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Daucus Carota oil extract, a chemotherapeutic agent, 

acts as an antidepressant that promotes resilience to 
chronic social defeat stress 

 

Rouba Houbeika 

ABSTRACT 

 Cancer is second leading cause of death worldwide affecting more than 15 

million individuals. Many risk factors play an important role in the development of 

cancer. These alterations give rise to cancerous cells with an ability to grow, divide 

and proliferate indefinitely. Multiple pathways are involved in cancer propagation. 

The survival and spreading of cancerous cells are regulated by the MAPK/ERK and 

PI3K/AKT pathways. Major depressive disorder is a mental illness diagnosed in 

many cancer patients. It is characterized by a decrease in hippocampal size and 

disruption of normal synaptic plasticity. A decrease in the hippocampal p-Akt protein 

levels is observed in depressed subjects. In addition, the MAPK/ERK pathway has 

been extensively studied and targeted for therapies. In addition, a decrease in the 

hippocampal brain derived neurotrophic factor (BDNF) protein level has been 

reported in postmortem human brains of depressed patients. Daucus carota L. ssp. 

Carota commonly known as the wild carrot is grown in Lebanon. It is used as folk 

medicine to treat many diseases such as diabetes mellitusand cancer. β-2-

himachalen-6-ol (HC-6-ol), its major compound, causes a dose-dependent decrease 

in cell viability, induces cell cycle arrest, and promotes apoptosis in cancer cells. In 

this study, we used the chronic social defeat stress model to induce depressive-like 

behaviors in mice and studied the effect of the Daucus carota oil extract (DCOE) 
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and HC-6-ol on social behavior following chronic stress. Our work revealed  that 

DCOE promoted resilience to chronic stress independent from its major active 

component HC-6-ol. In contrast, when used as therapies to rescue depressive-like 

behaviors, both the DCOE and β-2-himachalen-6-ol were equally efficient. Our 

results suggest that different components of DCOE are responsible for its 

preventative effects as compared its therapeutic effects. Finally, our results could 

possibly implicate the hippocampal AKT pathway in the therapeutic effect of DCOE 

and HC-6-ol. 

 

Keywords: Cancer, depression, Daucus Carota, β-2-himachalen-6-ol, chronic social 

defeat stress, PI3K/AKT pathway, MAPK/ERK pathway, BDNF.   
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Chapter One 

Literature review 

1.1 Cancer  

1.1.1 Overview  

Cancer results from the accumulation of genetic alterations; however, the 

combination of carcinogenic mutations leading to each type of cancer are yet 

to be identified (Dash et al., 2019). These genetic defects can be chemically 

induced, for example, through exposure to UV light (Takeshima & Ushijima, 

2019), or due epigenetic alterations in histone modifications and DNA 

methylation leading to the loss of programed cell death (apoptosis) which 

allows these cells to proliferate indefinitely (Sarkar et al., 2013). Therefore, 

the combination of alterations causes normal human cells to develop step by 

step into an abnormal pathological entity that can develop into a tumor 

(Hausman, 2019). The division and growth of these altered cells lead to the 

formation of hyperplasia (LaMorte, 2016). Organizational atypia within a 

tissue is termed dysplasia and can be used as a maker to predict malignancy 

(Wils et al., 2020). To be able to spread or metastasize to other tissues, 

angiogenesis is required since blood vessels are needed to supply the pre-

malignant cells with nutrients and oxygen (Nishida et al., 2006). In addition, 

oncogene expression is usually activated, whereas tumor suppressor gene 

expression is usually repressed. This usually occurs along with the inhibition 

of cell-to-cell adhesion properties and enhancement of cell motility (Sarkar et 

al., 2013). There are three major types of tumors: sarcomas, carcinoma and 

lymphomas or leukemia. Sarcomas are derived from connective tissues and 
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are very rare. Carcinomas are the most abundant and arise from epithelial 

cells. Lymphoma and leukemia are malignancies of immune and blood cells 

respectively (Cooper, 1970).  

Figure 1. The different stages of cancer propagation created using 

BioRender.com. When normal cells accumulate mutations, divide, and grow 

inside the tissue but still appear normal they form a hyperplasia. Whenever 

these cells start to appear abnormal, they are termed dysplasia. Metastases 

occur when these abnormal shaped cells gain the ability to disseminate to 

other tissues.  
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1.1.2 Epidemiology and Risk Factors  

Cancer is a leading cause of death in the United States and its incidence has 

been increasing every year. The World Health Organization is predicting a 

drastic increase in numbers worldwide going from 14 million cases in 2015 to 

21.7 million cases in 2035 (Lewandowska et al., 2021). To date, it has been 

estimated that environmental factors cause 80-90% of malignant tumors. 

Alcohol, passive and active tobacco smoking, exposure to UV light, diet, 

physical activity, and infection increase the risk of developing cancer 

(Lewandowska et al., 2018). The human body can also be genetically 

predisposed. Gender is also associated with an increased risk to develop 

certain types of cancer such as breast/ovarian cancer in females and 

prostate/testicular cancer in males (Saria, 2018). 

1.1.3 Signaling Pathways  

Abnormal gene function and signaling is triggered by genetic and epigenetic 

alterations (You & Jones, 2012). In normal tissues, homeostasis is maintained 

through molecular signaling working in tandem with the microenvironment. 

The ability of mutated cells to interfere with normal homeostasis and cell 

signaling promotes malignancy (Basanta & Anderson, 2017). Multiple 

signaling pathways have been implicated. One signaling pathway involved in 

carcinogenesis is the the Wnt signaling pathway. The Wnt family which 

consists of a group of cytosine rich glycoproteins that play important roles in 

intra-cellular signaling pathways involved in cell survival, renewal of stem 

cells and formation of organs. The activation of Wnt signaling in lung, breast, 

and hematopoietic malignancies is instrumental in cancer reappearance. 

