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Abstract: Depression is one of the prevalent and persistent psychiatric illnesses. It brings heavy 
socioeconomic burden such as healthcare expenditures and even higher suicide rates. Despite many 
hypotheses about its mechanism have been put forward, so far it is still unclear, not to mention the 
precise and effective diagnostic or therapeutic methods. In this paper, the current conditions of 
pathological and pharmacological mechanism of depression were reviewed systematically. Firstly, the 
most recent hypotheses and metabolomics based research including hereditary, neurotransmitter 
systems, brain derived neurotrophic factor (BDNF), hyperactivity of the hypothalamic pituitary adrenal (HPA) axis and 
inflammatory as well as metabolomics were summarized. Secondly, the present situation and development on 
antidepressant drugs at home and abroad were reviewed. Finally, a conclusion and prospect on the pathological and 
pharmacological mechanism of depression were provided primarily. 
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1. INTRODUCTION 

 Depression is a persistent and serious psychiatric illness, 
affecting over 120 million people worldwide. 13%~20% 
people have the experience of depressive disorder and  
the lifetime prevalence rate is 6.1%~9.5%. Moreover, 
35.5%~50.3% of seriously depressed patients in developed 
countries had no appropriate treatment and this rate in less-
developed countries has rocketed to 76.3%~85.4% [1]. It has 
been reported that more than 19 million adults suffer from a 
depressive disease and the direct or indirect costs are more 
than $30 billion each year in the United States [2], while the 
incidence of depression is about 3%~5% and now more than 
26 million people develop depression in China [3].  

 Nowadays, depression has been one of the most important 
risk factors for lifetime suicide attempts and the population 
attributable risk proportion has been approximately 28%. 
According to the World Health Organization (WHO) 
statistics, depression would be the largest leading cause 
ended up to death worldwide by 2030 [4, 5]. Both the 
suffering from depressed patients and the premature deaths 
by suicide resulted from depression lead to a significant 
social burden. The primary ways to reduce these burdens are 
the promotion of health systems efficiency and cost-effective 
treatment strategies [4]. 
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 Considerable experimental and clinical evidences have 
demonstrated several alterations happened to neuronal 
serotonergic and noradrenergic function in the central 
nervous system of depressed patients [6]. Another leading 
hypothesis on the neurobiological basis of depression 
suggests the role played by brain-derived neurotrophic factor 
(BDNF) in the brain [7]. Hyperactivity of the hypothalamic 
pituitary adrenal (HPA) axis is one of the greatest findings in 
psychoneuroendocrinology in major depression [8]. 
Furthermore, the inflammatory cytokines or endogenous 
metabolites were involved with the mechanism of depression. 

 The antidepressant drugs were prescribed frequently to 
treat depressive disorders in clinical practice; however, only 
one-third of patients performed a beneficial treatment 
response after drug-treatment. The discovery of tricyclic 
antidepressants (TCAs) as well as monoamine oxidase 
inhibitors (MAOIs) in the 1950s gave impetus on research 
into developing new antidepressant medications with a better 
safety profile and less side effects. Then, the selective 5-HT 
reuptake inhibitors (SSRIs) were considered as more effective 
antidepressants. More recently, 5-HT-norepinephrine reuptake 
inhibitors (SNRIs) have been widely used in clinic. Though 
the treatment of depression is efficacious, these antidepressant 
drugs frequently produce side effects and are generally 
expensive [9]. For this reason, natural medicine, with a 
significant treatment effect but relative less side effect and 
low price, has played an important role in keeping people 
healthy since ancient times [10, 11] turned to be the hotspot 
in recent years. 

 Nowadays, there are many antidepressants in the market, 
but they are not very ideal because of the side effects. In the 
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present paper, the mechanism of depression and current 
situation of antidepressant are summarized completely. It is 
promising to provide a reference for the study on depression 
as well as research and development of ideal novel 
antidepressants. 

