aromatherapy massage  
- 20 essential oils  10 weeks 

Standardized massage agreed by 

the therapists 
Weekly 1 h 4 

(Araki et al., 

2012) 

Control, no 

intervention 
-Aromatherapy massage 

- 1% massage oil containing melissa, 

juniper and rosemary essential oils 
mixed into jojoba oil (1:2:2 ratio) 

8 weeks 

Standardized massage on the 
back, shoulders, arms, hands, 

lower legs and feet using 20-30 

ml massage oil  

Every two 

weeks 
1 h 4 

(Conrad and 

Adams, 2012)* 

Control, essential 

oil blend 

unscented white 
lotion (14) 

- 2% dilution of a mixture of 

essential oils (8) 

- 0.25 rose otto essential oil and 0.75 
lavender,2% dilution of the essential 

oil mixture 

4 weeks 

Topic application of the oil or 

lotion on both hands with gentle 

strokes of homogeneous pressure 
and speed 

Twice a 

week 
15 min 8 

(Serfaty et al., 

2012) 

Cognitive 
Behavior Therapy 

(19) 

- Aromatherapy massage (20) - 20 essential oils 2 years 
Standardized massage combined 
with treatment as usual (routine 

support) 

Weekly 1 h 

Up to 8 

sessions 

in 10 
weeks 

(Taavoni et al., 
2013) 

Control, no 
intervention (30) 

- Aromatherapy massage (30) 
- Massage (30) 

- 3% oil mixture containing lavender, 

geranium, rose and rosemary (4:2:1:1 
ratio) in almond and evening 

primrose oil 

4 weeks 

Massage in the abdomen, tights 

and arms using massage oil 
containing essential oils or 

odorless liquid petrolatum. 

Massage was applied with 
clockwise circular movements 

and light pressure. 

Twice a 
week 

30 min 8 

(Wu et al., 2014) 
Control, no 

intervention (12) 
- Aromatherapy massage (13 

- Jojoba oil containing 2% lavender 

and 2% geranium essential oils 
4 weeks 

Massage on the neck, shoulders, 
arms, back and legs including 

effleurage, friction, petrissage 

and vibration at a moderate 
pressure using 20 ml of massage 

oil 

Twice per 

week 
40 min 8 

*: In this study, both aromatherapy modalities were tested, inhalation aromatherapy and aromatherapy massage. Therefore, the study was included in both categories in the table. Abbreviations: NA, Not Available; min, 
minutes; h, hour. 
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Essential oils used in the selected studies 

The essential oils were used in 3 forms: pure, diluted or in combination with other 

essential oils. The procedure used to select the essential oils was based on (1) 

recommendation by an aromatherapist, (2) the effect of essential oils on physical and 

mood states, (3) the subject’s preference, (4) and the safety profile to be used during 

pregnancy. However, some studies did not mention the criteria used in the selection 

of the essential oils chosen neither did they state the type of essential oils used. 

Lavender essential oil was the most commonly used essential oil in 8 of 12 studies 

(Graham et al., 2003; Lemon, 2004; Soden et al., 2004; Conrad and Adams, 2012; 

Igarashi, 2013; Taavoni et al., 2013; Wu et al., 2014; Sehhatie et al., 2015). 

 

Inhalation aromatherapy 

In the inhalation aromatherapy intervention, the essential oils most frequently used 

were lavender and bergamot either in their pure form or in combination with other oils 

(Graham et al., 2003; Lemon, 2004; Soden et al., 2004; Conrad and Adams, 2012; 

Igarashi, 2013; Taavoni et al., 2013; Wu et al., 2014; Sehhatie et al., 2015). Graham 

et al. (2003) reported the use of a mixture of fractionated essential oils. However, the 

type of essential oils used was not stated (Graham et al., 2003). Other essential oils 

used included petitgrain (Igarashi, 2013) and yuzu (Matsumoto et al., 2014) both in 

their pure form while cedarwood (Graham et al., 2003) and rose otto (Conrad and 

Adams, 2012) were used mixed with other essential oils. 

 

Aromatherapy massage 

In 2 studies, the therapist chose the essential oils from a set of 20 different options, 

but the type of essential oil chosen was not reported (Wilkinson et al., 2007; Serfaty 
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et al., 2012). In the study by Lemon (2004), the essential oils were selected from a list 

of 9 options and the author reported the type of essential oil chosen. The rest of the 

studies reported the use of lavender essential oil and a mixture of 2 to 4 essential oils, 

or lavender essential oil in combination with rose otto. 

 

Administration protocol  

Inhalation aromatherapy 

Several administration modalities were used in the inhalation aromatherapy 

intervention. For example, Matsumoto et al. (2014) used a diffuser placed directly in 

the nostrils of the subjects and a cotton soaked with the essential oil which was placed 

in the diffuser (Matsumoto et al., 2014). The source of the aroma was placed 30 cm 

from the nose of the subject in two studies (Graham et al., 2003; Igarashi, 2013). The 

essential oil was applied on a bib worn by the subjects in two other studies (Graham 

et al., 2003; Sehhatie et al., 2015). Different amounts of essential oils were used from 

10 µl to 1 ml or 3, 5 or 8 drops. Another parameter that varied in the studies included 

was the time of exposure, ranging from 5 to 20 minutes (Graham et al., 2003; Conrad 

and Adams, 2012; Igarashi, 2013; Matsumoto et al., 2014) (Table 4). The frequency 

of the treatment varied significantly from one unique time to once or twice a week, or 

daily. The acute and chronic effect of the aromatherapy intervention was evaluated 

implementing the duration of the treatment from 1 to 2 days and from 4 to 8 weeks. 

 

Aromatherapy massage 

Standardized protocols were used to perform the aromatherapy massage intervention. 

However, the areas of the body where the massage was administered were not 

mentioned in 3 studies (Wilkinson et al., 2007; Araki et al., 2012; Serfaty et al., 2012). 
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In one study, the massage target area was the back (Soden et al., 2004). The remaining 

studies focused the massage intervention on the abdomen, thighs and arms (Taavoni 

et al., 2013), and the neck, shoulders, arms, back and legs (Wu et al., 2014). In the 

study of Conrad and Adams (Conrad and Adams, 2012), the m’technique, a hand 

massage therapy, was applied in both hands. The administration protocol in most of 

the studies was carried out weekly (Soden et al., 2004; Wilkinson et al., 2007; Conrad 

and Adams, 2012; Serfaty et al., 2012; Taavoni et al., 2013; Wu et al., 2014). In the 

study by Araky et al. (2012) the administration of the intervention was done every 2 

weeks (Araki et al., 2012). The duration of the sessions varied significantly among 

the studies from 15, 30, 40 min to 1 h.  

 

Outcome measures 

The scales used for the assessment of the depressive symptoms and a summary of the 

results is shown in Table 5. The assessment tools that were used in most of the 

experiments were HADS and POMS (Graham et al., 2003; Soden et al., 2004; Araki 

et al., 2012; Serfaty et al., 2012; Igarashi, 2013; Matsumoto et al., 2014) followed by 

EPDS in 2 studies (Conrad and Adams, 2012; Sehhatie et al., 2015) and other tools 

such as MADRS (Lemon, 2004), MRD (Taavoni et al., 2013), BDI (Wu et al., 2014) 

and CES-D (Wilkinson et al., 2007). 
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Table 5. Description of the measurement tools, outcomes and conclusions 

Table modified from Sánchez-Vidaña et al., 2017. 

Reference 

Outcome measures 

Scale Comparison 
group Intervention group(s) Outcome 

Improvement 
of depressive 

symptoms  

Inhalation aromatherapy 

(Graham et 
al., 2003) 

- HADS 
 

Control 
group  

- Carrier oil with 
fractionated low grade 
essential oil 
- Pure essential oil  

Increased outcome measurement when 
compared to the baseline (18%-22% in 
HADS) using multivariate analysis. No 
statistically significant difference 
observed. 

No 

(Conrad 
and Adams, 
2012)* 

-EPDS  Control 
group 

- 2% dilution of a 
mixture of essential 
oils  

The mean difference in EPDS scores 
between the control group and the 
intervention group at end point was -
3.981 but no statistically significant 
difference observed. Combined analysis 
of inhalation aromatherapy and massage 
aromatherapy showed statistically 
significant difference with a mean 
difference of -4.8. 

Yes 

(Igarashi, 
2013) - POMS No 

intervention  - Pure essential oil  

Depression-dejection sub scale scores 
pre and posttest were 2.7 and 1.2 in the 
comparison group and 1.6 and 0.6 in the 
intervention group respectively. No 
statistically significant difference 
observed. 

No 

(Matsumoto 
et al., 2014) 

- POMS in 
TMD  

Control 
group - Pure essential oil  

Change in TMD score was 0.5±2.2 in the 
control group and -1.28±2.6 in the 
intervention group (statistically 
significant difference). 

Yes 

(Sehhatie et 
al., 2015) - EPDS No 

intervention 

- Non-pharmacological 
methods for pain relief 
of labor including: 
Showering, being in 
upright position, 
aromatherapy and soft 
music without words  

Depression grade (0-30) pre and post-
delivery were 6.3 and 8.8 in the no 
intervention group and 6.1 and 7.8 in the 
intervention group respectively. No 
statistically significant difference 
observed. 

No 

Aromatherapy massage  

(Lemon, 
2004) - MADRS Control 

group - Diluted essential oil  

The scores in the MADRS at baseline 
and end point were 19.8 and 21.1 in the 
control group and 30 and 18.1 in the 
treatment group. Statistically significant 
difference was observed between the test 
and control group. 

Yes 

(Soden et 
al., 2004) 

- HADS 
 

No 
intervention 

- Aromatherapy 
massage  
- Massage with inert 
carrier oil  

The median change in HADS at baseline 
and end point was 0.5 in the no 
intervention group, 0 in the 
aromatherapy massage group and -1.5 in 
the massage group. No statistically 
significant difference among the groups. 

No 

(Wilkinson 
et al., 2007) 

- CES-D 
 

Active 
control 
(usual 
supportive 
care) 

- Usual supportive care 
and aromatherapy 
massage  

The scores using CES-D at baseline and 
end point were 26.0 and 4.6 in the active 
control group and 25.9 and 6.2 in the 
intervention group respectively. No 
statistically significant difference 
observed between the 2 groups. 

No 

(Araki et 
al., 2012) - POMS No 

intervention 
- Aromatherapy 
massage 

Statistically significant difference 
between the 2 groups when comparing 
the pre and post sessions in all the 
POMS sub-scales including depression-
dejection. 

Yes 

(Conrad 
and Adams, 
2012)* 

 

- EPDS  Control 
group 

- m’technique (hand 
massage) 

The mean difference between the 
baseline and end point using EPDS was -
6.031 

Yes 
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Reference 

Outcome measures 

Scale Comparison 
group Intervention group(s) Outcome 

Improvement 
of depressive 

symptoms  

(Serfaty et 
al., 2012) 

- POMS-
TMS 
 

 
Active 
control 
(cognitive 
behavior 
therapy) 

- Aromatherapy 
massage  

The POMS-TMS decreased in both 
groups after intervention from 46.3 to 
26.5 in the active control group and 44.5 
to 29 in the intervention group.  

Yes 

(Taavoni et 
al., 2013) - MRS No 

intervention 

- Aromatherapy 
massage  
- Massage  

The mean difference in psychological 
symptoms (including depressive mood) 
was -0.379 in the no intervention group 
(no statistically significant difference), -
3.49 in the aromatherapy massage group 
(statistically significant difference) and -
1.20 in the massage group (statistically 
significant difference). 

Yes 

(Wu et al., 
2014) - BDI No 

intervention 
- Aromatherapy 
massage 

The BDI score pre and posttest was 8.6 
and 8.5 in the control group and 10.8 and 
6.5 in the intervention group (statistically 
significant difference).  

Yes 

*: In this study, both aromatherapy modalities were tested: inhalation aromatherapy and aromatherapy massage. Therefore, the 
study was included in both categories in the table. Abbreviations: CES-D, Center of Epidemiological Studies Depression (self-
reported depression); BDI, Beck Depression Inventory; DSM-IV, modified Diagnostic and Statistical Manual of Mental Disorder 
criteria; EPDS, Edinburgh Postnatal Depression Scale; HADS, Hospital Anxiety and Depression scale; MADRS, Montgomery-
Asberg Depression Rating Scale; MRS, Menopause Rating Scale; POMS, Profile of Mood States;; TMD, Total Mood 
Disturbance; TMS, Total Mood Score (shortened version of the profile of mood states). 
 

Efficacy of aromatherapy 

Inhalation aromatherapy 

Reduction of the depressive symptoms was reported in 2 studies using inhalation 

aromatherapy (Conrad and Adams, 2012; Matsumoto et al., 2014). In the study of 

Conrad and Adams (Conrad and Adams, 2012), the subjects were postpartum women 

that received two different aromatherapy interventions, inhalation aromatherapy and 

massage aromatherapy. The control and the intervention groups showed similar scores 

in the EPDS scale (p = 0.8). At the end of the intervention, a significant reduction of 

depressive symptoms was observed in the intervention group when compared to the 

control group (EPDS: p = 0.01). The study of Matsumoto et al. (Matsumoto et al., 

2014) showed a positive effect on the negative emotional stress after 2 sessions of 10 

min in healthy subjects. The following scores significantly decreased after inhalation 

of yuzu: TMD (p < 0.001), depression-dejection (p = 0.041), tension-anxiety (p < 

0.018), anger-hostility (p =0.002) and confusion (p =0.019). 
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The 3 other studies did not show any significant benefit of the inhalation aromatherapy 

intervention (Graham et al., 2003; Igarashi, 2013; Sehhatie et al., 2015). No reduction 

of depressive symptoms was observed in the study by Graham et al. (Graham et al., 

2003) in cancer patients undergoing radiotherapy. Furthermore, no effect was 

observed in the scores of the POMS scale on the pregnant women exposed to 

inhalation aromatherapy in the studies by Igarashi and Sehhattie et al. (Igarashi, 2013; 

Sehhatie et al., 2015).  

 

Aromatherapy massage 

Positive effects of aromatherapy massage were observed in 5 studies (Lemon, 2004; 

Araki et al., 2012; Serfaty et al., 2012; Taavoni et al., 2013; Wu et al., 2014). 

Improvement of the depressive symptoms were demonstrated in the study of Lemon 

(Lemon, 2004). The author concluded that aromatherapy massage had beneficial 

effect on subjects with a mild or higher degree of depressive symptoms. Furthermore, 

a statistically significant difference (p < 0.001) was observed in the study by Araki et 

al. (2012) when comparing the POMS scores at baseline and end point. Conrad and 

Adams (2012) evaluated the effect of both inhalation aromatherapy and aromatherapy 

massage. A clear improvement of depressive symptoms was observed in the 

aromatherapy massage group (EPDS, p = 0.025). In this study, the effect of inhalation 

aromatherapy showed a beneficial effect on the depressive symptoms but only when 

the data was pooled with the results of the aromatherapy massage group in an attempt 

by the authors wanted to show the effect of the aromatherapy intervention (using both 

administration methods). Therefore, no conclusive remark can be drawn in the case 

of inhalation aromatherapy alone. The study of Serfaty et al. also demonstrated 

alleviation of the depressive symptoms with the use of aromatherapy massage (Serfaty 
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et al., 2012). Positive effects in the depression-dejection and tension anxiety sub 

scores were observed in both interventions using the POMS-TMS assessment. The 

aromatherapy massage group showed positive effects in the last week of treatment 

while the comparison group, the cognitive behavior therapy, showed a more effective 

and sustained effect. The study carried out by Taavoni et al. (2013) measured 

depressive mood using the MRS assessment. A significant difference (p < 0.001) was 

observed among the three groups evaluated, with the massage and aromatherapy 

massage groups showing improvement in the outcome measure. The study 

demonstrated that massage aromatherapy was more effective in reducing the 

psychological scores evaluated when compared to massage alone. The last study that 

showed a positive effect on depressive symptoms was the study conducted by Wu et 

al. (2014). An improvement in the depressive symptoms scored using the BDI scale 

was observed in the aromatherapy massage group (p = 0.04).  

 

Quality assessment 

The quality of the studies included was evaluated using the Jadad scale – in this scale, 

high scores reflect higher quality. The results of the quality assessment are shown in 

Table 6. One out of 12 studies scored 5 (Soden et al., 2004), 2 studies scored 4 

(Graham et al., 2003; Sehhatie et al., 2015), 3 studies scored 3 (Wilkinson et al., 2007; 

Serfaty et al., 2012; Igarashi, 2013), 3 studies scored 2, and 3 studies scored 1 (Lemon, 

2004; Matsumoto et al., 2014; Wu et al., 2014).  
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Table 6. Quality assessment of studies included according to the Jadad scale 

Table modified from Sánchez-Vidaña et al., 2017. 

Reference 

Quality assessment of methodology based on Jadad scale 

Randomization 
Appropriate 
method of 

randomization 
and description 

Blinding 
Description 
of dropouts / 
withdrawals 

Jadad 
score 
(score 

out of 5) 
No 

blinding 
Single 
blind 

Double 
blind 

Appropriate 
method of double 

blinding and 
description 

Inhalation aromatherapy 

(Graham et 
al., 2003) Yes Yes No No Yes Yes No 4 

(Conrad 
and 
Adams, 
2012)* 

Yes No Yes No No NA Yes 2 

(Igarashi, 
2013) Yes Yes Yes No No NA Yes 3 

(Matsumot
o et al., 
2014) 

Yes No No Yes No No No 1 

(Sehhatie et 
al., 2015) Yes Yes No No Yes No Yes 4 

Aromatherapy massage 

(Lemon, 
2004) Yes No Yes No No NA No 1 

(Soden et 
al., 2004) Yes Yes No No Yes Yes Yes 5 

(Wilkinson 
et al., 2007) Yes Yes No No Yes No Yes 3 

(Araki et 
al., 2012) Yes Yes Yes No No NA NA 2 

(Conrad 
and 
Adams, 
2012)* 

Yes No Yes No No NA Yes 2 

(Serfaty et 
al., 2012) Yes Yes No Yes No No Yes 3 

(Taavoni et 
al., 2013) Yes Yes Yes No No No No 2 

(Wu et al., 
2014) Yes No Yes No No NA No 1 

*: In this study, both aromatherapy modalities were tested, inhalation aromatherapy and aromatherapy massage. Therefore, the 
study was included in both categories in the table.  Abbreviations: NA, Not applicable 
 

3.4. Discussion 

 

The aim of the present systematic review was to analyze the clinical evidence on the 

effect of aromatherapy in the alleviation of depressive symptoms. The study also 

served as an update of a systematic review previously published by Yim et al. (2009). 

The systematic review by Yim et al. highlighted a couple of limitations that were 

addressed in the present study. For instance, the authors pointed out that the small 
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sample size of the studies included and the low number of RCT studies included could 

not support a conclusive analysis of the findings. In the present study, the focus was 

to analyze the evidence based on RCT studies. Also, from 2009 till date, more clinical 

trials on aromatherapy have been carried out, making it possible for higher sample 

size to be used in the present study. 

 

Effectiveness of aromatherapy to relieve depressive symptoms 

A very heterogeneous group of subjects was included in the systematic review. They 

included pregnant women, postpartum women, women at their menopause, women 

with children diagnosed with attention deficit hyperactivity disorder (ADHD), healthy 

female volunteers, patients diagnosed with cancer, depression/anxiety and idiopathic 

environmental intolerance. Different conclusions were reached when either inhalation 

aromatherapy or massage aromatherapy was administered. The reasons behind the 

discrepancy of the results observed can be attributed to the diversity in the 

administration protocol and the type of subjects. Another important consideration is 

that proper olfaction function should be evaluated when studying the effect of 

inhalation aromatherapy since poor function can affect the effectiveness of the 

treatment. Furthermore, when carrying out a study on aromatherapy massage, 

researchers should consider the degree of the effect of aromatherapy alone when 

combined with massage and evaluate both cases separately and in combination to 

make a more appropriate evaluation of the effect of aromatherapy alone.  

 

The chemical profile of the essentials oil used is another important factor to be 

considered in analyzing the effectiveness of aromatherapy. The essential oils included 

in the studies have shown positive effects on mood such as anxiolytic, antidepressant 
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and sedative effect (Setzer, 2009; Bagetta et al., 2010; Kageyama et al., 2012; 

Matsumoto et al., 2016). For example, lavender (Kageyama et al., 2012), bergamot 

(Bagetta et al., 2010) and sandalwood (Setzer, 2009) improved the depressive 

symptoms while yuzu relieved the negative emotional stress (Matsumoto et al., 2016). 

The remaining essential oils included in the present study contained volatile 

compounds such as limonene, linalool and linalyl acetate. These oils are well known 

to have a positive effect on anxiety and to induce sedation, thereby possibly 

contributing to the effect observed in the clinical trials. 

 

Inhalation aromatherapy 

In the present systematic review, 2 studies showed positive effects in inhalation 

aromatherapy using the essential oil yuzu (Matsumoto et al., 2014) and in combination 

with rose otto and lavender (Conrad and Adams, 2012).  

 

The lack of efficacy observed in the study by Graham et al. can be attributed to the 

quality of the essential oil whose purity was unknown as well as the combining of 3 

pure oils used in the intervention group. Thus, using low quality essential oils or a 

mixture could affect the efficacy of the treatment. It is, therefore, recommended that 

pure essential oils be used and then be evaluated individually. 

 

The acute beneficial effect of inhalation aromatherapy was observed in the study 

carried out by Igarashi (Igarashi, 2013) in pregnant women. However, it is important 

to highlight that the data analysis in the study showed positive results within group 

comparison and not between group comparisons. In addition, the short duration of the 

treatment and frequency of the intervention was too short to make a more detailed 
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evaluation. The study by Sehhatie et al. was also carried out in pregnant women but 

no significant effect was observed. The lack of effect observed in both studies can be 

attributed to the short time of exposure. 

  

Another population in the present systematic review was postpartum women 

including a group receiving inhalation aromatherapy and another group receiving 

aromatherapy massage applied to both hands (Conrad and Adams, 2012). This study 

showed improvement in depressive symptoms of both interventions. However, the 

authors combined the data of both interventions for the statistical analysis and 

concluded that both aromatherapy interventions were effective. The data presented 

only supported the effectiveness of aromatherapy massage but not that of inhalation 

aromatherapy. However, no group receiving only hand massage without 

aromatherapy was included to assess the contribution of the hand massage alone on 

the effectiveness of the intervention. Hence, it is not possible to conclude that the 

effect should be to aromatherapy massage.  

 

Another study showed positive results with inhalation aromatherapy using healthy 

volunteers. The discrepancy between the studies showing positive findings and the 

studies that did not find any beneficial effect may stem from the administration 

procedure with regard to the distance between the nostrils and the aroma. For example, 

Matsumoto et al. (Matsumoto et al., 2014), which found a positive effect of 

aromatherapy, placed the diffuser in direct contact with the subject nostrils. The close 

proximity of the volatile compounds of the essential oil and the nasal mucous may 

have enhanced the interaction with the olfactory receptors. Additionally, Matsumoto 

et al. performed a small olfactory function trial involving 2 sessions of 10 min prior 
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the RCT study to make sure that the olfactory function of the subjects included was 

normal. Factors such as the distance between the nostrils and the aroma and a prior 

olfactory function test might be the reason for the difference in findings among the 

inhalation aromatherapy studies. The administration procedures of inhalation 

aromatherapy that showed alleviation of the depressive symptoms included cotton 

impregnation and the use of a diffuser.  

 

Aromatherapy massage 

Aromatherapy massage is the administration method found to be more efficacious for 

decreasing depressive symptoms, as 5 of the 12 studies included showed positive 

results. Aromatherapy massage offers a combination of the health benefits of both 

aromatherapy and massage and is commonly used by health individuals especially to 

reduce stress (Wu et al., 2014). Massage is a popular alternative option used for about 

2.1% of the patients diagnosed with severe depression (Coelho et al., 2008) and it is 

frequently used in the palliative care of patients with cancer (Wu et al., 2014).  

 

The difficulty to evaluate the effectiveness of aromatherapy administered by 

aromatherapy massage is due to the lack of discrimination to separate the effect 

induced by aromatherapy and massage alone. Since both aromatherapy and massage 

show health benefits when applied alone, it should be expected that both therapies 

would have a combined beneficial effect. Therefore, caution should be taken when 

designing an RCT study and inclusion of a control group that receives massage alone 

should be considered. Lack of important information such as the area of the body 

where the massage was applied was not reported in some studies (Wilkinson et al., 

2007). Also, the criteria used to decide the type of massage to be administered were 
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not stated in all the aromatherapy massage studies. Examples of massage techniques 

include effleurage, kneading, petrissage, friction, tapotement, and vibrations and 

shaking (Goats, 1994). The type of massage and area of the body where the massage 

is administered is essential to support the use of a certain type of massage above the 

other and to evaluate the health benefits related to the technique used. Different 

massage techniques are associated with different physiological effects for instance 

increase blood flow or production of short-induced analgesia (Goats, 1994). Therefore, 

a detailed description of the massage therapy used is essential in analyzing the 

combined effect of aromatherapy massage.  

 

There were some differences in the frequency of the intervention. This can be used to 

explain the positive findings in the study by Serfaty et al. (2012) and the lack of effect 

observed in the studies by Soden et al. and Wilkinson et al. intervention (Soden et al., 

2004; Wilkinson et al., 2007). For example, Serfaty et al. (2012) used twice the 

number of sessions than the other 2 studies. Aromatherapy massage applied weekly 

for 8 weeks was found to be effective in cancer patients when compared to the active 

control. The absence of therapeutic effect observed in some of the aromatherapy 

massage studies included may be as a result of the effect of the massage itself whish 

was so strong that it concealed the added effect of aromatherapy. Therefore, no 

significant difference was observed when aromatherapy and massage were combined 

(Corner et al., 1994; Wilkinson, 2007; Russell et al., 2008; Hou et al., 2010). Also, 

caution should be taken when interpreting the massage therapies since the effects 

observed in people with cancer are not compelling (Ernst, 2009). In the study of 

Fellowes et al. (Fellowes et al., 2004) a positive effect on the alleviation of depressive 

symptoms was observed in subjects with cancer. Therefore, more investigation is 
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needed to clarify the mixed findings. Furthermore, it is important to highlight that the 

aromatherapy massage intervention in the study by Serfaty et al. (2012) was 

administered in combination with cognitive behavioral therapy. Therefore, the most 

appropriate conclusion from the study by Serfaty et al. (2012) is that aromatherapy 

massage assisted in the alleviation of depressive symptoms when combined with 

cognitive behavioral therapy.  

 

Two other studies found positive effects of aromatherapy massage on depressive 

symptoms involved women at menopause (Taavoni et al., 2013) and women with 

children diagnosed with ADHD (Wu et al., 2014). The intervention protocol in both 

studies was similar involving 8 sessions in which the intervention was administered 

twice a week for 30-40 minutes. Soden et al. and Wilkinson et al. did not report any 

beneficial effect of aromatherapy massage. In both studies, the frequency (once a 

week) and number of sessions were lower than the studies in which positive effects 

were observed. Thus, the duration and number of sessions might be one of the reasons 

for the lack of efficacy.  

 

Regarding the administration protocol in the studies of Lemon and Serfaty et al., 

alleviation of the depressive symptoms was observed. Interestingly, these studies used 

a higher number of sessions (6-8) with a duration of 40 minutes to 1h per session. The 

study by Araki et al. also demonstrated positive effects of aromatherapy massages 

applied with a lower number of sessions (4) and a lower frequency of treatment (every 

two weeks, 1h per session) (Araki et al., 2012). To sum up, the findings in the studies 

using aromatherapy massage suggest that at least more than 4 sessions that take place 
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once or twice a week for at least 30 min per sessions are needed to observe beneficial 

effects on depressive symptoms.  

 

Limitations 

The main concern of the analysis carried out in the present systematic review is the 

quality of the studies included. Low scores were observed in half of the studies studied 

(score of 1 or 2). As a result, the poor blinding procedure could have contributed to 

the effectiveness of the treatment reported. Also, the administration protocol differed 

considerably among the studies – for instance the massage technique was not 

described in detail in the aromatherapy massage studies. Furthermore, the contribution 

of massage alone could not be established in the aromatherapy massage intervention. 

Finally, a comparison of the findings presents a complex-cum-challenging situation, 

as different assessment tools were used in various studies.  

 

Clinical recommendations 

In future RCT studies evaluating inhalation aromatherapy, a pre-test that will conform 

normal olfactory function should be included. Additionally, longer exposure time and 

a higher number of sessions should be considered. When evaluating aromatherapy 

massage, at least 8 sessions once or twice per week should be included.  

 

3.5. Conclusion 

 

In the systematic review carried out by Yim et al. (2009) sufficient evidence was not 

available to conclude that aromatherapy had a beneficial effect on depressive 

symptoms. However, the analysis of the evidence from the present systematic review 
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points to a different finding. A critical analysis of the most updated findings of the 

effect of aromatherapy on depressive symptoms was carried out in the present study 

and it was found that aromatherapy massage was more efficacious than inhalation 

aromatherapy. Although promising results were observed in inhalation aromatherapy, 

more investigation is needed to corroborate this position. In conclusion, this 

systematic review has demonstrated that aromatherapy represents a potential 

alternative for pharmacotherapy as far as the alleviation of depressive symptoms is 

concerned.  
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CHAPTER 3 PART B 

The content of his chapter was sent for publication and is under review. 

EFFECTIVENESS OF LAVENDER ESSENTIAL OIL ON 

DEPRESSION: A SYSTEMATIC REVIEW OF THE 

PRECLINICAL AND CLINICAL EVIDENCE  

Sánchez-Vidaña DI, Chow JKW, Fung TKH, Ho J, Wu WKK, Ngai SPC, Lau BWM, 

Tsang HWH. (Under review) 

 

Model: Fiona Chung 
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Abstract 

Background: As suggested by the literature reviewed in the previous chapter, 

aromatherapy, a form of complementary and alternative medicine (CAM), is widely 

used and has potential for the treatment of mood disorders. Certain essential oils are 

used to alleviate depressive symptoms and they represent a promising therapeutic 

alternative. Aromatherapy is a form of CAM that has widespread use and potential for 

the treatment of psychiatric disorders. Essential oils such as lavender essential oil 

(LEO) have been used to ameliorate depressive symptoms and they represent a 

valuable therapeutic alternative. In this chapter, the antidepressant effect of LEO has 

been evaluated in clinical trials and has revealed promising results.  

Aims: The present systematic review aimed to analyze the evidence of the effect of 

LEO in preclinical and clinical studies on depressive symptoms. Also, the mechanism 

of action of LEO and its major chemical constituents were explored. 