Inhibition of Wnt-1 and Wnt-2 using monoclonal antibodies results in tumor 
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suppression in different types of cancer such as sarcomas and melanomas 

(Krishnamurthy & Kurzrock, 2018). Other pathways also play a role in 

cancer such as the Hippo pathway implicated in cell proliferation, disease 

progression and tumorigenesis through the abnormal expression of its major 

components: the serine/threonine protein kinases 1 and 2  (MST1/2), the large 

tumor suppressor kinases 1 and 2 (LATS1/2), the yes-binding protein (YAP) 

and the transcriptional co-activator with PDZ-binding motif (TAZ) (Han, 

2019). The MAPK cascade regulates the survival and progression of cancer 

cells. Mutated genes will result in a disturbance in homeostasis; abnormal 

protein concentration, DNA damage, cell to cell communication, regulation 

of cell fate and survival, which will modify the microenvironment of the 

tumor. The MAPK/ERK pathway can serve as a tumor suppressive in normal 

cells or pro-oncogenic in cancer cells with differential intensities of the 

abnormal signals (Burotto et al., 2014). Moreover, the dysregulation of 

PI3K/AKT pathway is observed in cancer and enhances cell growth and 

proliferation (Ersahin et al., 2015). The mTOR pathway, on the other hand, is 

activated by AKT and has different cellular roles. Nutrient availability and 

cellular energy can also influence the expression pattern of the pathway 

(Pópulo et al., 2012). The connections between these different pathways have 

led researchers to simultaneously target them in therapies (Asati et al., 2016).  



5 
 

 

Figure 2: MAPK/ERK, PI3K/AKT and mTOR signaling pathway in cancer 

created in BioRender.com. Upon activation of the tyrosine kinase receptor, 

the MAPK/ERK and PI3K/AKT pathways are in turn activated. Furthermore, 

AKT activates mTOR. The activation of the mentioned pathways leads to 

angiogenesis and tumor cell invasion.  

1.2 Major Depressive Disorder  

1.2.1 Overview  

Major depressive disorder or MDD is a mental health disorder affecting  

300 000 000 individuals worldwide (Trivedi, 2020). This illness interferes 

negatively in how a person thinks, feels, and acts. Symptoms may vary 

depending on the severity of the illness and include but are not limited to 

social avoidance, inability to feel pleasure (anhedonia), gain/loss of weight, 



6 
 

fatigue/hyperactivity, feeling of unworthiness, insomnia or too much sleep 

and inability to sit still and focus (Torres, 2020). The symptoms should last at 

least two weeks according to the Diagnostic and Statistical Manual of Mental 

Disorders, 5th Edition (DSM-VI) to diagnose a patient with MDD (Table 9, 

DSM-IV to DSM-5 Major Depressive Episode/Disorder Comparison - DSM-5 

Changes - NCBI Bookshelf). Many environmental factors play crucial roles in 

the onset of depression such as childhood abuse, parental divorce, life 

adversity and loss of a loved one. Genetics also predispose an individual to 

depression; The risk increases to three-fold if a direct relative has been 

diagnosed (Fava & Kendler, 2000).  

1.2.2 Neurobiology of Depression  

Many brain regions are altered in patients with Major Depressive Disorder, 

but the pattern is still unclear. One particular region in the brain, the 

hippocampus, decreases in size. Nevertheless, the exact link between the 

hippocampal size reduction and MDD is quite complex due to many other 

factors that might interfere with its size such as the usage of antidepressants 

and disease duration/severity. On the other hand, the amygdala size varies: an 

enlargement is observed upon antidepressant use, while a reduction of size is 

associated with family history and repeated episodes of MDD (Schmaal et al., 

2015). Evidence of abnormal atrophy in the cortical and limbic region using 

brain imaging has also been reported. In postmortem brain samples of MDD 

patients, the pyramidal neurons size in the dorsal lateral prefrontal cortex and 

hippocampus were decreased (Uchida et al., 2018).  Atrophy and neuronal 

loss were also observed in animal models of depression and stress (Uchida et 

al., 2018). In addition, chronic stress induces changes in the CA3 region of 
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the hippocampus, the medial prefrontal cortex (mPFC) and granulated cells in 

the dentate gyrus. It has been suggested that due to chronic stress, the 

alterations in neuronal connections, synapses, and plasticity, might play a 

primordial role in MDD pathology (Uchida et al., 2018).  

1.2.3 Cancer and Depression 

The frequency of depressive symptoms is higher in cancer patients compared 

to the general population (Sotelo et al., 2014). Approximately 38% of cancer 

patients suffer from depression which has negative effects on cancer 

treatment. Cancer patients diagnosed with depression have a reduction in life 

expectancy and higher mortality rates (Mausbach & Irwin, 2016). Strong 

depression symptoms in cancer patients might develop to Major Depressive 

Disorder (Beauplet et al., 2020).  