2. PATHOLOGICAL MECHANISM OF DEPRESSION 

2.1. Hereditary 
 There is a low possibility that an unusual 
neuropsychiatric disorder inherited in autosomal dominant 
fashion could occur in three successive generations of a 
family. Study showed that symptoms commenced late in 
their fifth decade in six affected patients and could lead to 
death in four to six years. The earliest and most prominent 
essential symptom was mental depression without any response 
to either electroconvulsive therapy or antidepressant drugs. 
The symptoms of these patients were accompanied by 
frequent exhaustion, sleep disturbances, and marked 
distinguished weight loss [12]. The probability of heritability 
in major depression is likely to be in the range of around 
31%~ 42%, which is probably and optimistically the lower 
bound, in fact, the level of heritability is likely to be much 
substantially higher for reliably diagnosed major depression 
or for the subtypes such as recurrent major depression. As a 
complex disorder, major depression is an integrated result of 
both genetic heredity and environmental disturbance influences. 
It has been long hypothesized that gene-environment 
interactions have been hypothesized to be of great importance 
in the etiology of major depression [13]. 

2.2. Neurotransmitter Systems 
 Considerable experimental and clinical evidences suggest 
that the neurotransmitters are the fundamental roles of 
neurotransmitters in the etiology of depression [6]. As a 
biochemical messenger and regulator, serotonin is wide 
spread in the nervous system of vertebrates and invertebrates. 
Serotonin is synthesized from the L-tryptophan and acts as a 
local transmitter at synapses, allowing various "state-
dependent" behavioral responses to different stimulations. In 
vertebrates, deficiency of the serotonergic system can lead to 
disorders such as depression, phobias, obsessive-compulsive 
disorder, generalized anxiety disorder as well as posttraumatic 
stress disorder [14]. For decades, the serotonin hypothesis of 
depression carried research forward to the etiology of 
depression; depressed patients may exhibit decreased level 
of brain serotonin and alterations in 5-HT receptors, such as 
an up-regulation of the 5-HT2 receptors as well as a down 
regulation in the 5-HT1A receptors [15]. Brain serotonin 
systems are involved in adaptive responses to disgusting 
aversive events. Three involved mechanisms of impaired 5-
HT1A function in depression are discussed: 5-HT₂ receptors 
inhibit 5-HT₁ neurotransmission, hypercortisolaemia inhibits 
5-HT₁ neurotransmission, and social isolation reduces 5-HT₁ 
neurotransmission [16]. It has been shown that BDNF and 
NT-3, among these endogenous proteins, had a great 
contribution to the growth as well as function of 5-HT 
including neurons in the adult brain [17]. 

 As a dominant transmitter in the extra pyramidal system 
of brain, dopamine is also a precursor to epinephrine and 
norepinephrine and plays an important role in regulating 

behavior. More and more human or animal studies proved 
the close connection between depression and dopamine 
transmission in the central nervous system. Some researchers 
also found that there was an up-regulation of dopamine 
transporter in depressed patients, which makes a re-uptake of 
dopamine into the presynaptic neurons more effectively. 

2.3. Brain-Derived Neurotrophic Factor 
 BDNF, abundant in periphery and brain, is a significant 
member of the neurotrophin family in nerve growth factor 
related proteins. BDNF have been regarded to be of critical 
contributions to a cellular mechanism on learning and 
memory in long-term potentiating. It is indicated that the 
neurotrophic factor is associated with the plasticity [7]. It is 
known to exert different effects on the nervous system such 
as synaptic connectivity, differentiation, neuronal outgrowth 
and neuronal repair. This neurotrophin hypothesis on 
depression is based mainly on that decreasing in levels of 
hippocampal BDNF are related to stress-induced depressive 
behaviors and antidepressant therapy promotes the expression 
of BDNF [18]. This neurotrophin has been involved in the 
phenotypic expression of various neurotransmitter systems 
including Alzheimer’s disease and amyotrophic lateral 
sclerosis [19].  