Methods: A set of predefined search terms were input in the following databases: 

AMED, CINHAL, CCRCT, MEDLINE and PsycINFO. In vitro, in vivo and RCT 

studies focusing on the evaluation of LEO, lavender-based extract or LEO’s major 

chemical constituents were included.  

Results: A total of 42 studies were retrieved from all the databases. Thirteen studies 

that fulfilled the inclusion and exclusion criteria were selected. Four RCT studies and 

4 animal studies demonstrated alleviation of depressive symptoms and depression-

like behavior respectively. One in vitro study explored the mechanism of action of 

LEO, linalool and linalyl acetate. 

Conclusions: LEO and linalool improved the depression-like behavior in animal 

studies. The clinical evidence was not conclusive. Therefore, further clinical 

investigation is needed.  
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3.6. Introduction 

 

CAM practices are often used by patients with depression (van der Watt et al., 2008; 

Yeung et al., 2015). Aromatherapy belongs to the wide repertoire of CAM therapies 

and has a valuable potential for the treatment of mood disorders including depression 

(Perry and Perry, 2006). In aromatherapy, essential oils are used and this helps in 

improving the physical and psychological wellbeing of patients (Cooke and Ernst, 

2000; Perry and Perry, 2006; Herz, 2009; Setzer, 2009).  

 

Aromatherapy can be applied by inhalation, topically or orally (Perry and Perry, 2006; 

Fung et al., 2012; Ndao et al., 2012). Essential oils comprise many lipophilic 

compounds that can easily reach circulation after topic or oral administration (Buckle, 

2003; Carke, 2008). After inhalation of essential oils, the volatile compounds are 

absorbed in the mucous of the olfactory epithelium and reach the blood stream but 

they can also induce different mechanisms in the brain. (Tisserand and Balacs, 1995; 

Carke, 2008). Chemosignals are detected in the nasal epithelium formed by about 25 

million cells connected to the OB. The signal triggered by inhaled essential oils is sent 

to different structures of the limbic system including the hippocampus. The signal 

reaches the olfactory cortex where neurotransmitters are released resulting in effects 

on mood (Burnett et al., 2004; Price and Price, 2011; Ali et al., 2015). Pleasant aromas 

are associated with relaxation, comfort, pleasant memories and reduction of stress 

(Louis and Kowalski, 2002; Burnett et al., 2004; Ali et al., 2015). Because of the 

action of essential oils on mood, they represent a promising alternative for the 

treatment of mood disorders, thereby warranting further investigation (Ernst et al., 

1998; Andreescu et al., 2008; Setzer, 2009).  
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Lavender essential oil is derived from flowering heads of Lavandula aungustifolia 

Mill. (syn. Lavandula officinalis Chaix) and it is commonly used in aromatherapy 

(Andrade et al., 1999; Cavanagh and Wilkinson, 2002; Greenberg and Slyer, 2017). 

The biological activity attributed to LEO includes smooth muscle relaxation, 

antimicrobial activity, sedative, analgesic, anxiolytic, and antidepressant properties 

(Wu and James, 2011; Perry et al., 2012). In clinical studies, LEO is the most 

frequently used essential oil to evaluate its effect on depressive symptoms. Since LEO 

is extensively used and there is clinical evidence available that supports its promising 

antidepressant effects, more in-depth investigation on LEO and its molecular 

mechanism is needed. Therefore, this systematic review aimed to analyze the findings 

pertaining to the effectiveness of LEO on the alleviation of depressive symptoms and 

its mechanism of action in preclinical and clinical studies. To my best understanding, 

there is no systematic review on these issues previously done. 

 

3.7. Methods 

 

Search terms and strategy 

A list of relevant search terms was established considering depression, type of study, 

aromatherapy, LEO and its major compounds (Table 7). The search strategy was 

implemented using the following databases: AMED, CCTR, CINAHL, Pubmed and 

PsycINFO. The database search was carried out independently by two authors and a 

third author was consulted in instances of discrepancy.  

 

 

 



  
 

82 
 

Table 7. Search terms and database strategy 

ID Disease search terms 
1.  Depress* 
2.  Major depress* 
3.  Mood disorder 
4.  Depressive disorder 
5.  1 OR 2 OR 3 OR 4 

ID Type of study search terms 

6.  Controlled clinical trial* 
7.  Randomi* controlled trial* 
8.  In vitro 
9.  In vivo 
10.  Cell culture* 
11.  Tissue culture 
12.  Preclinical stud* 
13.  Animal stud* 
14.  Animal model 
15.  6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 
ID Aromatherapy search terms 
16.  Aroma 
17.  Aromatherapy 
18.  Aromatic therapy 
19.  Essential oil* 
20.  Fragrance 
21.  Fragrant oil* 
22.  Scent 
23.  Massage therapy 
24.  Medical massage 
25.  Massage 
26.  Inhalation 
27.  16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 OR 26 
ID Lavender essential oil and its main components 
28.  Lavender 
29.  Lavandula 
30.  Lavender oil 
31.  Linalool 
32.  Linalyl acetate 
33.  1-8-cineole 
34.  Lavandulyl 
35.  Terpene-4-ol 
36.  Lavandulol 
37.  Cis-ocimene 
38.  Trans-ocimene 
39.  28 OR 29 OR 30 OR 31 OR 32 OR 33 OR 34 OR 35 OR 36 OR 37 OR 38 
40.  5 AND 15 AND 27 AND 39 

*truncation symbol used in database search 
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Inclusion and exclusion criteria  

Studies that evaluated the effect of any form of LEO including LEO, lavender derived 

extract or LEO’s major compounds (mentioned in the search terms) were selected. 

RCT studies using validated scales for the assessment of depressive symptoms were 

also included. Further preclinical studies using in vivo and/or in vitro models relevant 

for depression that evaluated the mechanism of action of LEO or any of its major 

compounds were included. Additionally, only full text studies in English were 

included. Finally, no restriction in the year of publication was considered, and no 

systematic reviews or meta-analyses were included. 

 

Study selection strategy 

After retrieving relevant articles from the databases, all the articles were pooled and 

the duplicates were excluded. The pre-selection of the studies was carried out by 

screening the title. The whole text of the remaining articles was checked in detail to 

select the articles to be included in the present systematic review. Two independent 

authors carried out the database search and selection of articles. Any disagreement 

was resolved by discussion in consultation with a third author and agreement on the 

studies to be included in the systematic review was achieved.  

 

Data extraction 

The data extracted from all the studies included the type of study, form of LEO 

evaluated, and focus of the study. The type of study, study design, subjects, 

intervention, administration protocol, validated scale for the measurement of the 

depressive symptoms, outcomes, and conclusions were extracted from the clinical 

studies. The animal description, cell line, treatment, biological test, outcome and 

conclusions were extracted from the preclinical studies.  



  
 

84 
 

Quality assessment 

The Jadad scale was used to assess the quality of the clinical studies (Jadad et al., 

1996). The scale evaluation is based on parameters such as randomization, double 

blinding, withdrawals and dropouts. Higher scores correspond to higher quality 

studies (Jadad et al., 1996).  

 

3.8. Results 

 

Study selection 

The combined database search from inception to August 2017 resulted in 42 studies 

(AMED: 2, CCTR: 0, CINAHL: 11, Pubmed: 20, and PsycINFO: 9) (Figure 10). After 

removal of duplicates, the title of the remaining articles (n = 34) was screened. The 

full text of the pre-selected studies was reviewed and 13 studies were selected for the 

systematic review including 7 clinical trials and 6 preclinical studies (5 in vivo and 1 

in vitro study). 
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Figure 10. Study selection flow diagram  

 

Description of the studies included 

The RCT studies included (n = 7) evaluated the effect of LEO on depressive symptoms 

(Table 8) (Diego et al., 1998; Graham et al., 2003; Soden et al., 2004; Conrad and 

Adams, 2012; Igarashi, 2013; Chen and Chen, 2015; Blackburn et al., 2017). The in 

vivo studies selected (n = 5) evaluated the effect of LEO or its major components on 

depression-like behavior (Komiya et al., 2006; Seol et al., 2010; Guzmán-Gutiérrez et 
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al., 2012; Hritcu et al., 2012; Coelho et al., 2013). The effect of LEO was evaluated 

in 3 out of 5 in vivo studies (Komiya et al., 2006; Seol et al., 2010; Hritcu et al., 2012) 

and the effect of linalool, one of the most common components in LEO, was studied 

in the remaining 2 in vivo studies (Guzmán-Gutiérrez et al., 2012; Coelho et al., 2013). 

The study carried out by Guzmán-Gutiérrez et al. (2012) focused on the evaluation of 

an essential oil derived from Litsea glaucescens. However, the authors also evaluated 

the effect of linalool, a major compound present in LEO (Guzmán-Gutiérrez et al., 

2012). Finally, the only in vitro study selected focused on the mechanism of action of 

LEO and two of its major compounds (López et al., 2017).  

 

Table 8. Overview of the selected studies 

Reference Type of study 

Form of LEO evaluated Focus of the study 

Essential oil or 

oral infusion 

(dried lavender 

flowers) 

Single 

compound 
Effectiveness 

Mechanism 

of action 

(Diego et al., 1998) Clinical     

(Graham et al., 2003) Clinical     

(Soden et al., 2004) Clinical     

(Conrad and Adams, 2012) Clinical     

(Igarashi, 2013) Clinical     

(Chen and Chen, 2015) Clinical     

(Blackburn et al., 2017) Clinical     

(Komiya et al., 2006) Preclinical (in vivo)     

(Seol et al., 2010) Preclinical (in vivo)     

(Guzmán-Gutiérrez et al., 2012) Preclinical (in vivo)     

(Hritcu et al., 2012) Preclinical (in vivo)     

(Coelho et al., 2013) Preclinical (in vivo)     

(López et al., 2017) Preclinical (in vitro)     
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Clinical studies 

 

Study design and description of subjects 

A detailed description of the study design and description of the subjects is shown in 

Table 9. A total of 562 subjects were considered in the present systematic review out 

of which 315 (62.5%) were female and 211 (37.5%) were male. The mean age of the 

subject population was 40.3 years. Only one study (Blackburn et al., 2017) did not 

report the age of the subjects. The type of subjects comprises 405 patients with cancer 

(72.1%) (Graham et al., 2003; Soden et al., 2004; Blackburn et al., 2017), 104 post-

partum women (18.5%) (Conrad and Adams, 2012; Chen and Chen, 2015), 40 healthy 

volunteers (7.1%) (Diego et al., 1998), and 13 pregnant women (2.3%) (Igarashi, 

2013). 

 

Table 9. Study design and description of subjects 

Reference Study design 
Subject description 

No. of subjects 
and gender Mean age Type of subjects 

(Diego et al., 1998) Randomized controlled trial 
40  

(30 female, 10 
male) 

30.9 Faculty and staff members 
of a university 

(Graham et al., 2003) Placebo-controlled double-
blind randomized trial 

313  
(150 female, 163 

male) 
65 Patients with cancer under 

radiotherapy treatment 

(Soden et al., 2004) Double-blind randomized 
controlled trial 

42  
(32 female, 10 

male) 
73 Patients with cancer 

(Conrad and Adams, 
2012) 

Randomized observational 
pilot study with repeated 
measures 

28 (female) 32 

Post-partum women with 
scores of ≥ 10 in the 
Edinburg Postnatal 
Depression Scale or the 
Generalized Anxiety 
disorder 

(Igarashi, 2013) Prospective Randomized 
controlled trial 13 (female) 

27.3 (control group) 
29.3 (treatment 
group) 

28-weeks pregnant women 
(singleton pregnancy) 

(Chen and Chen, 2015) Pretest-posttest randomized 
controlled trial 76 (female) 

32.68 (control 
group) 
32.05 (treatment 
group) 

Post-partum women with a 
score of ≥16 in the 
Postpartum Sleep Quality 
Scale 

(Blackburn et al., 2017) Randomized crossover 
washout trial 

50  
(22 female, 28 

male) 

NA (age range from 
19-73 years) 

Patients newly diagnosed 
with acute myelogenous 
leukemia initiating 4 weeks 
of intensive induction 
chemotherapy 
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Intervention protocol 

The description of the intervention protocol is show in Table 10. Inhalation 

aromatherapy was used in 5 out of the 7 RCT studies (Diego et al., 1998; Graham et 

al., 2003; Conrad and Adams, 2012; Igarashi, 2013; Blackburn et al., 2017). Massage 

aromatherapy was evaluated in 2 studies (Soden et al., 2004; Conrad and Adams, 2012) 

and oral administration was used in 1 study (Chen and Chen, 2015). Both inhalation 

aromatherapy and massage aromatherapy were evaluated in the study of Conrad and 

Adams (2012) (Conrad and Adams, 2012).  

 

The essential oil used in 2 RCT studies was extracted from Lavandula angustifolia 

while the remaining 5 studies did not state the type of lavender used. The subjects 

could choose the essential oil of their preference (1 out of 3 options) in 2 studies 

(Igarashi, 2013; Blackburn et al., 2017). However, Igarashi (2013) did not present a 

separate analysis with respect to the essential oil chosen. Therefore, caution should be 

taken when interpreting the results of this study as the final effect observed cannot be 

attributed to LEO alone. On the other hand, the study by Blackburn et al. (2017) 

mentioned that the most selected essential oil was LEO. All the studies selected used 

different comparison groups. For instance, the studies on inhalation aromatherapy 

included no intervention (Igarashi, 2013), fragrance free oil (Graham et al., 2003), and 

rose water (Blackburn et al., 2017) as comparison groups. Other comparison groups 

included treatment groups that made use of different essential oils other than LEO 

(Diego et al., 1998) and traditional medical care without aromatherapy (Conrad and 

Adams, 2012). In the case of the aromatherapy massage intervention, the comparison 

group considered was no intervention (Soden et al., 2004) and traditional medical 

treatment without aromatherapy (Conrad and Adams, 2012). Finally, the study by 
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Chen and Chen (2015) took the regular post-partum care as comparison group for the 

orally administered lavender intervention (Chen and Chen, 2015).  

 

The nature of the essential oils varied significantly and they entailed using undiluted 

single essential oils (Igarashi, 2013; Blackburn et al., 2017), undiluted essential oils 

mixed with other essential oils (Graham et al., 2003), diluted single essential oils 

(Diego et al., 1998; Soden et al., 2004), and diluted essential oils mixed with other 

essential oils (Conrad and Adams, 2012). Also, dried lavender flowers were used to 

prepare the orally administered tea in the study by Chen ad Chen.  

 

In the studies using inhalation aromatherapy as administration method, a cotton 

soaked with the essential oils was used in the studies by Diego et al. (1998 and Conrad 

and Adams (2012). In two other studies a diffuser was the technique used to 

administer the essential oils (Igarashi, 2013; Blackburn et al., 2017) and a bib full of 

essential oil was used by Graham et al. (2003) in 1 study. With regard to the 

aromatherapy massage method, standardized back massage (Soden et al., 2004) and 

standardized hand massage (Conrad and Adams, 2012) were the techniques employed. 

Regarding the frequency of the treatment, the inhalation aromatherapy intervention 

was administered once (Diego et al., 1998; Igarashi, 2013), daily (Graham et al., 2003; 

Blackburn et al., 2017) and twice a week (Conrad and Adams, 2012). The frequency 

of the treatment in the aromatherapy massage studies was once a week (Soden et al., 

2004) and twice a week (Conrad and Adams, 2012). Finally, the lavender tea was 

consumed daily for 2 weeks (Chen and Chen, 2015). The time of exposure to the 

essential oils in the inhalation aromatherapy intervention varied from 3, 5, 15 min, 15-
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20 minutes to 9 hours whereas the massage intervention was applied in sessions of 15 

to 30 minutes.  
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Table 10. Description of the intervention and administration protocol 

Reference 

Groups  LEO  Intervention 

Comparison 
group (n) 

Treatment 
group(s) (n)  Species Treatment description Alone Mixed   Administration protocol Treatment 

frequency 
Duration 

per session 

Total no. 
of 

sessions 

Inhalation Aromatherapy 

(Diego et al., 
1998) 

Two treatment 
groups (40) 

1. LEO (20) 
 
2. Rosemary 
essential oil (20) 

 NR 1. 10% LEO in 
grapeseed oil 
 
2. 10% rosemary 
essential oil in 
grapeseed oil 

   IA Essential oil was applied to a 
cotton dental swab in a 100ml 
plastic vial held 3 inches from 
the nose of the subjects. 
Subjects were sitting quietly in a 
massage chair, breathing 
normally with their eyes closed. 

1 day 3 min 1 

(Graham et 
al., 2003) 

Fragrance-free 
sweet almonds 
cold pressed 
pure vegetable 
oil (NA) 

1. Fractionated 
low-grade 
essential oils 
(NA) 
 
 
2. Pure essential 
oils (NA) 

 NR 1. Fractionated 
essential oils of 
unknown purity (1:3 
dilution in carrier oil) 
 
2. Mixture of pure 
LEO, bergamot and 
cedarwood essential 
oils (2:1:1) 

   IA Three drops of oil applied to a 
bib worn during the treatment 
period.  

Daily  15-20 min NR 

(Igarashi, 
2013) 

No intervention 
(6) 

Pure essential 
oil (7) 

 Lavandula 
angustifolia 

Pure essential oil. Each 
Participants chose 1 
out of 3 essential oil 
options (LEO, 
petitgrain and 
bergamot essential 
oils) 

   IA 5 drops of oil applied to a filter 
placed in a diffuser. The diffuser 
was placed 30cm away from the 
participant. 

Once 5 min 1 

(Conrad and 
Adams, 
2012)* 

1. Traditional 
medical 
treatment 
without any 
aromatherapy 
(14) 
 
 

1. Diluted 
essential oil 
mixture (IA) (6) 
 
2. Diluted 
essential oil 
mixture (AM) 
(8) 

 Lavandula 

angustifolia 
1. 2% essential oil 
mixture (0.25 rose 
otto , 0.75 lavender 
essential oils) in jojoba 
oil  
2. 2% essential oil 
mixture (as above) in 
in carrier lotion 
 
 

   IA 
and 
AM 

Cotton pad infused with 8 drops 
of essential oil mixture for 
inhalation aromatherapy and 
m’technique (standardized hand 
massage) with the essential oil 
mixture for aromatherapy 
massage 

Twice a 
week for 4 

weeks 

15 min 8 
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Reference 

Groups  LEO  Intervention 

Comparison 
group (n) 

Treatment 
group(s) (n)  Species Treatment description Alone Mixed   Administration protocol Treatment 

frequency 
Duration 

per session 

Total no. 
of 

sessions 
 
(Blackburn et 
z al., 2017) 

 
Rosewater (50) 

 
Pure essential 
oil (50) 

  
NR 

 
Patients chose their 
preferred essential oil 
(lavender, chamomile 
or peppermint). 
Lavender was the most 
selected essential oil. 

 
 

   
IA 

 
A diffuser containing 8 drops of 
either essential oil or rose water 
(placebo) was placed in each 
patient’s room and was turned 
on for about 8 hours from 9:00 
pm onwards.   

 
Daily for 2 
weeks with 

1-week 
washout 
period 

between 
week 1 and 

2 

 
Approx. 9 

h  

 
14 

Aromatherapy Massage 

(Soden et al., 
2004) 

No intervention 
(13) 

1. Massage with 
LEO (16) 
 
2. Massage with 
inert carrier oil 
(13) 

 NR 1. 1% LEO in sweet 
almond oil 

   AM Standardized back massage  Weekly for 
4 weeks 

30 min 4 

(Conrad and 
Adams, 
2012)* 

1. Traditional 
medical 
treatment 
without any 
aromatherapy 
(14) 
 
 
 
 
 

1. Diluted 
essential oil 
mixture (IA) (6) 
 
 
 
2. Diluted 
essential oil 
mixture (AM) 
(8) 

 Lavandula 
angustifolia 

1. 2% essential oil 
mixture (0.25 rose otto 
and 0.75 lavender 
essential oils) in jojoba 
oil  
 
2. 2% essential oil 
mixture (0.25 rose otto 
and 0.75 lavender 
essential oils) in in 
carrier lotion 
 
 
 
 
 
 
 
 
 
 

   IA 
and 
AM 

Cotton pad infused with 8 drops 
of essential oil mixture for 
inhalation aromatherapy and 
m’technique (standardized 
massage) with the essential oil 
mixture for aromatherapy 
massage 

Twice a 
week for 4 

weeks 

15 min 8 
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Reference 

Groups  LEO  Intervention 

Comparison 
group (n) 

Treatment 
group(s) (n)  Species Treatment description Alone Mixed   Administration protocol Treatment 

frequency 
Duration 

per session 

Total no. 
of 

sessions 

Oral Administration 

(Chen and 
Chen, 2015) 

Regular post-
partum care 
(38) 

Infusion of 
lavender flowers 
(38) 

 NR Teabags with 2 g of 
dried lavender flowers 

   O One cup of lavender tea (1 
teabag infused for 10-15 min in 
300 ml hot water) ingested 1h 
before bedtime. Before drinking, 
participants smelled/appreciated 
the tea aroma for some time. 

Daily for 2 
weeks 

NR 14 

Abbreviations: IA, inhalation aromatherapy; AM, aromatherapy massage; O, oral administration; NR, not reported 
*This study included both administration methods: IA and AM. 
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Assessment tools, outcome, and conclusions 

The assessment tools, outcomes, and conclusions are summarized in Table 11. The 

RCT studies used validated tools for the assessment of the severity of the depressive 

symptoms and for the assessment of mood in general (Blackburn et al., 2017). The 

tools employed included the Edinburgh Postnatal Depression Scale (EPDS) (Conrad 

and Adams, 2012; Chen and Chen, 2015); the Hospital Anxiety and Depression Scale 

(HADS) (Graham et al., 2003; Soden et al., 2004), the Profile of Mood States (POMS) 

(Diego et al., 1998; Igarashi, 2013) and the Edmonton Symptoms Assessment Scale-

Revised Scores (ESASr). 

 

Four out of the 7 RCT studies reported a significant improvement of the depressive 

symptoms. Three studies using inhalation aromatherapy demonstrated that treatment 

with LEO alone (Diego et al., 1998; Blackburn et al., 2017) or in combination with 

other essential oils (Conrad and Adams, 2012) significantly decreased the depressive 

symptoms when compared to the control groups. However, it is important to highlight 

that the findings from the study by Conrad and Adams (2012) considered a combined 

analysis of the effect using both inhalation aromatherapy and aromatherapy massage. 

Additionally, the positive effect observed in the studies from Conrad and Adams 

(2012) and Blackburn (2017) cannot be fully translated to LEO since LEO was given 

in a mixture with other essential oils and the effect of other essential oils alone (from 

which lavender was the most commonly chosen) was also considered to analyze the 

combined effect of the aromatherapy intervention. In the aromatherapy massage 

intervention, only one study using a mixture of essential oils including LEO, 

significantly decreased the depressive symptoms (Conrad and Adams, 2012). A 

significant reduction of the depressive symptoms was demonstrated after daily 

administration of lavender tea (Chen and Chen, 2015). Finally, no side effects 
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associated with the use of LEO applied by inhalation, massage or orally as lavender 

tea were reported in any of the RCT studies. 

 

Table 11. Description of the assessment tools for depressive symptoms, outcomes, 

side effects and conclusions 

Reference 

Scale to 
assess 

depressive 
symptoms 

Baseline Outcome Side 
effects 

Improvement 
of depressive 

symptoms 

Inhalation Aromatherapy 

(Diego et 
al., 1998) POMS 

The baseline for depressed mood 
was 2.66 in the POMS in the 
lavender group. Lower POMS 
score indicates better mood. 

After the intervention, statistically 
significant difference was observed. 
The lavender group showed lower 
POMS score (1.16 after 
intervention).  

No side 
effects 
were 
reported. 

Yes 

(Graham et 
al., 2003) HADS The baseline depression status was 

odds ratio of 29 in the HADS. 

No statistically significant 
difference among the groups was 
observed.  

No side 
effects 
were 
reported. 

No 

(Igarashi, 
2013) POMS 

The depression-dejection scale 
baseline using the POMS was 2.7 
and 1.6 in the control and 
intervention group, respectively. 
Lower POMS score indicates 
better mood. 

No statistically significant 
difference between the groups was 
observed.  

No side 
effects 
were 
reported. 

No 

(Conrad 
and Adams, 
2012)* 

EPDS 

The baseline using the EPDS was 
15.9 and 16.1 in the control and 
intervention groups, respectively. 
A score greater than 10 indicates 
possible depression. Lower scores 
indicate an improvement in 
depressive symptoms.  

No statistically significant 
difference between the control and 
intervention group was observed, 
However, a significant difference 
was observed in a combined 
analysis of inhalation and massage 
aromatherapy when compared to the 
control group (mean difference of -
4.8). 

No side 
effects 
were 
reported. 

Yes 

(Blackburn 
et al., 2017) ESASr 

No baseline calculated. Reduced 
ESASr. High scores indicate 
increased the severity of the 
symptoms.  

The weekly average ESARr score 
after 2 weeks treatment was 
calculated. The weekly average 
burden of the depression subscale of 
the ESASr was 2.08 and 1.24 in the 
control and intervention group, 
respectively. Statistically 
significant difference was observed 
between the control and the 
aromatherapy group in which 
aromatherapy group showed 
reduced score in the depression 
subscale of the ESARs. 

NA Yes 

Aromatherapy Massage 

(Soden et 
al., 2004) HADS 

The baseline score was not 
reported. The median change in 
HADS was 5, -1.5 and -0.5 for the 
control, aromatherapy and massage 
group, respectively. 

No statistically significant 
difference among the groups was 
observed. 

No side 
effects 
were 
reported. 

No 

(Conrad 
and Adams, 
2012)* 

EPDS 

The baseline using the EPDS was 
15.9 and 16.1 in the control and 
intervention groups, respectively. 
A score greater than 10 indicates 
possible depression. Lower scores 
indicate an improvement in the 
depressive symptoms.  

Statistically significant difference 
observed between the control and 
massage aromatherapy group 
(endpoint scores of 12.1 and 7.1, 
respectively).  
 
 

No side 
effects 
were 
reported. 

Yes 
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Reference 

Scale to 
assess 

depressive 
symptoms 

Baseline Outcome Side 
effects 

Improvement 
of depressive 

symptoms 

 
Statistically significant difference 
was observed in a combined 
analysis of inhalation and massage 
aromatherapy together compared 
with the control group (mean 
difference of -4.8). 

Oral Administration 

(Chen and 
Chen, 
2015) 

EPDS 

The baseline scores using the 
EPDS were 9.71 and 7.50 in the 
control and intervention group, 
respectively. Statistically 
significant difference between the 
control and intervention group was 
observed at baseline. 

Statistical significant difference 
between the control and 
intervention group was observed in 
the EPDS scores after 2 weeks test 
(10.47 and 7.37 in the control and 
intervention group, respectively; the 
education level and pretest score 
were the ANCOVA covariates). 

No side 
effects 
were 
reported. 

Yes 

Abbreviations: EPDS, Edinburgh Postnatal Depression Scale; ESASr, Edmonton Symptoms Assessment Scale-Revised Scores; 
HADS, Hospital Anxiety and Depression Scale; NA, Not applicable; POMS, Profile of Mood States. 
*This study included both administration methods: IA and AM. 

 

Quality assessment  

The quality of the RCT studies was evaluated using the Jadad scale, a 0-5 points scale 

that considers randomization, description of the randomization method and 

description of dropouts/withdrawals (Jadad et al., 1996). A high score indicates a high 

quality of the study. The majority of the studies selected (4 out of 7 studies) received 

high scores. The studies of Soden et al. (2004) and Blackburn et al. (2017) obtained 

the highest score, followed by the study of Graham et al. (2003) that scored 4. The 

study by Igarashi (2013) scored 3 while 2 studies – Conrad and Adams (2012) and 

Chen and Chen (2012) – scored 2. One RCT study (Diego et al., 1998) obtained scored 

1 in the Jadad scale.  

 

An important consideration regarding the quality of the RCT studies is that the studies 

that demonstrated reduced depressive symptoms after the aromatherapy intervention 

obtained low scores in the Jadad scale. The main concerns in the low quality of the 

studies included the lack of information of the blinding procedure used, no appropriate 

method of double blinding and the lack of description of the double blinding method. 
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Table 12. Quality assessment based on the Jadad scale 

Reference 

Quality assessment (Jadad scale) 

Random. 

Appropriate 
method of 

random. and 
description 

Blinding 

Description 
of dropouts 

Score 
(0-5) No 

blinding 
Single 
blind 

Double 
blind 

Appropriate 
method of 

double 
blinding and 
description 

(Diego et al., 
1998) Yes No No No No No No 1 

(Graham et al., 
2003) Yes Yes No No Yes Yes No 4 

(Soden et al., 
2004) Yes Yes No No Yes Yes Yes 5 

(Conrad and 
Adams, 2012) Yes No Yes No No NA Yes 2 

(Igarashi, 2013) Yes Yes Yes No No NA Yes 3 
(Chen and Chen, 
2015) Yes No Yes No No No Yes 2 

(Blackburn et al., 
2017) Yes Yes No No Yes Yes Yes 5 

Abbreviations: NA, Not Applicable; Random, Randomization. 
 

Preclinical studies 

A total of 6 preclinical studies, 5 animal studies and 1 in vitro study that evaluated the 

antidepressant effect of LEO and some of the most abundant single compounds found 

in LEO were selected. Relevant information extracted from the preclinical studies is 

summarized in Table 13. The antidepressant effect of LEO and linalool was evaluated 

in mice in 3 studies (Komiya et al., 2006; Guzmán-Gutiérrez et al., 2012; Coelho et 

al., 2013). Furthermore, the effect of LEO and two of its major components namely 

linalool and linalyl acetate, were evaluated in rats in 3 studies (Seol et al., 2010; Hritcu 

et al., 2012; López et al., 2017). Two different species of lavender were used to extract 

LEO, Lavandula angustifolia (3 studies) and Lavandula hybrida (1 study). The study 

of Komiya et al. (2006) did not report the species of lavender used to extract the LEO 

evaluated. Furthermore, single compounds such as linalool (Guzmán-Gutiérrez et al., 

2012; Coelho et al., 2013; López et al., 2017) and linalyl acetate (López et al., 2017) 

were also investigated. 
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The chemical profile of LEO and confirmation of the chemical nature of the isolated 

compounds tested were determined in 3 studies (Guzmán-Gutiérrez et al., 2012; 

Hritcu et al., 2012; López et al., 2017). Intraperitoneal administration of LEO and its 

isolated compounds was the method most frequently used in the selected studies (3 

studies) (Seol et al., 2010; Guzmán-Gutiérrez et al., 2012; Coelho et al., 2013) while 

inhalation aromatherapy was used in 2 studies (Komiya et al., 2006; Hritcu et al., 

2012).  