1.2.4 Signaling Pathways 

Environmental factors play an important role in the onset of depressive 

symptoms in humans. Life adversity and stress are two major causative 

factors of depression. Studies were done to investigate chronic stress in mice 

models using the chronic social defeat stress paradigm (CSDS) and to assess 

resilient and susceptible phenotypes (Koo et al., 2015). Growth factor 

signaling is involved in MDD.  Brain derived neurotrophic factor (BDNF) 

protein levels decrease in the hippocampus of mice exhibiting depression-like 

behaviors and administration of BDNF directly into the hippocampus has 

antidepressant effects. This decrease in hippocampal BDNF was also 

observed in postmortem human brains (Krishnan & Nestler, 2008). Inhibition 

of Trk-B, the BDNF receptor, leads to depressive-like phenotypes in mice 

(Zhang et al., 2016). Interestingly, the MAPK cascade, which is known to be 
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downstream of BDNF receptor activation also plays a critical role in the 

molecular pathology of the disease (Wang & Mao, 2019).  ERK1/2 protein 

levels were decreased in the hippocampus of mice exhibiting depression-like 

behaviors and targeting ERK1/2 signaling in the hippocampus is a useful 

therapeutic strategy (Todorovic et al., 2008). Increased evidence also 

suggests that PI3K/AKT signaling pathway is also downstream of BDNF 

signaling. Mice subjected to chronic social defeat stress have lower levels of 

phosphorylated AKT in hippocampus compared to wild type mice (Deng et 

al., 2018). 

1.3 Daucus Carota species  

1.3.1 Overview  

Daucus carota L. ssp. Carota commonly known as the wild carrot, is a 

member of the carrot family (Apiaceae). A white to purple umbrella shaped 

flower characterizes this plant. It is grown on calcareous ground and prefer 

high nutrient soil but can withstand different types of conditions (Harris et al., 

2014). It is grown in many regions of the world such as Europe and Asia that 

have moderate temperatures. The flower umbels are edible, and its seed oil 

extracts are used in beverages flavoring. It is used as folk medicine in 

Lebanon to treat many different diseases such as gastric ulcers and cancer 

(Shebaby et al., 2015). The growth of all the human Campylobacter jejuni, 

including the multidrug resistant form, was arrested by the Daucus carota oil 

extract hence, revealing antibacterial properties (Rossi et al., 2007).  

1.3.2 Daucus Carota Oil Extract and its effect on cancer  

Organic products are widely used in cancer treatment by affecting multiple 

mechanisms leading to inhibition of tumor growth, spreading and metastasis. 
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It has been reported that Daucus carota oil extract has anticancer activity 

against a panel of cancers such as breast and colon cancer (Shebaby et al., 

2015). The anti-cancer effect of Daucus carota oil extract (DCOE) 

intraperitoneal treatment was investigated on 7,12-dimethyl 

benz(a)anthracene (DMBA)-induced skin cancer in mice. DCOE decreased 

the papilloma yield and volume by 43 % and 85-90% respectively. The 

morphology of the samples was also identical to normal skin samples (Abu 

Zeinab et al., 2011). Wild carrot oil has anti-apoptotic effect in colon cancer 

cells. This anticancer effect was mediated through the ERK1/2 (MAPK) and 

PI3K/Akt pathways. A significant decrease in phosphorylated ERK and 

phosphorylated AKT was observed through western blots (Shebaby et al., 

2015). The same effect was observed for phosphorylated ERK but not for 

phosphorylated AKT, upon treating human breast adenocarcinoma cell lines 

(MDA-MB-231) with F1 or F2 fractions of the DCOE (Shebaby et al., 2014). 

1.3.3 β-2-himachalen-6-ol and its effect on cancer  

β-2-himachalen-6-ol (HC-6-ol) is the major compound in Daucus carota oil 

extract fractions.  It induces cell cycle arrest, DNA fragmentation leading to 

apoptosis in human colon cell lines. In vivo, intraperitoneal injections of 

different dosages of HC-6-ol led to a decrease in tumor size compared to the 

control untreated mice. The effect of HC-6-ol was achieve through a decrease 

in phosphorylated ERK and AKT (Daaboul et al., 2017).  

1.4  Aim of the experiment  

To test if Daucus carota oil extract (DCOE) and its major ingredient HC-6-ol 

have antidepressant and anxiolytic properties.  First, we tested whether DCOE 

promotes resilience to chronic stress and has antidepressant effects in mice. We 
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next tested whether the active ingredient HC-6-ol promotes resilience to 

chronic stress and has antidepressant effects in mice. Finally, we explored the 

involvement of the growth factor signaling in the hippocampus in the 

antidepressant effects of these compounds. We are currently assessing their 

effects in different brain regions.  
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Chapter Two 

Materials and Methods 

2.1 Experimental Subjects  

Six week old  C57BL/6 black male mice are used as experimental subjects. Three 

months old CD1 white male mice were used as aggressors in the chronic social 

defeat stress paradigm.  

2.2 Chronic Social Defeat Stress Paradigm  

2.2.1 Screening for aggressors 

CD1 mice were isolated for three weeks. For three consecutive days, a 

stimulus/non-experimental C57BL/6 mouse was placed in contact with the 

CD1 mouse (Alves-Dos-Santos et al., 2020). Appropriate selection of CD1 

aggressor mice depends on attack latency which should be less or equal than 

30 seconds (Iñiguez et al., 2014).  

2.2.2 Treatment  

Male C57BL/6 mice received intraperitoneal injections of either vehicle 

(saline + 5% DMSO), 50 mg/kg DCOE or 18 mg/kg HC-6-ol (saline + 5% 

DMSO). 

2.2.3 Experimental Setup  

The CSDS paradigm is a well-established paradigm to induce depressive-like 

behavior in mice (Alves-Dos-Santos et al., 2020). A CD1 white aggressor 

mouse is placed in one compartment of the cage and the experimental 

C57BL/6 male mouse in the other compartment. The cage is divided using a 

plexiglass that is transparent and perforated so that the different mice can see 
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and smell each other but are not in physical contact. Everyday day for 10 

days, mice received through intraperitoneal injections either with vehicle or 

DCOE or HC-6-ol. Two hours after the injections, mice were subjected to a 

social defeat session. During the defeat session, the experimental C57BL/6 

mouse is removed from its compartment and placed in the compartment of 

the CD1 mouse to allow physical contact for 5-7 minutes. Next, the C57BL/6 

mouse is placed back in its original compartment and housed overnight 

(Figure 3). Every day, the aggressor CD1 mouse is changed so that there is no 

habituation between the two mice (Golden et al., 2011).  