 Recently, several studies have demonstrated neuro- 
modulatory effects of BDNF on monoamines, neuropeptides 
and behavior. BDNF as well as other members such as  
nerve growth factor (NGF) and neurotrophin-3 (NT-3) in 
neurotrophic factor family, affect cellular function by 
activation of the respective tyrosine kinase receptors [20]. 
Studies suggest that infusion of BDNF either directly or 
intracerebroventricularly into the rat midbrain, near the 
periaqueductal gray (PAG), median raphe nuclei and dorsal, 
increased activity within dopamine, serotonin, and/or 
norepinephrine pathways in different forebrain areas including 
the hippocampus, cortex, nucleus accumbens and striatum. 
So, it has been shown that central BDNF administration can 
regulate the activity of the neurochemical and anatomical 
systems, which is thought to be involved with depression 
[21]. 

 Acute and chronic stress, which can make contributions 
to development of depression in humans, makes decreasing 
levels of BDNF in the rodent hippocampus, one brain region 
implicated in the pathophysiology and treatment of 
depression. While antidepressant treatment makes increasing 
levels of BDNF in the rodent hippocampus chronically, but 
not acutely. This finding does a consistency with the delayed 
onset of efficacy of drugs in clinic. Interestingly, chronic 
antidepressant treatment can also prevent the decrease of 
BNDF in the hippocampus induced by stress. What’s more, 
it produces an antidepressant-like effect when administration 
of BDNF into either hippocampus or midbrain in rodent 
models of depression [22]. 

2.4. Hypothalamic-pituitary-adrenal (HPA) Axis 
 Hyperactivity of the HPA axis (Fig. 1) stands for the 
major neuroendocrine stress response system which 
contributes to maintain stability and health via adapting the 
organism to change in demand and thereby. Stress as well as 
acute challenge has long been considered as a potential risk 
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factor for depression, which is often involved in the onset of 
depressive episodes. Thus, the changes of HPA axis in 
depression may reflect influences of stress and regulate the 
manifestation of depressive symptoms. [8]. HPA axis 
activity is dominated by vasopressin (AVP) and the secretion 
of adrenocorticotrophic hormone releasing factor (CRF) 
from the hypothalamus, which in turn activates the secretion 
of adrenocorticotrophic hormone (ACTH) from the pituitary, 
finally stimulates the secretion of the glucocorticoids from 
the adrenal cortex. And then the glucocorticoids make 
interaction with their receptors from multiple target tissues 
such as HPA axis, where they serve as feedback inhibition 
both directly on secretion of ACTH in pituitary corticotrope 
and on CRF as well as AVP from the hypothalamus [23]. 

 The over activity of HPA axis occurs at any level of this 
axis during stress in depressed patients and normal. This can 
induce enlargement of the pituitary and adrenals. The 
integrity of the hippocampus is essential for memory 
function and, via the high density of its cortisol receptors; 
cortisol induced inhibitory feedback to the HPA axis [24]. 
The symptom profile of depressive episodes occuring 
antenatally and postnatally may be different. Melancholic 
depression is related to raise cortisol levels, while a typical 
depression with low cortisol concentration. Additionally, 
women who have different genetic predispositions are 
probably at higher risk of depressive episodes at various 
times in the perinatal period [25]. In accordance with this 
“stress reactivity” formulation, researchers have discovered 

 

Fig. (1). Stress and HPA axis. 
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that cortisol had a hereditary component and was elevated in 
40%~60% of depressed adults, which could be considered as 
a credible indicator for functioning and stress reactivity of 
HPA axis. In fact, hypercortisolemia has been assumed to 
cause the loss of hippocampus neuronal which has also been 
postulated to be participated in the pathogenesis of 
depression in turn [26]. 

2.5. Inflammatory 

 Over the past  two decades, some new studies on 
psychiatric have hypothesized that inflammatory processes 
participated in the pathogenesis of major depression. There 
is a relationship between T cell activation，lowered levels of 
serum zinc, and increased acute phase proteins as well as 
cytokines in patients with depression [27-30]. During 
immune responses, cytokines produced by monocytes and 
increasing body temperature and stimulating hepatocytes so 
that C-reactive protein, haptoglobin and macroglobulin are 
produced. These proteins activate the complement system 
and opsonize bacteria [31]. Fostering maladaptive health 
practices, triggering dysregulation of hormonal systems and 
increasing susceptibility to infections related with 
atherosclerosis promotes a mild inflammatory response in 
depression [32]. 