 

In addition to the investigation of the effect of LEO and its most common components, 

several biological analyses were performed. In the evaluation done by López et al. 

(2017), cortex homogenate from rat brains were used to study the molecular targets 

involved in the antidepressant effect in vitro.  

 

The control groups considered in the LEO-intraperitoneally-administered studies 

consisted of different concentration of tween-80 (0.5 and 10%) (Guzmán-Gutiérrez et 

al., 2012; Coelho et al., 2013) and almond oil (Seol et al., 2010). In the inhalation 

aromatherapy studies, ethanol (Komiya et al., 2006) and saline (Hritcu et al., 2012) 

were used as control groups. Two controls were used in the study carried out by 

Komiya et al. (2006), however, the nature of one of the control groups was not 

reported. 

 

The treatment groups consisted of LEO alone, other essential oils such as rose, lemon, 

chamomile, clary sage and rosemary (Komiya et al., 2006; Seol et al., 2010; López et 

al., 2017). Also, the single compounds linalool and linaly acetate (López et al., 2017) 

when used alone and when combined with scopolamine were evaluated (Hritcu et al., 
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2012). Guzmán-Gutiérrez et al. (2012) and Coelho et al. (2013) included single 

isolated compounds as the treatment groups.  

 

Five out of the 6 preclinical studies evaluated the acute effect of LEO and its major 

compounds while 1 study focused on the chronic effect of LEO on depression-like 

behavior (Hritcu et al., 2012). The acute antidepressant effect of LEO administered 

by inhalation aromatherapy was investigated by exposure of the animals to 1 ml LEO 

mixed with ethanol in the study by Komiya et al. (2006). Nineteen minutes after 

exposure, the behavioral tests were carried out. In the study by Seol et al. (2010), LEO 

was intraperitoneally administered using 5, 10 and 20% LEO and the behavioral tests 

were carried out 60 min after the treatment. Coelho et al. (2013) and Guzmán-

Gutiérrez et al. (2012) treated the animals with a single injection of linalool at different 

concentrations (10, 50, 54.8, 100, 173.2, and 200 mg/kg) followed by the behavioral 

test. The administration protocol used by Guzmán-Gutiérrez et al. (2012) included 3 

sessions. The first administration of linalool was carried out 15 min before the pre-

test, followed by a second and third administration 18h and 1h prior the behavioral 

test. Finally, the chronic effect of LEO was evaluated by Hritcut et al. (2012) by 1h 

daily exposure to 200 µl LEO for 7 consecutive days given in co-treatment with 

scopolamine (Hritcu et al., 2012). 
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Table 13. Description of the preclinical studies 

Ref. 

Animal description  

Cell line 

 LEO  Treatment   

Species 
(total no. of 

animals 
used) 

Strain  

 
Species or 

isolated 
compound 

Chemical 
profile of 
LEO or 
isolated 

compound 

 Admin. 
method Control  Treatment 

group(s) 

Concentration of 
LEO or isolated 

compound 

Admin. 
protocol 

Acute 
effect 

Chronic 
effect 

(Komiya 
et al., 
2006) 

Male mice 
(25*) 

ICR  NA  NIP No  IA - Control   
 
- Ethanol  

1. LEO  
2. Rose 
essential oil  
3. Lemon 
essential oil  

1 ml essential oil 
mixed with 1 ml 
ethanol 

90 minutes 
before the 
behavioral 
test 

  

(Seol et 
al., 2010) 

Rats (10-
12 per 
treatment 
group) 

Sprague-
Dawley 

 NA  Lavandula 

angustifolia 

No  i.p. Almond oil 1. LEO 
2 Chamomile 
essential oil  
3. Clary sage 
essential oil  
4. Rosemary 
essential oil 
5. Imipramine 
6. Fluoxetine 

5, 10 and 20% 
essential oil 
dissolved in 
almond oil. 

1 injection 
60 min 
before 
behavioral 
test 

  

(Guzmán-
Gutiérrez 
et al., 
2012) 

Male mice 
(70 and 60 
*) 

ICR  NA  Linalool Yes  i.p. 0.5% tween 
80 in saline 
solution 
 

1. Linalool 
2. Eucalyptol 
3. Limonene 
4. -pinene 
5. -pinene 
6. Imipramine 
 

100 mg/kg 
linalool 
 

3 times: 15 
min after 
pre-test, 18 
and 1 h 
before the 
FST 

  

0.5% tween 
80 in saline 
solution 
 

1. Linalool 
2. Imipramine 

54.8, 100, and 
173.2 mg/kg 
linalool 
 

(Hritcu et 
al., 2012) 

Male rats 
(50) 

Wistar  NA  Lavandula 

angustifolia 

(LEO1) and 
Lavandula 

hybrida 

(LEO 2) 

Yes  IA Saline 1. Scopolamine 
(SCOP) 
2. Silexan 
(capsules 
containing 
80mg 
standardized 
LEO) + SCOP 

200 µl LEO 1 h daily 
exposure 
for 7 
consecutive 
days. 
Behavioral 
tests were 
done on the  
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Ref. 

Animal description  

Cell line 

 LEO  Treatment   

Species 
(total no. of 

animals 
used) 

Strain  

 
Species or 

isolated 
compound 

Chemical 
profile of 
LEO or 
isolated 

compound 

 Admin. 
method Control  Treatment 

group(s) 

Concentration of 
LEO or isolated 

compound 

Admin. 
protocol 

Acute 
effect 

Chronic 
effect 

 
3. LEO1 + 
SCOP 
4. LEO2 + 
SCOP 
 

 
last day 60 
min after 
exposure. 

(Coelho 
et al., 
2013) 

Male mice 
(113) 

Swiss  NA  Linalool No  i.p. 10% tween 
80 

1. Linalool 
2. Imipramine 

10, 50, 100 and 
200 mg/kg 
linalool 
(dissolved in 
10% tween 80) 
 

1 injection 
30 min 
before the 
behavioral 
test 

  

(López et 
al., 2017) 

Male rat ** Sprague-
Dawley 

 SH-SY5Y 
neuroblastoma 
cells 

 Lavandula 
angustifolia 

 
Linalool 
 
Linalyl 
acetate 

Yes  In vitro 
assays 

Different 
controls 
were used 
in the 
bioassay 

1. LEO 
2. Linalool 
3. Linalyl 
acetate 

Different 
concentrations 
were used in the 
bioassays. 

Different 
incubation 
times were 
used in the 
bioassays 

  

Abbreviations: IA, inhalation aromatherapy; i.p., intraperitoneal; NA; Not applicable; NIP: No information provided. 
*: Only the number of animals used in the behavioral test in which LEO or its major components were evaluated was considered. 
** Animals were used to obtain rat cortex suspensions for the target activity evaluation. The exact number of rat used was not stated. 
# In addition to the ethanol control, another control was used. However, authors did not provide information on the conditions used for the control group. 
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A summary of the behavioral tests, bioassays, outcomes, and conclusion of the 

preclinical studies is provided in Table 14. Depression-like behavior was measured 

using two behavioral tests, namely the forced swimming tests in 4 studies (Komiya et 

al., 2006; Seol et al., 2010; Guzmán-Gutiérrez et al., 2012; Hritcu et al., 2012) and the 

tail suspension test in one study (Coelho et al., 2013). The majority of the animal 

studies (4 out of 5) demonstrated a significant reduction in depression-like behavior 

induced by LEO or its single compounds tested (Seol et al., 2010; Guzmán-Gutiérrez 

et al., 2012; Hritcu et al., 2012; Coelho et al., 2013). Interestingly, the study by Seol 

et al. (2010) showed a comparable effect between LEO and fluoxetine and imipramine 

which are commonly used antidepressants in clinics. Similar positive results were 

observed in the study by Gutiérrez et al. (2012) and Coelho et al. (2013). Both studies 

clearly demonstrated a significant reduction of depression like behavior induced by 

linalool at doses of 100 and 200 mg/kg to a level comparable to that of imipramine. 

The evidence from the animal studies strongly supports the positive effect of LEO and 

linalool in reducing depression-like behavior.  

 

López et al. (2017) studied the molecular mechanism involved in the antidepressant 

effect of LEO, linalool and linalyl acetate. The authors found that LEO (4 and 8 µl/ml) 

and linalool (0.8 and 8 µl/ml) prevented the binding to the serotonin transporter and 

demonstrated a dose-dependent affinity of LEO (IC50 of 0.4 µl/ml), linalool (IC50 of 

2.97 µl/ml) and linalyl acetate (IC50 of 0.74 µl/ml) to the NMDA receptor. Both 

findings strongly suggested that the mechanism of action behind the antidepressant 

effect of LEO and its most common compounds involved the inhibition of the 

serotonin transporter and the regulation of the NMDA receptor. Additionally, the 
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authors identified linalool and linalyl acetate as key players in the mechanism of 

action by which LEO exerts its antidepressant effects. Finally, the neuroprotective 

effect of LEO was demonstrated in a hydrogen peroxide toxicity test. Finally, no 

severe side effects were reported in any of the preclinical studies. However, Guzmán-

Gutiérrez et al. (2012) showed that linalool induced sedation that reduced the 

exploratory activity of mice.  

 

Table 14. Behavioral tests, bioassays, outcomes and conclusions from the in vivo 

and in vitro studies included 

Reference Behavioral 
tests Bioassays Outcome 

Side 
effects or 
toxicity 

Antidepressant 
effect 

(Komiya 
et al., 
2006) 

FST NA LEO showed no effect on the immobility 
time in the FST.  

NR No 

(Seol et 
al., 2010) 

FST NA LEO decreased depression-like behavior in 
rats as observed in the shorter immobility 
time in the FST at all LEO concentrations 
tested. The reduced depression-like 
behavior was comparable to the effect of 
imipramine and fluoxetine (the conclusion 
was drawn from observation of the graph 
provided since no statistical comparison 
available was available). 

NR Yes 

(Guzmán-
Gutiérrez 
et al., 
2012) 

FST NA Linalool at a concentration of 100 mg/kg 
decreased depression-like behavior in the 
FST. The antidepressant effect of linalool 
was comparable to the effect of 
imipramine (no statistically significant 
difference between the imipramine and 
linalool groups). 

Linalool 
showed 
sedative 
effect as 
observed 
in the 
reduced 
exploratory 
activity of 
mice in the 
exploratory 
cylinder 
test.  

Yes 

(Hritcu et 
al., 2012) 

FST NA Silexan, LEO1 and LEO2 decreased 
depression-like behavior as observed in 
decreased immobility time in the FST 

NR Yes 

(Coelho 
et al., 
2013) 

Tail 
suspension 
test (TST) 

 Linalool reduced the immobility time in 
the TST at doses of 100 and 200 mg/kg 
showing antidepressant-like activity. The 
antidepressant effect observed in the 100 
and 200 mg/kg linalool groups is 
comparable to the effect of imipramine (no 
statistical comparison done between the 
linalool and imipramine groups, but the 
graph shows similar effect between the 
imipramine and high concentration of 
linalool groups). 
 
 

Linalool 
showed no 
genotoxic 
effects. 

Yes 



  
 

104 
 

Reference Behavioral 
tests Bioassays Outcome 

Side 
effects or 
toxicity 

Antidepressant 
effect 

 
(López et 
al., 2017) 

 
NA 

 
Serotoninergic 
targets 
1. Monoamine 
Oxidase-A 
(MAO-A) 
inhibition assay  
2. Serotonin 
transporter 
assay 
 
Ionotropic 
receptors 
1. Affinity for 
GABAA 
receptor 
2. Affinity for 
NMDA 
receptor 
 
Neuroprotection 
on SK-SY5Y 
cells 
1. MTT cell 
viability assay 

 
LEO did not show any inhibitory effect on 
MAO-A. In the serotonin transporter 
assay, the dose-dependent effect of LEO 
and linalool on the displacement of 3H-
citalopram from binding to the serotonin 
transporter was observed. The findings 
suggest that LEO and linalool exert 
antidepressant properties by preventing 
binding to the serotonin transporter. 
Linalyl acetate did now show affinity to 
the serotonin transporter. 
 
LEO, linalool and linalyl acetate didn’t 
show affinity to the GABAA receptor. 
LEO, linalool and linalyl acetate showed 
dose-dependent affinity to the NDMA 
receptor. 
 
LEO showed neuroprotective properties 
against hydrogen peroxide toxicity in SK-
SY5Y cells.   

 
NR 

 
Yes 

Abbreviations: FST, forced swimming test; NA; Not applicable; NR, not reported; TST, tail suspension test. 
 

3.9. Discussion 

 

LEO has been reported as the most frequently used essential oil in clinical trials 

evaluating the effect of aromatherapy on depressive symptoms (Sánchez-Vidaña et al., 

2017). LEO is highly preferred because of its relaxing, sedative and antidepressant 

properties (Perry and Perry, 2006). The present systematic review aimed to analyze 

the findings of preclinical and clinical studies on the effect of LEO and its most 

common compounds on depressive symptoms. Additionally, the molecular 

mechanism behind the effects of LEO and its major components were examined.  

 

Analysis of the clinical evidence 

Positive effects of LEO on the alleviation of depressive symptoms were observed in 

the clinical studies included in the present systematic review. However, there were 

limitations that need to be considered. First of all, only two RCT studies evaluated the 
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effect of either LEO alone (Diego et al., 1998) or lavender-derived tea (Chen and Chen, 

2015). Although positive effects were observed in other studies, the effect cannot be 

fully attributed to LEO alone. A study included LEO as one of the options to choose 

from (Blackburn et al., 2017). However, the positive effect observed stemmed from a 

combined effect of all the essential oil options provided and, thus, cannot be attributed 

to the contribution of LEO alone. Another study that showed positive effects evaluated 

a mixture of essential oils including LEO which was administered by inhalation 

aromatherapy and massage aromatherapy (Conrad and Adams, 2012). Another 

concern in the study of Conrad and Adams’ (2012) study is that the overall conclusion 

considered the combined effect of both the inhalation aromatherapy and the massage 

aromatherapy interventions. The main issue with the combined analysis of the 

modalities of aromatherapy is the impossibility of discriminating the added effect of 

the massage alone since a no massage group was not included as a control group. A 

recommendation for future clinical trials evaluating the effect of LEO would be to 

include LEO alone in a treatment group and a massage group without aromatherapy 

when investigating massage aromatherapy. Another concern arising from the analysis 

of the clinical evidence is the low quality of the studies that demonstrated a reduction 

in the depressive symptoms. Three out of the 4 RCT studies that showed positive 

effects obtained low scores, 1 and 2, in the Jadad scale and only 1 study scored 5. 

Therefore, the need for higher quality clinical trials to be used in evaluating the 

effectiveness of LEO on depressive symptoms is apparent. The overall analysis of the 

clinical evidence suggested that LEO administered by inhalation aromatherapy, 

aromatherapy massage or lavender drank in the form of tea showed promising effects. 

However, the inclusion of other essential oils, the use of a mixture of essential oils 

together with LEO as well as the low quality of the studies indicate that a solid 
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conclusion cannot be made on the effectiveness of LEO in relieving depressive 

symptoms in clinics.  

 

The findings of previous studies on the effect of LEO on mood have contributed to an 

understanding of the effect of LEO and support the analysis done in the current 

systematic review. The antidepressant, anxiolytic, and sedative effects of LEO have 

been previously reported (Perry and Perry, 2006; Kageyama et al., 2012; Taavoni et 

al., 2013; Wu et al., 2014). The complex mixture of volatile compounds found in LEO 

contains around 59 chemicals from which linalool and linalyl acetate are the most 

abundant (Buchbauer et al., 1991; Chatzopoulou and Goliaris, 2003; Perry et al., 

2012). Linalool has sedative effects while linalyl acetate has shown narcotic 

properties and the evidence from the present systematic review suggests that both 

compounds contribute to the biological activity of LEO (Ali et al., 2015). 

 

 

Analysis of the preclinical evidence 

The findings of the preclinical studies showed strong evidence of the effect of LEO 

and its major compounds in reducing depressive-like behavior in contrast with the 

promising but inconclusive evidence from the RCT studies.  

 

Four of the 5 animal studies selected showed positive effects of LEO and linalool on 

the alleviation of depression-like behavior (Seol et al., 2010; Guzmán-Gutiérrez et al., 

2012; Hritcu et al., 2012; Coelho et al., 2013). The forced swimming test and the tail 

suspension test are behavioral tests commonly used in academia and industry to screen 

compounds with antidepressant activity (Can et al., 2012a, 2012b; Slattery and Cryan, 

2012). Interestingly, three of the 4 animal studies that demonstrated the antidepressant 
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effect of LEO included treatment groups that received the antidepressants imipramine 

and fluoxetine and the comparison between the aromatherapy treatment and the 

antidepressant treatment was very promising. The tricyclic antidepressant imipramine 

introduced in the 1950s, and the serotonin reuptake inhibitor fluoxetine first described 

in 1974, are widely used in clinical practice (Preskorn, 1995; Dean, 2012; Magni et 

al., 2013). Therefore, including imipramine or fluoxetine as positive controls in 

preclinical trials is a useful practice.  

 

The evidence from the preclinical studies does not only support the positive effect of 

LEO and linalool, but also demonstrate a promising antidepressant effect compared 

with gold standard antidepressants. Furthermore, the molecular mechanism of LEO 

and its major components have been previously investigated and one study was 

included in the present systematic review. In the study by López et al. (2017), the 

effect of LEO, linalool and linalyl acetate on MAO-A, the serotonin transporter and 

the NMDA receptor were analyzed (López et al., 2017). The importance of screening 

the potential antidepressant effect of novel alternatives should include the above-

mentioned targets as they are mostly involved in the molecular mechanism of most of 

the antidepressants currently available. The results reported by the authors provide 

strong evidence that supports the antidepressant effect of LEO, linalool and linalyl 

acetate. Firstly, the inhibitory effect of LEO and linalool on the serotonin receptor was 

clearly demonstrated. The relevance of the inhibition of the serotonin transported for 

depression has been previously established. (Owens and Nemeroff, 1994) and the 

findings from the in vitro study showed that the serotonin receptor is targeted by LEO 

and linalool. Secondly, LEO, linalool and linalyl acetate exhibited a regulatory effect 

on the NMDA receptor. Stimulation of the NMDA receptor is, particularly, important 
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in the treatment of depression as it causes rapid antidepressant effect (Ates-Alagoz 

and Adejare, 2013). 

 

The findings of Lopez et al.’s (2017) study on the molecular mechanism, the evidence 

from the animal studies and the promising, although not conclusive, evidence from 

the clinical studies support the antidepressant effect of LEO and its major most 

common compounds.  

 

3.10. Conclusions 

 

The present systematic review is one of the first studies to analyze the preclinical and 

clinical evidence of the effect of LEO and some of its most common compounds in 

reducing depressive symptoms. One of the highlights of the present systematic review 

is the analysis of the preclinical studies which clearly demonstrated the positive effect 

of LEO and linalool in mitigating depression-like behavior compared with the effect 

of commercial antidepressants. Also, the relevant targets for depression were analyzed 

in one study providing further evidence that supports the antidepressant effect of LEO 

and its single compounds linalool and linalyl acetate. Finally, despite the inconclusive 

evidence from the RCT studies, the evidence presented suggest a promising 

antidepressant effect of LEO than needs further investigation.  
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CHAPTER 4 
The content of his chapter was sent for publication and is under review. 

LAVENDER ESSENTIAL OIL ABOLISHES HIGH DOSE 

CORTICOSTERONE-INDUCED DEPRESSION-LIKE 

BEHAVIOR AND REDUCTION OF NEUROGENESIS IN 

RATS 

Sánchez-Vidaña DI, Po KKT, Fung TKH, Chow JKW, Lau WKW, So PK, Lau BWM, 

Tsang HWH. (Under review) 
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Abstract 

Background: Depression is a global health issue with negative societal and economic 

health burden. Aromatherapy, a practice that uses essential oils for preventive and 

therapeutic purposes, represents a promising therapeutic alternative for the alleviation 

of depressive symptoms. Lavender essential oil (LEO) has been the focus of clinical 

studies due to its positive effect on mood.  

Aims: To evaluate the effect of LEO on depression and anxiety-like behaviors and 

neurogenesis in a high dose corticosterone animal model. 

Materials and methods: Adult male Sprague Dawley rats (n = 24) were assigned into 

4 groups (n = 6 animals per group): Control, corticosterone (CORT), LEO 

administered by inhalation, and LEO+CORT. Exposure to vehicle or LEO was for 1h 

for 14 consecutive days. At the end of the treatment period, behavioral tests were 

carried out. After perfusion, brains and serum samples were collected for 

immunohistochemical analysis to detect BrdU and DCX positive cells in the 

hippocampus and subventricular zone and biochemical analyses to measure BDNF, 

corticosterone and oxytocin in serum. 

Results: Treatment with LEO reverted the depression-like behavior and the CORT-

induced decreased number of BrdU positive cells in the hippocampus and the SVZ as 

observed in the LEO+CORT group. Increased dendritic complexity of immature 

neurons was observed in the LEO+CORT group. The levels of BDNF were 

upregulated in LEO and LEO+CORT groups. LEO alone upregulated the levels of 

oxytocin in serum. 

Conclusions: The present study has provided evidence of the biological effect of LEO 

on neuroplasticity and neurogenesis. Also, this study contributes to the understanding 

of the mechanism of action of LEO in an animal model for depression. 
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4.1. Introduction 

 

Depression is an affective disorder characterized by symptoms such as sadness, 

anhedonia, difficulties to concentrate and changes in appetite that last for more than 2 

weeks (Baquero and Martín, 2015; Ren et al., 2015; Tizabi, 2015; Qaseem et al., 2016). 

Antidepressants are the first line of treatment for patients with depression (Richelson, 

2013). Even though numerous pharmacological options have been developed since 

the mid-1950s, there are still concerns about the effectiveness and efficiency of 

antidepressants (Wilkinson, 1995; Arroll et al., 2005; Chan et al., 2015). Due to the 

drawbacks of antidepressants, novel and more effective treatment options are urgently 

needed.  

 

Aromatherapy is a form of CAM that uses essential oils for the prevention and 

treatment of a wide variety of health conditions (Ali et al., 2015; Koo, 2017). 

Administration of aromatherapy can be done orally, topically or inhaled (Tisserand 

and Balacs, 1995; Louis and Kowalski, 2002; de Groot and Schmidt, 2016). The 

evidence from clinical trials shows the promising therapeutic effect of aromatherapy 

in reducing depressive symptoms (Sánchez-Vidaña et al., 2017). Lavender essential 

oil (LEO) is an essential oil commonly used in aromatherapy and has been shown to 

have anxiolytic and antidepressant effects in preclinical and clinical studies (Andrade 

et al., 1999; Cavanagh and Wilkinson, 2002; Perry et al., 2012; Greenberg and Slyer, 

2017). However, the mechanism behind the antidepressant effect of LEO remains 

unexplored.  
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Neurogenesis, a neuroplasticity process, is an important physiological target for the 

screening of drugs with potential antidepressant effect (Wainwright et al., 2013). In 

adult mammals, neurogenesis occurs in the dentate gyrus of the hippocampus and the 

subventricular zone along the lateral ventricle (Aimone et al., 2014; Apple et al., 2016). 

Improved neurogenesis in the hippocampus has been correlated with the use of 

antidepressants (Hanson et al., 2011). A key player in the regulation of neurogenesis 

is the brain-derived neurotrophic factor (BDNF) (Calabrese et al., 2009; Lee and Kim, 

2010; Hanson et al., 2011). In animal studies, downregulation of BDNF induced by 

stress has been identified as a causative factor in depression (Calabrese et al., 2009; 

Lee and Kim, 2010). On the other hand, the beneficial effect of antidepressants has 

been closely linked to upregulation of BDNF (Calabrese et al., 2009). Another key 

player to consider in depression is oxytocin, a neuropeptide that modulates social 

interaction and reproductive behavior (Wacker and Ludwig, 2012). Improvement in 

social behavior has been observed after nasal administration of oxytocin in animals 

and human subjects (Leuner et al., 2012; Wacker and Ludwig, 2012). Furthermore, 

positive effect on behavior has been observed as a result of oxytocin protective effect 

against stress (Kirsch et al., 2005) and oxytocin-induced stimulation of hippocampal 

neurogenesis (Leuner et al., 2012; Sánchez-Vidaña et al., 2016). Because essential 

oils have shown positive effects on mood (Louis and Kowalski, 2002; Burnett et al., 

2004) and oxytocin is an important regulator of social behavior via the olfactory 

system (Wacker and Ludwig, 2012), oxytocin represents an interesting target worthy 

of investigation.  
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At present, no previous study has evaluated whether neurogenesis could be the 

physiological process involved in the antidepressant effect of LEO. Also, the 

molecular key players associated with LEO had not been previously explored. The 

present study, therefore, aimed to evaluate the behavioral and neurogenic effect of 

LEO in a high corticosterone animal model of depression. Furthermore, the 

mechanism of action behind the effect of LEO was investigated. 

 

4.2. Materials and methods 

 

Animals  

Adult male Sprague Dawley rats (240-260 g body weight) were purchased from the 

Centralized Animal Facility (CAF) at the Hong Kong Polytechnic University. The 

animals were grouped in 3 rats per cage and kept under 22±2°C and 12h dark/light 

cycle (lights on at 7 am). Food and tap water was provided ad libitum.  

 

Drugs 

The LEO was purchased from DK aromatherapy and extracted from flower tops of 

Lavandula aungustifolia Mill. (syn. Lavandula officinalis Chaix). The essential oil 

was stored at room temperature protected from the light. A 1% solution of Tween 20 

was used to prepare a 2.5% LEO that was used in the treatments. Corticosterone was 

obtained from Sigma Aldrich. For the chemical analysis, LEO was diluted in hexane 

(Duksan Reagents). 

 

Chemical characterization of LEO 

GC-MS was used to qualitatively characterize the LEO used in the present study. A 

1:200 dilution in hexane was prepared. The diluted LEO was analyzed in an Agilent 
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7890A GC coupled to a Waters GCT Premier electron ionization-time-of-flight mass 

spectrometer. Chromatographic separation was performed using an Agilent HP-5ms 

GC column (30 m length x 0.25 mm ID x 0.25 µm film thickness) and helium as 

carrier gas. The temperature program for chromatographic separation was initially 

held at 30o C for 1 minute, raised to 270oC with a rate of 10oC/min, and finally held at 

270oC for 10 minutes (totally run time 35 minutes). The electron energy of the electron 

ionization source of the mass spectrometer was set at 70 eV. The mass spectrometer 

was first externally calibrated with heptacosa. During data acquisition, internal 

calibration with the heptacosa was enabled. Identification of LEO was carried out by 

performing a database search within the National Institution of Standards and 

Technology (NIST) library (version 2008) (Shellie et al., 2000; Chatzopoulou and 

Goliaris, 2003).  

 

Experimental design 

The effect of LEO on depression and anxiety-like behaviors was studied using a high 

corticosterone animal model (Gregus et al., 2005; Brummelte et al., 2006; Lee et al., 

2013). A dose of 40 mg/kg corticosterone was used to induce depression- and anxiety-

like phenotype in rats (Sánchez-Vidaña et al., 2016). The animals were randomly 

allocated into 4 groups (n = 6 rats per group): (1) the control group received a 

subcutaneous (s.c.) injection of propylene glycol (vehicle) and 1 hour exposure to a 

cotton saturated with 1% tween-20; (2) the corticosterone group (CORT) received a 

daily s.c. injection of 40 mg/kg corticosterone and 1-hour exposure to a cotton 

saturated with 1% tween-20; (3) the LEO group was exposed to a cotton saturated 

with 2.5% LEO and received a s.c. injection of propylene glycol; (4) the CORT+LEO 

was administered a s.c. injection of 40 mg/kg CORT and exposed to a cotton 

impregnated with 2.5% LEO. CORT was administered 20 min after exposure to either 
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vehicle or LEO (Hancianu et al., 2013). The administration of the different treatments 

was done daily for 14 consecutive days. An intraperitoneal injection of 50 mg/kg/day 

BrdU was administered to all the animals at days 12, 13 and 14 in order to label the 

proliferating cells (Taupin, 2007). The behavioral tests were performed on days 15 

and 16. After assessment of behavior, intracardial perfusion on day 16 and 17 was 

carried out and the brains, adrenal glands and plasma were collected. 

 

Inhalation equipment and treatment administration 

Individually, rats were introduced into the inhalation equipment made of an acrylic 

fiber box (42 x 30 x 29 cm). The front and back walls of the chamber had four holes 

(2 cm diameter/hole) with a perforated acrylic fiber wall placed 3 cm apart from the 

front and back walls. The cotton soaked with the respective treatment was placed 

between the outer and inner walls and out of the animals’ reach (Figure 11). In order 

to allow proper ventilation in the chamber, the top wall contained 25 small holes 

(Tsang et al., 2013). All animals were exposed to the 1 ml of vehicle or 1 ml of 2.5% 

LEO for 60 min. The dose and the exposure time were established based on previous 

studies (Linck et al., 2010; Hritcu et al., 2012; Hancianu et al., 2013) and based on the 

analysis of the in vivo studies included in CHAPTER 3b. Two different chambers 

were used: one exclusively assigned for the treatment with vehicle and the other one 

for the treatment with LEO. After each animal was exposed to the treatment, the 

equipment was cleaned with 70% ethanol. 
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Figure 11. Inhalation equipment 

 

Behavioral tests  

Forced Swimming Test (FST): The assessment of depressive-like behavior was 

performed by using the FST as previously described (Hansen et al., 1997; Gregus et 

al., 2005; Brummelte et al., 2006; Slattery and Cryan, 2012). The equipment for the 

FST consisted of a vertical transparent (40 cm height x 30 cm diameter) filled with 

tap water (room temperature) at a depth of 30 cm. Two sessions were involved in the 

FST: (1) a 15 min long pre-test to induce a state of helplessness followed by (2) a 10 

min test carried out 24h after the pre-test. The second session was video recorded for 

later analysis by an experimenter blinded to the treatment groups. The following 
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behaviors were scored: (1) time spent immobility or floating characterized by the 

minimal to absence of movement to keep from drowning; (2) time spent swimming 

characterized by active movement of both the fore and hind limbs in a paddling 

manner, the movement is more than necessary to keep the head above the water, but 

less motion as the one shown in climbing or struggling behavior; (3) time spent 

climbing or struggling which is characterized by fast and vigorous movements of the 

limbs breaking the surface of the water in an attempt to get out of the container. 

Depression-like behavior is observed when the animals have a longer time of 

immobility (Gregus et al., 2005; Lau et al., 2011b). 