13 
 

 
Figure 3: The Chronic Social Defeat Stress paradigm created in 

BioRender.com  

(a) The experimental C57BL/6 mouse is removed from it compartment 
and place in the compartment of the CD1 mouse. 

(b) Physical contact is established for 5-7 minutes.  
(c) The experimental mouse is removed and placed back to its initial 

compartment and housed overnight 

 

2.3 Social Interaction Test  

The social interaction test is used to assess depression-like behaviors in mice. It 

is a rectangle shaped maze divided into 3 compartments. In the first and the third 

compartment there is a cage.  The experimental mouse is placed at the center in 
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order to familiarize itself with the different compartments of the maze. After 5 

mins, a novel/stimulus mouse is placed in one of the cages. The experimental 

mouse is allowed to reexplore the maze and the amount of time the mouse 

spends interacting with the stimulus is recorded by using a video tracking 

software called Anymaze (Figure 4). At the end of the test, the social interaction 

ratio which is equal to the time spent in the interaction zone over the time spent 

in the non-interaction zone is calculated. If the ratio is greater than 1, then the 

mouse spent more time in the interaction compartment and is considered 

resilient to stress. If the ratio is less than 1, then the mouse spent more time in 

the non-interaction compartment and is considered susceptible to stress. 

Figure 4: Social Interaction (SI) setup created in BioRender.com  

2.4 Co-treatment paradigm  

Mice are divided into 4 groups: mice receiving the vehicle injection (Saline + 

5%DMSO), mice receiving the DCOE (50 mg/Kg) or HC-6-ol (18 mg/Kg) 

injection, the defeat group receiving the vehicle injection and the defeat group 
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receiving the DCOE or HC-6-ol injection. Every day for 10 days, the 

experimental mouse received an intraperitoneal injection of either the vehicle or 

treatment. Two hours after the injections, mice are subjected to chronic social 

defeat stress. On day 11, behavioral tests are performed to assess depression and 

anxiety-like behaviors.  

2.5 Post-treatment paradigm  

In this paradigm, depressive-like behaviors are induced first using chronic social 

defeat stress paradigm and then the susceptible mice are treated with either 

DCOE (50 mg/kg) or HC-6-ol (18 mg/kg). Mice are divided into control and 

defeat groups. After 10 days of CSDS, the social interaction test is performed to 

test the susceptibility versus the resilience of the mice. The resilient mice will be 

removed, and the susceptible mice will be treated. Starting day 12, the mice will 

receive either the vehicle or DCOE/HC-6-ol injections (i.p.) for 14 consecutive 

days. On the 26th day, behavioral tests are performed.  

2.6 Protein Extraction and Western Blots  

At the end of the behavioral tests, the hippocampus, cortex, and striatum are 

collected. Tissues are thawed on ice and protein extraction is performed using 

RIPA B, protease inhibitors, phosphatase inhibitors and Mg 132.  

2.7 DCOE Extraction Method 

The mature umbels of D. carota L. ssp carota were collected from various 

costal regions in Lebanon during the flowering season. The collected umbels 

were air dried and cut into pieces. Next, they were soaked in 1:1 

acetone:methanol solvent solution for 72 hours. The extracted solution was then 

filtered and vaporized under 40˚ pressure. The residual oil was dried over 
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anhydrous sodium sulfate and later stored at -20˚ for later use. Prior to each 

experiment, the DCOE was chemically tested to check that the molecular 

composition is consistent in every experiment.  

2.8 List of DCOE Components 

Many components were identified in the DCOE. Components that constitute 

more that 1% of DCOE are: α-Longipiene (3.37%), Isocaryophyllene (1.11%), 

α-Hemachalene (4.78%), ß-Bisabolene (3.17%), Elemicin (5.08%), 

Caryophyllene oxide (1.75%), Humulene epoxide II (1.61%), ß-2-himachalen-

6-ol (33.73%), Asarone (1.47%), Patchoulio alcohol (3.87%), n-Hexadecanoic 

acid (3.79%), Carvyl angelate (1.83%) and Methyl linoleate (8.42%) 

(unpublished data by CD and MGE). 

2.9 Statistical Analysis  

Unpaired T-test was used to assess the statistical significance of the results. A 

p<0.05 was considered to be statistically significant *: p<0.05, **: p<0.01, ***: 

p<0.005. Statistical significance was measured by one-way Anova followed by 

Dunnett’s multiple comparison test;  A p<0.0001 was considered to be 

significant****. Statistical significance was measured by 2way Anova followed 

by Tukey’s multiple comparison test; A p<0.0001 was considered to be 

significant **** and *** : p<0.001. 
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Chapter Three 

Results 

3.1 Daucus Carota oil extract 50mg/kg promotes resilience to chronic 

stress and social interaction. 