 It was shown that depression is associated with increased 
expression of inflammatory molecules [32-34]. A number  
of the molecules such as C-reactive protein (CRP) and 
interleukin-6 (IL-6) have been shown to predict cardiac 
morbidity and mortality [35]. Moreover, the increased 
production of pro-inflammatory cytokines including IL-6, 
IL-1β and TNF-α may induce sickness behavior syndromes.  

2.6. Metabolomics 

 Metabolomics, an embranchment of systems biology, has 
been widely applied in many areas. With the development of 
effective analytical technologies and methods, it makes a 
great contribution to understanding the basis of diseases  
via analyzing fluids as well as tissues from an organism and 
the discovery of specific biomarkers [36]. Metabolomics 
information can be obtained by maximum data catching from 
samples via proton nuclear magnetic resonance (1H NMR), 
gas chromatography-mass spectrometer (GC-MS), liquid 
chromatography-mass spectrometry (LC-MS) coupled with 
multivariate data analysis. Considerable experiment in 
animal model or clinical practice indicated that metabolomics 
was a useful tool for researching the pathophysiology and 
identified potential biomarkers of depression. The general 
procedures where biomarkers can be discovered via 
metabolomics are shown in Fig. 2. 

 A 1H NMR plasma metabolomics study of chronic and 
acute stress rat’s models of depression was performed for the 
identification of crucially endogenous metabolites which can 
discriminate between chronic and acute stresses. The 
concentration of proline, valine decreased, while 
trimethylamine, lactate, aspartate, glutamate, acetoacetate, 
alanine, leucine/isoleucine, lipids increased in the chronic 
unpredictable mild stress (CUMS) model, trimethylamine 
decreased in the FST-1d model, α -glucose, β -glucose, 
valine and lipids increased in the FST-14d model. It is 

indicated that metabolomics is a useful tool for selecting 
suitable animal model on the study of depression [37]. With 
the use of a proton nuclear magnetic resonance (1H NMR) 
based urinary metabolomics method, 23 differentially expressed 
metabolites were initially identified that distinguished major 
depressive disorder subjects from healthy control subjects, 
and five metabolite as potential biomarkers including malonate, 
formate, N-methylnicotinamide, m-hydroxyphenylacetate 
and alanine could be used to accurately distinguish MDD 
subjects from healthy control subjects. These metabolites 
were found to primarily participate in energy metabolism, 
gut microbial metabolism, and tryptophan-nicotinic acid 
metabolism [38]. While 1H NMR-based plasma metabolomics 
were used to distinguish depressed patients and healthy 
controls, the key metabolites include amino acids, 
lipid/protein complexes and some molecules related to lipid 
metabolism and energy metabolism contributing to 
discrimination between depressed patients and healthy 
controls were identified [39]. We use urinary 1H NMR-based 
metabolomics to investigate the effective TCM formula 
Xiaoyaosan (XYS) in depressed patients, and the results 
show that the concentrations of creatinine, taurine, 2-
oxoglutarate and xanthurenic acid increase significantly after 
XYS treatment, while the levels of citrate, lactate, alanine 
and dimethylamine decrease significantly compared with pre-
treatment samples. These statistically significant perturbations 
are involved in energy metabolism, gut microbes, tryptophan 
metabolism and taurine metabolism. It is a suggestion that 
urine metabolomics could serve as a perfect way for the 
investigation of depression and antidepressant. 

