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Abstract  

 

 

 

 

Depression is a common psychiatric disease and one of the main causes of disability worldwide. 
In spite of certain developments in this field, chemical and synthetic drugs used for the treatment 
of depression may disrupt the treatment process due to numerous side effects and high cost. 
Today, the goal of using a potential method for treating depression involves the use of medicinal 
and phytochemical plants, which have many therapeutic benefits. Studies have shown that 
medicinal plants affect the nervous system and exert antidepressant effects in various ways, 
including synaptic regulation of serotonin, noradrenaline and dopamine, and inflammatory 
mediators. In this study, depression as well as the factors and mechanisms involved in its 
development are first addressed, and then medicinal plants effective in the treatment of 
depression along with their mechanisms of actions are reported 
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1. INTRODUCTION   

Depression is one of the five most commonly diagnosed diseases across the world and is 
expected to be the second leading cause of disability worldwide by 2020 [1]. The global 
prevalence of major depression is 4.7%. This means that out of every 20 people, one 
individual is affected by depression. The prevalence of depression in the elderly people and in 
women is higher than other populations [2]. The depression prevalence in women is 10-25% 
and in men is 5-12% [3], i.e., the prevalence of depression in women is about twice that of 
men. According to the definition of the American Psychiatric Association, depression is a 
heterogeneous disorder that is often associated with physiological, behavioral and 
psychological symptoms [4]. Depression causes mood changes, difficulty in thinking, and loss 
of interest as well as physical problems such as headache, sleep disorders, loss of energy and 
sexual problems [5, 6].  The causes of the disease include genetic factors, chemical changes in 
the brain, psychosocial issues, psychodynamic factors, changes in hormonal levels, various 
physical illnesses, medications and malnutrition, and even diet. Recently, internal stressors 
such as changes in the serum levels of cholesterol, triglycerides, glucose, and coagulation 
factors have been reported to be associated with depression [7].  Dysfunction of brain 
monoamine receptors, monoamine secretion, general dysfunction of the monoamine system 
and dysfunction of the second messenger system are the main focus of pathophysiological 
hypotheses regarding depression [8, 9, 10].  A number of drugs are available for the treatment 
of depression, but clinical evaluation of these drugs has shown recurrence of the disease and 
certain side effects in addition to drug interactions. Tricyclic antidepressants can cause certain 
complications, including dry mouth, distress, constipation, dizziness, thirst, blurred vision, 
high blood pressure, inability to drive, and sexual dysfunction [5, 11, 12]. Monoamine oxidase 
inhibitors (MAOIs) can cause relief or behavioral stimulation and an increase in the risk of 
developing postural hypotension [3]. Newer antidepressants usually have fewer or different 
side effects and a lower risk of toxicity than older tricyclic inhibitors and MAO inhibitors. 
Although drug therapy is widely prescribed for depression by doctors, less than half of the 
patients treated with antidepressants respond to these drugs [13]. Some patients recover 
partially or indirectly, and some patients are resistant to pharmacotherapy. It is therefore 
emphasized that there is a need to seek out new antidepressant classes. Due to the adverse 
effects of synthetic and chemical drugs, the use of medicinal plants, as an alternative 
treatment, may be relatively better, as many studies with different models have reported the 
positive pharmacological effects of plants in the treatment of depression [3]. In this study, 
depression, as well as the factors and mechanisms involved in its development, will be first 
addressed, and then medicinal plants and their active ingredients effective in treating 
depression along with their mechanisms of actions will be reported. 