 

Social Interaction Test (SIT): Anxiety-like behavior was assessed as previously 

described using the SIT (Becker et al., 1999; Gregus et al., 2005). An open-field arena 

of 72 cm length x 72 cm width x 40 cm depth with a camera mounted on top of the 

field was used to record the behavior to be scored by an experimenter blinded to the 

treatment groups. Two unfamiliar rats were placed in the test arena for 10 min and the 

initiation of the following behavior was scored: (1) positive social behaviors including 

sniffing, following, crawling, social play, and grooming; (2) aggressive behavior 

comprising kicking, boxing, wrestling, biting; (3) no interaction identified when the 

rats were apart from each other. Increased anxiety-like behavior is shown with a low 

number of positive social behaviors (Becker et al., 1999; Gregus et al., 2005; Bailey 

and Crawley, 2009).  

 

Animal perfusion and tissue processing 

A high dose of sodium pentobarbital (200 mg/kg, intraperitoneal) was injected 

intraperitoneally. Samples from truncal blood were taken and centrifuged at 1,000 x 

g for 15 minutes to collect the serum and later stored at -80°C. The serum was used 
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to carry out biochemical analyses to determine the concentration of BDNF, 

corticosterone, and oxytocin. Transcardial perfusion was performed using 4% 

paraformaldehyde as previously described (Leuner et al., 2009; Gage et al., 2012). 

The dissected brains were post-fixed overnight at 2-8°C in 4% paraformaldehyde. 

After post-fixation, the brain tissues were stored in cryoprotectant solution (30% 

sucrose solution in 0.1M phosphate-buffered saline) and stored at 2-8°C (Hillerer et 

al., 2014). The adrenal glands were collected and stored at -80°C. Coronal brain 

sections, 40 μm thick, were prepared using a Cryostat in a 1-in-12 series of 

consecutive sections using a Cryotome E (Thermo Electron Corporation) and stored 

in the cryoprotectant solution at -20°C. Sections of the hippocampus and sub 

ventricular zone were fixed on glass slides coated with gelatin for immunostaining. 

 

Immunoperoxidase staining of BrdU positive cells 

Detection of BrdU (neuronal cell proliferation marker) positive cells was performed 

as previously described (Lau et al., 2012). Hippocampal and subventricular zone 

sections mounted on glass slides were rinsed (3 times for 10 min) with 0.01M PBS. 

The slides were incubated in preheated citrate buffer at 90°C for antigen retrieval. 

DNA denaturation was carried out by incubating the slides in 2N HCl at 40°C for 30 

min. Neutralization of the acid was done by incubating the slides in 0.1M borate buffer 

for 15 min at room temperature. After neutralization, the slides were washed (3 times 

for 10 min) with 0.01M PBS before incubation with 1:1000 mouse anti-BrdU antibody 

(Roche) overnight. After incubation, slides were washed (3 times for 10 min) with 

0.01M PBS and the slides were incubated with 1:200 biotinylated goat anti-mouse 

antibody (Dako) for 2 h at room temperature. After incubation with the secondary 

antibody, the slides were washed (3 times for 10 min) with 0.01M PBS. Signal 

amplification was performed using an avidin-biotin complex system (Vector) to 
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visualize the BrdU labeled cells with diaminobenzidine hydrochloride as the 

chromogen (Lau et al., 2011a; Leuchtweis et al., 2014). Immunostained sections were 

air dried, counter-stained with 10% eosin in 70% ethanol for 3 min, dehydrated as 

follows (3 min incubation in every solvent): 2 times in 90% ethanol, 3 times in 100% 

ethanol and 3 times in xylene at room temperature. DPX mounting media was used to 

coverslip the slides (Thermo Scientific) (Hattiangady and Shetty, 2010). 

 

Immunoperoxidase staining of DCX positive cells 

Detection of immature neurons was carried out by immunostaining of doublecortin 

(DCX) which is a protein expressed by immature neurons (Lau et al., 2011a). The 

DCX immunostaining protocol is similar to the BrdU protocol except that the 

incubations with HCl and borate buffer were skipped and the primary and secondary 

antibody used were rabbit anti-DCX antibody (1:300, Cell signaling) and goat anti-

rabbit biotinylated antibody (1:200, Dako) respectively (Lau et al., 2011a). 

 

Quantification of BrdU and DCX positive cells 

Quantification of BrdU and DCX positive cells was done using the optical fractionator 

probe in an Stereo Investigator system (version 11, MBF Bioscience) as previously 

described (Sánchez-Vidaña et al., 2016). Brain sections from six animals per group 

were analyzed including 6 hippocampus sections and 4 SVZ sections per animal. The 

BrdU positive cells were identified as dark-brown round spots along the dentate gyrus 

of the hippocampus and the SVZ. In the hippocampus, the total number of BrdU cells, 

automatically calculated by the software, was estimated by counting the BrdU positive 

cells in 6 sections, and then calculating the average number of cells, and multiplying 

the average number of cells by 12 since the systematic sampling was done on every 

12th section. In the SVZ, the average number of BrdU positive cells per section was 
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calculated by taking the total number of cells counted per section (4 SVZ sections in 

total) and calculating the average number of cells. The DCX positive cells were 

identified as the whole cell, including the cell body and dendrites, and they were 

stained. The counting procedure used to quantify the BrdU positive cells was used to 

quantify the DCX positive cells in both regions of the brain. The following settings 

were used in the optical fractionator probe for counting both BrdU and DCX positive 

cells: dissector height of 25 µm and 60X60µm sampling site size. In the hippocampus, 

the total number of positive BrdU and DCX cells was expressed as mean ± SEM. In 

the SVZ, the average number of BrdU or DCX positive cells per section was expressed 

as mean ± SEM.  

 

Dendritic complexity of immature neurons 

Sholl analysis, a tool used to determine changes in the neuronal dendritic arborization, 

involves a systematic procedure to count the number of intersections of the dendrites 

to concentric circles drawn at fixed distances from the soma (Sholl, 1953; O’Neill et 

al., 2015). Images of immature neurons exhibiting tertiary of higher dendrite 

arborization with untruncated dendrites were captured at 40X magnification. A total 

of 10 neurons per animal was selected (60 neurons per treatment group) (Ramirez-

Rodriguez et al., 2011). Images of the selected immature neurons were processed 

using the NeurphologyJ plugin for the ImageJ software (Gutierrez and Davies, 2007; 

Meijering, 2010). The assessment of the spatial distribution and dendritic complexity 

were carried out by tracing the cell body and dendrites in the software (Meijering, 

2010; Lau et al., 2011a). The fixed settings for the Sholl analysis included a starting 

point of 10 µm, a step size of 10 µm and an ending radius of 200 µm. Additional 

measurements comprise the distance from the soma to each intersection and the total 

number of intersection that corresponds to the number of times the dendrites 
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intersected the fixed concentric circles. The Sholl analysis was performed by an 

experimenter blinded to the treatments. A high dendritic complexity is reflected in a 

high number of intersections. 

 

Biochemical analyses in serum 

ELISA kits were used to determine the concentration in serum of BDNF (Millipore), 

corticosterone (Enzo Life Science) and oxytocin (Enzo Life Science) following the 

instructions from the manufacturers of the kits. 

 

Statistical analysis 

The statistical analysis was carried out using the SPSS software (version 13.0). One-

way ANOVA with Tukey posthoc test was used when the data to be analyzed met the 

criteria of homogeneity and equal variance. In the event that either the assumptions of 

normality, checked by Shapiro-Wilks test, or homogeneity of variance, checked by 

Levene’s test, were not met, the non-parametric tests Kruskal-Wallis and Mann-

Whitney U were used. Significant difference was determined using a p-value < 0.05. 

 

4.3. Results 

 

Chemical characterization of LEO 

The chemical profile of the LEO used in the present study was determined by 

qualitative GS-MS analysis. Linalool, -pinene, o-cymene, -ocimene, -ocimene, 

allo-ocimene, -terpineol, camphene, δ-3-Carene, -terpinene, terpinen-4-ol, 

Caryophyllene, -humulene were identified in LEO. The chemical characterization of 

LEO is in line with the chemical profile of LEO reported in previous studies (Shellie 
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et al., 2000, 2002; Chatzopoulou and Goliaris, 2003; Zagorcheva et al., 2013; Khairul 

et al., 2015).  

 

Body weight and adrenal gland weight 

Before the treatment started, the body weight of the animals was measured and no 

significant difference in the body weight was found among the groups (Figure 12 A). 

At the end of the treatment, no difference in the weight of the animals was observed. 

However, a significant difference in the weight gain was found (Figure 12 B, p = 

0.001). Significant difference in the weight gain was observed between the control 

(mean ± SEM; 59.3 g ± 7.11) and CORT (34.6 g ± 3.4) groups in which the CORT 

group showed lower weight gain. Similarly, a significant difference (p = 0.024) was 

found between the CORT+LEO (38 g ± 4.57) and the control group (59.3 g ± 7.11). 

On the contrary, treatment with LEO alone (59.66 g ± 2.92) did not show any 

difference when compared to the control group (59.3 g ± 7.11). A significant 

difference was observed among the groups in the adrenal gland weight (Figure.12 C 

and D; p = 0.001). The lowest adrenal gland weight was found in the CORT group 

(5.53 g ± 0.61) and was statistically different when compared with the control group 

(p = 0.04). No significant difference in the adrenal gland weight was found when 

comparing the control (9.56 g ± 0.79) and LEO group (10.22 g ± 0.71). Interestingly, 

the comparison between the control (9.56 g ± 0.79) and CORT+LEO (6.86 g ± 0.78) 

showed no significant difference.  
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Figure 12. Body weight and adrenal gland weight. Treatment with LEO protected 

against the negative effects on behavior and neurogenesis induced by high CORT 

treatment, but LEO did not protect against the decreased weight gain induced by 

CORT. (A) Body weight at day 1 and 14. (B) Weight gain. (C) Adrenal gland weight. 

(D) Representative images of the adrenal glands per treatment group. Results are 

expressed as Mean ± SEM; *p < 0.05 and **p < 0.01 when compared to the control 

group; b p < 0.05 when compared to the CORT group. 
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Behavioral tests 

The time spent floating in the FST showed a significant difference among the groups 

in the FST (Figure 13 A, p = 0.004). The longest time spent floating was observed in 

the CORT group (201.33 sec ± 19.19) indicating depression-like behavior and it was 

statistically different (p = 0.004) when compared with the control group (99.60 sec ± 

11.52). The findings showed more severe depression-like behavior in the CORT group. 

Co-treatment with LEO reverted the CORT-induced depression-like behavior and this 

was shown as decreased time spent floating (129 sec ± 10.05) which was comparable 

to the floating time in the control group (99.60 sec ± 11.52). Also, the time spent 

floating in the LEO group (119.25 sec ± 8.04) was comparable to that of the control 

group (99.60 sec ± 11.52). In the SIT, no aggressive behavior was displayed by all the 

animals. The SIT assesses anxiety-like behavior and a significant difference among 

the groups was observed with regard to the number of positive social interactions 

(Figure 13 B, p = 0.013). The total number of positive social interactions was 

significantly reduced in the CORT treatment (9.67 ± 2.30) when compared with the 

control group (p = 0.035, 17 ± 2.30) indicating increased anxiety-like behavior in the 

CORT group. Conversely, co-treatment with LEO reverted the reduced number of 

positive social interactions, therefore it reduced the anxiety-like behavior induced by 

CORT in the CORT+LEO group (16.40 ± 2.15). LEO treatment did not affect the 

number of positive social interactions (18 ± 1.50) but showed significant difference 

when compared with the CORT group (p = 0.013). No significant difference was 

found between the CORT and the CORT+LEO group (p = 0.074), but the increased 

number of positive interactions in the CORT+LEO group was comparable to the 

control group showing no difference.  
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Figure 13. Results from the forced swimming test and social interaction test. (A) 

Results from the FST showing the time spent floating. (B) Total number of positive 

social interactions in the SIT. 

 

BrdU and DCX positive cells 

A significant difference in the total number of BrdU positive cells in the hippocampus 

was observed (Figure 14 A, p = 0.021, Figure 15). Treatment with CORT significantly 

reduced the cell proliferation in the hippocampus as reflected in the reduced number 

of BrdU positive cells (1354.8 ± 130.38) when compared with the control group (2556 

± 389.46) (p = 0.016). Treatment with LEO alone did not affect the number of BrdU 

positive cells (1917.75 ± 252.14). Interestingly, LEO treatment reverted the CORT-

induced reduction in the number of BrdU positive cells in the LEO+CORT group 

(3069.33 ± 557.85; p = 0.016). The findings demonstrate that treatment with LEO 

protected the hippocampus against the negative effects induced by CORT by 

stimulating cell proliferation.  
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Figure 14. Number of BrdU positive cells in the hippocampus and SVZ 

 

In the SVZ, the number of BrdU positive cells showed a significant difference (Figure 

14 B, p = 0.006, Figure 15). The number of BrdU positive cells was significantly 

reduced in the CORT group (61.5 ± 7.62) when compared with the control group 

(158.80 ± 37.66, p = 0.004). Treatment with LEO alone did not affect the number of 

BrdU positive cells in the SVZ (122 ± 22.26). However, LEO showed a positive effect 

on cell proliferation in the SVZ by reverting the CORT-induced reduction in the 

number of BrdU positive cells as shown in the CORT+LEO group (128.20 ± 13.73) 

when compared with the control group (158.80 ± 37.66). 
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Figure 15. Representative images of the BrdU positive cells in the dentate gyrus 

of the hippocampus 

 

DCX is a marker of immature neurons. In the hippocampus, a significant difference 

was found in the total number of DCX positive cells (Figure 16 B, p = 0.011, Figure 

17). Treatment with CORT had a negative impact on the number of immature neurons 

in the hippocampus (3720 ± 948.68; p = 0.042) and it showed significant difference 

when compared with the control group (8335.33 ± 372.45). Treatment with LEO alone 

did not affect the number of DCX positive cells (8131.75 ± 2247.03) when compared 
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with the control group. Treatment with LEO alone did not have any effect on the 

number of immature neurons (8131.75 ± 2247.03). However, significant difference 

was observed in the number of DCX positive cells in the CORT+LEO group (3716 ± 

552.21) when compared with the control group (8335.33 ± 372.45; p = 0.041), 

demonstrating that treatment with LEO did not revert the CORT-induced negative 

effect on the number of immature neurons.  

 

 

Figure 16. Number of DCX positive cells in the SVZ and hippocampus, and 

analysis of the dendritic complexity 
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In the SVZ, a statistically significant difference in the number of DCX positive cells 

was observed (Figure 16 A, p = 0.001, Figure 17). Treatment with LEO alone (33.40 

± 3.95) caused a significant increase in the number of immature neurons in 

comparison with the control group (15 ± 1.29; p = 0.001). The CORT group (16.83 ± 

3.28) and CORT+LEO group (15.17 ± 2.54) did not show any statistically significant 

difference when compared with the control group (15 ± 1.29). However, a significant 

difference between the CORT and LEO group was observed.  

Figure 17. Representative images of the DCX positive cells in the dentate gyrus 

of the hippocampus 
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Dendritic complexity of immature neurons 

The dendritic complexity of DCX positive cells showed interesting results in the Sholl 

analysis (Figure 16 C). A significant difference in the dendritic complexity was 

observed between the control and CORT group in which the CORT group showed a 

lower number of intersections. No significant difference between the control, LEO 

and CORT+LEO groups was found (Figure 16 C) indicating a positive effect of LEO 

to revert the decreased dendritic complexity induced by CORT.  

 

Concentration of corticosterone, BDNF and oxytocin in serum 

 

A significant difference was observed in the corticosterone levels in serum (Figure 18 

A, p = 0.009). The CORT group showed a lower level of corticosterone (142.57 ng/ml 

± 27.99) when compared with the control group (340.99 ng/ml ± 51.89, p = 0.004). 

The corticosterone levels in serum was similar in the control (340.99 ng/ml ± 51.89), 

LEO (294.68 ng/ml ± 19.86) and CORT+LEO groups (215.55 ng/ml ± 39.31). 

However, a significant difference was observed between LEO (294.68 ng/ml ± 19.86) 

and CORT group (142.57 ng/ml ± 27.99, p = 0.004). 

 



  
 

131 
 

 

Figure 18. Concentration of corticosterone, BDNF and oxytocin in serum 

 

The BDNF levels in serum were significantly different among the treatment groups 

(Figure 18 B, p = 0.005). High BDNF levels were observed in the CORT (5464.36 

pg/ml ± 843.98, p = 0.016), LEO (6871.46 pg/ml ± 974.01, p = 0.016) and 

CORT+LEO groups (3414.95 pg/ml ± 453, p = 0.029) when compared to the control 

group (442.03 pg/ml ± 22.38). Treatment with LEO alone (6871.46 pg/ml ± 974.01) 

caused a significant increase in BDNF when compared with the CORT+LEO group 

(3414.95 pg/ml ± 453, p = 0.016). However, no significant difference was found 
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between the CORT (5464.36 pg/ml ± 843.98) and LEO groups (6871.46 pg/ml ± 

974.01). 

 

The level of oxytocin in serum showed a statistically significant difference among the 

treatment groups (Figure. 18 C, p = 0.022). The concentration of oxytocin in the 

CORT group (2273.04 pg/ml ± 93.44) was lower than the concentration in the control 

group (2677.35 pg/ml ± 110.55; p = 0.038). Treatment with LEO (3057.69 pg/ml ± 

132.23) increased the levels of oxytocin when compared with the CORT group 

(2273.04 pg/ml ± 93.44, p = 0.004). No significant difference was found when 

comparing the control, LEO and CORT+LEO groups.  

 

4.4. Discussion 

 

The present study demonstrated a positive effect of LEO in alleviating depression-like 

behavior in a high-dose corticosterone animal model. Treatment with LEO increased 

the number of BrdU-positive cells in the hippocampus and SVZ and reverted the 

CORT-induced suppression of neurogenesis. In the hippocampus, LEO improved the 

dendritic complexity in the CORT+LEO group, but the number of immature neurons 

was not increased when compared to the CORT group. In the SVZ, treatment with 

LEO alone increased the number of DCX positive cells. The concentration of BDNF 

and oxytocin was increased after treatment with LEO alone. Both BDNF and oxytocin 

are relevant in the regulation of the neurogenesis process. Although the concentration 

of BDNF and oxytocin did not show any significant difference between the 

CORT+LEO and CORT group, the increase induced by the treatment with LEO alone 

suggests a promising effect of LEO that should be investigated in detail. For instance, 
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a longer treatment period, 3 to 4 weeks instead of 2 weeks, could be implemented. 

However, the findings suggest a novel perspective with respect to the treatment effect 

of LEO highlighting that neurogenesis may be an underlying mechanism. The 

findings enhance understanding of the pharmacological effects of LEO and support 

its potential clinical application as an antidepressant. However, further investigation 

is needed.  

 

Chemical characterization of LEO and its effect on body weight and adrenal 

gland weight 

The chemical characterization of LEO used in the present study is in line with the 

findings of previous reports (Shellie et al., 2002; Chatzopoulou and Goliaris, 2003; 

Khairul et al., 2015). LEO contains a complex mixture of volatile compounds. 

Linalool and linalyl acetate are the most commonly found components in LEO 

(Chatzopoulou and Goliaris, 2003; Perry et al., 2012). Of these, linalool has been 

proposed as the most biological active compound in LEO (Ali et al., 2015). 

 

CORT treatment significantly reduced the body weight gain in the CORT and 

CORT+LEO groups. The results agree with previous studies that attributed the weight 

loss to the chronic administration of a high dose of CORT in rats (Brummelte et al., 

2010; Lebedeva et al., 2017). Treatment with LEO did not affect the body weight gain. 

However, a study conducted by Shen et al. (2005) showed the opposite findings (Shen 

et al., 2005). The contrast in findings may be attributed to the shorter duration of 

Shuen et al.’s study when compared with the present study. The adrenal gland weight 

was significantly lower in the CORT group which is consistent with the findings of 

previous studies where decreased adrenal gland weight was observed after 

corticosterone treatment (Qiu et al., 2007). The reduced adrenal gland weight is 
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associated with hypoactivity of the hypothalamic-pituitary-adrenal axis (HPA axis). 

CORT is the end product of the activation of the HPA axis which mimics the 

physiological stress response (Kott et al., 2016). The adrenal gland is an important 

component of the HPA axis, a physiological regulator system of the stress response 

that uses glucocorticoids such as corticosterone, as an effector molecule (O’Connor 

et al., 2000). Upon activation, the HPA axis triggers the release of corticotropin-

releasing factor (CRF) which in turn stimulates the synthesis and release of 

glucocorticoids from the adrenal gland (Scherer et al., 2011). In rodents, high 

concentrations of circulating corticosterone cause a negative feedback in the HPA axis 

that inhibits the release of CRF (Scherer et al., 2011). At high corticosterone 

conditions, the activation of the HPA axis is downregulated (Scherer et al., 2011) and 

lower adrenal gland weight is observed as a result of adrenal gland atrophy caused by 

chronic administration of corticosterone (Donner et al., 2012; Staní et al., 2017). Our 

study demonstrated that co-treatment with LEO showed an increase in adrenal weight, 

which reverts the effect of the CORT-induced low adrenal gland weight.   

 

Effect of LEO on depression-like and anxiety-like behavior 

Treatment with LEO attenuated the depression-like behavior under high dose 

corticosterone conditions. Treatment with CORT significantly increased the time that 

animals spent floating in the FST, thereby indicating increased depression-like 

behavior (Gregus et al., 2005; Marks et al., 2009). Exposure with LEO and linalool 

reduced the depression-like behavior in previous animal studies (Seol et al., 2010; 

Guzmán-Gutiérrez et al., 2012; Coelho et al., 2013). The findings of the present study 

showed the reduction of the depression-like behavior caused by LEO exposure, 

thereby reverting the negative effects induced by CORT treatment. 
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In the SIT, treatment with CORT decreased the number of positive social interactions 

as previously reported (Sánchez-Vidaña et al., 2016). In clinical studies, high levels 

of stress or chronic exposure to stress hinders individual engagement in social 

interactions due to social anxiety (Sandi and Haller, 2015). An increased number of 

positive social interactions was found after treatment with LEO in the CORT+LEO-

treated group to levels comparable to those of the control group. The results in the SIT 

found in the present study suggest that treatment with LEO under stress conditions 

improves positive social interactions. The increased number of positive social 

interactions in the CORT+LEO group was not enough to show significant difference 

when compared with the CORT group. However, the trend to increase the number of 

positive social interactions in the CORT+LEO group is clearly suggesting that further 

investigation should be carried out using a longer treatment period. 

 

In previous studies, an increased engagement in social interaction was observed when 

animals were treated with linalool by inhalation (Linck et al., 2010). Again, an 

increased social interaction was observed by Kumar (2013) in a dose-dependent 

manner when administering the LEO formulation Silexan. Therefore, improved social 

interaction has been previously reported and this is corroborated by the results 

observed in the present study. We demonstrated that treatment with LEO increased 

the number of positive social interactions in the CORT+LEO group to a level 

comparable to the one of the control group. The results suggest a potential protective 

action of LEO against the anxiogenic effect of CORT, but further investigation is 

needed using a longer duration of the treatment in order to confirm the effect of LEO 

on anxiety-like behavior.  
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Effect of LEO on the number of BrdU and DCX positive cells 

Hippocampal neurogenesis is subjected to regulation by glucocorticoids (Snyder et al., 

2011) as a high density of mineralocorticoid and glucocorticoid receptors are present 

in the DG of the hippocampus (Wong and Herbert, 2005). Although it has been 

hypothesized that aromatherapy may promote neurogenesis in the hippocampus 

(Perry and Perry, 2006; Scuteri et al., 2017), no evidence concerning the effect of LEO 

on neurogenesis has been identified. To the best of our knowledge, the present study 

is the first to report the effect of LEO on neurogenesis. Suppression of newborn cells, 

labeled by BrdU, was observed in the CORT group which is accordance with the 

stress-mediated decreased cell proliferation phenomenon described above (Qiu et al., 

2007; Murray et al., 2008). Remarkably, treatment with LEO reverted the suppression 

of cell proliferation induced by CORT treatment indicating that LEO protected 

hippocampal neurogenesis from the effect of CORT. Antidepressants increase cell 

proliferation in the hippocampus restoring the suppressed neurogenesis observed in 

stress and depression (Duman et al., 2016). The restoration of the number of BrdU 

positive cells in the hippocampus observed in the CORT+LEO treatment showed that 

LEO exhibited an effect on the hippocampus similar to the effect caused by 

antidepressants. The findings of the present study suggest that LEO may be a 

promising treatment alternative for depression.  

 

CORT treatment suppressed cell proliferation in the SVZ. Similar results have been 

reported in previous studies as well (Lau et al., 2012; So et al., 2012). We observed 

that LEO treatment protected the SVZ against the suppressed cell proliferation 

induced by CORT treatment as it was observed in the CORT+LEO group. LEO 

treatment alone did not increase the number of BrdU positive cells which suggests 

that LEO treatment only increased cell proliferation under stress conditions. The SVZ 
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is another neurogenic region where new neurons are continually added to the OB 

within the mammalian brain (Lim and Alvarez-Buylla, 2016). The SVZ is a distinctive 

neurogenic region apart from the hippocampus. For this reason, the SVZ has been 

suggested to play a significant role in neural plasticity within the adult brain (Lim and 

Alvarez-Buylla, 2016). The results from the present study demonstrated that LEO 

stimulates cell proliferation not only in the hippocampus but also in the SVZ under 

high corticosterone conditions. This seems to indicate an interesting effect of LEO on 

SVZ neurogenesis.  

 

Treatment with LEO did not improve the suppression of the number of DCX cells 

induced by CORT treatment in the hippocampus as observed in the CORT+LEO 

group. However, LEO significantly increased the number of DCX positive cells in the 

SVZ when administered alone, but no change was observed under high CORT 

conditions. The effect of LEO on the number of immature neurons in the SVZ 

suggests that LEO stimulates cell differentiation, but the effect is not present under 

stress conditions. The dendritic complexity of DCX positive cells determined by the 

Sholl analysis showed a decrease in the frequency of intersections in the CORT group. 

This is consistent with previously reported findings (Lang and Borgwardt, 2013; 

Sánchez-Vidaña et al., 2016; Conrad et al., 2017; Olescowicz et al., 2017). Although 

the number of DCX positive cells in the hippocampus and the SVZ did not increase 

in the CORT+LEO group, the higher dendritic complexity in the CORT+LEO group 

may partially explain the positive behavioral effect observed. In the early post-mitotic 

maturation phase in hippocampal neurogenesis, immature neurons increase the 

dendrite and axon extensions, thereby facilitating an increase in synaptic plasticity 

(Kempermann et al., 2015). Antidepressants have been shown to reverse the harmful 
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effects of stress on synaptic and dendritic structures (Bessa et al., 2008). Therefore, 

the improved dendritic complexity within the hippocampus in the LEO+CORT group 

suggests that LEO treatment stimulates dendritic branching. As previously reported 

(Lussier et al., 2013), increased dendritic branching is correlated with reduction in 

depression-like behavior. In the present study, LEO reverted the negative effect of 

corticosterone on dendritic complexity as shown in the CORT+LEO group.  

 

Effect of LEO on peripheral corticosterone, BDNF and oxytocin levels 

BDNF is a growth factor present in most tissues, highly expressed in the hippocampus 

and cortical region of the brain and found in blood (Polacchini et al., 2016; Numakawa 

et al., 2017). It is an important regulator of survival, differentiation, and growth 

functions in the brain (Hansson et al., 2006). BDNF can cross the blood-brain barrier 

and it is found in serum, plasma and stored in high amounts in platelets (Lee and Kim, 

2010; Piepmeier and Etnier, 2015). Changes in BDNF expression in the brain have 

been correlated with BDNF levels in serum (Lee and Kim, 2010; Pilar-Cuéllar et al., 

2013). Clinical studies focused on the measurement of circulating BDNF have 

reported lower levels of BDNF in patients with major depression (Polacchini et al., 

2016). Due to its presence in serum and its correlation with the disease states, BDNF 

has been considered a promising biomarker for brain disorders (Polacchini et al., 

2016). Furthermore, not only has the treatment with antidepressants increased the 

levels of BDNF in serum, but also other neuro-rehabilitation approaches have shown 

the same effect (Polacchini et al., 2016). The peripheral administration of BDNF has 

shown antidepressant effect similar to the increased BDNF in serum observed after 

antidepressant treatment (Pilar-Cuéllar et al., 2013). Several studies have 

demonstrated that upregulation of BDNF increases neurogenesis (Hanson et al., 2011; 

MacQueen and Frodl, 2011; Numakawa et al., 2017) since BDNF increases the 
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survival of newborn cells in the dentate gyrus of the hippocampus (Numakawa et al., 

2017). Reduced BDNF expression and hippocampal neurogenesis have been 

correlated with depressive behavior in animal models of depression and the presence 

of newborn neurons contributed to the recovery of depression-like behavior 

(Numakawa et al., 2017). Therefore, depressive symptoms have been associated with 

changes in the expression of BDNF and reduced neurogenesis (Numakawa et al., 

2017). Although several molecular pathways regulated by BDNF have been studied, 

it is not known which one is the most crucial for the antidepressant effects observed 

in animal models (Berton and Nestler, 2006). Yet, it is still important to explore the 

involvement of BDNF in the mechanism of action of novel treatment options for 

depression. Not only is the direct infusion into the hippocampus vital but also the 

peripheral administration of BDNF has been shown to regulate neurogenesis by 

increasing the survival of cells in the dentate gyrus in the hippocampus (Hanson et al., 

2011). Because of its regulatory function on neurogenesis, BDNF appears to be a 

potential candidate to explore in order to ascertain whether it plays a role in the 

mechanism of action of LEO to decrease depressive symptoms.  

 

The mechanism of action by which LEO acts to relieve depressive symptoms has not 

been previously documented. In the present study, we showed that LEO significantly 

increased the BDNF levels. Previous studies have reported that increased BDNF 

stimulates neurogenesis in the adult hippocampus and SVZ (Liu and Song, 2016). 

BDNF plays a key role in the regulation of adult neurogenesis (Zhao et al., 2008a; 

Calabrese et al., 2009) and the link between BDNF and depression has been 

previously established (Taupin, 2006; Marais et al., 2009; Lang and Borgwardt, 2013; 

Gersner et al., 2014; Chen et al., 2015a). The results of our study showed that LEO 
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increased the concentration of BDNF in serum in the CORT+LEO group. This may 

positively affect depression-like behavior and neurogenesis. Therefore, BDNF may 

be involved in the mechanism of action by which LEO exerts an antidepressant effect. 

Interestingly, the corticosterone group also showed an increase in the BDNF level in 

serum, a situation which might have occurred as a result of the time the serum sample 

was taken. After 2-3 days of stopping the administration of the treatments, the rats 

were sacrificed and serum samples were taken.  The expression of BDNF in the brain 

is a regulated mechanism. In a previous study, down regulation of BDNF mRNA 

levels was observed after administration of corticosterone (Hansson et al., 2006). 