 In order to investigate the biomarkers of depression, GC-
MS was applied to the metabolomics analysis of plasma of 
CUMS rats. We identified 13 metabolites among the detected 
compounds and the concentrations of 12 metabolites in the 
CUMS group were significantly changed compared with the 
control. Via the KEGG pathway database, amino acid 
metabolism, energy metabolism and glycometabolism were 
found to be affected by CUMS treatment. Interestingly, we 
found glycometabolism related to the depression in a plasma 
metabolomics study on CUMS depression model [40]. 
Employing a GC-MS-based metabolomics approach, CUMS 
rats were characterized by lower levels of isoleucine as well 
as glycerol and higher levels of N-acetylaspartate as well as 
β-alanine compared to control rats [41]. Therefore, plasma 
metabolic dynamic variations in a CUMS induced rat model 
of depression showed that the metabolic responses were 
systematic changes in glycometabolism, amino acid metabolism 
and energy metabolism. Six potential biomarkers (glycine, 
glutamate, fructose, citric acid, glucose, hexadecanoic acid) 
were closely related to depression [42]. 

 Depression is common across the lifespan, despite the 
abundance of research into this disease and various 
hypotheses that have been put forward; the etiology of 
depressive disorder is still not completely understood. 
However, since different researchers have performed many 
tasks on modality from different perspectives, they are 
necessarily linked, and complementary, it is helpful for us to 
comprehend depression furthermore. Fig. 3 shows the 
different pathological mechanism of depression. 
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3. PHARMACOLOGICAL MECHANISM 

3.1. Classic Antidepressant Drugs 

 Most antidepressant drugs produce their primary 
pharmacological effects on the brain monoamine 

neurotransmitters, norepinephrine (NE) and serotonin  
(5-HT), but differ regarding their selectivity. Tricyclic 
antidepressants could inhibit  the neuronal uptake of NA [43] 
and some of them also make a contribution to inhibit the 
uptake of 5-HT [44], which indicate that the treatment 

 

Fig. (2). The general procedures where biomarkers can be discovered via metabolomics. 
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response of antidepressants could cause an increased 
availability of 5-HT or NA at postsynaptic receptor sites. 
Recently, it has been found that amitriptyline and 
nortriptyline, two of tricyclic antidepressants used most 
commonly, have a higher affinity for 3H-d-LSD binding 
sites of brain and also brought a reduced activity of central 
5-HT in a behavioral test [45]. 

 New antidepressant drugs have fewer side effects  
than non-selective MAO inhibitors (MAOIs) and tricyclics 
owing to  lack of affinity for receptors for acetylcholine and 
amines. So, the selective serotonin (5-HT) reuptake 
inhibitors (SSRIs) have become the most commonly used 
drugs in clinic in several countries. The introduction of the 
SSRIs, which can be given at a therapeutic dose from the 
beginning of the treatment, did not shorten the considerable 
delay for the occurrence of the antidepressant response, even 
if some of them reach a relatively steady-state level within a 
few days.  

 Nearly all antidepressants could be categorized as 
inhibitors of monoamine reuptake, monoamine oxidase 
inhibitors, and typical agents. Antidepressants that inhibit 
monoamine reuptake are available, they selectively block the 
reuptake of NE, selectively block the reuptake of 5-HT, or 
are non-selective reuptake inhibitors (NSRIs) with high 
affinity for both NE and 5-HT transporters. Some 
antidepressants  inhibit NE and dopamine (DA) transporters 

but not 5-HT. Other atypical drugs also produce changes in 
neurotransmission of noradrenergic or serotonergic neurons, 
but their precise mechanism of action may be indirect. Even 
within these broad categories, there may be important 
relative differences in selectivity and potency between 
monoamines, or differences in selectivity for monoamine 
and non-monoamine targets which may result in a different 
side-effect profile. The identification of different behavioral 
components to the antidepressant response may provide a 
strategy for developing more effective antidepressants [46]. 
Lots of meta-analyses have indicated that treatment of 
depressed patients with the serotonin-norepinephrine reuptake 
inhibitor (SNRI) venlafaxine brings greater response or 
remission rates than the SSRIs. At present, it remains unclear 
whether there are differences in terms of efficacy between 
the SSRIs and a broad and heterogeneous grouping of 
antidepressant drugs which can enhance noradrenergic as 
well as serotonergic neurotransmission [47]. 