We were first interested in testing whether DCOE mediates resilience to chronic 

stress and rescues social avoidance behavior in CSDS model of depression. We 

chose to treat animals with 50 mg/kg DCOE, a concentration that was in range 

with those shown to be effective in animal models of cancer (Abu Zeinab et al., 

2011). We divided the mice into four experimental groups: control mice that 

received vehicle, control mice that received DCOE, defeat mice that received 

vehicle and defeat mice that received DCOE. Mice received the intraperitoneal 

injections of either vehicle or DCOE two hours before the defeat sessions each 

day and on the eleventh day, behavioral analysis was conducted (Figure 5a). We 

observed that DCOE promotes resilience to chronic stress (Figure 5b). Indeed, 

the percentage of defeat animals resilient to stress reached 100% upon injection 

of 50mg/kg of DCOE as compared to 33.33% in defeat animals receiving the 

vehicle injection. DCOE also promoted social interaction. Control animals 

receiving vehicle or DCOE injections spent most of their time in the interaction 

zone. The susceptible defeat animals that received the vehicle spent most of 

their time in the non-interaction zone. This effect was reversed by DCOE. 

Indeed, defeat animals that received DCO spent significantly more time in the 

interaction zone as compared to defeat animals that received vehicle (Figure 

5c).  When comparing the social interaction ratio between the two groups, we 

observed a significant increase in the SI ratio of defeat mice receiving DCOE as 
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(a) The co-treatment paradigm consists of dividing the mice into four groups: 

control receiving the vehicle injection, control receiving the DCOE 

injection, defeat receiving the vehicle injection and defeat group receiving 

the DCOE injection. The mice were injected with either the vehicle or the 50 

mg/kg DCOE injection followed by a social defeat stress session after two 

hours for 10 days. On the eleventh day, behavioral tests were performed, and 

tissues were collected. 

(b) DCOE promotes resilience to stress. Pie chart showing the percentage of 

animals resilient (in black) or susceptible (in white) to chronic stress. The 

observed results showed an increase in the percentage of resilient animals: 

5/15 in the defeat group that received the vehicle injection compared to 

14/14 in the defeat group that received the DCOE injection.  

(c)  Bar graph showing the time spend by each of the experimental group in the 

interaction zone (white) and non-interaction zone (black). Defeat + DCOE 

mice spent most of time in the interaction zone compared to the defeat 

susceptible mice that received the vehicle injection. Statistical significance 

was measured by 2way Anova followed by Tukey’s multiple comparison 

test; significance was measured versus the defeat group. ****p<0.0001 and 

*** p<0.001. Interaction time: interaction: F(1,54)= 40.90, p˂0.0001; CSDS: 

F(1,54) = 7.836 , p= 0.0071 and treatment: F(1,54)= 25.24, p˂0.0001 . No 

interaction time: interaction: F(1,54)=45.29, p˂0.0001; CSDS: F(1,54) 

=25.47, p ˂0.0001and treatment: F(1,54)=70.14, p˂0.0001 n=15 for defeat + 

vehicle and control + DCOE, n=14 for defeat + DCOE and control + 

vehicle.  
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(d) Column scatter graph showing the average social interaction ratio as 

measured by the social interaction test. The social interaction ratio is equal 

to the time the mouse spent in the interaction zone, interacting with the 

stimulus, over the time spent in the non-interaction zone. Results showed an 

increase in the interaction ratio between the defeat + vehicle and defeat + 

DCOE groups. Statistical significance was measured by unpaired T-test 

p=0.0125 n=13 for defeat + vehicle and control + DCOE, n=12 for defeat + 

DCOE and control + vehicle.  

3.2 Daucus carota oil extract 50 mg/kg acts as an antidepressant  

Taken together, our results show that DCOE promotes resilience to stress and 

social interaction and suggest that it has prophylactic effects and prevents the 

development of depression-like symptoms in mice subjected to chronic stress. 

As a result, we wanted to test if the DCOE can rescue depression-like 

phenotypes and can act as an antidepressant, hence serving as a treatment.  

We induced depression-like behaviors using the CSDS paradigm. Mice were 

divided into control and defeat group. On the eleventh day after CSDS, the SI 

test was performed to test the susceptibility versus the resilience of the mice. 

The resilient mice were removed and only the susceptible mice were treated 

with vehicle or DCOE. Starting day 12, the mice received either the vehicle or 

DCOE (50 mg/kg) injection for 14 consecutive days and on the 26th day, the 

behavioral tests were performed (Figure 6a).  

Our results suggest that DCOE acts as antidepressant that rescues social 

avoidance behavior. Before treatment, the mice were susceptible to stress, but 

upon the injection of DCOE to the defeat group, we observed an increase in the 

percentage of mice resilient to stress as compared to the susceptible group that 
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received the vehicle injections (Figure 6b). When comparing the social 

interaction ratio between the two groups, we observed a significant increase in 

the SI ratio of defeat mice receiving DCOE as compared to these receiving 

vehicle (Figure 6c). We also assessed the time the mice spent interacting with 

the stimulus and observed that the defeat animals receiving the DCOE spent 

significantly more time spent in the interaction zone in test day 2 compared to 

defeat animals receiving vehicle suggesting that DCOE promotes social 

interaction and acts as an antidepressant (Figure 6d).   
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Figure 6: Daucus carota oil extract 50 mg/kg acts as an antidepressant 

(a) The post treatment paradigm consists of inducing depression-like 

behaviors first using the CSDS and then treating the susceptible mice 

either with vehicle or DCOE. Mice were divided into two groups: 

control and defeat. After 10 days of CSDS, the SI test was performed to 

identify the animals that were susceptible to stress versus resilient to 

stress. Based on the obtained SI ratios, the resilient mice were removed, 

and the susceptible mice received treatment. Starting day 12, the vehicle 
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or DCOE injections were administered for 14 days and on the 26th day, 

behavioral tests were performed to assess depression-like behaviors.  