However, 24h after administration of corticosterone, the expression of BDNF mRNA 

as well as the BDNF in serum returned to levels comparable to the levels of the control 

(Hansson et al., 2006). High levels of corticosterone decreased the excitability of 

neurons in the hippocampus which led to decreased secretion of BDNF (Hansson et 

al., 2006). The increased BDNF level observed after corticosterone treatment might 

be due to potential build-up of BDNF in the neurons as a result of the decreased 

secretion induced by corticosterone (Hansson et al., 2006). The BDNF build-up 

phenomenon after corticosterone treatment may explain the raise in the concentration 

of BDNF in the CORT group at the time the serum sample was taken.  

 

The CORT concentration in serum in the CORT group was low. This was expected 

after chronic administration of CORT leading to a negative feedback in the HPA axis 

(Scherer et al., 2011). Activation of the HPA axis takes place after exposure to 

stressors, leading to increased levels of circulating glucocorticoids (Koutmani and 

Karalis, 2015). The HPA axis is subjected to negative feedback which functions as a 

regulatory mechanism to prevent hormone over secretion and to maintain the 
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hormonal level within a homeostatic range (Keller-Wood, 2015). Exogenous 

administration of glucocorticoid leads to suppression of the HPA axis activity which 

can last several hours and it is reversible at low doses of glucocorticoid (Andrews et 

al., 2012). Chronic exogenous administration of CORT results in reduced adrenal 

gland weight which leads to reduction in the normal endogenous compensatory CORT 

release (Coburn-Litvak et al., 2004). In the present study, the exogenous 

administration of CORT was stopped 2-3 days before taking the serum sample. Due 

to the suppression of the secretion of endogenous CORT as a result of the chronic 

CORT administration, the CORT level was low in the CORT group at the time the 

serum sample was taken. However, the adrenal gland atrophy, negative behavioral 

changes, and decreased cell proliferation in the hippocampus showed the effect of the 

chronic administration of CORT which have been previously reported (Coburn-Litvak 

et al., 2004; MacQueen and Frodl, 2011; Wolkowitz et al., 2011; Koutmani and 

Karalis, 2015). Treatment with LEO alone did not affect the CORT levels in serum 

which are comparable to those of the control group. Interestingly, in the co-treatment 

group, LEO ameliorated the negative feedback in the HPA axis observed when 

exogenous CORT was administered.  

 

Oxytocin is a hypothalamic neuropeptide produced in the paraventricular and 

supraoptic nuclei of the hypothalamus. It plays a role in both peripheral (reproduction) 

and central (social and bonding behavior) processes (Gimpl and Fahrenholz, 2001; 

Guastella et al., 2010; Lin et al., 2017). Attenuation of the behavioral and 

neuroendocrine effects induced by stress have been observed after oxytocin 

administration in the dorsal hippocampus (Lin et al., 2017). Oxytocin has shown a 

protective effect against the stress-induced damage to the hippocampus. It is thought 
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to facilitate hippocampal plasticity by increasing cell proliferation and neurogenesis 

within the hippocampus (Leuner et al., 2012). However, in the present study treatment 

with LEO did not affect the peripheral levels of oxytocin. We have further studied the 

effect of oxytocin on neurogenesis and the findings are presented and discussed in 

chapter 8. Briefly, we found that oxytocin has a positive effect on depression and 

anxiety-like behavior, stimulates neurogenesis, and increases dendritic complexity in 

immature neurons. Therefore, it is important to explore whether new treatment options 

for depression, such as LEO, act using oxytocin as mediator. 

 

4.5. Conclusions 

 

The present study has demonstrated the potential therapeutic effect of the application 

of LEO. The observed in vivo effects at both behavioral and cellular level support the 

use of LEO as a promising treatment option for depression. Not only did LEO improve 

depression-like behavior but it also promoted neurogenesis and improved dendritic 

branching. The findings indicate that neurogenesis may play a significant role in the 

mechanism of action involved when using LEO to treat depression. The effect of LEO 

on serum BDNF and oxytocin suggests that those molecules may also play a role in 

the beneficial behavioral and cellular outcomes. However, the evidence from the 

present study on the upregulation of BDNF and oxytocin is not conclusive. Finally, 

the results from the present study provide a better understanding of the potential use 

of LEO for the treatment of depression.  
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CHAPTER 5 
MOLECULAR TARGETS OF B7C AND ITS 

RELEVANCE ON NEUROLOGICAL DISORDERS: A 

REVIEW  

 

Structures from the ChemACX database in the ChemOffice software (version 17.1) 

with the Chem 3D PlugIn  
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Abstract 

 

The exact mechanisms involved in the pathogenesis of neurodegenerative conditions 

are not fully known. However, it is clear that the multifactorial pathogenesis nature of 

neurodegenerative disorders requires the use of several drugs to tackle the multiple 

symptoms present in these disorders. 

 

B7C is s synthetic drug that has been studied for over 20 years and it represents a 

promising multi-target drug for the treatment of neurodegenerative disorders such as 

Alzheimer’s Disease (AD). Therefore, the present chapter aimed to review the studies 

on B7C to summarize the molecular targets of B7C and to discuss the relevance of 

B7C on neurological disorders, and its potential application on treatment of 

depression. 
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5.1. Introduction 

 

Neurodegenerative disorders are disabling conditions characterized by the loss of 

neurons that leads to chronic degeneration and deterioration of the brain (Pérez-

Hernández et al., 2016). Alzheimer’s disease (AD), Parkinson’s disease, multiple 

sclerosis, Huntington’s disease and amyotrophic lateral sclerosis are some of the 

major causes of death in the elderly population and they have been projected to be the 

second leading cause of death by 2040 (Valera and Masliah, 2016). AD is the most 

common cause of dementia and the most frequent neurodegenerative disorder 

characterized by decline in cognition, memory ability, language and problem-solving 

skills due to failure in synaptic signal transfer, decreased number of synapses and 

neuronal death (Baquero and Martín, 2015; Teipel et al., 2016). 

 

The exact mechanisms involved in the pathogenesis of neurodegenerative conditions 

are not fully understood (Li et al., 2007b). However, it is clear that the multifactorial 

pathogenesis nature of neurodegenerative disorders requires the use of several drugs 

to tackle the multiple symptoms present in these disorders (Li et al., 2007b, 2009). 

The one-drug-one-target approach offers limited action and do not postpone the 

progression of neurodegeneration (Li et al., 2007b). Drugs with multitarget properties 

might provide a more significant effect by acting on different brain regions relevant 

to the symptomatology of the disorder.(Li et al., 2007b). Thus, the one-drug-multiple-

targets approach represents a valuable tool for developing single drugs with 

multitarget activity for the treatment of neurodegenerative disorders (Li et al., 2007b).  
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Depressive symptoms are highly frequent in neurodegenerative diseases (Baquero and 

Martín, 2015). Epidemiological and clinical evidence has shown a strong relationship 

between depression and dementia, specifically with AD. Co-morbidity of depression 

and AD has been suggested since depression is found to be a risk factor for cognitive 

dysfunction that leads to the development of dementia and ultimately AD (Caraci et 

al., 2010; Baquero and Martín, 2015). Also, psychiatric disturbances such as 

depression and apathy are highly manifested in AD (Wuwongse et al., 2010). In fact, 

it has been demonstrated that higher levels of depressive symptoms result in a rapid 

decline in cognition (Sierksma et al., 2010; Baquero and Martín, 2015). Also, a history 

of depression has been suggested as a strong risk factor for developing AD 

(Wuwongse et al., 2010). Therefore, the close relationship between these two 

conditions presents a potential area of research aimed at developing novel therapeutic 

options with a dual effect as mood stabilizers and neuroprotective agents that may 

have cross-benefits for depression and AD (Tizabi, 2015). 

 

B7C is s synthetic drug that has been studied for over 20 years and it represents a 

promising multi-target drug for the treatment of neurodegenerative disorders such as 

AD (Ros et al., 2001). Therefore, the present review analyzed studies on B7C in order 

to summarize the molecular targets of B7C and to discuss the relevance of B7C on 

neurological disorders. 

 

5.2. B7C: A product of the structure-activity-relationship drug design 

 

Although the pathological processes in AD are not well understood, it is clear that 

disturbances in the cholinergic system and other neurotransmitters play a pivotal role 
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in the pathogenesis of this neurodegenerative disorder (Han et al., 2012). Strategies to 

develop drugs for AD have focused on acetylcholinesterase (AChE) as a target for 

drug design based on the cholinergic hypothesis for AD (Ros et al., 2001; Lopes et al., 

2017). The cholinergic hypothesis states that increased levels of acetylcholine in the 

brain alleviate the cognitive deficiencies observed in AD (Ros et al., 2001). Although 

a series of AChE inhibitors have been extensively studied, none of them represent a 

real cure for AD (Ros et al., 2001; Lopes et al., 2017).  

 

Tacrine (9-amino-1,2,3,4-tetrahydroacridine, Figure 19) under the trade name 

Cogniotex®, was the first drug approved for the treatment of AD in 1993 (Han et al., 

2012). Other AChE inhibitors such as donepezil (Aricept ®), rivastigmine (Exelon ®) 

and galantamine (Reminyl ®) introduced in 1996, 2000 and 2001 respectively, in 

addition to the N-methyl-D-aspartate (NMDA) receptor antagonist memantine 

(Namenda ®) followed the release of tacrine (Han et al., 2012; Lopes et al., 2017). 

Tacrine binds in a reversible mode to AChE and it is considered a classical AChE 

pharmacophore (Lopes et al., 2017). Due to side effects such as hepatotoxicity and 

myopathy as well as with poor pharmacokinetic properties, including low 

bioavailability and narrow therapeutic index, a series of new tacrine-based compounds 

have been developed (Luo et al., 2004; Han et al., 2012). 
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Figure 19. Tacrine chemical structure. (A) Tacrine structure shown in stick mode, 

(B) 3D tacrine structure shown in ball and cylindrical bonds mode. Structures from 

the ChemACX database in the ChemOffice software (version 17.1) with the Chem 

3D PlugIn. 

 

The enzyme AChE has 2 sub-active sites within the binding pocket, namely, the 

esteratic site or catalytic active site (CAS) and the anionic site or peripheral active site 

(PAS) (Li et al., 2009) (Figure 20). Using computational tools, molecular docking 

simulations were carried out to design and optimize the synthesis of tacrine analogues 

(Li et al., 2009). New compounds have been developed using the dual active sites in 

AChE as a basic hypothesis to increase the therapeutic action of tacrine analogues (Li 

et al., 2009). Alkaline-linked tacrine dimers that interact with the CAS and PAS that 

potently inhibit AChE making B7C one of the promising analogues (Lopes et al., 

2017).  
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Figure 20. Dual binding site in AChE. Figure modified from Li et al. 2009. 

 

The heptylene-linked bis-tacrine also known as B7C (1,7-N-heptylene-bis 9-9’-

amino-1,2,3,4-tetrahydroacridine), have been found to be 150 times more potent and 

250 times more selective to inhibit AChE when compared to tacrine (Ros et al., 2001; 

Li et al., 2009) (Figure 21).  
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Figure 21. B7C chemical structure. (A) B7C structure shown in stick mode, (B) 3D 

B7C structure shown in ball and cylindrical bonds mode. Structures from the 

ChemACX database in the ChemOffice software (version 17.1) with the Chem 3D 

PlugIn. 

 

The biological properties of B7C are superior to those of tacrine because B7C interacts 

simultaneously with the CAS and PAS of the enzyme (Figure 22) (Li et al., 2009). 

The addition of the heptylene chain to the two tacrine molecules allows the dual 

interaction with the AChE binding sites which explains its superior activity compared 

to tacrine (Bolognesi et al., 2010). B7C is a multitarget compound that shows 

promising biological activity, including inhibition of AChE, prevention of the 

aggregation of the β-amyloid (Aβ) protein, regulation of the downstream signaling 

mediated by the NMDA receptor and inhibition of the nitric oxide synthase (NOS) 
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signaling pathway (Zhang et al., 2011). Recent studies have expanded the 

understanding of the multitarget activity of B7C.  

 

 

Figure 22. Dual binding site in AChE. (A) Schematic representation of the 

interaction between B7C and the AChE active sites (Figure modified from Li et al. 

2009). (B) 3D structure of B7C and AChE (structures from the ChemACX database 

in the ChemOffice software, version 17.1 with the Chem 3D PlugIn; PDB ID: 2CKM). 

 

5.3. B7C molecular targets relevance in neurological disorders 

 

In an attempt to develop more efficient AChE inhibitors, several tacrine-based 

compounds have been synthetized and evaluated (Hu et al., 2002; Rizzo et al., 2011; 

Lopes et al., 2017). A summary of studies on B7C is shown in Table 15. 
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Table 15. Summary of in vitro and in vivo studies on B7C 

 

Reference 
In vitro study  In vivo study  

Molecular/physiological 
target or behavioral test 

 
Conclusion 

Cell line B7C 
concentration  Animal species/strain B7C dose or 

concentration   

(Ros et al., 2001) NA NA  Torpedo marmorata (fish) 
electric organ 
Ooscytes from mature 
females of Xenopus laevis 

(frog) 

100 nM  ACh release by 
recording spontaneous 
synaptic activity 

 - B7C increased spontaneous quantal release 
from cholinergic terminals and blocked the 
AChE induced currents in lower 
concentration than tacrine. 

(Lopes et al., 2017) NA NA  Wistar male rats Different 
concentrations 

 AChE using both 
computational-based 
AChE binding affinity 
predictions and the 
AChE and BuChE 
inhibitory activity by 
the Ellman’s method 

 - B7C showed potent and selective 
inhibition of AChE at low nanomolar 
concentration (IC50= 5.33nM). 

(Bolognesi et al., 
2010) 

NA NA  NA Different 
concentrations 

 AChE and BChE 
(human recombinant 
enzymes) BACE-1, Aβ 

 - B7C inhibited both AChE (IC50= 0.81 nM) 
and BChE (IC50= 5.66 nM). 
- B7C inhibited BACE-1 (27%), AChE-
induced Aβ aggregation (68%), and Aβ self-
aggregation (51 %). 

(Rizzo et al., 2011) NA NA  NA Different 
concentrations 

 AChE and BChE 
(human recombinant 
enzymes), BACE-1 

 - B7C inhibited both AChE (IC50=  0.81 nM) 
and BChE (IC50=  5.66 nM) (results were 
taken as reference from (Bolognesi et al., 
2010)). 
- B7C inhibited BACE-1 (IC50= 7.5µM), and 
inhibited AChE-induced Aβ aggregation  
(results were taken as reference from (Fu et 
al., 2008)) (68%) (results were taken as 
reference from (Bolognesi et al., 2010)). 
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Reference 
In vitro study  In vivo study  

Molecular/physiological 
target or behavioral test 

 
Conclusion 

Cell line B7C 
concentration  Animal species/strain B7C dose or 

concentration   

 
(Fu et al., 2006) 

 
Hippocampal 
pyramidal neurons 
(isolated from Wistar 
rats) 

 
0.1, 1, 5, 10, 
100, and 500 
nM 

  
NA 

 
NA 

  
AChE, L-type voltage-
dependent Ca2+ 
channels 

  
- B7C reduced the inward calcium current 
induced by Aβ induced Ca2+ which 
attenuated neuronal apoptosis. 

(Hu et al., 2015b) SH-SY5S cells 0.1, 0.3, 1, 3, 
10 µM 

 Male Sprague-Dawley rats 0.1 and 0.2 
mg/kg 

 AChE, ChAT, Morris 
water maze test 

 - B7C inhibited Aβ fibrlis formation and 
disaggregated pre-formed Aβ fibrils. 
- B7C reduced Aβ induced neurotoxicity. 
- B7C inhibited the memory impairment 
induced by infusion of Aβ in rats. 
- B7C reversed the dysfunction ChAT and 
AChE activity induced by Aβ in rats. 

(Mutunga et al., 
2013) 

NA NA  Drosophila melanogaster and 
Blatella germanica (insects) 

Different 
concentrations 

 AChE from Drosophila 
melanogaster and AChE 
from Blatella germanica 

 - Dimeric tacrines, including B7C, were not 
toxic and did not cross the insect blood brain 
barrier. 
- B7C inhibited AChE from both insect 
species. 

(Hu et al., 2002) NA   NA Different 
concentrations 

 AChE and BChE   - B7C inhibited both AChE (IC50= 2.7 nM) 
and BChE (IC50= 2.6 nM). 

(Wang et al., 1999a) NA NA  Female and male Sprague-
Dawley rats 

1, 3, 5, 9.5, 19, 
38 nM 

 AChE and BChE  - B7C inhibited both AChE (IC50= 5.1 nM) 
and BChE (IC50= 159 nM). 

(Li et al., 1999) Hippocampal neurons 
(isolated from mice) 

5, 25, 100 µM  NA NA  AChE, GABAA  - B7C inhibited both AChE (IC50= 1.5 nM). 
- B7C antagonizes the GABAA receptor in a 
competitive mode 

(Yu et al., 2008) NA NA  Male ICR mice 3.54 µM/kg  AChE  - B7C inhibited AChE (46.3%). 
(Zhang et al., 2011) RGC (primary cell 

culture from male 
Sprague-Dawley rats) 

1µM/L  Sprague-Dawley male rats 0.05, 0.1 and 
0.2 mg/kg 

 NMDA receptor  - B7C prevented NMDA-induced apoptosis 
in GCL. 
-B7C inhibitory effect of NMDA receptors 
confers neuroprotection. 
- B7C reduced the NMDA activated current 
in RGC which indicates that B7C is 
antagonist of the NMDA receptor. 

(Li et al., 2005) CGN (primary cell 
culture from Sprague-
Dawley rats) 

0.1, 1µM  NA NA  NMDA receptor 
 

 - B7C prevents glutamate induced neuronal 
apoptosis through blockade of the NMDA 
receptor. 
- B7C inhibits AChE and acts as NMDA 
antagonist. 
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Reference 
In vitro study  In vivo study  

Molecular/physiological 
target or behavioral test 

 
Conclusion 

Cell line B7C 
concentration  Animal species/strain B7C dose or 

concentration   

 
- B7C inhibits the MAPK and ERK 
pathway. 

(Bai-fang et al., 
2001) 

Cortical cells (isolated 
from Sprague-Dawley 
rats) 

0.3-1 µM/L  NA NA  NMDA receptor  - B7C reduced the NMDA-mediated activity 
and exhibited protective effect against 
glutamate-induced excitotoxicity. 

(Liu et al., 2008a) Hippocampal neurons 
(isolated from 
Sprague-Dawley rats) 

0.001-1 µM  NA NA  NMDA receptor  - B7C inhibited the NMDA receptor (IC50= 
0.68 µM). 
- B7C prevented the glutamate induced 
excitotoxicity by inhibition of the NMDA 
receptor.  

(Liu et al., 2008b) Hippocampal neurons 
(isolated from 
Sprague-Dawley rats) 

0.5 µM  NA NA  NMDA receptor  - B7C inhibited the NMDA receptors in a 
non-competitive manner and showed 
protective effect against glutamate-induced 
neurotoxicity. 

(Luo et al., 2007) Hippocampal neurons 
(isolated from 
Sprague-Dawley rats) 

  NA NA  NMDA receptor  - B7C inhibited the NMDA receptor in a pH 
dependent manner by desensitizing the 
receptors to proton inhibition.  

(Liu and Li, 2012) HEK-293 1 µM  NA NA  NR1, NR2A and NR2B 
receptors 

 - B7C inhibited the NR1/NR2B receptor 
expressed in the cells in a slow onset, non-
competitive and voltage dependent manner 
which is similar to what is observed in rat 
hippocampal neurons expressing the NMDA 
receptors. 

(Li et al., 2007b) CGN (isolated from 
Sprague-Dawley rats) 

Different 
concentrations 

 NA NA  NMDA receptor, NOS  - B7C showed to be a moderated NMDA 
receptor antagonist and a selective nNOS 
inhibitor. 

(Li et al., 2006) Cortical neurons 
(isolated from 
Sprague-Dawley rats) 

0.001, 1 µM  NA NA  NOS  - B7C reduced cell death induced by 
glutamate, Aβ, and L-arginine. 
- B7C suppressed the activation of the NOS 
induced by glutamate. 
- B7C inhibited the activity of NOS. 

(Liu et al., 2000) NA NA  Male Sprague-Dawley rats 0.22, 0.44, and 
0.89 µM/kg 

 ChAT, and spatial 
memory measured by 
the Morris water maze 

 - The induced learning and memory deficits 
were reversed by B7C in a dose dependent 
manner. 

(Zhao et al., 2008b) NA NA  Male Sprague-Dawley rats 0.05, 0.1, 0.2 
mM/kg 

 Apoptosis  - B7C showed anti apoptotic effect 
(0.2mg/kg) 
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Reference 
In vitro study  In vivo study  

Molecular/physiological 
target or behavioral test 

 
Conclusion 

Cell line B7C 
concentration  Animal species/strain B7C dose or 

concentration   

 
(Fang et al., 2010) 

 
RGC (isolated from 
male Sprague-Dawley 
rats) 

 
1 µM 

  
Male Sprague-Dawley rats 

 
0.05, 0.1, and 
0.2 mg/kg 

  
Apoptosis 

  
- B7C inhibited glutamate-induced cell 
death (IC50= 0.028 µM). 
- B7C reduced glutamate-induced apoptosis 
in vivo (0.02 mg/kg). 

(Fu et al., 2007) CGN (isolated from 
Sprague-Dawley rats) 

0.001, 0.01, 
0.1, 1 µM 

 NA NA  Apoptosis  - B7C protected against the glutamate 
induced excitotoxicity. 

(Han et al., 2000) Cortical astrocytes 
(isolated from ICR 
mice) 

0.3, 1, 10, 100 
nM 

 NA NA  Apoptosis  - B7C (1-10 nM) inhibited the ischemia-
induced apoptosis. 

(Xiao et al., 2000) PC12 cells 0.01, 0.1, 1, 10 
µM 

 NA NA  Cell toxicity  - B7C protected the cells against H2O2-
induced cell toxicity improving the redox 
disequilibrium. 

(Li et al., 2007a) DRG neurons 
(isolated from 
Sprague-Dawley rats) 

Different 
concentrations 

 NA NA  GABA receptor  - B7C binds to GABA receptor in a potent 
but reversible manner (IC50= 6.28µM). 

(Zhou et al., 2009) Hippocampal neurons 
(primary cell culture 
from Sprague-Dawley 
rats) 

   1, 3, 5, 10, 30, 
100 µM 

 GABAA receptor  - B7C is a competitive GABAA receptor 
antagonist. 

(Shu et al., 2012) NA NA  Male Sprague-Dawley rats 0.2 mg/kg  Morris water maze test  - B7C decreased hippocampal neural 
apoptosis (it increased neurogenesis) in rats 
with chronic ischemia 
- B7C reversed the chronic-ischemia-
induced decreased spatial learning and 
memory.  

(Han et al., 2012) NA NA  Male Kunming strain mice 0.4, 0.5, and 
0.6 µM/kg 

 Spatial memory 
measured by the Morris 
water maze and the 
NOR task to evaluate 
recognition memory 
formation 

 - B7C mitigated the learning and memory 
deficits induced by scopolamine. 

(Pan et al., 2007)  NA NA  Male ICR mice 0.06, 1.25, 2.5, 
5, 5, 10, 20 
µM/kg 

 Passive avoidance 
response, spontaneous 
motor activity, 
hepatotoxicity 

 - B7C enhanced cognitive function at a high 
dose (20 µM/kg) but produced motor 
disfunction and hepatotoxicity. 
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Reference 
In vitro study  In vivo study  

Molecular/physiological 
target or behavioral test 

 
Conclusion 

Cell line B7C 
concentration  Animal species/strain B7C dose or 

concentration   

 
(Pan et al., 2011) 

 
NA 

 
NA 

  
Male ICR mice 

 
0.25, 1, 5, and 
20 µM/kg 

  
OFT 

  
- B7C did not affect locomotion in the OFT 
- B7C (1 µM/kg) improved the 
cycloheximide induced amnesia in mice. 

(Fu et al., 2009) Mouse Neuro2 
neuroblastoma cells 

0.1, 0.3, 1 µM  NA NA  BACE-1 and α-
secretase 

 - B7C inhibits BACE-1 and activates α-
secretase 

(Fu et al., 2008) Mouse Neuro2a 
neuroblastoma cells 

0.1, 0.3, 1, 2, 3 
µM  

 NA NA  BACE-1  - B7C inhibits BACE-1, therefore decreases 
the generation of Aβ 
- B7C activates α-secretase 

(Li et al., 2010) DRG (isolated from 
Sprague-Dawley rats) 

1 µM  NA NA  Kv4.2 potassium 
channels 

 - B7C suppressed the Kv4.2 potassium 
channels in a concentration dependent 
manner (IC50= 0.53 µM). 

(Nie et al., 2007) DRG neurons 
(isolated from 
Sprague-Dawley rats) 

10-9M to 10-4 
M 

 NA NA  Kv4.2 potassium 
channels 

 - B7C inhibited the delayed rectifier 
potassium channel and inhibited the Kv4.2 
potassium channels. (IC50= 0.72 µM). 

(Luo et al., 2004) TG neurons   NA NA  5-HT3 receptor  - B7C inhibited the 5-HT3 receptor current in 
a competitive manner. 

Abbreviations: BACE-1, beta secretase; BuChE, butyryl cholinesterase; ChAT, choline acetyl transferase; DRG, dorsal root ganglion; NA, not applicable; NOS, nitric oxide synthase; OFT, open field test; RGC, retinal 

ganglion cells; TG, rat trigeminal ganglion; CGN, cerebellar granule neurons. 
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As shown in Table 15, the multitarget activity of B7C has been evaluated in cell-based 

platforms and in vivo. The molecular targets studied included the AChE, BChE, the 

NMDA receptor, ChAT, GABA receptor, BACE-1, Kv4.2 potassium channels, NOS 

and the 5-HT3 receptor. The design of the tacrine dimers was driven based on the 

binding properties of the dimers to AChE using computational docking tools (Lopes 

et al., 2017). Therefore, AChE was the main targets of B7C studies.  

 

AChE is an important element of the cholinergic system that acts in the synaptic cleft 

by hydrolyzing the neurotransmitter acetylcholine (ACh) at central and peripheral 

levels (Figure 23) (Colović et al., 2013). AChE is an important target in 

neurodegenerative disorders as its inhibition leads to accumulation of ACh by 

decreasing the ACh breakdown rate (Colović et al., 2013). Also, AChE stimulates Aβ 

fibrilogenesis through the formation of AChE-Aβ complexes, which is a characteristic 

feature in AD patients (Pilar Muñoz-Ruiz et al., 2005). Due to the nature of the AChE 

receptor, dual binding is a highly desirable property for the design of AChE inhibitors 

such as B7C (Li et al., 2009).  
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Figure 23. AChE mechanism of action in neurotransmission. Schematic 

representation of the mechanism of action of AChE in the synaptic cleft. 

Abbreviations: ACh, Acetylcholine; CoA, coenzyme A. (Figure modified from 

Čolović et al., 2013). 

 

Several studies (Table 15) have already demonstrated the effect of B7C to inhibit 

AChE in a selective manner and at lower concentration than tacrine (Li et al., 1999; 

Wang et al., 1999a; Ros et al., 2001; Hu et al., 2002, 2015b; Fu et al., 2006; Yu et al., 

2008; Bolognesi et al., 2010; Rizzo et al., 2011; Mutunga et al., 2013; Lopes et al., 

2017). Drugs that inhibit AChE keep the ACh levels high in the synaptic cleft, thereby 

stimulating cholinergic transmission in regions of the forebrain that compensate for 

the loss of cells (Pilar Muñoz-Ruiz et al., 2005; Colović et al., 2013). 
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The findings of the effect of B7C on AChE have also demonstrated inhibition of the 

Aβ fibrils formation and stimulated the disaggregation of pre-formed Aβ fibrils and 

improved memory impairment induced by Aβ (Fu et al., 2006; Bolognesi et al., 2010; 

Rizzo et al., 2011; Hu et al., 2015b).  

 

B7C has also been evaluated on the NMDA receptor (Table 15) and has been found 

to show an inhibitory effect (Bai-fang et al., 2001; Li et al., 2005, 2007b; Luo et al., 

2007; Liu et al., 2008b; Zhang et al., 2011; Liu and Li, 2012). Excitotoxicity 

significantly contributes to neuronal cell damage and death in neurodegenerative 

disorders (Lipton, 2004). Excitotoxicity is the result of overactivation of the NMDA 

glutamate receptor that leads to excessive Ca2+ influx in the cell (Figure 24) 

(Newcomer et al., 2000). Glutamate, the major excitatory neurotransmitter in the brain, 

is a crucial mediator involved in the normal functioning of the nervous system (Lipton, 

2004). It is hypothesized that chronic exposure to elevated levels of glutamate or 

glutamate receptor hyperactivity triggers apoptotic pathways, a phenomenon of 

clinical relevance in disorders such as Huntington’s disease, Parkinson’s disease, 

multiple sclerosis, HIV-associated dementia, amyotrophic lateral sclerosis, glaucoma 

and Alzheimer’s disease (Lipton, 2004).  

 

Another important mediator of cell death is the NOS which has also been evaluated 

in B7C studies. In these studies, B7C was shown as having an inhibitory effect on 

NOS (Li et al., 2006, 2007a). Hyperactivity of NOS leads to excitotoxicity-mediated 

cell death. The enzyme is tethered to the NMDA receptor and gets activated by the 

influx of Ca2+ which increased the levels of NO associated to stroke and 

neurodegenerative diseases (Lipton, 2004). As B7C has demonstrated NMDA and 
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NOS inhibitory activity, it represents a valuable candidate for the treatment of 

degenerative disorders.  

 

 

Figure 24. NMDA receptor and cellular mechanism. (A) Schematic representation 

of the NMDA receptor showing the binding sites, the NR1 and NR2 receptor subunits. 

