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Abstract: Chlorogenic acid (CGA) is a kind of traditional Chinese medicine, abundant in honey-

suckle and eucommia, and has a wide range of biological activities, and pharmacological effects.

Previous studies have shown that CGA can regulate learning, memory, cognitive ability, coupled

with  improvement  to  anxiety,  depression,  and  other  post-traumatic  stress  disorder  (PTSD)-like

symptoms. This article explores the protective effects of CGA on neurons through its anti-apoptot-

ic effect, inhibition of neuroinflammation and oxidative stress, which may be the mechanisms of

its improvement of PTSD-like symptoms. It may provide a new therapeutic strategy for the treat-

ment of PTSD and its comorbidities.

Keywords: Chlorogenic acid, post-traumatic stress disorder, PTSD-like symptoms, learning and memory, apoptosis, oxidative

stress.

1. INTRODUCTION

Post-traumatic stress disorder (PTSD) is  a long-lasting
and delayed mental disorder caused by sudden, threatening,
or catastrophic life events. The typical main symptoms are
intrusive, persistent avoidance symptoms, and persistently in-
creased alertness [1]. Patients with PTSD are often accom-
panied by comorbidities, such as anxiety and depression [2].
In recent years, with the increase in the incidence of traumat-
ic events such as natural disasters, major accidents, and ma-
jor  diseases,  the  incidence  of  PTSD  has  also  increased,
which has led to a severe impact on patients' families and so-
ciety.  Unfortunately,  so  far,  the  pathogenesis  of  PTSD  is
still unclear. The current clinical drugs used to treat PTSD
are mainly antidepressants. There are only two drugs, sertra-
line and paroxetine, approved by the US Food and Drug Ad-
ministration (FDA) applied to the treatment of PTSD. How-
ever, long-term use of antidepressants has noticeable side ef-
fects. PTSD is a syndrome with complex pathogenesis, mul-
tiple factors, and numerous clinical symptoms. Traditional
Chinese medicine has gradually attracted attention because
of  its  high  safety,  low  side  effects,  and  various  targets,
which  may  provide  better  treatment  strategies  for  treating
PTSD and its comorbidities.

Chlorogenic  acid  (CGA)  is  a  kind  of  carboxyphenolic
acid formed by the  condensation of  quinic acid  and caffeic
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acid in trans-cinnamic acid, mainly derived from eucommia,
honeysuckle, chrysanthemum and other plants [3]. A large
number of studies have shown that CGA has a wide range of
pharmacological effects, such as antioxidant [4], anti-inflam-
mation  [5,  6],  and  anti-tumor  [7-9].  CGA  has  also  been
proven to have neuroprotective effects and improve learning
and memory effects [10-12]. It can improve the survival rate
of  dopaminergic  neurons  [13]  and inhibit  the  apoptosis  of
pyramidal cells in the CA1 region of the hippocampus [14],
and reduce oxidative stress and neuroinflammatory respons-
es [15]. Besides, clinical studies have shown that CGA can
relieve mental fatigue, headache, and inflammation, and has
a  specific  improvement  effect  on  patients  with  PTSD-like
anxiety [16]. Therefore, CGA may regulate learning, memo-
ry and cognitive ability, play anti-anxiety and anti-depres-
sion  effects  and  further  improve  PTSD-like  symptoms  by
protecting neurons, reducing neuroinflammation and oxida-
tive  stress.  This  article  mainly  investigates  the  effects  of
CGA on improving PTSD-like symptoms and its mechanism
of action, hoping to provide a reference for its application in
the treatment of clinically related diseases in the future.

2. STRUCTURE AND BIOLOGICAL FUNCTION OF
CGA

2.1. Structure of CGA

CGA is a phenolic acid compound formed by the conden-
sation of a molecule of caffeic acid and a molecule of quinic
acid [3]. Its chemical name is 3-O-caffeoylquinic acid, and
its molecular formula is C16H18O9. There are catechol, car-

boxyl, ester, unsaturated double bond and hydroxyl. Due to
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the different binding sites and numbers of caffeoyl on quinic
acid, chlorogenic acid contains 4-O-caffeoylquinic acid, 5-
O-caffeoylquinic acid, 1,3-O-dicaffeoylquinic acid, 3,5-O--
caffeoylquinicacid, 3,4-O-caffeoylquinic acid, 4,5-O-dicaf-
feoylquinic acid, and many other isomers. The structural for-
mula for chlorogenic acid and its isomers are shown in Fig.
(1), respectively.

Fig. (1). Chemical structure of chlorogenic acid and its isomers.
The  chemical  name  of  CGA  is  3-O-caffeoylquinic  acid,  and  its
molecular formula is C 16 H 18 O 9 , including catechol, carboxyl, es-

ter,  unsaturated  double  bond  and  hydroxyl.  Due  to  the  different
binding sites and numbers of caffeoyl on quinic acid, CGA con-
tains 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 1,3-O-dicaf-
feoylquinic  acid,  3,5-O-caffeoylquinicacid,3,4-O-caffeoylquinic
acid,  4,5-O-dicaffeoylquinic  acid,  and  many  other  isomers.