(b) DCOE rescues susceptibility to stress. Pie chart showing the percentage 

of animals resilient (in black) or susceptible (in white) to chronic stress 

before and after treatment. Only the susceptible mice were treated. After 

treatment, mice receiving the vehicle showed very high susceptibility to 

stress. Indeed, only 6/21 animals were resilient to stress in this group. In 

contrast, the behavior of the susceptible defeat group that received 

DCOE was rescued.  20/24 animals were resilient to stress in the defeat 

group that received the DCOE injection.  

(c) Column scatter graph showing the average social interaction ratio as 

measured by the social interaction test. The social interaction ratio is 

equal to the time the mouse spent in the interaction zone, interacting 

with the stimulus, over the time spent in the non-interaction zone. 

Results showed a significant increase between the defeat + vehicle and 

defeat + DCOE groups. Statistical significance was measured by 

unpaired T-test p=0.0002. n=20 for defeat + vehicle, n=17 for defeat + 

DCOE. 

(d) Bar graph showing the average interaction time during the first test day 

before treatment and the second test day after treatment. Mice receiving 

DCOE treatment spent a significant time interacting with the stimulus 

compared to the defeated mice injected with vehicle. Statistical 

significance was measured by 1way Anova followed by Dunnett’s 

multiple comparison test; significance was measured versus the defeat 

group. ****p<0.0001; F (3,76) = 7.235; p=0.0002. n=18 for control + 
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vehicle, n=17 for control + DCOE, n=21 for defeat + vehicle, n=24 for 

defeat + DCOE. 

 
 

3.3 DCOE mediates resilience to stress and promotes social 

interaction independent of the action of β-2-himachalen-6-ol  

Next, we were interested in testing whether the major component of DCOE 

namely HC-6-ol mediates its effects on resilience to chronic stress and social 

interaction in the CSDS model of depression. We chose to treat animals with 18 

mg/kg HC-6-ol because 36% of the DCOE is HC-6-ol (Unpublished data 

Costantine Daher and Robin Taleb). We divided the mice into four experimental 

groups: control mice that received vehicle, control mice that received HC-6-ol, 

defeat mice that received vehicle and defeat mice that received HC-6-ol. Mice 

received the intraperitoneal injections of either vehicle or HC-6-ol two hours 

before the defeat session and on the eleventh day, behavioral analysis was 

conducted (Figure 7a). We observed that HC-6-ol doesn’t promote resilience to 

chronic stress (Figure 7b). Indeed, the percentage of defeat animals resilient to 

stress was 40% upon injection of 18mg/kg of HC-6-ol as compared to 33.33% in 

defeat animals receiving vehicle. HC-6-ol also did not promote social 

interaction. Control animals receiving vehicle or HC-6-ol injections spent most 

of their time in the interaction zone. The susceptible defeat animals that received 

the vehicle or HC-6-ol injections spent most of their time in the non-interaction 

zone (Figure 7c).  Indeed, no significant difference in the time spent in the 

interaction zone between these groups was observed. In addition, when 

comparing the SI ratio of both groups, no statistical significance (Figure 7d). 
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Taken together, our results demonstrate that 18 mg/kg of HC-6-ol injection did 

not promote resilience to chronic social defeat stress and social interaction. 

 

 

 

Figure 7: β-2-himachalen-6-ol 18 mg/kg has no effect on chronic stress and 

social interaction 
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(a) The co-treatment paradigm consists of dividing the mice into four groups: 

control receiving the vehicle injection, control receiving the HC-6-ol 

injection, defeat receiving the vehicle injection and defeat receiving the HC-

6-ol injection. The mice received intraperitoneal injections of either the 

vehicle or the 18 mg/kg HC-6-ol followed by a social defeat stress session 

after two hours for 10 days. On the eleventh day, behavioral tests were 

performed, and tissues were collected. 

(b) HC-6-ol does not promote resilience to stress. Pie chart showing the 

percentage of animals resilient (in black) or susceptible (in white) to chronic 

stress. The observed results showed no difference in the percentage of 

resilient animals: 3/9 in the defeat group that received the vehicle injection 

compared to 4/10 in the defeat group that received the HC-6-ol injection.  

(c)  Bar graph showing the time spend by each of the experimental groups in the 

interaction zone (white) and non-interaction zone (black). Defeat + HC-6-ol 

mice spent the same amount of time in the interaction zone and non-

interaction zone and no significance difference was observed when 

compared to the defeat susceptible mice that received the vehicle injection. 

Statistical significance was measured by 2way Anova followed by Tukey’s 

multiple comparison test; significance was measured versus the defeat 

group. ****p<0.0001 and *** p<0.001. Interaction time: interaction: F 

(1,34)=0.3041, p=0.5849; CSDS: F(1,34) = 21.55, p˂0.0001 and treatment: 

F(1,34)=1.278, p=0.2661. No interaction time: interaction: F (1,34)=0.1554, 

p=0.6959; CSDS: F(1,34) =0.9277, p=0.3423 and treatment: 

F(1,34)=0.09443, p=0.7605 n=9 for defeat + vehicle and control + HC-6-ol, 

n=10 for defeat + HC-6-ol and control + vehicle.  
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(d) Column scatter graph showing the average social interaction ratio as 

measured by the social interaction test. The social interaction ratio is equal 

to the time the mouse spent in the interaction zone, interacting with the 

stimulus, over the time spent in the non-interaction zone. Results showed 

no statistical difference between the defeat + vehicle and defeat + HC-6-ol 

groups. Statistical significance was measured by unpaired T-test p=0.8784 

n=9 per group  

 

3.4 DCOE mediates its antidepressant effects through the action of 

β-2-himachalen-6-ol.  