(B) Schematic representation of apoptotic signaling pathways triggered by 

overactivity of the NMDA receptor. The pathway 1 is the NMDA receptor 

overactivation (NMDA-Rc). The pathway 2 is the activation of the MAPK-MEF2C 

pathway that contributes to neuronal cell death. The pathway 3 involves the toxic 

effect of free radicals and the pathway 4 involves activation of apoptosis-inducing 

enzymes. Abbreviations: SNO, cysteine sulfhydryl group; cyt c, cytochrome c (Figure 

modified from Lipton, 2004). 
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Several studies on B7C focused on apoptosis as a target physiological mechanism 

(Han et al., 2000; Xiao et al., 2000; Fu et al., 2007; Zhao et al., 2008b; Fang et al., 

2010). Abnormal regulation of neuronal cell death has been associated with many 

neurological disorders (Mattson, 2000). Excessive death of one or more populations 

of neurons occurs as a result of disease or injury (Mattson, 2000). In AD, loss of 

hippocampal and cortical neurons is responsible for the symptomatology observed in 

this neurodegenerative disease (Mattson, 2000). The regulation of apoptosis involves 

several mediators such as neurotrophic factors (inhibition) or glutamate (activation) 

(Mattson, 2000). Excessive glutamate mediated activity increases the influx of Ca2+ 

leading to excitotoxicity and ultimately cell death (Mattson, 2000). As shown in Table 

15, B7C provided protection against glutamate-induced excitotoxicity and free 

radical-induced damage (Han et al., 2000; Xiao et al., 2000; Fu et al., 2007; Zhao et 

al., 2008b; Fang et al., 2010).  

 

Another target for B7C is the GABA receptor (Li et al., 1999, 2007a; Zhou et al., 

2009). GABA is the major inhibitory neurotransmitter in the central nervous system 

and it primarily functions as a metabolite and a neurotransmitter. (Zhou et al., 2009; 

Best et al., 2014). Together with the excitatory neurotransmitter glutamate, GABA is 

an important modulator of the inhibitory-excitatory balance that is essential for the 

proper functioning of the brain (Wu and Sun, 2015). Dysfunctions in the GABA 

system have been closely linked with neurological disorders such as Huntington’s 

chorea, epilepsy, AD, anxiety, and depression (Krogsgaard-Larsen, 1992; Kim and 

Yoon, 2017). The GABAA receptor is a ligand-gated ion channel that regulates the 

influx of chloride ions, causing hyperpolarization in the postsynaptic neuron (Kim and 

Yoon, 2017) and mediating the fast inhibitory neurotransmission in the brain (Best et 
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al., 2014). Changes in the concentration of endogenous modulator or in the 

composition of the GABAA receptor lead to downregulation of the neuronal inhibition 

seen in pathological states (Nuss, 2015). Therefore, drugs that regulate the GABA 

system such as B7C are highly relevant in the treatment of neurological disorders.  

 

The BACE-1 is the enzyme responsible for the onset of the generation of Aβ. 

Therefore, it represents a very promising target for AD (Vassar et al., 2009). Aβ is the 

major components that occur in neuritic plates found in AD (Chen et al., 2012). 

BACE-1 overexpression or hyperactivity is associated with the pathogenesis of AD 

while the opposite scenario has been found to have a neuroprotective effect (Chen et 

al., 2012). The findings of 2 studies shown in Table 15 demonstrated an inhibitory 

effect of B7C on BACE-1 leading to a decreased generation of Aβ (Fu et al., 2008, 

2009).Therefore, B7C showed a protective effect for the treatment of AD. Finally, at 

a behavioral level, B7C improved cognition and special learning and memory 

observed in several animal models (Pan et al., 2007, 2011; Han et al., 2012; Shu et al., 

2012).  

 

5.4. Conclusions 

 

B7C is a computationally designed drug that has shown promising effects on many in 

vitro and in vivo platforms for AD and other neurodegenerative disorders. In the last 

two decades, several studies have focused on the evaluation of B7C on different 

targets. From the analysis presented, it is clear that B7C shows a superior activity 

when compared to its basic structure tacrine. This review presented an overview of 

the findings of the effect of B7C on several targets and its relevance in neurological 
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disorders. A very clear finding from the present review is that no studies have been 

conducted to evaluate the potential antidepressant effect of B7C – such studies will 

add a significant value to this dimeric molecule. The present review also supports the 

aim of this dissertation to explore the effect of B7C on neurogenesis. As neurogenesis 

is under the regulation of different molecular targets stated in this chapter, B7C is 

likely to regulate neurogenesis via the targets or related pathways.  
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CHAPTER 6 
BEHAVIORAL AND NEUROGENIC EFFECT OF B7C 

ON RATS WITH CORTICOSTERONE-INDUCED 

DEPRESSION-LIKE BEHAVIOR  
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Abstract 

 

Background: Depression is a global health issue with negative societal and economic 

health implications. B7C is a synthetic multitarget drug with promising effect on 

neurodegenerative disorders. However, the effect of B7C on depression has not been 

previously explored. 

Aims: To evaluate the effect of B7C on depression and anxiety-like behaviors and 

neurogenesis in a dose-dependent experiment and a high corticosterone animal model. 

Materials and methods: A dose-dependent experiment was carried out using adult 

male SD rats receiving different doses of B7C (0.2, 0.3 and 0.45 mg/kg). A second 

experiment involved the evaluation of B7C on behavior and neurogenesis using a high 

corticosterone (CORT) animal model.    

Results: A positive effect on behavior and neurogenesis was observed when B7C was 

administered at a dose of 0.3 mg/kg B7C. Also, B7C reverted the behavioral and 

neurogenesis deficits induced by high-CORT treatment.  

Conclusions: The positive effects of B7C on behavior and neurogenesis of the present 

study support further investigation of B7C on mood and the molecular mechanism 

underlying its effect. 
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6.1. Introduction 

 

Because of the multifactorial pathogenesis of neurodegenerative disorders, multitarget 

drugs are highly valuable to tackle the array of symptoms present in this kind of 

disorders (Li et al., 2007b, 2009). B7C is a synthetic multitarget drug with promising 

effects including inhibition of AChE (Lopes et al., 2017), reduction of Aβ aggregation 

(Hu et al., 2015b), regulation of the NMDA receptor (Zhang et al., 2011), 

neuroprotection (Fang et al., 2010), regulation of GABA receptor-mediated activity 

(Zhou et al., 2009), inhibition of BACE-1 (Fu et al., 2008) and inhibition of NOS (Li 

et al., 2006). Most of the studies on B7C have focused on neurodegenerative disorders 

such as AD, but no study has evaluated the effect of B7C on depression.  

 

Neurodegenerative events have been established in different regions of the brain in 

depressed patients including the hippocampus. In AD, hippocampus is one of the first 

brain areas to show alterations in its structure (Caraci et al., 2010). The hippocampus 

plays a pivotal role in cognitive processes and it is the primary memory structure in 

the brain (Sierksma et al., 2010). Reduction of the hippocampal volume in patients 

with major depression significantly correlates with cognitive and memory impairment 

which are the hallmark symptoms commonly observed in AD (Sierksma et al., 2010). 

Depression and AD symptoms have been correlated with decreased hippocampal 

neurogenesis, defined as the process to produce new neurons from neural stem cells. 

In fact, the behavioral benefits of antidepressants have been linked to improved 

neurogenesis in the hippocampus. Consequently, neurogenesis has been highlighted 

as a promising target process in developing novel therapeutic drugs for depression and 

AD (Apple et al., 2016). 
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For a long time, loss of neuron was thought to be an irreversible process in the adult 

brain because of the idea of disruption of the stability in the brain if replacement of 

the dying neurons could take place (Eriksson et al., 1998). However, in the 1990s, 

Erikson and his colleagues were the first in demonstrating neurogenesis processes in 

the sub granular zone in the adult brain (Eriksson et al., 1998; Apple et al., 2016). 

Hippocampal neurogenic processes are particularly important in the formation and 

consolidation of memories (Apple et al., 2016). In mammals, neurogenesis is limited 

to occur in specific brain regions including the subgranular zone of the dentate gyrus 

in the hippocampus and the SVZ localized next to the lateral ventricles (Aimone et al., 

2014; Apple et al., 2016). Neural stem cells are generated in both regions which give 

rise to neural progenitor cells with the ability to differentiate into neurons or glia, 

migrate and integrate into the existing neuronal network in the hippocampus (Aimone 

et al., 2014).  

 

A strong body of evidence suggests a pathophysiological relationship between 

depression and AD regarding neurogenesis. Previous studies have shown the 

neurotrophic effects of antidepressants due to upregulation of brain-derived 

neurotrophic factor (BDNF) in the hippocampus, which suggests potential 

neuroprotective effects (Tizabi, 2015). BDNF is an essential molecule that plays a role 

in the regulation of plasticity in the hippocampus (Sierksma et al., 2010). In addition, 

BDNF is required in the DG for the encoding and consolidation of pattern separated 

memories and it promotes neurogenesis and survival of newborn neurons 

(Bekinschtein et al., 2014). In fact, patients with major depression or AD exhibit low 

mRNA levels of BDNF in the hippocampus, suggesting that BDNF mediates changes 

in the hippocampus representing a key component of the pathophysiological processes 
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in depression and AD (Sierksma et al., 2010). Taking all the evidence together, 

neurogenesis represents a promising target for developing novel therapeutic options 

for depression and AD. In addition, evidence suggests that neuroprotection and 

upregulation of neurogenesis are desirable features in new drug candidates for cross-

benefit for depression and AD. Therefore, the study of novel therapeutic agents for 

the treatment of depression and AD should include the evaluation of the neurogenic 

and neuroprotective effects. Therefore, the aim of this chapter was to evaluate the 

effect of B7C on depression-like behavior and neurogenesis.  

 

6.2. Materials and methods 

 

Animals 

A total of 60 male Sprague-Dawley (SD) rats of 7-8 weeks of age (290 to 300 g body 

weight) were obtained from the Centralized Animal Facilities of The Hong Kong 

Polytechnic University and housed in polycarbonate cages (3 rats per cage). The 

animals had access to food and water ad libitum. The room was maintained at 23-

25°C with 12-hour light-dark cycle. Approval of the protocol performed was granted 

by the Animal Subject Ethics Sub-Committee of The Hong Kong Polytechnic 

University.  

 

Drugs 

B7C was a gift from the Department of Applied Biology and Chemical Technology 

at The Hong Kong Polytechnic University by Professor Yi-Fan Han’s research team 

(Wang et al., 1999). Corticosterone was obtained from Sigma Aldrich and fluoxetine 

from USP reference standard.  
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Experimental design 

Two independent experiments were carried out. Experiment 1 was a pilot experiment 

that assessed the dose-dependent effect of B7C on behavior and neurogenesis. The 

findings from the experiment were used to choose to the optimal dose of B7C to be 

used in a disease animal model. Experiment 2 was carried out to evaluate the effect of 

B7C (optimal dose chosen from Experiment 1) on behavior and neurogenesis in a high 

corticosterone animal model. 

 

Experiment 1: The experiment was designed to evaluate the dose dependent effect of 

B7C on behavior neurogenesis. The animals were randomly assigned into 4 groups 

and received the correspondent treatment via intraperitoneal (i.p.) injection of an equal 

volume of vehicle or B7C. The treatment was administered every day around 13:00-

15:00 for 21 consecutive days. Treatment groups: (1) control group (n = 6) which 

received 0.9% saline; (2) 0.2 mg/kg B7C (n = 6); (3) 0.3 mg/kg B7C (n = 6); and (4) 

0.45 mg/kg B7C (n = 6). On days 21-22, behavioral tests were performed. On day 23, 

all the animals were administered with 100 mg/kg BrdU via i.p. twice a day and 

transcardial perfusion was carried out on day 24. 

 

Experiment 2: The effect of B7C on depression and anxiety-like behaviors was studied 

using a high corticosterone animal model (Gregus et al., 2005; Brummelte et al., 2006; 

Lee et al., 2013). A dose of 40 mg/kg corticosterone was used to induce depression- 

and anxiety-like phenotype in rats (Sánchez-Vidaña et al., 2016). The animals were 

randomly allocated into 6 groups (n = 6 rats per group): (1) the control group received 

a s.c. injection of propylene glycol (vehicle) and an i.p. injection of saline (vehicle); 

(2) the CORT group received a daily s.c. injection of 40 mg/kg corticosterone and an 
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i.p. injection of saline (vehicle); (3) the fluoxetine (Fluox) group received an i.p dose 

of 10mg/kg/day. The fluoxetine dose was based on previous experiments in which 

fluoxetine was chronically administered showing increased neurogenesis and 

restoration of depression-like behavior and neurogenesis in an animal model for 

depression (Malberg and Duman, 2003; Wang et al., 2011). Group (4) was the B7C 

group and the animals in this group received an i.p. injection of 0.3mg/kg B7C and a 

s.c. injection of propylene glycol (vehicle); group (5) received both CORT + Fluox, 

and group (6) was administered with CORT + B7C. The administration of the 

different treatments was done daily for 21 consecutive days. An intraperitoneal 

injection of 50 mg/kg/day BrdU was administered to all the animals on days 19, 20, 

and 21 in order to label the proliferating cells (Taupin, 2007). The weight of the rats 

was measured on days 1 and 22. On days 21-22, behavioral tests were performed and 

perfusion was carried out on day 23.  

 

Behavioral tests  

Forced Swimming Test (FST): The FST was carried out as described in CHAPTER 4. 

The scoring of the FST was done manually in Experiment 1 and the Noldus 

EthnoVision XT software version 11 was used to score the FST of Experiment 2 using 

the following settings: Activity states, 3 states were selected, the thresholds were 

above 6% for the highly active state, 3-6% for the moderately active state and below 

3 % for the inactive state. The inactive state corresponds to the time spent immobile.  

 

Open Field Test (OFT): An arena (72 cm length x 72 cm wide x 40 cm deep; lighting 

of 550 lux) was used for the OFT in order to evaluate anxiety in rats when exposed to 

an unfamiliar environment. A video camera was mounted above the open field 

adjusted to cover the whole test area. The test was video recorded for scoring later by 
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an observer blinded to the treatment. In the test, each of the animals was put into the 

arena for 10 minutes and was allowed to explore the arena freely. For the analysis, the 

arena was divided into 16 equal squares on screen and the numbers of squares crossed 

by the rat's neck were counted to measure the locomotor activity. The measurements 

recorded included: (1) peripheral locomotor – the time spent walking close to the walls 

of the test field (thigmotaxis); (2) central locomotor activity – time spent in the central 

36 cm x 36 cm area of the field. Increased time spent in the central area or decreased 

time of latency to enter the central area are indications of anxiety-like behavior (Prut 

and Belzung, 2003; Gregus et al., 2005; Airan et al., 2007; Gamberini et al., 2015). 

The scoring of the OFT videos was carried out using the Noldus EthnoVision XT 

software version 11.  

 

Social Interaction Test (SIT): Anxiety-like behavior was assessed using the SIT as 

described in CHAPTER 4. 

 

Animal Perfusion and tissue processing 

Animals were sacrificed as described in CHAPTER 4. Brains and serum samples were 

collected and processed as described in CHAPTER 4. 

 

Immunoperoxidase staining and quantification of BrdU and DCX positive cells 

Immunoperoxidase staining of BrdU and DCX positive cells, quantification of BrdU 

and DCX positive cells were carried out as described in CHAPTER 4. 

 

Dendritic complexity of immature neurons 

Dendritic complexity of immature neurons was carried out as described in CHAPTER 

4.  
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Biochemical analyses in serum 

ELISA kits were used to determine the concentration in serum of BDNF (Millipore), 

corticosterone (Enzo Life Science) and oxytocin (Enzo Life Science) following the 

instructions from the manufacturer’s kits. 

 

Statistical analysis 

The statistical analysis was carried out using the SPSS software (version 13.0). One-

way ANOVA with Tukey posthoc test was used when the data to be analyzed met the 

criteria of homogeneity and equal variance. In the event that either the assumptions of 

normality, checked by Shapiro-Wilks test, or homogeneity of variance, checked by 

Levene’s test, were not met, the non-parametric tests Kruskal-Wallis and Mann-

Whitney U were used. Significant difference was determined using a p-value < 0.05. 

 

6.3. Results 

 

Experiment 1 

This experiment was a pilot study that evaluated whether B7C had a positive effect 

on depression and anxiety-like behavior and whether it affected neurogenesis. This 

pilot experiment was also carried out to select the optimal dose of B7C to be used in 

a high corticosterone animal model (Experiment 2). Therefore, 3 different doses of 

B7C were tested. 

 

Body weight  

On day 1 and day 22 the weight of the animals was measured (Figure 25 A). The 0.2 

mg/kg B7C (291.33 g ± 3.61, p = 0.002 vs the control) and 0.45 mg/kgB7C (302.33 g 
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± 2.13, p = 0.009 vs the control group) groups started the treatment with lower weight 

than the control (319.83 g ± 5.83) and 0.3 mg/kg B7C (322 g ± 8.85, p = 0.015 vs the 

0.2 mg/kg B7C group; p = 0.041 vs the 0.45 mg/kg B7C group) which showed 

statistically significant difference. At the end of the treatment, the 0.2 mg/kg B7C 

group (364.83 g ± 8.30, p = 0.004 vs the control group) showed the lowest weight 

among the control (438.66 g ± 19.91), 0.3 mg/kg B7C (403.33 g ± 11.00) and the 0.45 

mg/kg B7C (458.66 g ± 8.73) groups. No statistically significant difference was 

observed in the weight gain among the group (Figure 25 B). 

 

 

Figure 25. Body weight. (A) Body weight at day 1 and 14. (B) Weight gain. Results 

are expressed as Mean ± SEM; *p < 0.05 and **p < 0.01 when compared to the control 

group. 

 

Behavioral tests 

The time spent floating in the FST showed no statistically significant difference when 

compared with control group to the B7C groups (Figure 26 A; p = 0.004). However, 
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a significant difference was observed between the 0.2 mg/kg B7C (159.80 sec ± 6.58) 

and the 0.45 mg/kg B7C (77.60 sec ± 13.69, p = 0.003) and between the 0.3 mg/kg 

B7C (131.83 sec ± 16.54) and the 0.45 mg/kg B7C (77.60 sec ± 13.69, p = 0.041). In 

the SIT, all the B7C groups showed a higher number of positive social interactions 

when compared with the control group (control 8.66 ± 0.88; 0.2 mg/kg B7C 15.16 ± 

1.53; 0.3 mg/kg B7C 21.33 ± 1.45 and 045 mg/kg B7C 18.66 g ± 1.28; p = 0000) 

(Figure 26 B). A significant difference was observed between the 0.2 mg/kg B7C and 

0.3 mg/kg B7C (p = 0.017).  

 

 

Figure 26. Results from the forced swimming test and social interaction test. (A) 

Results from the FST showing the time spent floating. (B) Total number of positive 

social interactions in the SIT. Results are expressed as Mean ± SEM; *p < 0.05 and 

**p < 0.01, ***p < 0.01 when compared to the control group, c p < 0.05 when 

compared to any B7C group. 
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In the OFT, no statistically significant difference was found in the time spent in the 

center of the arena among the groups (Figure 27 A). Also, no significant difference 

was observed in the distance traveled (Figure 27 B, C).  
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Figure 27. Results from the open field test. (A) Time spent in the center in the OFT. 

(B) Total distance traveled. (C) Representative moving trace. Results are expressed 

as Mean ± SEM. 

 

BrdU and DCX positive cells 

A significant difference in the number of positive BrdU cells was found in the 

hippocampus (Figure 28; p = 0.002). The 0.2 mg/kg B7C (2283.75 ± 396.79) and 0.3 

mg/kg B7C showed higher number of BrdU cells when compared with the control 

group (913.17 ± 108.84; p = 0.010, p = 0.002, respectively). Treatment with 0.45 mg/ 

kg B7C (821.00 ± 133.80) did not increase the number of BrdU positive cells in the 

hippocampus (Figure 29). 

 

 

Figure 28. Number of BrdU positive cells in the hippocampus 

 



  
 

177 
 

 

Figure 29. Representative images of the BrdU positive cells in the dentate gyrus 

of the hippocampus 

 

Treatment with 0.3 mg/kg B7C (1609.20 ± 186.22) increased the number of DCX 

positive cells in the hippocampus when compared to the control group (769.83 ± 54.36, 

p = 0.004) (Figure 30 and 31). No significant difference was observed in the 0.2 mg/kg 

B7C group (769.83 ± 54.36).  
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Figure 30. Number of DCX positive cells in the hippocampus 

 

 

Figure 31. Representative images of the DCX positive cells in the dentate gyrus 

of the hippocampus 
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The dose of B7C that showed a positive effect on behavior and neurogenesis was 0.3 

mg/kg B7C. Therefore, this dose was selected to evaluate the effect of B7C in a high 

corticosterone animal model. 

 

Experiment 2 

Experiment 2 was carried out to evaluate the effect of B7C in a CORT-induced 

depression and anxiety-like behavior and in a reduced neurogenesis animal model. 

Additionally, an antidepressant group was included in the experiment to compare the 

effect of B7C with the effect of a commonly used antidepressant. 

 

Body weight and adrenal gland weight  

On day 1 and day 22 the weight of the animals was measured. No significant 

difference at the beginning and at the end of the treatment was observed among all the 

treatment groups (Figure 32 A). However, a statistically significant difference in the 

weight gain was observed (Figure 32 B, p = 0.006). The weight gain in the CORT 

group (80.83 g ± 11.57) showed significant difference when compared with the 

control group (142.60 ± 13.55). Also, a significant difference was observed between 

the 0.3 mg/kg B7C (145.33 g ± 16.42) and the CORT group (p = 0.016). No 

statistically significant difference in weight gain was observed with the other 

treatment groups. The adrenal gland weight in the CORT (4.64 g ± 0.30), CORT + 

Fluox (5.64 g ± 0.39), and CORT + B7C (5.02 g ± 0.58) showed lower weight when 

compared with the control group (p = 0.000, p = 0.002, p = 0.000, respectively) 

(Figure 32 C).  
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Figure 32. Body weight and adrenal gland weight. (A) Body weight at day 1 and 

22. (B) Weight gain. (C)Adrenal gland weight. Results are expressed as Mean ± SEM; 
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*p < 0.05 and **p < 0.01; *** p < 0.001 when compared with the control group; b p 

< 0.05 when compared with the CORT group.  

 

Behavioral tests 

In the FST, the time spent immobile showed a statistically significant difference 

among the treatment groups (Figure 33 A, p = 0.010). The longest time spent 

immobile was observed in the CORT group (220.25 sec ± 51.90) and this was 

significant different when compared with the control group (67.16 sec ± 12.89, p = 

0.010). The CORT + B7C (123.00 sec ± 18.08, p = 0.041) also showed longer 

immobile time when compared with the control group. Furthermore, the Fluox (60.00 

sec ± 22.73, p = 0.016), 0.3 mg/kg B7C (88.83 sec ± 15.81, p = 0.010), and CORT + 

Fluox (105.83 sec ± 18.71, p = 0.038) showed a statistically significant difference 

when compared with the CORT group. In the SIT, a significant difference was 

observed among the groups (Figure 33 B, p = 0.002). The CORT (13.83 ± 1.77, p = 

0.029) and the Fluox group (9.83 ± 1.75, p = 0.000) showed the lowest number of 

positive social interactions when compared with the control group (21.83 ± 1.70). 
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Figure 33. Results from the forced swimming test and social interaction test. (A) 

Results from the FST showing the time spent floating. (B) Total number of positive 

social interactions in the SIT. Results are expressed as Mean ± SEM; *p < 0.05 and 

**p < 0.01; *** p < 0.001 when compared with the control group; b p < 0.05 when 

compared with the CORT group.  

 

In the OFT, no significant difference was observed in the time spent at the center 

(Figure 34 A). However, a significant difference was observed in the distance traveled 

(Figure 34 B and C, p = 0.001). The 0.3 mg/kg B7C group (346.8 m ± 32.46, p = 

0.016) and the CORT +Fluox group (578.00 ± 52.06, p = 0.029) showed a higher 
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distance traveled when compared to the control group (30.00 ± 9.96). No difference 

in the distance traveled was observed in the other treatment groups.  
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Figure 34. Results from the open field test. (A) Time spent in the center in the OFT. 

(B) Total distance traveled. (C) Representative moving trace. Results are expressed 

as Mean ± SEM. *p < 0.05 and **p < 0.01 when compared with the control group. 

 

BrdU positive cells 

 

The number of BrdU positive cells in the hippocampus showed statistically significant 

difference among the treatment groups (p = 0.002; Figure 35). The CORT group 

showed the lowest number of BrdU positive cells indicating suppressed neurogenesis 

and it was statistically significant different when compared with the control group (p 

= 0.009, 1968.2 ± 193.73 and 1122 ± 167.69, control and CORT group respectively). 

Also, the Fluox group (3518.25 ± 482.87) increased the number of positive BrdU cells 

when compared with the control group. Conversely, no statistically significant 

difference was observed in the B7C (1628.83 ± 132.20), CORT + Fluox (2409.33 ± 

378.43), and CORT + B7C (2583.33 ± 560.96) groups when compared with the 

control group (1968.2 ± 193.73). Interestingly, statistically significant difference was 

observed when comparing the Fluox, B7C, CORT + Fluox, and CORT + B7C group 

with the CORT group. The results demonstrate that treatment with Fluox alone 

increased the number of BrdU positive cells and reverted the suppressed neurogenesis 

induced by CORT treatment as observed in the CORT + Fluox group showing a higher 

number of BrdU positive cells when compared with the control group. Also, treatment 

with B7C also reverted the CORT-induced suppressed neurogenesis as observed in 

the higher number of BrdU positive cells in the CORT + B7C when compared with 

the CORT group.  
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Figure 35. Number of BrdU positive cells in the hippocampus. *p < 0.05 and **p 

< 0.01; *** p < 0.001 when compared with the control group; b p < 0.05 when 

compared with the CORT group. 

 

Concentration of corticosterone, BDNF and oxytocin in serum 

A significant difference in the concentration of CORT in serum was found among the 

treatment groups (p = 0.012, Figure 36 A). The CORT (180.55 ng/ml ± 37.02, p = 

0.004) and CORT + B7C group (132.91 ng/ml ± 25.47, p = 0.004) showed lower 

CORT levels in serum when compared with the control group (397.71 ng/ml ± 44.53). 

No significant different in the levels of BDNF was found (Figure 36 B). Finally, 

treatment with 0.3 mg/kg B7C group (1367.92 pg/ml ± 85.23, p = 0.042, Figure 36 C) 

increased the level of oxytocin in serum, but the CORT + B7C group (719.19 pg/ml 

± 83.46, p = 0.013) showed decreased levels of oxytocin in serum when compared to 

the control group (1059.91 pg/ml ± 72.49).  
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Figure 36. Concentration of corticosterone, BDNF and oxytocin in serum. Results 

are expressed as Mean ± SEM. *p < 0.05 and **p < 0.01 when compared with the 

control group.  
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6.4. Discussion 

 

The present study is the first to evaluate the effect of B7C on depression and anxiety-

like behavior and the first to explore the neurogenic effect of B7C in vivo.  

 

Dose-dependent effect of B7C on behavior and neurogenesis 

 

B7C was evaluated at the doses of 0.2, 0.3 and 0.45mg/kg in SD rats administered for 

21 days. No effect on weight gain was observed among the B7C treatments when 

compared with the control group. Also, no difference in the time spent floating was 

observed. Conversely, B7C at all the doses tested stimulated social interaction as 

shown in the SIT. B7C increased the number of positive social interactions, 

demonstrating a positive effect of B7C on anxiety-like behavior. Furthermore, B7C 

increased the number of BrdU cells in the hippocampus at 0.2 and 0.3 mg/kg B7C. 

Finally, B7C increased the number of immature neurons (DCX positive cells) at a 

dose of 0.3 mg/kg. The dose-dependent effect of B7C on depression and anxiety-like 

behavior and neurogenesis was analyzed in order to identify the optimal dose of B7C 

that could be used in a high CORT animal model. The results of the dose-dependent 

experiment showed that B7C at 0.3 mg/kg had a positive effect on anxiety-like 

behavior and increased the number of BrdU and DCX positive cells in the 

hippocampus. Therefore, the effect of B7C at a dose of 0.3 mg/kg was evaluated in a 

high CORT animal model. 
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Effect of B7C in a high CORT animal model 

 

The present study demonstrated a positive effect of B7C on behavior and neurogenesis. 

Treatment with B7C and Fluox reverted the reduced weight gain induced by CORT 

treatment as observed in the CORT + B7C and CORT + Fluox groups. Conversely, 

treatment with B7C and Fluox did not revert the reduced adrenal gland weight induced 

by the exogenous administration of CORT. Previous studies have demonstrated 

weight loss induced by chronic administration of CORT in rats (Brummelte et al., 

2010; Lebedeva et al., 2017). Additionally, decreased adrenal gland weight has been 

reported as a result of CORT treatment (Qiu et al., 2007). The results observed in the 

present study agree with the reported effect of chronic administration of high CORT. 

High levels of endogenous glucocorticoids cause reduction in the adrenal gland 

weight as a result of negative feedback of the HPA axis, which is a physiological 

mechanism that regulates the stress response (Kott et al., 2016). The present study 

demonstrated that co-treatment with either B7C or Fluox increased the adrenal gland 

weight reverting the CORT-induced low adrenal gland weight.  

 

The FST is a behavioral tool used to evaluate depression-like behavior. Previous 

evidence suggests that CORT treatment significantly increased the immobility time in 

the FST, thereby indicating increased depression-like behavior (Gregus et al., 2005; 

Marks et al., 2009). The evidence of the present study showed that treatment with 

Fluox reverted the CORT-induced depression like behavior as observed in the CORT 

+ Fluox group. Previous studies have demonstrated the alleviation of depression-like 

behavior by Fluox treatment (David et al., 2009; Sah et al., 2012). Although the CORT 

+ B7C treated group showed decreased time immobile in the FST, it was not 
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significantly lower than the CORT group. However, the immobility time was much 

lower than the immobile time in the CORT group.  

 

Chronic administration of CORT led to decreased number of positive social 

interactions in the SIT as previously reported (Sánchez-Vidaña et al., 2016). The 

findings of the present study agree with the CORT decreased number of positive social 

interactions. Interestingly, a significantly higher number of positive social interactions 

was observed in the CORT + B7C and CORT + Fluox groups demonstrating a 

restorative effect on anxiety-like behavior by B7C and Fluox. Previous studies have 

demonstrated the positive effect of Fluox on anxiety-like behavior in the SIT. For 

instance, treatment with fluoxetine has been found to increase the positive behavior 

to approach other animals, number of grooming (Young et al., 2014) and a higher 

number of positive social interactions (Iñiguez et al., 2014). The restorative effect of 

fluoxetine and B7C against the anxiogenic effect induced by CORT in the SIT 

demonstrates the positive effect of B7C on mood which is comparable to the effect of 

the antidepressant fluoxetine. 