2.2. Biological Functions of CGA

CGA is widely used in the fields of medicine, chemical
industry, and food. It has many biological functions such as
anti-inflammatory, anti-oxidation, anti-tumor, anti-virus, an-
ti-bacterial, hypoglycemic, hypolipidemic, and nervous sys-
tem protection [4, 17, 18]. In the 1980s, CGA was discov-
ered to have anti-cancer effects, which attracted full atten-

tion from scientists. Currently, CGA has been found to have
inhibitory effects on liver cancer, lung cancer, breast cancer
and  glioma  [7,  19].  A  large  number  of  documents  have
proved that CGA, as a natural compound extracted from vari-
ous plants, has excellent antibacterial and antiviral activities
[20]. Preclinical and clinical studies have shown that CGA
plays an essential role in the treatment of obesity and dia-
betes [21-23]. In addition, chlorogenic acid can improve the
imbalance of the enteric microflora and facilitate to enhance
the metabolic syndrome in rats elicited by high-carbohydrate
and high-fat diet [24, 25]. The phenolic hydroxyl group in
the structure of CGA is easy to combine with free radicals,
has the ability to scavenge free radicals, and exhibits signifi-
cant antioxidant activity [26]. Here, CGA can down-regulate
the expression of Toll-like receptor 4 (TLR4), inhibit the ac-
tivation of the downstream nuclear factor-κB (NF-κB) sig-
naling pathway, and ultimately inhibit the release of inflam-
matory factors, such as tumor necrosis factor-α (TNF-α), in-
terleukin-1β  (IL-1β),  interleukin-6  (IL-6),  inducible  nitric
oxide  synthase  (iNOS),  and  cyclooxygenase-2  (COX-2),
thereby playing an anti-inflammatory effect [27]. CGA addi-
tionally encompasses a profound cardioprotective impact by
inhibiting  the  activation  of  NF-κB  and  c-Jun  N-terminal
(JNK)  kinase  pathways,  providing  a  brand  new  treatment
possibility for the treatment of heart failure [28]. In recent
years, scientists have discovered that CGA has neuroprotec-
tive effects based on its potent antioxidant and anti-inflam-
matory  effects  [29,  30].  An  ever-increasing  amount  of
proofs demonstrate that supplementing CGA is a promising
strategy  for  the  treatment  of  neurodegenerative  diseases.
[31-34]. At the same time, it has been found in a large num-
ber of rodent models that CGA can reduce anxiety and de-
pression,  improve cognitive and memory dysfunction,  and
protect  neuronal  loss  [35].  Therefore,  CGA  may  also  be
used as a potential neuroprotective drug for the treatment of
some  neurodegenerative  diseases  and  nerve  injury-related
diseases.

3. CGA IMPROVES PTSD-LIKE SYMPTOMS

3.1.  Improvement  of  Learning,  Memory and Cognitive
Impairment

The decline of learning and memory and cognitive dys-
function is the features of the primary behaviors in PTSD pa-
tients. This is, as of now, a part of proving to affirm the an-
ti-anxiety  and  anti-depressive  impacts  of  chlorogenic  acid
[36]. Animal experiments have found that PTSD rats exhibit
typical PTSD symptoms, such as anxiety-like behavior, hy-
perexcitability,  cognitive  function,  and  memory  decline
[37].  Clinical  studies  have  also  shown  that  patients  with
PTSD have impairments in learning, memory, and cognitive
function [38]. Some researchers used Y-maze, Morris water
maze, and passive avoidance experiments to detect the ef-
fects of CGA on scopolamine-induced memory decline and
cognitive dysfunction in mice. They found that CGA can sig-
nificantly  improve the short-term or  working memory im-
pairment caused by scopolamine. It can effectively reverse
cognitive impairment and reduce the impairment of scopo-
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lamine-induced spatial learning in mice [35]. CGA can also
reduce the level of acetylcholinesterase activity in the hippo-
campus and frontal cortex and improve memory and cogni-
tive dysfunction [35]. Besides, CGA can improve the effects
of  alcohol  on  the  brain  damage  and  cognitive  function  of
newborn  rats  [39].  Hermawati,  Stefanello,  and  their  col-
leagues used bilateral typical carotid occlusion (BCCO), a
single  intraperitoneal  streptozotocin  injection,  to  establish
transient global ischemia (TGI) models and diabetes models,
respectively. After the treatment of CGA, the memory dys-
function of the TGI model and the memory decline of rats
caused by diabetes were improved effectively [14, 40]. The
above  studies  have  confirmed  that  CGA  can  improve  the
learning,  memory,  and  cognitive  function  of  some  animal
models, but there are few clinically related studies. To detect
the effect of CGA intake on cognitive function in the elder-
ly, Kato and colleagues had 8 healthy elderly with subjec-
tive memory loss, drink a test beverage (containing 330 mg
CGA) before going to bed for six consecutive months, and
then evaluate their cognitive status through central nervous
system vital signs tests [41]. The results showed that CGA
could improve attention, executive, and memory functions
of the elderly with subjective memory loss [41]. In addition,
some researchers used randomized, double-blind, placebo--
controlled  trials  to  detect  the  effect  of  CGA  on  cognitive
function. The results are consistent with those of previous
studies.  CGA  can  improve  the  cognitive  function  of  the
elderly [42]. The above studies show that CGA can effective-
ly ameliorate learning, memory and cognitive dysfunction,
which provides a theoretical basis for improving the symp-
toms of PTSD and its comorbidities.