3.2. Medicinal Plants 
 The antidepressants such as TCAs, MAOIs and SSRIs 
frequently produce side effects in clinical practice. Although 
some new synthesized antidepressants produce less side-
effects, they are extremely expensive, which leads to an 
urgent need for further research on the findings of novel 
effective and safe antidepressants. Thus, one of effective 
approaches was natural medicine [10, 11].  

 

Fig. (3). The different pathological mechanism of depression. 
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 The most widely used medicinal plants for the treatment of 
depressive disorders in traditional and conventional medicines 
around world are Hypericum perforatum (Hypericaeae), 
Uncaria tome (Rubiaceae), Valeriana officinalis 
(Valerianaceae), Centella asiatica (Apiaceae), Pfaffia 
paniculata (Amaranthaceae),Rhodiola rosea (Crassulaceae), 
Schizandra chin (Schizandraceae), Rhododendron molle 
(Ericaceae), Rauwolfia serpentina (Apocynaceae), Thea 
sinensis (Theaceae) and Withania somnifera (Solanaceae) 
[48]. In oriental countries, many medicinal plants from 
natural resources, especially traditional Chinese medicine, 
such as Scrophularia ningpoensis, Plantago asiatica and 
Hypericum perforatum were successfully applied to prevent 
or treat depression-like disorders [49]. 

 With more attention to be paid to the antidepressant-like 
effects, some flavonoids in natural plants have been 
identified to be the main bioactive constituents as they have 
demonstrated efficacy and safety not only in animal models 
but also in clinical trials [50, 51]. Isoliquiritin and 
liquiritinare isolated from G. uralensis appeared to produce 
antidepressant-like effect in tail suspension test (TST) and 
forced swimming test (FST) in mice [52]. Phototherapy is 
widely employed for the treatment of depression in different 
countries around the world. The flowering tops of 
Hypericum perforatum (St. John’s wort; SJW) have been 
used throughout millennia for a range of nervous system 
conditions, several meta-analysis of randomized controlled 
trials (RCTs) involving SJW for depression shows that there 
is non-significant difference on the treatment of depression 
compared with SSRIs [53,54]. SJW contains a range of 
constituents, including the naphthodianthrones pseudohypericin 
and hypericin; the phloroglucinol hyperforin; and a range of 
flavonoids, volatile oils, and tannins [55]. In vivo and in vitro 
research has revealed nonselective inhibition of the neuronal 
re-uptake of serotonin, dopamine, and noradrenalin, and 
weak monoamine oxidase A and B inhibition. Other biologic 
activities include a decreased degradation of neurochemicals 
and a sensitization of and/or increased binding of ligands to 
various receptors (eg. γ-gaminobutyric acid, glutamate,  
and adenosine), increased dopaminergic activity in the 
prefrontal cortex, and neuroendocrine modulation [56,57]. 
Furthermore, it has also been shown that treatments with 
such extracts seem to be the tendency to decrease serious 
side effects and to reduce the cost [50]. Given the lower cost 
of phytomedicines, they may make a great contribution to 
the management of depressed patients with a low economic 
status or who cannot tolerate the side effects produced by 
them [58]. Genipin, the glycone of geniposide, one of the 
crucial bioactive constituents, was extracted from fruit of 
Gardenia jasminoides E. A metabolomics method based on 
1H NMR suggest that genipin have antidepressive effect, and 
lipids, N-acetyl glycoproteins, lactate, alanine and trimetlylamine 
N-oxide are identified as potential antidepressant biomarkers 
in plasma. Citrate, dimethylamine, trimetlylamine, creatinine 
and betaine are identified in urine. Genipin may play an 
antidepressant role by regulating energy metabolism, gut 
microbes, and glycometabolism [37]. 

 Currently, the effective ingredients in many plants 
showed strong antidepressant effects in animal experiments. 

But there still is a long road to go before being used as a 
novel antidepressant in clinic. And we still need to do a lot 
of researches to ensure it is safe, stable and effective. 