 

Treatment with fluoxetine reverted the suppressed number of BrdU positive cells 

induced by CORT treatment as observed in the CORT + Fluox group. In previous 

studies, it has been demonstrated that fluoxetine increases the number of BrdU 

positive cells in the hippocampus (Malberg et al., 2000; Imoto et al., 2015). Also, 

previous studies showed that fluoxetine reverted the decreased number of BrdU 

positive cells in high dose corticosterone models (David et al., 2009) and in induced 

stress models (McEwen et al., 2001). Similarly, as the positive effect of fluoxetine 

observed in the CORT + Fluox group, B7C reverted the number of BrdU positive cells 



  
 

190 
 

in the CORT + B7C group. The results suggest that the positive behavioral effects 

observed in the CORT + B7C group might be mediated by increased neurogenesis 

induced by B7C. A previous study evaluated the effect of B7C on the number of BrdU 

cells in chronic cerebral ischemia model (Shu et al., 2012). The authors concluded 

that treatment with 0.2 mg/kg B7C for 14 days increased the number of BrdU positive 

cells (Shu et al., 2012) which agrees with the results observed in the dose-dependent 

experiment of the present study. Therefore, the present study provides further 

evidence on the neurogenic effect of B7C. Also, B7C has clearly demonstrated a 

restorative effect on the suppressed number of BrdU positive cells induced by CORT 

treatment. 

 

BDNF is a key player in the regulation of adult neurogenesis (Zhao et al., 2008a; 

Calabrese et al., 2009) which has a clear role in depression (Taupin, 2006; Marais et 

al., 2009; Lang and Borgwardt, 2013; Gersner et al., 2014; Chen et al., 2015a). BDNF 

expression in the brain has been found to have a correlation with the BDNF levels in 

serum. However, no significant difference was observed in the BDNF levels in serum 

among all the treatment groups in the present study. However, treatment with B7C 

alone showed increased levels of oxytocin in serum, making the possible involvement 

of oxytocin in the positive effect of B7C on behavior and neurogenesis worthy of 

future exploration. However, a significantly lower concentration of oxytocin in serum 

was observed in the CORT + B7C group. The results observed indicate the possible 

regulation of oxytocin mediated by B7C. However, the evidence observed in the 

present study does not allow a clear interpretation of how the B7C regulatory 

mechanism on circulating oxytocin level occurs. Therefore, further investigation to 

establish the relationship between oxytocin and B7C is required.  
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The CORT concentration in the serum of the CORT group was low and this was 

expected due to the CORT-induced negative feedback in the HPA axis (Scherer et al., 

2011). Exogenous administration of glucocorticoid leads to suppression of the HPA 

axis activity which can last several hours and it is reversible at low doses of 

glucocorticoid (Andrews et al., 2012). In the present study, the exogenous 

administration of CORT was stopped 2-3 days before taking the serum sample. Due 

to the suppression of the secretion of endogenous CORT as a result of the chronic 

CORT administration, the CORT level was low in the CORT group at the time the 

serum sample was taken which explains the results observed. Interestingly, the CORT 

+ Fluox group showed a less pronounced negative feedback effect on the CORT levels 

as shown when comparing the CORT level of the co-treated group with the control 

group.   

 

6.5. Conclusions 

The present study is the first study to evaluate the effect of B7C on depression and 

anxiety-like behavior and neurogenesis in a high CORT animal model. Treatment 

with B7C showed improvement in the CORT-induced anxiety-like behavior and 

decreased neurogenesis. The evidence of the present study supports further 

investigation of B7C on mood and the molecular mechanism underlying its effect.  
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CHAPTER 7 
A STUDY OF THE MOLECULAR MECHANISM OF 

LEO AND B7C IN VITRO 

 

 

 



  
 

193 
 

Abstract 

Background: Protection against glucocorticoid-mediated effects on mood and brain 

is a promising approach in the development of treatment options for depression. The 

synthetic drug B7C has been demonstrated to be a valuable multi-target drug in the 

treatment of neurodegenerative disorders. Lavender essential oil (LEO) is a 

commonly used essential oil in aromatherapy and has been found to have a positive 

antidepressant effect in animal and clinical studies.  

Aims: To evaluate the protective effect of LEO and B7C in a corticosterone-induced 

cytotoxicity model in PC12 cells and to investigate the molecular mechanism 

underlying their effect. 

Materials and methods: Two sets of experiments were carried out (1) to determine 

the dose-dependent effect of LEO and B7C on cell proliferation and (2) to evaluate 

the effect of LEO and B7C on the PI3K/Akt/mTOR and MAPK/ERK signaling 

pathways. The MTS assay was used to measure cell proliferation in PC12 cells. 

Corticosterone (CORT) was used to induce cytotoxicity and fluoxetine was used as 

cell proliferation positive control. The inhibitors LY294002 and U0126 were used to 

block the PI3K/Akt/mTOR and MAPK/ERK signaling pathways respectively. 

Results: LEO and B7C at a concentration increased cell proliferation. LEO and B7C 

reverted the inhibited CORT-induced reduction in cell proliferation. The protective 

effect of LEO and B7C was blocked by inhibiting the PI3K/Akt/mTOR and 

MAPK/ERK signaling pathways. 

Conclusions: LEO and B7C showed a protective effect against CORT-induced cell 

toxicity. Also, regulation of the PI3K/Akt/mTOR and MAPK/ERK signaling 

pathways was identified as the mechanism involved in the cell proliferation effect of 

LEO and B7C.  
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7.1. Introduction 

 

Increased levels of endogenous glucocorticoids are observed as a result of stress 

(Anacker et al., 2013). Cortisol in humans and corticosterone (CORT) in rodents are 

glucocorticoids that act as end-point mediators of the HPA axis activation (Waters 

and McCormick, 2011). Chronic stress leads to hyperactivity of the HPA axis that 

causes abnormal high levels of glucocorticoids (Numakawa et al., 2017). 

Hyperactivity of the HPA axis has been linked to disorders such as anorexia nervosa, 

post-traumatic stress disorder and depression (Gao et al., 2009).  Increased levels of 

circulating glucocorticoids have been shown to decrease neurogenesis in the adult 

brain (Anacker et al., 2013). Alterations in neurogenesis in the hippocampus caused 

by high glucocorticoid levels have been suggested to the pathogenesis of depression 

(Anacker et al., 2013). Therefore, exploring the effect and molecular mechanisms of 

potential therapeutic alternatives that could offer protection against the 

glucocorticoid-mediated effects on mood and brain is a promising approach.  

 

Lavender essential oil (LEO) has shown anxiolytic and antidepressant properties and 

is a promising option for the treatment of depression (Wu and James, 2011; Perry et 

al., 2012; Sánchez-Vidaña et al., 2017). Although the effect of LEO to decrease 

depressive symptoms has been explored in animal and clinical studies, the molecular 

mechanism underlying its effect is unknown. Bis-7 cognitin (B7C) is a synthetic 

tacrine-based dimer extensively studied for over 20 years for its promising effect in 

the treatment of Alzheimer’s disease (Ros et al., 2001). B7C exerts a potent inhibitory 

effect on AChE (Li et al., 1999; Wang et al., 1999a; Ros et al., 2001; Hu et al., 2002, 

2015b; Fu et al., 2006; Yu et al., 2008; Bolognesi et al., 2010; Rizzo et al., 2011; 
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Mutunga et al., 2013; Lopes et al., 2017) and it has been demonstrated to act on several 

targets of great importance for the treatment of neurodegenerative disorders including 

the GABA receptor (Li et al., 1999, 2007a; Zhou et al., 2009), the NMDA receptor 

(Bai-fang et al., 2001; Li et al., 2005, 2007b; Luo et al., 2007; Liu et al., 2008b; Zhang 

et al., 2011; Liu and Li, 2012) and the BACE-1 enzyme. Despite the extensive study 

of B7C on targets relevant in neurodegenerative disorders, its potential effect on 

depression and molecular mechanism has not been explored.  

 

The family of mitogen-activated protein kinases (MAPKs) is an important mediator 

in the transduction of signals form the membrane to the cell nucleus (Gao et al., 2009). 

Also, the MAPK family is important for the maintenance of homeostasis under stress 

conditions (Gao et al., 2009).  The downstream signaling cascades in MAPK include 

the extracellular signal-related kinases (ERK1/2), Jun amino terminal kinases 

(JNK1/2/3), P38-MAPK and the ERK5 (Sun et al., 2015). Particularly, the 

MAPK/ERK pathway is critical for cell proliferation and differentiation and 

activation of this signaling pathway by phosphorylation of ERK1/2 leads to 

modulation of gene expression, mitosis and apoptosis (Gao et al., 2009). 

 

The phosphoinositide kinase (PI3K)/ protein kinase B (Akt)/ mTOR pathway is an 

important signaling mechanism involved in cell fate by modulation of cell 

proliferation, cell differentiation and apoptosis (Kotasová et al., 2012; Devesa et al., 

2014). The direction of the effect mediated by this pathway is regulated by the 

interaction with downstream substrates of Akt linked to other signaling pathways 

(Kotasová et al., 2012). Phosphorylation of Akt activates the phosphoinositide 

dependent kinase-1 that targets intracellular mediators such as mTOR that regulates 
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cell proliferation and survival (Devesa et al., 2014). The PI3K/Akt signaling pathway 

has been shown to be relevant in the pathology of depression and its association with 

neuronal inflammation where the PI3K/Akt pathway seems to regulate key 

inflammatory cytokines (Kitagishi et al., 2012). The relevance of the 

PI3K/Akt/mTOR pathway in depression is also due to the relationship with serotonin. 

Serotonin activates G-protein-coupled receptors that in turn activate the  

PI3K/Akt/mTOR signaling cascade which is similar to the activation mediated by 

VEGF signaling (Kitagishi et al., 2012). Previous findings have also shown that 

inhibition of Akt phosphorylation increased the number of apoptotic cells (Devesa et 

al., 2014), thereby adding value to the relevance of studying this signaling pathway 

when developing new treatment options for depression. Also, upregulation of 

expression of phosphorylated Akt by the antidepressant fluoxetine that promotes 

neurogenesis and improves cell survival demonstrates the important of the regulation 

of the PI3K/Akt signaling pathway in the pathophysiology of depression (Kitagishi et 

al., 2012).  

 

Therefore, the aim of this study is to evaluate the neuroprotective effect of LEO and 

B7C on PC12 cells exposed to CORT and to evaluate whether the PI3K/Akt/mTOR 

and MAPK/ERK signaling pathway might be implicated.  
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7.2. Methods 

 

Cell culture  

PC12 rat pheochromocytoma cells show typical characteristics of neurons and express 

high levels of glucocorticoid receptors (Gao et al., 2009). Therefore, this cell line was 

chosen to study the effect of LEO and B7C on cell proliferation in an in vitro model 

involving treatment with corticosterone. PC12 cells were provided by the research 

group of Professor Yi-Fan Han based at the Department of Applied Biology and 

Chemical Technology of The Hong Kong Polytechnic University. Cells were cultured 

in DMEM (Gibco) supplemented with 10% FBS (Gibco) and 100U/ml 

streptomycin/penicillin (Gibco). Cells were incubated at 37C with 5% CO2 

humidified atmosphere. Trypsin (Gibco) was used to detach the cells from the bottom 

of the culture vessel and they were sub-cultured twice a week using a 1:10 split ratio. 

Cells were seeded in 96 well plates at a cell density of 1x105 c/ml (100µl cell 

suspension per well) in phenol red free DMEM (Gibco) supplemented with 10% FBS 

and 100 U/ml streptomycin/penicillin (Gibco) and incubated for 24h before treatment.  

 

Drugs 

The LEO was purchased from DK aromatherapy and extracted from flower tops of 

Lavandula aungustifolia Mill. (syn. Lavandula officinalis Chaix). B7C was 

synthesized at the Department of Applied Biology and Chemical Technology of The 

Hong Kong Polytechnic University by Professor Yi-Fan Han’s research team as 

previously described (Wang et al., 1999). Corticosterone was obtained from Sigma 

Aldrich and fluoxetine was obtained from USP reference standard. The PI3K inhibitor 

LY294002 (10 mM) and the MAPK inhibitor U0126 (100 mM) were purchased from 
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Calbiochem. Stock solutions were prepared as follows: 3 mM B7C stock solution in 

water, 30 mM CORT stock solution in ethanol, and 0.1 mM fluoxetine in water.  

 

Treatment and cell proliferation assay 

Experiment 1: Dose-dependent effect on cell proliferation 

In order to identify the concentration of LEO and B7C that increased cell proliferation, 

cells were treated with 0.05, 0.1, 0.5, 1 and 5 µl/ml LEO and 0.1, 0.3, 0.5, 1 and 5 µM 

B7C. Several studies have reported a decrease in cell proliferation induced by CORT 

treatment in vitro (Mirescu and Gould, 2006; Lau et al., 2012). Therefore, different 

concentrations of corticosterone (CORT) were evaluated (1, 2 and 10 µM) to identify 

the optimal concentration of CORT that decreased cell proliferation. Finally, cells 

were treated with 1 µM fluoxetine (Fluox) as cell proliferation positive control 

(Pariante et al., 2003; Sousa-Ferreira et al., 2014). Cells were rinsed with 0.01M PBS 

before adding the treatments. Cells proliferation was measured by MTS assay (MTS 

Cell Proliferation Colorimetric Assay Kit, BioVision) 48h after incubation with the 

treatments. All the treatments (n = 6 per treatment) were prepared in phenol red free 

DMEM supplemented with 10% FBS and 100 U/ml streptomycin/penicillin. Medium 

was used as negative control (NC).  

 

Experiment 2: Signaling pathway experiment 

In order to identity the potential signaling pathways involved in the cell proliferation 

effect of LEO and B7C, cell proliferation was measured after 48h treatment with 

LY294002 (a potent PI3K/Akt/mTOR signaling pathway inhibitor) and U0126 (a 

potent MAPK/ERK signaling pathway inhibitor). The inhibitors LY294002 and 

U0126 were used at a concentration of 50 µM and 100 µM respectively based on 

previous studies (Fujiwara et al., 2008; Gu et al., 2013; Hossain et al., 2017). Briefly, 

the treatments involving LEO were prepared as follows: 0.05µl/ml LEO, 1µM Fluox, 
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1 µM CORT, 1µCORT + 0.05 µl/ml LEO, 1 µM CORT + 1 µM Fluox, 50 µM 

LY294002, 100 µM U0126, 50 µM LY294002 + 0.05 µl/ml LEO, 50µM LY294002 

+ 1µM Fluox, 100µM U0126 + 0.05 µl/ml LEO and 100 µM U0126 + 1 µM Fluox. 

The treatments involving B7C were prepared as follows: 0.3 µM B7C, 1 µM Fluox, 

1 µM CORT, 1µ CORT + 0.3 µM B7C, 1 µM CORT + 1 µM Fluox, 50 µM LY294002, 

100 µM U0126, 50 µM LY294002 + 0.3 µM B7C, 50 µM LY294002 + 1 µM Fluox, 

100 µM U0126 + 0.3 µM B7C and 100 µM U0126 + 1 µM Fluox. Cells were rinsed 

with 0.01 M PBS before adding the treatments. Cells proliferation was measured by 

MTS assay (MTS Cell Proliferation Colorimetric Assay Kit, BioVision) 48h after 

incubation with the treatments. All the treatments (n = 6 per treatment) were prepared 

in phenol red free DMEM supplemented with 10% FBS and 100 U/ml 

streptomycin/penicillin. Medium was used as NC.  

 

Statistical analysis 

Cell proliferation results were expressed as Meam+SEM of three independent 

experiments. The statistical analysis was carried out using the SPSS software (version 

13.0). One-way ANOVA with Tukey posthoc test was used when the data to be 

analyzed met the criteria of homogeneity and equal variance. In the event that either 

the assumptions of normality, checked by Shapiro-Wilks test, or homogeneity of 

variance, checked by Levene’s test, were not met, the non-parametric tests Kruskal-

Wallis and Mann-Whitney U were used. Significant difference was determined using 

a p-value < 0.05. 

 

7.3. Results 

 

Effect of LEO on cell proliferation and identification of the signaling pathways 

The dose-dependent effect of LEO on cell proliferation is shown in Figure 37. 

Treatment with CORT at all the concentration tested decreased cell proliferation. LEO 

at a concentration of 0.05 µl/ml showed increased cell proliferation comparable to the 
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one induced by treatment with 1 µM Fluox. LEO at 0.05 and 0.1 µl/ml increased cell 

proliferation. LEO at a concentration of 0.5 µl/ml decreased cell proliferation at a 

similar degree as CORT while higher concentrations of LEO clearly showed a 

cytotoxic effect. Based on the results from the dose-dependent experiment, LEO at 

0.05 µl/ml was used in the signaling pathway experiment.  

 

 

Figure 37. Dose-dependent effect of LEO on cell proliferation. *p < 0.05, **p < 

0.01, and ***p < 0.001 when compared to the control group. 

 

The inhibitors, LY294002 and U0126, were used to block the PI3K/Akt/mTOR and 

MAPK/ERK signaling pathways respectively in order to identify whether the cell 

proliferation effect of LEO is the result of its activity on any of those pathways. The 

results of the signaling pathway experiment on LEO is shown in Figure 38. Treatment 

with CORT decreased cell proliferation while treatment with LEO and Fluox alone 

increased cell proliferation. Interestingly, treatment with LEO and CORT together 

reverted the decreased cell proliferation induced by CORT treatment alone (p = 000). 

Similar results were observed in the CORT + Fluox group (p = 000). No change in 

the decreased cell proliferation induced by LY294002 and U0126 was observed when 

treated with LEO and Fluox. This indicates that both LEO and Fluox act on both 
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signaling pathways. The findings demonstrated that LEO reverted the inhibited cell 

proliferation induced by CORT at a concentration of 0.05 µl/ml. Also, the protective 

effect of LEO is blocked by the inhibition of the PI3K/Akt/mTOR and MAPK/ERK 

signaling pathways, indicating that both pathways may be involved in the molecular 

mechanism of LEO to stimulate cell proliferation.   

 

 

Figure 38. Effect of LEO on PI3K/Akt/mTOR and MAPK/ERK signaling 

pathways. *p < 0.05, **p < 0.01, and ***p < 0.001 when compared to the control 

group; b p < 0.05 when compared to the CORT group; c p < 0.05 when compared to 

the LY294002 group. 

 

 

 

Effect of B7C on cell proliferation and identification of the signaling pathways 

The dose-dependent effect of B7C on cell proliferation is presented in Figure 39. 

Treatment with 1µM CORT decreased cell proliferation while CORT at 2 and 10 µM 

did not show any inhibitory effect on cell proliferation. As 1 µM CORT showed 

inhibitory effect on cell proliferation, this concentration was used in the signaling 

pathway experiment. Conversely, treatment with 1 µM Fluox significantly increased 
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cell proliferation when compared with the NC group. Also, 0.1, 0.3 and 0.5 µM B7C 

stimulated cell proliferation while 1 µM B7C showed no effect and 5 µM B7C had an 

inhibitory effect on cell proliferation. Therefore, B7C at a concentration of 0.1 µM 

was used in the signaling pathway study. 

  

 

Figure 39. Dose-dependent effect of B7C on cell proliferation. *p < 0.05, **p < 

0.01, and ***p < 0.001 when compared to the control group 

 

The PI3K/Akt/mTOR and MAPK/ERK signaling pathways were inhibited using the 

inhibitors LY294002 and U0126 to block each pathway respectively and identity 

whether B7C acted on any of those pathways. The findings of the signaling pathway 

experiment are presented in Figure 40. As previously observed, treatment with 1 µM 

CORT decreased cell proliferation while treatment with 0.1 µM B7C and Fluox alone 

showed an opposite effect on cell proliferation. Although the CORT-B7C and CORT-

Fluox groups showed decreased cell proliferation levels when compared with the NC, 

a protective effect could be observed.  The reduced cell proliferation induced by 

CORT treatment was reverted by B7C (p = 0.031), but not by Fluox (p = 0.059). 

Treatment with Fluox showed a tendency to increase cell proliferation in the cotreated 

group, although it was not significantly different when compared with the CORT 
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group (p = 0.059). Treatment with LY294002 blocked the cell proliferation effect of 

B7C and Fluox and a similar effect was observed when using the U0126 in 

combination with B7C and Fluox.  The results showed that B7C reverted the toxic 

effect of CORT. Also, blockade of the PI3K/Akt/mTOR and MAPK/ERK signaling 

pathways inhibited the neuroprotective effect of B7C, indicting the involvement of 

those pathways as underlying mechanisms of the effect of B7C.  

 

 

Figure 40. Effect of B7C on PI3K/Akt/mTOR and MAPK/ERK signaling 

pathways. *p < 0.05, **p < 0.01, and ***p < 0.001 when compared to the control 

group; b p < 0.05 when compared to the CORT group; c p < 0.05 when compared to 

the LY294002 group. 

 

7.4. Discussion 

 

PC12 cells have been used as a cell-based experimental model for depression since 

high levels of glucocorticoids lead to cellular damage (Gao et al., 2009; Wang et al., 

2013). Also, classical antidepressants have been demonstrated as having 

neuroprotective effect on cytotoxicity in PC12 cells. Therefore, CORT-induced 

cytotoxicity in PC12 cells is not only used to screen drugs with neuroprotective 
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actions but also to explore the potential molecular mechanisms involved (Wang et al., 

2013).  

 

Previous studies have demonstrated a positive effect of LEO to decrease depression-

like behavior in vivo (Seol et al., 2010; Guzmán-Gutiérrez et al., 2012; Coelho et al., 

2013). However, the molecular mechanism behind the antidepressant effect of LEO 

has not been fully explored. Chronic stress is one of the most significant factors that 

increase the susceptibility to develop depressive symptoms (Duman et al., 2016). In 

rodents, high levels of corticosterone lead to neuronal atrophy in the hippocampus and 

inhibit cell proliferation in the adult dentate gyrus (Yu et al., 2004). Increased 

neurogenesis has demonstrated a positive effect on depression-like behavior (Apple 

et al., 2016) while high glucocorticoid levels result in aberrant functioning of the 

hippocampus (Berton and Nestler, 2006; Lee et al., 2010) thereby leading to 

depressive symptoms. Hippocampus malfunctioning has been associated with some 

of the symptoms observed in depression such as cognitive impairment, memory 

deficits and anhedonia (MacQueen and Frodl, 2011). Therefore, using CORT-based 

screening models of potential treatment options for depression appears to be a useful 

tool. 

 

The present study is the first of its kind evaluating the effect of LEO and B7C in vitro 

to elucidate their effect on cell proliferation and to study the molecular mechanism 

underlying their effect. The results of the present study showed that LEO at 

concentrations of 0.05 and 0.1 µl/ml LEO and B7C at 0.1, 0.3 and 0.5 µM stimulated 

cell proliferation. A previous study showed the neuroprotective effect of LEO against 

hydrogen peroxide toxicity in SK-SY5Y cells (López et al., 2017). The findings of 
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López et al. (2017) and the results of the current study, thus, support the 

neuroprotective properties of LEO. A very important finding in the present study is 

the restorative effect of LEO observed in cells co-treated with CORT + LEO at a 

concentration of 0.05 µl/ml LEO. Fluox at a concentration of 1 µM also showed 

neuroprotective effects as observed in the cells treated with CORT+ Fluox. Further, 

the results of the study demonstrate the neuroprotective effect of LEO against CORT-

induced decreased cell proliferation which is comparable to the neuroprotective effect 

of the antidepressant Fluox. In previous studies, the neuroprotective effect of B7C has 

been explored. For instance, B7C inhibited the glutamate-induced cell death in retinal 

ganglion cells (Fang et al., 2010) and cerebellar ganglion neurons (Fu et al., 2007). 

Also, B7C showed protective effect against H2O2-induced cell toxicity in PC12 cells 

(Xiao et al., 2000). The cell proliferation effect of B7C in a CORT-induced decreased 

cell proliferation in vitro model was explored for the first time in the present study. 

The findings suggest that treatment with 0.1 µM B7C protected the cells against the 

CORT-induced reduction in cell proliferation. 

 

Previous evidence demonstrated the inhibition of cell proliferation caused by CORT 

in a dose-dependent manner in rat hippocampal progenitors cells (Yu et al., 2004). 

Another study demonstrated the CORT-induced decreased cell proliferation in PC12 

cells which was reverted after treatment with Fluox (Zeng et al., 2016). Additional 

evidence also showed the neuroprotective effect of the antidepressant venlafaxine 

against CORT-induced decreased cell proliferation in PC12 cells (Wang et al., 2013). 

Taken altogether, the effects of LEO and B7C demonstrate their promising 

neuroprotective action.  
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The molecular mechanism underlying the cell proliferation effect of LEO and B7C 

was also explored.  The results of the present study showed that the protective effects 

of LEO and B7C were blocked by the inhibition of the PI3K/Akt/mTOR and 

MAPK/ERK signaling pathways. The findings indicate that both pathways may be 

involved in the molecular mechanism of both LEO and B7C to stimulate cell 

proliferation. 

 

The cell proliferation effects of LEO, B7C and Fluox observed in the present study 

were greatly attenuated by the inhibitor LY294002, indicating the involvement of the 

PI3K/Akt pathway. The PI3K/Akt pathway is responsible for cell survival and 

activation of Akt by Fluox has been previously implicated in the neuroprotective 

effect of Fluox against CORT-induced decreased cell proliferation (Zeng et al., 2016). 

Inhibition of Akt phosphorylation has been demonstrated to increase the number of 

apoptotic cells (Devesa et al., 2014). The decreased cell proliferation caused by the 

LY249002-mediated inhibition of Akt phosphorylation was not reverted by treatment 

with LEO or B7C. This indicates that LEO and B7C may activate the PI3K/Akt 

pathway to stimulate cell proliferation.  

 

It is well established that degenerating neurons showed activation of the MAPK/ERK 

pathway indicating the relationship between activation of the MAPK/ERK pathway 

and induced decreased cell proliferation (Gao et al., 2009). Previous evidence has 

demonstrated that CORT increased the levels of ERK1/2 phosphorylation and 

inhibition of the CORT-induced ERK1/2 phosphorylation resulted in neuroprotection 

of PC12 cells (Gao et al., 2009). U0126 is a highly specific inhibitor of the 

MAPK/ERK signaling pathway by blocking the phosphorylation of ERK (Devesa et 
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al., 2014). The results of the present study showed that the cell proliferation effects of 

LEO, B7C and Fluox were blocked by the inhibition of the MAPK/ERK signaling 

pathway.  

 

7.5. Conclusions 

 

The present study pioneers the exploration of the effect of both LEO and B7C on cell 

proliferation in a CORT-induced reduction in cell proliferation in the in vitro model. 

Both Leo and B7C stimulated cell proliferation and reverted the CORT-induced 

reduction in cell proliferation. Furthermore, the findings of the present study indicate 

that the mechanism underlying the cell proliferation effects of LEO and B7C involves 

the regulation of the PI3K/Akt and MAPK/ERK signaling pathways. LEO and B7C 

have been demonstrated as having promising effects, thereby supporting the need for 

their further investigation as potential treatment options for depression.  
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CHAPTER 8 
The content of his chapter was published in Neuroscience. 

REPEATED TREATMENT WITH OXYTOCIN 

PROMOTES HIPPOCAMPAL CELL PROLIFERATION, 

AND DENDRITIC MATURATION AND AFFECTS 

SOCIO-EMOTIONAL BEHAVIOR 

Sánchez-Vidaña DI, Chan JN-M, Chan AHL, Hui KKY, Lee S, Chan H-YH, Law YS, 

Sze MY, Tsui W-CS, Fung TKH, Lau BW-M, Lai CYY (2016). Neuroscience 

333:65–77. 
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Abstract 

Background: Adult neurogenesis is regulated by rewarding social behavior such as 

positive social interactions and sexual behaviors. Oxytocin is a hormone secreted 

during social or sexual behavior. Oxytocin plays a critical role in establishing social 

bonding and modulating of emotional distress. Although the acute effect of oxytocin 

has been previously studied, more research is required on the effect of oxytocin on 

behavior after repeated treatment. 

Aims: The aim of this chapter was to evaluate the effect of repeated administration of 

oxytocin treatment on socio-emotional behavior, hippocampal cell proliferation, and 

dendritic maturation of new born neurons. 

Materials and methods: Adult male Sprague-Dawley rats, either received vehicle or 

high dose corticosterone treatment, were administered with either vehicle or oxytocin 

(1 mg/kg) for 14 consecutive days. Behavioral tests were then carried out. Brains were 

dissected after perfusion of the animals and the immunohistochemistry assay was 

carried out to evaluate cell proliferation and differentiation.  

Results: Treatment with oxytocin increased social behavior and reduced both 

depression- and anxiety-like behavior. Cell proliferation, differentiation and the 

dendritic complexity of new-born neurons in the hippocampus increased after 

oxytocin treatment. Oxytocin reversed the corticosterone-induced depression and 

anxiety-like behavior. Oxytocin reverted the reduced cell proliferation and reduced 

dendritic complexity induced by corticosterone. 

Conclusions: Treatment with oxytocin enhanced positive emotional and social 

behaviors. Oxytocin promoted cell proliferation and differentiation. The findings 

suggest that treatment with oxytocin has potential therapeutic effect for the treatment 

of emotional and social dysfunction. 
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8.1. Introduction 

 

Oxytocin (OXT) is a hormone released at central and peripheral levels as a result of 

rewarding social stimulation, including positive social interactions, sex, and suckling  

(McNeilly and Ducker, 1972). Oxytocin is synthesized in the hypothalamic supraoptic 

and paraventricular nuclei; it is then released into the bloodstream through the 

connections within the hypothalamus and other limbic regions (Neumann and 

Landgraf, 2012). Oxytocin strongly regulates social and emotional behaviors. For 

example, administration of oxytocin has a positive effect on social attachment and an 

anxiolytic effect on human that may confer protection against the negative 

consequence of stress. Therefore, oxytocin represents a potential therapeutic option in 

emotion-related disorders (Landgraf and Neumann, 2004; Leuner et al., 2012). 

Despite the significant role of oxytocin in the regulation of social and emotional 

behavior, the exact mechanism of action is still unknown. 

 

Adult neurogenesis is a complex process regulated by internal and external 

environmental factors that intervene at different stages of the process such as cell 

proliferation, migration, differentiation and integration into the existing neural 

circuitry (Ming and Song, 2005; Song et al., 2012). Neurogenesis occurs in limited 

regions of the brain including the subgranular zone of the dentate gyrus in the 

hippocampus and the subventricular zone (SVZ) (Song et al., 2012). Previous research 

has demonstrated the importance of neurogenesis in the regulation of learning, sexual 

and social behaviors (Leuner et al., 2006; Deng et al., 2010).  
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Since it has been shown that both neurogenesis and oxytocin intervene in the 

regulation of social and emotional behaviors, an interaction between the two processes 

to regulate socio-emotional behavior might be possible. There is evidence to the effect 

that the administration of oxytocin for 7 consecutive days increased cell proliferation 

in the hippocampus under induced stress (Leuner et al., 2012).  

 

In the present study, the effect of oxytocin on behavior and cell proliferation was 

evaluated. Also, the effect of oxytocin on behavior and neurogenesis in a high-

corticosterone animal model (Gregus et al., 2005; Brummelte et al., 2006) was 

examined.  