 

 

 



 

1.1. Biomarkers and Bio-factors Involved Depression   

Various factors are involved in the development of depression (Fig. 1). Focus on the 
pathogenesis of depression in recent years has mainly targeted monoamine neurotransmitter 
disorders, decreased monoamine production, or secondary messenger system dysfunction [14]. 
Monoamine neurotransmitters such as serotonin (5-HT), noradrenaline, and dopamine play an 
important role in mediating depressive behaviors. Depression is caused by decreased function 
of these neurotransmitters. Monoamine oxidase-A (MAO-A) activity is one of the indicators 
of predisposition to mental disorders [15]. This enzyme is one of the key enzymes that are 
involved in the metabolism of neurotransmitters. In addition, the hypothalamic-pituitary-
adrenal (HPA) axis function is impaired in patients with depression. The HPA axis is 
regulated by corticotropin-releasing factor (CRF).  This physiological regulator plays a major 
role in mediating behavioral, neuroendocrine and autonomic responses to environmental 
stimuli. Increased CRF and hyperactivity of the HPA axis are indicative of depression [16, 
17]. The levels of CRF, cortisol, and adrenocorticotropic hormone (ACTH) also increase in 
depressive patients [18].  There is also a relationship between adenylyl cyclase activity and 
major depression. Adenylyl cyclase regulates the physiological effect of drugs and hormones 
by producing cAMP [18]. Adenylyl cyclase activity is controlled by serotonergic receptors. In 
clinical trials, it has been observed that the activity of this enzyme is lower in people with 
depression than in those without depression [19].  One of the other factors that are involved in 
the pathogenesis of depression is oxidative stress. In fact, the imbalance between the 
production of reactive oxygen species (ROS) and the antioxidant defence system may cause or 
exacerbate depression [20]. Several degrees of oxidative damage and a decrease in antioxidant 
inhibitory enzymes have been reported in people with depression. As a result, antioxidant 
compounds such as acetylcysteine decrease the symptoms of depression in affected 
individuals [21].  Some inflammatory mediators have been reported to be involved in the 
development of depression in both patients and animal models, including tumor necrosis 
factor-alpha (TNFα) and interleukin 1 beta (IL-1 ). The association between inflammation and 
depression has been observed in people with hepatitis C or cancer who are under TNF  or IL-
2 based immunotherapy [22]. It has also been observed that changes in the levels of tyrosine, 
tryptophan and phenylalanine, which indicate an amino acid metabolism disorder, are 
associated with depression [23].  Phenylalanine is an essential amino acid and precursor of 
tyrosine from which monoamine neurotransmitters such as serotonin, norepinephrine and 
epinephrine are derived. Tryptophan is also an essential amino acid and the precursor of 
serotonin. Therefore, changes in the amount of this type of amino acids are associated with 
depression. Impaired energy metabolism and gut microflora have also been associated with 
depression. In fact, depression is associated with significant changes in the biomarkers of gut 
microflora. Impairment in energy conversion and Krebs’ cycle (tricarboxylic acid cycle) due 
to changes in creatinine and succinic acid disrupts energy metabolism and causes fatigue, 
which is one of the symptoms of the disease. The microflora-induced changes in hippuric acid 
and 3-indole acetic acid due to depression suggest an association between depression and gut 
microflora metabolism [24].  Glutamic acid and gamma-aminobutyric acid (GABA) act as 



excitatory and inhibitory neurotransmitters in the mammalian brain and play an important role 
in mediating anxiety and depressive behaviors. Therefore, the changes in these 
neurotransmitters are also associated with depression [24]. In addition, Glutamate 
transmission inhibitors can have antidepressant effects [25].  

 

 

         Fig. (1). The most important factors involved in depression [26]. 

 

1.2. Pharmacotherapy and its mechanisms   

The development of the first antidepressant drugs, MOA inhibitors and tricyclic antidepressants 
in the 1950s and 1960s marked a substantial development in the treatment of depression [2]. 
The introduction of subsequent drugs such as selective serotonin reuptake inhibitors (SSRIs) 
and serotonin-norepinephrine reuptake inhibitors (SNRI) such as venlafaxine, has improved the 
therapeutic success against depression in the past decade as much as it was with previous 
drugs, but with higher tolerance and fewer side effects [2].   Recently, atypical antidepressants 
such as bupropion, nefazodone, and mirtazapine are available to treat depression. However, the 
rate of recovery and the risk of disease recurrence remain high. Therefore, agents with greater 
efficacy and less toxicity are needed [2]. Research has shown that antidepressants exhibit 
inhibitory effects on the expression of inflammatory cytokines such as TNF alpha and 
prostaglandin E2, and the production of ROS [27]. Finally, conventional antidepressant drugs 
play their role by increasing monoamine levels in the synaptic cleft through at least one of the 
following mechanisms (Fig. 2):  



 

 

1. Blocking pre-synaptic monoamine transporter increasing extracellular neurotransmitter.  

2. Inhibiting MOA that destroys monoamine transmitters. Monoamine oxidase inhibitors 
(MAOIs) are the antidepressants that destroy the neurotransmitters serotonin, 
norepinephrine, and dopamine in the brain.  