3.3. Chinese Herbal Formula 

 Traditional Chinese medicines (TCM) are attracting more 
and more attention worldwide, owing to their specific theory 
as well as long historical clinical practice. There are several 
TCM formulas for the treatment of depression including 
Ban-xia-hou-pu-tang, Gan-mai-da-zao-tang, Bai-he-di-
huang-tang, Chai-hu-jia-long-gu-mu-li-tang, Chai-hu-shu-
gan-san [59], and Xiao-yao-san [60-64]. Some of those 
studies are reviewed in Table 1.  

 Chai-hu-shu-gan-san, which is composed of seven 
Chinese herbs, is one of the most widely used TCM formulas 
for the treatment of depression in China. Chai-hu-shu-gan-
san produce significant antidepressant-like effect in FST and 
the CUMS animal models and the possible mechanism is 
involved with the modification of the disturbed HPA axis 
and γ-Aminobutyric acid (GABA) system [65]. A urine 
metabolomics study of anti-depressive effect on a rat model 
of depression induced by CUMS suggest that the therapeutic 
effect of Chai-hu-shu-gan-san may involve in regulating the 
dysfunctions of energy metabolism, tryptophan metabolism, 
bone loss and liver detoxification [59].  

 Xiao-yao-san, another popular TCM formula, contains 
eight herbs. The analysis of behavior and metabolomics 
indicated that Xiao-yao-san had an exact protective effect on 
depression [63]. Metabolomics study on the anti-depression 
effect of Xiao-yao-san in CUMS induced rat depression 
model demonstrates a relation to the energy metabolism, 
amino acid metabolism, and glycometabolism [60, 61]. With 
a study on plasma metabolomics in CUMS model and 
intervention effects of Xiao-yao-san by using GC-MS, most 
potential biomarkers such as hexadecanoic acid, glycine and 
glucose have been identified. These changes of metabolites 
in plasma indicated that the influence of depression to 
normal animal may involve in amino acid metabolism, 
glycometabolism and energy metabolism. And the 
antidepressant effect of Xiao-yao-san may play via 
regulating these three metabolic pathways [62]. Recently, 
Tian J.S. et al. [64] study the endogenous metabolites  
in depressed patients treated with Xiao-yao-san using  
urinary 1H NMR-based metabolomics, creatinine, taurine,  
2-oxoglutarate and xanthurenic acid increased significantly 
after Xiao-yao-san treatment, while the levels of citrate, 
lactate, alanine and dimethylamine decreased significantly 
compared with pre-treatment urine samples. These statistically 
significant perturbations are involved in energy metabolism, 
gutmicrobes, tryptophan metabolism and taurine metabolism. 

 Classic antidepressant drugs, medicinal plants and 
traditional Chinese medicines have their own characteristics 
and advantages in the treatment of depression. These 
antidepressants can relieve the suffering of the depressed 
patients on a certain extent. The TCM always carries out 
dialectical treatment based on the traditional Chinese 
medicine theory and bring good therapeutic effect owing to 
their combination of different ingredients.  



Research on the Pathological Mechanism and Drug Treatment Mechanism Current Neuropharmacology, 2015, Vol. 13, No. 4    521 

CONCLUSION AND PROSPECT 

 Depression is a complex mental disorder with important 
genetic as well as nongenetic contributory factors. Many 
approaches and strategies will be applied; some of them are 
not yet feasible or even imagined. Despite extensive 
research, the neurobiology of depression remains poorly 
understood due to the complexity, relatively low rates  
of heritability and heterogeneity of precipitating factors as 
well as lack of biomarkers. The focus of existing research 
was relatively one fold, lack of integration and system. 
Metabolomics is a comprehensive and simultaneous 
profiling of metabolic changes occurring in living systems in 
response to genetic or environmental as well as lifestyle 
factors. This approach attempts to obtain global changes and 
overall physiological status in biochemical networks and 
pathways aiming to elucidate sites of perturbations and has 
shown a great promise as a means to identify biomarkers. 
Metabolomics is a powerful tool for discovering novel 
biomarkers as well as biochemical pathways to improve 
diagnostic, prognostication, and therapy. It has many 
potential applications and advantages for research into 
complex systems, such as the mechanisms of depression and 
antidepressant medicine. 