We next wanted to investigate whether the bioactive compound HC-6-ol 

mediates the antidepressant effects of DCOE and whether it can in turn serve as 

a treatment for depression.  

We induced depression-like behaviors using the CSDS paradigm. Mice were 

divided into control and defeat group. On the eleventh day after CSDS, the SI 

test was performed to identify the animals that were susceptible to stress. The 

resilient mice were removed, and only the susceptible mice were treated with 

vehicle or HC-6-ol. Starting day 12, the mice received intraperitoneal injections 

of either the vehicle or HC-6-ol (18 mg/kg) =for 14 consecutive days and on the 

26th day, behavioral tests were performed (Figure 8a).  

Our results suggest that HC-6-ol acts as antidepressant that rescues social 

avoidance behavior. Before treatment, the mice were susceptible to stress, but 

upon treatment of susceptible defeat mice with HC-6-ol, we observed an 

increase in the percentage of mice resilient to stress as compared to the 

susceptible group that received the vehicle treatment (Figure 8b). Even though 
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we observed a trend when comparing the SI ratio of both groups, the results did 

not reach statistical significance because of one outlier in the defeat+vehicle 

group. We are currently increasing our numbers.  (Figure 8c). We also assessed 

the time the mice spent interacting with the stimulus and observed that the 

control group and the defeat group receiving the vehicle injections spent the 

same amount of time in the interaction zone in test day 1 and 2. But upon the 

injection of the defeat animals with the HC-6-ol, we observed an increase in the 

time spent in the interaction zone in test day 2 suggesting that HC-6-ol promotes 

social interaction and acts as an antidepressant (Figure 8d).  
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Figure 8: DCOE mediates its antidepressant effects through the action of β -2-

himachalen-6-ol.  

(a) The post treatment paradigm consists of inducing depression-like 

behaviors using CSDS, identifying the susceptible mice and then 

treating them with either vehicle or HC-6-ol. Mice are divided into two 

groups: control and defeat. After 10 days of CSDS, on the 11th day, the 
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SI test is performed to identify the susceptible animals. Based on the 

observed social interaction ratios, the resilient mice will be removed, 

and the susceptible mice will be treated. Starting day 12, the susceptible 

mice will either receive vehicle or 18 mg/kg HC-6-ol injections for 14 

days and on the 26th day, behavioral tests were performed to assess 

depression-like behaviors.  

(b) HC-6-ol rescues the behavior of animals that were susceptible to stress. 

Pie chart showing the percentage of animals resilient (in black) or 

susceptible (in white) to chronic stress before and after treatment. Only 

the susceptible mice were treated. After treatment, mice injected with 

the vehicle were highly susceptible to stress, whereas mice receiving the 

HC-6-ol were resilient to stress. The observed results showed an 

increase in the percentage of resilient animals in the HC-6-ol treated 

group : 2/8 in the defeat group that received the vehicle injection 

compared to 6/9 in the defeat group that received the HC-6-ol injection.  

(c) Column scatter graph showing the average social interaction ratio as 

measured by the social interaction test. The social interaction ratio is 

equal to the time the mouse spent in the interaction zone, interacting 

with the stimulus, over the time spent in the non-interaction zone. 

Results showed that the defeated mice treated with HC-6-ol had a higher 

social interaction ratio compared to the defeated mice treated with 

vehicle. Statistical significance was measured by unpaired T-test 

p=0.0798. n=8 for defeat + vehicle, n=9 for defeat + HC-6-ol. 

(d) Bar graph showing the average interaction time during the first test day 

before treatment and the second test day after treatment. Mice injected 
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with HC-6-ol spent a significant time interacting with the stimulus 

compared to the defeated mice injected with vehicle. Defeated mice 

treated with HC-6-ol showed a significantly higher interaction time 

compared to the defeated mice injected with vehicle. Statistical 

significance was measured by 1way Anova followed by Dunnett’s 

multiple comparison test; significance was measured versus the defeat 

group. ****p<0.0001; F (3,28) = 9.721; p=0.0001. n=8 for control + 

vehicle, n=7 for control + HC-6-ol, n=8 for defeat + vehicle, n=9 for 

defeat + HC-6-ol. 

3.7 Signaling Pathway  

Since the AKT and ERK signaling pathways are modulated by HC-6-ol in 

cancer cells and since it is also clear that these pathways play important roles in 

depression, we next decided to investigate whether these pathways are regulated 

by HC-6-ol when it is administered as treatment for depression. In these 

experiments, we used hippocampi from defeat mice that received that vehicle 

treatment as compared to those that received the HC-6-ol (Figure 9) and 

assessed the levels of phosphorylated AKT and phosphorylated ERK proteins 

using western blots. We chose the hippocampus because this tissue plays 

important roles in mediating depression-like behaviors. We are currently also 

assessing the levels of these proteins in different brain tissues that are important 

for depression. We observed that that pAKT levels slightly decreased in the 

hippocampi of animals that were treated with HC-6-ol yet the results did not 

reach statistical significance (Figure 9a)  In addition , ERK signaling was not 

regulated (Figure 9b).  
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Figure 9: β-2-himachalen-6-ol acts as an antidepressant. 

(a) Representative western blot images depicting hippocampal AKT levels 
in control + vehicle, defeat + vehicle, and defeat + HC-6-ol mice. 