3. Binding to pre- or postsynaptic receptors that regulate monoamine release or its rate. It is 
suggested that antidepressants increase the concentration of extracellular monoamine. 
Depression may be caused by the lack of noradrenaline, 5-HT and dopamine in the brain at 
receptor sites. This argument is known as the monoamine hypothesis of depression [15]. 
Conventional antidepressants lead brain-derived neurotrophic factor (BDNF) toward acting 
as an effective antidepressant agent by increasing its level in the frontal lobe and especially 
the hippocampus. BDNF causes neuroplasticity that improves symptoms of depression 
[15].   

The most common side effects of synthetic drugs are a rapid increase in the concentration of 
monoamine at the receptor site, which can increase anxiety and cause digestive and sexual 
problems [5], challenging the use of new antidepressant drugs due to late efficacy and 
numerous side effects. As a rich source of biologically active molecules, medicinal plants 
represent a promising source from which to develop new antidepressants.  

1.3. Effective Medicinal Plants on Depression   

Studies have shown that the desirable health effects of herbal drugs are largely due to their 
antioxidant properties and potential impact on cellular metabolism [28]. Medicinal plants can 
regulate neurotransmission by directly affecting receptors or the synthesis and distribution of 
neurotransmitters, or by regulating immunological processes [29].  Investigations by Rai et al 
[72] showed that the antidepressant effect of the active ingredients of medicinal plants was 
associated with neutralizing various stressors and returning monoamine receptor and 
neurotransmitter levels to normal and also by increasing the level of monoamine 
neurotransmitters in certain regions of the cortex [27, 72]. Medicinal plants and their active 
ingredients also produce therapeutic effects via interaction with serotonergic systems (5-HT3, 
5HT2A, 5-HT1A), noradrenergic (α1 and αβ receptors) and dopaminergic (D1 and Dβ) 
receptors [30]. Medicinal plants also regulate the activity of the HPA axis and reduce CRF, and 
adrenocorticotropin and corticosterone. Some plants remove the symptoms of depression by 
reducing oxidative stress and inflammatory mediators. The present section addresses the 
overall antidepressant activity of plants.   

  



 

 

             Fig. (2). Antidepressant mechanisms.  

  

 Plant-derived antidepressant phytochemicals are known to reduce the risk of certain severe 
disorders, including autoimmune and cardiovascular diseases, as well as neurodegenerative 
diseases [15]. Some herbal drugs have been approved by regulatory authorities for treating 
psychiatric disorders. For example, the Brazilian Health Regulatory Agency (Anvisa) has 
approved certain products obtained from Passiflora incarnata, Valeriana officinalis, Cimicifuga 
racemosa, and Piper methysticum for treating anxiety or depression. Similarly, the European 
Medicines Agency (EMA) has listed some plants including Hypericum perforatum L. (St. 
John's Wort), Melissa officinalis L. (Melissa leaf), and V. officinalis L. (Valerian Root) as 
being approved for the treatment of mental stress and mood disorders [31]. In these plants, 
well-known polyphenols such as curcumin, ferulic acid, proanthocyanidin, quercetin and 
resveratrol have shown potent anti-inflammatory and antioxidant properties. These 
phytochemicals have been frequently reported to produce neuropathic effects, which strongly 
indicates that they can improve symptoms of depression [15]. Table 1 shows some of the plants 
associated with depression.  