 Nowadays, with the requirement of greater therapeutic 
efficacy and less adverse effects on depression, 
metabolomics has attracted great interest in alternative 
medicine, particularly the use of herbal products. Western 
herbal medicines are usually standardized extracts from 
single herbs, such as valerian and St. John's wort. Herbal 
products in terms of single-chemical entities have been 
successfully used for the treatment and the action of drug is 
predictable and fast, bring a favorable resolution of a critical 
situation in a short period of time. The treatment can also 

result in serious side effects, particularly in the long term. 
TCM are decoctions of mixtures of herbs that are customized 
for each individual patient. Dialectical treatment is 
energetically emphasized in the theory of TCM. That’s to 
say, during the treatment of disease, every single herb in 
traditional herbal formulas plays an important role and 
interact each other. So we can conjecture the attribution of 
disease in the TCM theory according to nature of herbs in 
traditional herbal formulas. When those herbs combined, two 
biologically active constituents can be found to have 
following effects: mutual accentuation, mutual enhancement, 
mutual counteraction, mutual suppression, mutual antagonism, 
and mutual incompatibility. TCM stands for one aspect of 
Chinese medical philosophy, which has been characterized 
by its emphasis on maintaining and restoring balance. This 
medical method is much more appropriate to disease 
prevention as well as the treatment of chronic diseases with a 
less collateral damage unaccepted. 

 In general, further studies are required to find biomarkers 
of depression in order to get a much better idea of 
pathological mechanism and to guide new antidepressant 
drugs and strategy developed. With the development of 
relative databases and analytical techniques, the application 
of integration for TCM theory and metabolomics can bring a 
better speculation for attributions to diseases including the 
guidance to the diagnosis, prevention or treatment to disease, 
and the research or development of novel antidepressant 
drugs. 
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Table 1. Studies on the antidepressant effect of TCM formulas Chai-hu-shu-gan-san and Xiao-yao-san. 

TCM Formulas Researcher Subject Methods Results 

Chai-hu-shu-gan-san 
Kim, S.H. et 

al. (2005) [65] 
Rat model 

Forced swimming test 
(FST) and the chronic 

mild stress (CMS) model 

The therapeutic mechanism of CHSGS was involved with the 
modification of the disturbed HPA axis and γ-Aminobutyric 

acid (GABA) system 

Chai-hu-shu-gan-san 
Su, Z. H. et al. 

(2011) [59] 
Rat model 

A urine metabolomics 
based on 

UPLC–QTOF-MS 

The therapeutic mechanism of Chai-hu-shu-gan-san was 
involved in regulating the dysfunctions of energy metabolism, 

tryptophan metabolism, bone loss and liver detoxification 

Xiao-yao-san 
Dai, Y.T. et al. 

(2010) [61] 
Rat model 

A urine metabolomics 
based on GC-MS 

The anti-depression effect of Xiao-yao-san at the dose of 6.75 
g/kg was the most remarkable and the effect was time 

dependent. 

Xiao-yao-san 
Gao, X.X. et 

al. 
(2011) [62] 

Rat model 
A plasma metabolomics 

method based on 
GC-MS 

The therapeutic mechanism of Xiao-yao-san was involved in 
regulating in amino acid metabolism, energy metabolism and 

glycometabolism. 

Xiao-yao-san 
Liu, X.J. et al.  

(2012) [63] 
Rat model 

A plasma metabolomics 
based on NMR 
spectroscopy 

The therapeutic mechanism of XYS was related to the 
metabolic pathways of gut microbiota, ketone body formation. 

Xiao-yao-san 
Tian, J.S. et al.  

(2014) [64] 
Depressed 

patient 

A urine metabonomics 
based on NMR 
spectroscopy 

The therapeutic mechanism of xiao-yao-san was related to the 
energy metabolism, gut microbes, tryptophan metabolism and 

taurine metabolism. 
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