Quantification of the AKT western blots. Statistical significance was 
measured by one-way Anova followed by Tukey’s multiple comparison 

test (F2,11 = 3.440, p = 0.0691). Significance was measured vs. defeat + 
HC-6-ol *p < 0.05. The n number of hippocampi analyzed is 5 for 
control + vehicle, 5 for defeat + vehicle, and 4 for the defeat + HC-6-ol 

groups, respectively.  
(b) Representative western blot images depicting hippocampal ERK levels 

in control + vehicle, defeat + vehicle, and defeat + HC-6-ol mice. 
Quantification of the ERK western blots. Statistical significance was 
measured by one-way Anova followed by Tukey’s multiple comparison 

test (F2,11 = 1.348, p = 0.2995). Significance was measured vs. defeat + 
HC-6-ol *p < 0.05. The n number of hippocampi analyzed is 4 for 

control + vehicle, 5 for defeat + vehicle, and 5 for the defeat + HC-6-ol 
groups, respectively.  
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Chapter Four 

Discussion 

When cells stop responding to signaling pathways that control growth and death, 

they become cancer cells that acquire the ability to grow indefinitely. This is 

followed by metastasis that involves increased motility that allows them to travel to 

other tissues and become secondary tumors (n.d, 2014). The activation of ERK 

results in increaed cell proliferation. (Maik-Rachline et al., 2019). In addition, 

hyperactivation of the PI3K/AKT pathway has been reported in many cancer types 

(Yang et al., 2019).   

Major depressive disorder (MDD) is mental health illness diagnosed more often in 

women than men. 264 million patients are diagnosed worldwide with MDD 

(n.d,2021). The life changing diagnosis of cancer may lead to symptoms of 

depression with different severity and is three folds higher compared to the general 

population (Smith, 2015). Studies showed that depression is characterized by 

neuronal atrophy that is associated with a decrease in the size of multiple brain 

regions such as the hippocampus and the prefrontal cortex. Neurotrophic factors play 

important roles in brain plasticity and function. The brain derived neurotrophic factor 

(BDNF) and its receptor TrkB have been extensively studied in addition to their 

downstream effectors AKT and ERK. The downregulation of these factors was 

observed in the hippocampus and prefrontal cortex of patients exhibiting anhedonia. 

Inhibition of BDNF signaling causes depressive-like symptoms in rodent models of 

depression (Duman & Voleti, 2012). Daucus carota L. ssp. Carota is a plant grown 

in moderate regions in Lebanon. It is known as the wild carrot extract and is used as 

folk medicine to treat multiple diseases. Its major component HC-6-ol makes up to 
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61% in certain extract of the oil extract. Most Daucus carota L. ssp. Carota extract 

consist of 33% of β-2-himachelen-6-ol on average. It has been shown that the DCOE 

has anticancer effects in vitro and in vivo and that these effects are partly mediated 

by the decrease in ERK and AKT protein levels (Shebaby et al., 2017). Treatment 

with HC-6-ol resulted in a decrease papilloma yield/volume and cell survival in 

addition to a decrease in p-AKT/AKT and p-ERK/ERK protein levels (Daaboul et 

al., 2018). 

Since cancer and depression are comorbid, we were interested in investigating 

whether DCOE can promote resilience to stress and promote social interaction and 

whether it can be used as an antidepressant. Our results suggest that DCOE (50 

mg/kg) promotes resilience to stress and social interaction and can act as 

antidepressant (Figures 5 and 6). Interestingly, it did not have any effect on anxiety-

like behaviors (MK and RH unpublished data). Interestingly, we have preliminary 

data that shows that a higher dose of DCOE (500mg/Kg) is able to promote 

resilience to stress and is anxiolytic (Data not shown). This suggests that though the 

lower dose is effective in reducing tumor sizes (Shebaby et al., 2017) and is effective 

in promoting resilience to stress, it may not be enough to relieve anxiety-like 

symptoms.  We are currently increasing the n numbers using the higher dose in order 

to verify that this initial observation is valid.  

Another interesting finding from our work focuses on how HC-6-ol mediates the 

antidepressant effects of DCOE, but not its prophylactic effects.  Indeed, HC-6-ol (18 

mg/kg) injections couldn’t promote resilience to stress. These results could suggest 

that further studies are needed to determine whether a higher dose of the compound 

is necessary to promote resilience to stress. Alternatively, these results could suggest 

that the HC-6-ol is not responsible for the effects of DCOE on resilience to stress and 
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that a different component that is part of the extract is responsible for these effects. 

Further studies will help us distinguish between these two possibilities.   

Interestingly, both DCOE (50 mg/kg) and HC-6-ol (18 mg/kg) showed 

antidepressant properties when administered as a treatment to susceptible mice 

(Figure 6 and 8). These results are consistent with the idea that the concentration of 

HC-6-ol that was used is effective and that the compound is useful as a therapeutic 

but may not be responsible for the preventative effects observed with DCOE. 

Another important finding of our study is that some of the major signaling pathways 

involved in depression and cancer that we tested were not regulated. Indeed, we did 

not observe significant changes in ERK and AKT signaling in the hippocampus upon 

treatment with the HC-6-ol (Figure 9). Even though our results suggest that there are 

different unidentified pathways mediating the antidepressant effects of HC-6-ol, we 

can’t exclude the involvement if these pathway in different brain tissues. We are 

currently studying both the ERK and AKT pathways in the nucleus accumbens, 

another brain region that is critical in regulating social behavior.  

For future work, we would like to explore the importance of the identified signaling 

pathways in mediating the effects of DCOE and HC-6-ol. We would also like to 

compare between the pathways involved in the chemotherapeutic effects and 

antidepressant effects of the extract and compound. We will also focus on different 

parts of the brain such as the nucleus accumbens which play critical roles in 

mediating social behavior. It may be that the growth factor pathways that were 

assessed are relevant to DCOE and HC-6-ol’s effects on social behavior in brain 

regions other than the hippocampus.  
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