 

8.2. Materials and methods 

 

Animals  

Adult male Sprague-Dawley rats (31 rats) weighing 200 to 220 g were housed in pairs 

in polycarbonate cages and fed ad libitum. The room was given a 12-hour alternating 

light-dark cycle and the temperature was kept between 23 and 25°C. The housing and 

experimental procedures were approved by the Animal Subject Ethnics Sub-

Committee of the Hong Kong Polytechnic University.  

 

Experimental design 

Experiment 1 

The animals were randomly assigned into 2 groups (n= 6 rats/group): (1) the control 

group which received an i.p. injection of vehicle (saline) and (2) the oxytocin group 

(1 mg/kg/day; Bachem Americas). The dose of oxytocin administered has been 
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demonstrated to stimulate neurogenesis in the hippocampus in previous studies 

(Leuner et al., 2012). The treatment was administered for 14 consecutive days. On 

days 12, 13, and 14, 50 mg/kg/day of BrdU was i.p. injected to label the proliferative 

cells. Behavioral tests were carried out on day 14 and 15 and perfusion was performed 

on day 16.  

 

Experiment 2 

The animals were randomly assigned into three groups (n= 6-7 rats/group): (1) the 

control group (n = 6) received an i.p. injection of vehicle (saline) and a s.c. injection 

of propylene glycol, (2) the corticosterone group (CORT) (n = 7) received a s.c. 

injection of CORT (40 mg/kg) and (3) the CORT + Oxytocin group (n = 6) received 

both a s.c. injection of CORT (40 mg/kg) and an i.p. injection of oxytocin (1 mg/kg). 

The co-administration of oxytocin and CORT was performed around 17:00 every day 

for 14 days. In previous studies, repeated administration of CORT at 40 mg/kg was 

found to reliably induce depressive-like behavior in rats (Kalynchuk et al., 2004; 

Gregus et al., 2005; Brummelte et al., 2006). In addition, a dose of 40 mg/kg CORT 

to reduce cell proliferation in the hippocampus and SVZ (Cameron and Gould, 1994; 

Leuner et al., 2012; So et al., 2012). Behavioral analysis was carried out on day 14 

and 15, followed by transcardial perfusion on day 16.  

 

Behavioral tests 

Forced Swimming Test (FST): The FST was carried out as described in CHAPTER 4. 

 

Open Field Test (OFT): The OFT was carried out as described in CHAPTER 6. 
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Social Interaction Test (SIT): The FST was carried out as described in CHAPTER 4.  

 

Animal perfusion and tissue processing 

On day 16, animal perfusion was carried out as described in CHAPTER 4. Brains and 

serum samples were collected and processed as described in CHAPTER 4.   

 

Immunoperoxidase staining and quantification of BrdU and DCX positive cells 

Immunoperoxidase staining of BrdU and DCX positive cells, quantification of BrdU 

and DCX positive cells were carried out as described in CHAPTER 4. 

 

Immunofluorescence staining of BrdU and DCX positive cells 

Immunofluorescence staining was carried out as previously reported to identify the 

BrdU positive cells which express the DCX marker (Meshi et al., 2006; Ziv et al., 

2006; Lau et al., 2011a). Antigen retrieval was carried out as previously described for 

the immunostaining of BrdU cells mentioned above. Slides were incubated with both 

rat anti-BrdU antibody (1:100, Abcam,) and rabbit anti-DCX antibody (1:300, Cell 

Signaling Technology) overnight at room temperature. Incubation with the secondary 

antibodies goat anti-rat and goat anti-rabbit antibodies (Alexa Fluor 568 and 488 

respectively, 1:200, Life Technologies) was performed for 2 hours at room 

temperature. The fluorescent signal was analyzed under a fluorescence microscope 

Nikon series Eclipse H600L.  

 

Quantification of proliferative cells and immature neurons expressing DCX 

marker 

A StereoInvestigator system (version 11, MBF Bioscience) was used to count the 

number of BrdU positive cells expressing the DCX marker. The DCX positive cells 
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with tertiary dendrites or above order were counted. They were counted using the 40X 

objective. A total of 50 randomly selected BrdU positive cells were screened for the 

presence of the DCX signal by switching the filter on the microscope to detect the 

fluorescence signal corresponding to the DCX label (Meshi et al., 2006). The results 

were expressed as ‘Differentiation Index’ which can be interpreted as the proportion 

of DCX-positive cells over 50 BrdU+ cells (Plümpe et al., 2006; Hattiangady and 

Shetty, 2010; Song et al., 2012). 

 

Dendritic complexity of immature neurons 

Dendritic complexity of immature neurons was carried out as described in CHAPTER 

4.  

 

Biochemical analyses in serum 

The concentration of CORT in serum was carried out in Experiment 2. The 

corticosterone level was determined using a corticosterone ELISA kit following the 

instructions of the manufacturer (Enzo Life Sciences).  

 

Statistical analysis 

Data were analyzed with the SPSS software. Student’s t-test was used to compare the 

difference between the control and oxytocin-treated groups. To compare the three 

treatment groups in Experiment 2, one-way ANOVA was used and followed by Tukey 

post-hoc test. Kruskal-Wallis test followed by Mann-Whitney U post-hoc test was 

carried out in case the assumptions of normality and homogeneity of variance were 

not met. Statistical significance was defined as p < 0.05. All data were presented as 

Mean ± SEM. 
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8.3. Results 

 

Experiment 1 

Behavioral tests 

The FST showed a statistically significant difference between the oxytocin (113.16 s 

± 15.18) and the control group (192.33 s ± 24.43) in the time spent immobile (p = 

0.020, Figure 41 A). The lesser time spent immobile of the oxytocin group is an 

indication of decreased depression-like behavior. The number of positive social 

interactions in the SIT showed a statistically significant difference (p = 0.014, Figure 

41 B) was found between control (11.9 ± 2.3) and the oxytocin group (24.9 ± 3.71). 

A higher number of positive social interactions were observed in the oxytocin group. 

In the oxytocin, the time spent in the center of the arena showed a statistically 

significant difference (p = 0.037, Figure 41 C). The oxytocin group (22.50 ± 3.07) 

showed a longer time spent in the center of the open field when compared with the 

control group (13.83 s ± 1.88), thereby demonstrating the anxiolytic effect of oxytocin 

treatment. In the OFT, a statistically significant difference was observed in the 

distance traveled (p = 0.003, Figure 41 D). A longer distance was travelled by the 

animals in the oxytocin group (27.97 m ± 2.81) when compared with the control group 

(13.98 m ± 1.40). 

 

 

.  
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Figure 41. Results from the forced swimming test, social interaction test, and the 

open field test. (A) Results from the FST showing the time spent floating. (B) Total 

number of positive social interactions in the SIT. (C) Time spent in the center of the 

arena in the OFT. (D) Distance traveled in the OFT. Results are expressed as Mean ± 

SEM. *p < 0.05 and **p < 0.01 when compared to the control group.  
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BrdU and DCX positive cells 

A significant difference was observed in the number of BrdU positive cells between 

the control (6470.33 ± 832.22) and oxytocin group (10496.33 ± 1348.58, p = 0.029, 

Figure 42 A). Also, treatment with oxytocin (11030.75 ± 323.57) increased the 

number of DCX positive cells when compared with the control group (7438.75 ± 

1100.701, p = 0.042, Figure 42 A). No significant difference was observed in the 

proportion of BrdU positive cells with DCX expression (Figure 42 B). There was a 

significant difference between the control and the oxytocin group in the number of 

intersections at various distances from soma (Figure 42 C). A higher number of 

intersections were observed in the DCX positive cells of the oxytocin group. 
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Figure 42. Number of BrdU and DCX positive cells in the hippocampus, number 

of BrdU positive cells with DCX expression, and analysis of the dendritic 

complexity. Abbreviations: Ctr, control; OT, Oxytocin. Figure C was modified from 

(Sánchez-Vidaña et al., 2016) 
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Experiment 2 

Behavioral tests 

Treatment with oxytocin showed antidepressant and anxiolytic effect in the behavioral 

tests in which oxytocin reversed the depression and anxiety caused by high dose 

CORT treatment. The time spent floating showed a statistically significant difference 

among the three groups evaluated in the FST (p = 0.001, Figure 43 A). The total 

floating time in the CORT group (p = 0.002) was significantly higher than the time 

spent floating in the control and the CORT + Oxytocin group (p = 0.007). This 

demonstrates the restorative effect of oxytocin. In the SIT, the CORT showed a lower 

number of positive social interactions than the control group (p = 0.004). On the other 

hand, the CORT+ Oxytocin group showed a higher number of positive social 

interactions when compared with the control group (p = 0.002, Figure 43 B) thereby 

suggesting an improvement of the anxiety-like behavior. In the OFT, a significantly 

longer time spent in the center of the arena was observed in the CORT + Oxytocin 

group when compared with the control and CORT group (p = 0.032, p = 0.027, 

respectively, Figure 43 C). No significant difference was observed between the 

control and the CORT group. Also, no significant difference was observed in the 

distance traveled in OFT (Figure 43 D).  
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Figure 43. Results from the forced swimming test, social interaction test, and the 

open field test. (A) Results from the FST showing the time spent floating. (B) Total 

number of positive social interactions in the SIT. (C) Time spent in the center of the 

arena in the OFT. (D) Distance traveled in the OFT. Results are expressed as Mean ± 

SEM. *p < 0.05, **p < 0.01, and ***p < 0.001 when compared with the control group. 
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DCX positive cells 

A significant difference in the number of DCX cells was observed (p = 0.008, Figure 

44 A). Treatment with CORT significantly reduced the number of DCX-positive cells 

in the hippocampus (p = 0.004). The Sholl analysis of the DCX positive cells showed 

a lower number of intersections in the CORT group when compared with both the 

control and the oxytocin group (Figure 44 B). These findings reveal that oxytocin can 

prevent the suppression of hippocampal cell proliferation caused by corticosterone in 

the hypercortisolemia treatment model. 

 

Figure 44. Number of DCX positive cells in the hippocampus and analysis of the 

dendritic complexity. (A) Number of DCX cells in the hippocampus. (B) Dendritic 
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complexity in the DCX positive cells in the hippocampus. *: p < 0.05 comparison 

between the control and the CORT group; # p < 0.05 Comparison between the control 

and the CORT + Oxytocin group.  

 

Concentration of CORT in serum 

The control group showed high levels of corticosterone when compared with CORT 

and the CORT + Oxytocin group (p = 0.000, Figure 45).  The control and the CORT 

+ Oxytocin showed a statistically significant difference (p = 0.000). Also, a significant 

difference was observed between the control and the CORT group (p = 0.001).  

 

 

Figure 45. Corticosterone level in serum 

 

 

 



  
 

223 
 

8.4. Discussion 

 

The present study evaluated the repeated administration of oxytocin for 14 days. As 

the half-life of oxytocin is 2 minutes in blood and 20 minutes in the cerebrospinal 

fluid in rats the chronic effect of oxytocin was evaluated in the present study (Ludwig 

and Leng, 2006; Leuner et al., 2012). The results revealed that the repeated 

administration of oxytocin significantly stimulated cell proliferation, promoted 

dendritic maturation of newborn neurons and reduced depression- and anxiety-like 

behaviors. Additionally, treatment with oxytocin prevented reduced cell proliferation 

and depression and anxiety-like behaviors induced by the administration of a high 

dose of CORT.  

 

Previous studies reported suppression of the HPA axis after exogenous administration 

of CORT and the same effect was observed in Experiment 2. The negative feedback 

of the HPA axis observed was caused by the long exposure to a high concentration of 

CORT which exceeded the concentration required for physiological homeostasis 

(Young et al., 1995; Andrews et al., 2012). The dendritic complexity of DCX positive 

cells and the improved social interactions observed in the oxytocin treated groups 

were found to be associated. The results observed suggest that oxytocin has 

antidepressant and anxiolytic effect.  

 

Hippocampal cell proliferation was previously reported in a study conducted by 

Leuner et al. (2012). The authors observed an increased cell proliferation in the ventral 

hippocampus after acute or repeated (7 days) administration of oxytocin. The present 

study provides additional information about Leuner et al.’s study, using a different 
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experimental design. For instance, Leuner et al. (2012) did not find any significant 

difference in the number of BrdU positive cells after oxytocin treatment, unlike the 

findings of the present study. This discrepancy can be attributed to the longer 

treatment period of the present study. Treatment with oxytocin, in the present study, 

also showed a stimulating effect on the dendritic complexity of immature neurons. A 

more complex dendritic arborization allows an increased number of possible synaptic 

connections within the molecular layer of the dentate gyrus of the hippocampus (Lau 

et al., 2013). Treatment with CORT suppressed cell proliferation and the dendritic 

growth of immature neurons which was corrected by co-treatment with oxytocin. It is 

well known that stress is a crucial trigger in depression and causes reduction in 

dendritic length and dendritic branching in immature neurons in the hippocampus 

(Sousa et al., 2000; Bessa et al., 2008). It has been suggested by previous studies the 

loss of synaptic stemmed from dendritic degeneration that could lead to behavioral 

abnormalities observed in stressed animals (Sousa et al., 2000). Furthermore, the 

negative effect of stress on dendritic length and complexity can be countered with 

antidepressants such as fluoxetine and imipramine (Lussier et al., 2013). In this regard, 

oxytocin was found in this study having an effect similar to that of antidepressants on 

dendritic complexity as observed when correcting the CORT-induced dendritic 

degeneration. The findings showed that oxytocin stimulated cell proliferation and 

higher dendritic complexity of immature neurons. Furthermore, oxytocin was found 

to be useful in the regulation of emotional and social behaviors, thereby exhibiting a 

positive therapeutic effect in animals with CORT-induced emotional disturbances.  

 

The effect of oxytocin on emotional behaviors in both normal and stressed animals 

was carried out using the FST, OFT and SIT. The effect of oxytocin on social behavior, 
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anxiety and the HPA axis has been previously established (Parker et al., 2010; Ring 

et al., 2010). Also, dysregulation of the levels of oxytocin has been linked to emotional 

distress and impairment in social interactions which are features frequently observed 

in patients with depression (Parker et al., 2010; Yan et al., 2014). In the current study, 

reduction of depression and anxiety-like behaviors was observed after oxytocin 

treatment. The same findings have been reported in previous studies. For example, 

acute and repeated (10 days) treatment with oxytocin at doses of 0.25-1 mg/kg/day 

reduced depression-like behaviors in animals (Arletti and Bertolini, 1987). 

Furthermore, the central (0.3 µg) and systemic (30 mg/kg) administration of oxytocin 

caused a reduction in the time spent immobile in the FST and in the tail suspension 

test, and thus, demonstrating improved depression-like behavior after oxytocin 

treatment (Ring et al., 2010). Acute administration of oxytocin (1 µg/kg) 

demonstrated its antidepressant activity in rats (Nowakowska et al., 2002). In addition, 

Slattery and Neumann (2010a)’s study reported that oxytocin treatment attenuated the 

high anxiety-related behaviors of female rats after 6 days of treatment. The results of 

the present study are in sync with previous studies which support the therapeutic effect 

of oxytocin to alleviate depression and anxiety-like behavior and to increase cell 

proliferation. 

 

On the other hand, some studies have reported conflicting results. For example, Yan 

et al., 2014 evaluated the acute central administration of oxytocin (1, 2 and 4 mg) and 

found improvement in the depression-like behavior in the FST. However, no effect 

was observed in acute peripheral administration of oxytocin in the FST. Similar results 

were reported by Slattery and Neumann, (2010b). The authors found that neither the 
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acute (1µg) nor the chronic (10 ng/h, 6 days) central administration of oxytocin had 

any effect on the time of immobility in the FST.  

 

Although several studies have shown the antidepressant effect of oxytocin, other 

studies did not observe any effect. The conflicting results are an invitation for more 

in-depth exploration of the regulation of the oxytocinergic system in depression-like 

behavior (Rotzinger et al., 2010; Slattery and Neumann, 2010a, 2010b). Also, the 

mechanism of action of oxytocin on both central and peripheral levels should be 

further explored (Slattery and Neumann, 2010b). 

 

Emotion is a pivotal modulator of social behavior (Blair et al., 2004). The aims of the 

SIT are to assess the anxiety-like behavior in a social situation and to assess the 

positive or negative social behaviors. The findings of the present study showed that 

oxytocin stimulated social interaction, confirming previous findings (Witt et al., 1992). 

Interestingly, the dendritic complexity was found to be associated with the display of 

pro-social behaviors and thus the maturation of new neurons may exert a positive 

effect on social interaction. A previous study on female prairie voles showed that 

decreased social interaction could lead to decreased neurogenesis (Lieberwirth et al., 

2012). Although the causal relationship between cell proliferation, dendritic 

maturation and social interaction could not be fully established, it can be suggested 

that neurogenesis may have a reciprocal effect with the positive social behavior 

observed in the present study (Mak et al., 2007; Lau et al., 2011b).  
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8.5. Conclusions 

 

As shown in previous chapters, it was suggested that oxytocin could be a mediator in 

the pro-neurogenic effect of B7C and LEO. Therefore, the present study was carried 

out to evaluate the effect of oxytocin on behavior and neurogenesis alone and in a 

high corticosterone model. The present study has shown that oxytocin has a positive 

effect on depression and anxiety-like behavior, stimulates neurogenesis, and increases 

dendritic complexity in immature neurons. The findings from the present study 

support the therapeutic use of oxytocin for the treatment of mood or social disorders 

(Chen et al., 2015b). However, further research is needed to evaluate the causal 

relationship between neurogenesis, social interaction and emotion.  
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CHAPTER 9 
GENERAL CONCLUSIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Painting by Wei Ho Chan, 2018 (permission to use of the painting in this thesis was 

granted by the artist) 
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The present study is the first of its kind evaluating the effect of LEO and B7C at 

behavioral, cellular and molecular levels, taking neurogenesis as the main 

physiological mechanism investigated. Although the antidepressant effect of LEO has 

been previously studied in clinical studies, in vivo and in vitro, previous research on 

B7C has mainly focused on neurodegenerative disorders. Therefore, this is the first 

study exploring the antidepressant effect of B7C.  

 

9.1. Lavender essential oil 

 

Literature review 

An extensive literature review was carried out in CHAPTER 3 part A to address the 

question “Is aromatherapy effective to reduce depressive symptoms?”. The analysis 

of RCT studies focused on the effect of aromatherapy on depressive symptoms 

demonstrated the promising effect of aromatherapy in alleviating depressive 

symptoms. From the whole variety of essential oils evaluated to study the effect of 

aromatherapy on depressive symptoms in RCTs, LEO was the most frequently used, 

thereby supporting the need for it to be further investigated. Despite the clinical 

evidence supporting the positive effect of aromatherapy on depressive symptoms, 

further investigation is needed as most of the studies included had low scores in the 

quality assessment.  

 

Because of the promising effect of aromatherapy to alleviate depressive symptoms 

found in CHAPTER 3 part A, another systematic review was carried out to address 

the following questions: “Is LEO efficacious in reducing depressive symptoms in 

preclinical and clinical studies? What is the mechanism of action of LEO involved in 
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the reduction of depressive symptoms?”. The systematic review carried out in 

CHAPTER 3 part B was the first of its kind to analyze the preclinical and clinical 

evidence of LEO and some of its most abundant compounds on depressive symptoms. 

The animal studies selected in the systematic review clearly demonstrated the positive 

effect of LEO and linalool to decrease depression-like behavior compared with the 

effect of commercial antidepressants. Furthermore, the systematic review showed that 

the mechanism of action of LEO, linalool and linalyl acetate on relevant targets for 

depression was previously investigated demonstrating promising effects. Despite the 

solid evidence shown in the animal studies included in the systematic review, no 

conclusive evidence was demonstrated in the clinical studies. Therefore, the potential 

antidepressant effect of LEO needs further investigation in clinical settings.  

 

Evaluation of LEO in vivo 

The need to explore the mechanism of action behind LEO antidepressant effect was 

evident from the analysis of the preclinical evidence in CHAPTER 3 part  B. However, 

no studies have explored the effect of LEO in animal models for depression and there 

were no animal studies that had reported on the mechanism of action involved in the 

effect of LEO. Therefore, the study carried out in CHAPTER 4 was the first of its kind 

to address the following questions: “Does LEO decrease depression-like behavior in 

an animal model for depression? Is neurogenesis involved in the antidepressant effect 

of LEO?”. To answer these questions, the effect of LEO on behavior and neurogenesis 

was evaluated in a high corticosterone model in rats. The results demonstrated that 

treatment with LEO decreased the CORT-induced depression like behavior. Also, 

neurogenesis was found to be the physiological progress involved in the 

antidepressant effect of LEO, as treatment with LEO increased the number of positive 
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BrdU cells in the hippocampus and SVZ. Additionally, LEO reverted the CORT-

induced dendritic branching atrophy in DCX positive cells in the hippocampus. The 

overall results of the evaluation of LEO in a high dose-CORT animal model for 

depression demonstrated that LEO is a promising treatment option for the treatment 

of depression as it has positive effects on mood and neurogenesis. Finally, treatment 

with LEO alone increased the concentration of oxytocin in serum. Since oxytocin has 

demonstrated a positive effect on behavior and neurogenesis, further investigation on 

the relationship between LEO and oxytocin should be carried out. 

 

Since oxytocin was found to increase after consecutive exposure to LEO for 14 days, 

an animal experiment was designed to evaluate the effect of oxytocin alone on 

neurogenesis. The present study demonstrated that oxytocin decreased depression-like 

behavior and stimulated positive social interactions. Also, treatment with oxytocin 

increased the number of BrdU and DCX positive cells in the hippocampus. When 

evaluating the effect of oxytocin in a high dose-CORT animal model, oxytocin 

reverted the CORT-induced depression-like behavior and improved the reduced 

number of positive social interactions. Finally, oxytocin reverted the CORT-induced 

decreased dendritic complexity of DCX positive cells in the hippocampus. Taken all 

together, treatment with oxytocin demonstrated a positive effect on mood and 

neurogenesis and it should be considered as a key modulator when evaluating the 

effect of potential treatment options for depression such as LEO.  
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Evaluation of LEO in vitro 

A positive effect on behavior and neurogenesis of LEO was demonstrated in 

CHAPTER 4. Therefore, the following step was to investigate the underlying 

molecular mechanism in vitro to address the question “What is the molecular 

mechanism involved in the cell proliferation effect of LEO?”. In CHAPTER 7, a 

CORT-induced decreased cell proliferation model was set up using PC12 cells. 

Treatment with different concentrations of LEO and Fluox (as cell proliferation 

positive control) allowed the identification of the optimal dose of LEO that increased 

cell proliferation to be used in a signaling pathway experiment. The results from the 

in vitro experiments demonstrated that 0.05 µl/ml LEO reverted the CORT-induced 

decreased cell proliferation. Also, it was demonstrated that the mechanism underlying 

the cell proliferation effects of LEO involved the regulation of the PI3K/Akt and 

MAPK/ERK signaling pathways.  

 

9.2. Recommendations for future research on LEO 

 

In future RCT studies evaluating inhalation aromatherapy, a pre-test that will confirm 

the normal olfactory function should be included. Additionally, a longer exposure 

time and a higher number of sessions should be considered. When evaluating 

aromatherapy massage, at least 8 sessions once or twice per week should be included. 

Also, evaluation of pure single LEO is highly recommended in order to identify the 

essential oil that contributes to the biological effect observed in clinical studies. 

Finally, inclusion of a massage group without aromatherapy would be highly 

recommended when carrying out clinical studies on aromatherapy in order to 

discriminate the effect induced by massage alone from the effect of the LEO.  
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In animal studies, it is recommended that a longer treatment (more than 14 days) is 

used. Also, evaluation of the BDNF and oxytocin levels in the hippocampus could 

contribute to the understanding of the mechanism of action involved when evaluating 

the antidepressant effect of LEO.  

 

9.3. Limitations of the study on LEO 

The main limitation of the study on LEO is that only one dose was evaluated in the 

animal study. Several doses covering a wide range, for example low, medium and 

high dose of LEO, could have been evaluated in a dose-dependent in vivo experiment. 

Furthermore, a group treated with an antidepressant (e.g. fluoxetine) could have been 

included to evaluate the antidepressant effect of LEO in comparison with an 

antidepressant.  

 

9.4. Bis-(7)-cognitin 

 

Literature review 

A large body of evidence on the effect of B7C on neurological disorders was collected 

and analyzed in CHAPTER 5 to address the question “What are the molecular targets 

and mechanism of action of B7C on neurological disorders?”.  A series of molecular 

targets relevant in the pathogenesis of neurological disorders were identified as targets 

of B7C. Therefore, the multi-target properties of B7C were clearly stated in the 

literature review. The analysis of the in vitro and in vivo studies on B7C clearly stated 

the superior activity of B7C when compared with its basic structure tacrine. Also, the 

lack of antidepressant evaluation of B7C was evident which greatly supported the 

novelty of the evaluation of B7C carried out in CHAPTER 6 and CHAPTER 7.  
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Evaluation of B7C in vivo 

The effect of B7C was evaluated in vivo in order to address the following research 

questions: Does B7C improve depression-like and anxiety like behavior? Does B7C 

affect neurogenesis? What is the optimal concentration of B7C that increases 

neurogenesis? Does B7C decrease depression-like behavior and affect neurogenesis 

in an animal model for depression? The study of the behavioral and neurogenic effect 

of B7C was presented in CHAPTER 6. The study was divided into two phases. The 

first phase included a dose-dependent experiment to (1) evaluate whether B7C 

affected neurogenesis and (2) to identify the dose of B7C that showed a positive effect 

on behavior and stimulated neurogenesis. The second phase of this study was to 

evaluate the effect of B7C on rats with CORT-induced depression-like behavior and 

reduced neurogenesis. The experimental design used in the second phase included a 

comparison with the antidepressant Fluox to evaluate whether the effect of B7C was 

equal to or better than the effect of a widely used antidepressant. B7C was found to 

have a positive effect on behavior and neurogenesis. Also, the optimal concentration 

of B7C was 0.3mg/kg which was further evaluated in a high-CORT animal model for 

depression. Treatment with B7C showed improvement in the CORT-induced anxiety-

like behavior and decreased neurogenesis. The evidence of the present study supports 

further investigation of B7C on mood and the molecular mechanism underlying its 

effect. The study carried out in the present project was the first evaluating the effect 

of B7C on behavior and neurogenesis in an animal model for depression and the 

findings of the study support B7C promising multitarget effect that can be highly 

valuable for the treatment of both neurodegenerative and mood disorders.  
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Evaluation of B7C in vitro 

The effect of B7C in a CORT-induced decreased cell proliferation in vitro model was 

discussed in CHAPTER 7. Although the effect of B7C has been extensively studied 

in vitro, no previous study focused on evaluating the effect of B7C in a depression 

model. The findings of the in vitro experiments clearly demonstrated the effect of B7C 

in increasing cell proliferation. Also, B7C showed a restorative effect on cell 

proliferation in a CORT-induced decreased cell proliferation in vitro experiment. 

Finally, the findings of the present study indicate that the mechanism underlying the 

cell proliferation effects of B7C involves the regulation of the PI3K/Akt and 

MAPK/ERK signaling pathways. Therefore, the evidence from the in vitro study 

showed that B7C has demonstrated promising effects, necessitating its further 

investigation as potential treatment option for depression.  

 

9.5. Recommendations for future research on B7C 

Further evaluation of the molecular mechanism underlying the antidepressant effect 

of B7C should be carried out as B7C has clearly showed a positive effect on mood, 

neurogenesis and neuroprotection against CORT-induced decreased cell proliferation. 

Other molecular targets relevant to depression should also be explored. B7C has 

clearly showed to act on a wide variety of targets, therefore, characterization of the 

proteome is highly recommended. The proteome characterization can be done by 

using proteomic analysis to identify the signaling pathways involved in the effect of 

B7C using different cell-based platforms relevant in neurological disorders.  
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9.6. Limitations of the study on B7C 

The main limitation of the study on B7C is that the doses tested in the dose-dependent 

experiment did not cover a wide range to have a better picture of the dose-effect of 

B7C. It would be better to include a low, medium and high dose at least 5x apart from 

each other.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

237 
 

APPENDICES 

APPENDIX 1. Publications arising from the thesis 
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APPENDIX 2. Conference proceedings 

Abstract ID: PP-006 
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APPENDIX 4. Other publications and grants during PhD 

study 

 

Publications 

He WJ, Ngai SPC, Sánchez-Vidaña Dalinda Isabel, Lau BWM, Pang MYC. Impacts 

of Cigarette Smoke on Muscle Derangement: A Systematic Review (co-

author). In preparation 

Ahorsu Kwasi Daniel, Sánchez Vidaña Dalinda Isabel, Shah Parth Bharat, Cruz 

González Pablo, Lipardo Donald, Shende Sachin, Shilpa Gurung, Venkatesan 

Harun, Duongthuothewa Anchalee, Ansari Talha Qasim, Veronika Schoeb. 

De-mythifying mental health taboo: Can an educational program in 

combination with workshops change the perspective towards mental health 

and help-seeking behavior among university students in Hong Kong? In 

preparation 

Lingyi Liao BS, Benson Wui-Man Lau, Dalinda Isabel Sánchez-Vidaña, Qiang 

Gao. Transplantation of Exogenous Neural Stem Cells in the Treatment of 

Cerebral Ischemia. Under review 
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Conference 

Leung Joseph Wai Hin, Lee Jada Chi Di, Chan Jackie Ngai Man, Fung Timothy Kai 

Hang, Chow Jason K.W., Sánchez-Vidaña, D. I., So Kwok-Fai, Lau Benson 

W.M. (2017). An animal model of simulated predator odor exposure: 

Exploring the potential role of neurogenesis in specific phobia extinction. 

Annual Scientific Meeting of the Hong Kong Society of Simulation in 

Healthcare. Hong Kong, 2017.09.09-09.10 (Poster). 

 

GRANTS 

WeCare Fund grant (20,000 HKD) (2017-2018). Grant awarded after obtaining the 

2nd runner up position for “Best Practice Award” of the student-

initiated suicide prevention project “Game of tones: You matter, we 

care” which was implemented at The Hong Kong Polytechnic 

University from July to October 2016. Grant awarded by the Center 

for Suicide Research and Prevention at the University of Hong Kong. 

9th March to continue implementing the project from April 2017 to 

April 2018. Position: Team leader  

WeCare Fund grant (50,000 HKD) (2016). Grant awarded by the Center for Suicide 

Research and Prevention at the University of Hong Kong to run the 

student-initiated suicide prevention project “Game of tones: You 

matter, we care” which was implemented at The Hong Kong 

Polytechnic University from July to October. Position: Team leader  
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