1.4. Toxicity of Medicinal Plants   

The use of medicinal plants and herbal medicines dates back in human history. Nowadays, 
about seventy percent of the population consume these plants for disease treatment and low 
toxicity although they can produce certain toxic effects [73]. Some plants are not inherently 
toxic, but the levels of some elements in them can be very high being sourced from 
environmental pollution. Fungal contamination in stored plants is a big problem, too. [74]. 
Although the washing process may remove toxic components, some elements such as lead and 
cadmium are not easily removed [75].  Most of the available medicinal plants and herbal 
products are not prepared industrially and do not carry the necessary information on their 



packaging. Moreover, they often have not been certified and validated by a recognized body, 
which can concern medical practitioners as well as consumers [75]. These plants may induce a 
variety of toxicities in different organs of the body. In this respect, the liver and kidney are very 
vulnerable to herbal toxicities [76-78]. Therefore, they should be used with caution, especially 
for their toxic effects on kidney and liver.   It should be noted that medicinal plants might also 
be beneficial to liver and kidneys. There are many medicinal plants, which have been shown to 
protect kidney or liver, or both. These plants mostly have antioxidant activity and counteract 
the oxidative stress induced by free radicals [79-81].  

 

Table 1. The most important herbal medicines effective on depression and their mechanisms. 

 

 

 



 

 

 

 



 

 



                      CONCLUSION   

Recent pharmaceutical achievements for managing depression have not yet met with 
favorable clinical results. Some new and conventional drugs cause side effects. Medicinal 
plants provide many opportunities for the development of antidepressants. Antidepressant 
activities of plants are associated with various mechanisms including the HPA axis, 
monoamine neurotransmitters, and neurogenetic/neurotrophic factors, and their active 
ingredients play an important role in serotonergic, neuroadrenergic and dopaminergic 
systems. Hypericum, borage, and saffron exert their effects by inhibiting monoamine 
reuptake and roseroot and chamomile by inhibiting MOA. Hypericum produces an 
antidepressant effect by impacting serotonin receptors and lavender, chamomile and saffron 
by affecting GABAergic receptors [61]. However, the effects observed include a 
neurotrophic effect, such as activation of BDNF by saffron and ginseng, and neuroendocrine 
effects by hypericum, chamomile, and ginseng [61]. Saffron is also known as a postsynaptic 
NMDA receptor antagonist [61]. Studies have shown that hypericum extracts are the best 
registered natural treatments for mild to moderate depression. Its tolerance is good, but most 
important aspects are immunomodulation and pharmacokinetic and pharmacodynamic 
interactions. In several controlled clinical trials, saffron was shown to be more effective for 
mild to moderate depression than placebo and standard drugs. It is noteworthy that treatment 
with saffron is currently known to be the second leading herbal treatment for depressive 
symptoms [25, 28, 70] and in comparison with hypericum extracts, it does not cause immune 
system problems. Experiments on other herbal remedies such as lavender, borage, chamomile 
and ginseng have demonstrated antidepressant effects, but it should be emphasized that they 
have not yet been definitely proven [28].  Growing evidence exists suggesting the presence of 
an association between the antioxidant defence system and oxidative stress with the 
development of neuropsychiatric disorders, including anxiety and depression. Anxiety and 
depression have been shown to be correlated with reduced antioxidant state or enhanced 
oxidative stress. The available antidepressants also mostly produce their therapeutic effects, 
in part, by increasing antioxidant levels. Antioxidants are able to remove free radicals by 
scavenging them, which would further protect neuronal damage induced by oxidative stress 
in the brain. This may help in the remission of anxiety or depression symptoms. 
Understanding the functional relationship between anxiety or depression and oxidative stress 
might pave the way for the discovery of novel targets and the preparation of new drugs for 
the treatment of neuro-psychiatric disorders [71]. It should be noted that since biochemical 
compounds from plants are metabolized in the liver, it is essential that they are studied in 
clinical trials before prescription use [25]. Therefore, the acceptance of herbal drugs for the 
treatment of mental disorders, including depression, requires standardization of herbal 
extracts and isolates, adequate scientific information on their safety and efficacy, the 
preservation of the diversity of medicinal plants, and appropriate laws and legal regulations 
that should be taken into consideration in developing anti-anxiety and antidepressant drugs.  
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