3.2. Anti-anxiety and Anti-depression

Patients with PTSD are often associated with comorbidi-
ties, such as sleep disturbance, anxiety, and depression [2].
The  anti-depression  effect  of  Eucommia  ulmoides  rich  in
CGA was investigated with the help of a tail suspension test
on mice for seven consecutive days, and the results showed
that they could effectively improve depression symptoms in
vivo  [43].  Subsequently,  the  same  results  were  found  by
Song and colleagues. They employed a sucrose preference
test, forced swimming test, tail suspension test, as well as an
open field test to explore the anti-depression effect of CGA
on a rat model of severe depression induced by adrenocorti-
cotropic hormone (ACTH) [44]. The results show that CGA
can  improve  depression-like  behavior  in  rats  induced  by
ACTH. At the same time, CGA also up-regulates the levels
of serotonin and dopamine in the serum of depressed rats,
showing an antidepressant effect.  Furthermore, in the pro-
cess of investigating the anti-anxiety effect of CGA, the re-
searchers used light/dark test,  elevated plus maze and free
exploration test to detect the anxiolytic effect of CGA in the
mouse anxiety model. In the light/dark test, CGA could in-
crease the number of their transitions from the dark box to
the lightbox, the cumulative time spent in the lightbox, and
the exercise capacity in the lightbox, producing an anti-anxi-
ety-like effect. In the elevated plus-maze experiment, the cu-
mulative time in the open arm, and the total number of visits

to the open arm in the CGA treatment group (20 mg/kg) in-
creased significantly. In the free exploration test, the mice
were  given  CGA  (20  mg/kg),  and  diazepam  (1  mg/kg)
showed more exercise  behavior  and exploring behavior  in
unfamiliar  environments than the control  group.  These re-
sults confirm the anti-anxiety effect of CGA [45]. The above
studies have shown that CGA has anti-anxiety and anti-de-
pression effects, and such symptoms are often accompanied
by PTSD patients.

4.  MECHANISM OF CGA TREATMENT OF PTSD--
LIKE SYMPTOMS

4.1. Protection of Neurons

It has been demonstrated that neuronal damage can be de-
tected in animal models of PTSD, as well as the loss of neu-
rons and reduction of hippocampal volume in PTSD patients
[46], so the protection of neurons may be an essential strate-
gy for the treatment of PTSD. Both in vivo and in vitro ex-
periments have shown that CGA has a protective effect on
neurons [44]. In vitro, CGA can promote the release of 5-hy-
droxytryptamine (5-HT) by up-regulating the expression of
synaptic protein I (Syn I), and stimulating the growth of ax-
ons and dendrites in raphe neurons from fetus rats. In vivo,
CGA can be detected in the cerebrospinal fluid of rats treat-
ed with CGA-enriched extract of eucommia, which reaches
the level of neuroprotective pharmacological effect, indicat-
ing that CGA can cross the blood-cerebrospinal fluid barrier,
play its role of protecting neurons and promoting the release
of 5-hydroxytryptamine, and up-regulate the expression of
Syn I. CGA can also protect neuronal cells by up-regulating
the expression of NADPH, also called quinine oxidoreduc-
tase 1 (NQO1), mediated by nuclear factor erythroid 2-relat-
ed factor 2 (Nrf2) [47]. In addition, CGA can also up-regu-
late the expression of brain-derived neurotrophic factor (BD-
NF) and nerve growth factor (NGF) in the hippocampus [48,
49], and inhibit the loss of hippocampal neurons [50]. Based
on the above studies,  we speculate that CGA can promote
the expression of Syn I, BDNF, NGF, and the release of 5-
HT, and directly or indirectly induce the activation of Nrf2
to play a neuroprotective effect on patients with PTSD and
related comorbidities.

4.2. Anti-apoptotic Effect

In the adult brain, apoptosis is associated with maintain-
ing the correct number of neurons and eliminating unneces-
sary or incorrect connections. However, it is interesting to
note that one of the pathologic features of PTSD increased
apoptosis in the hippocampus, amygdala, and other brain re-
gions [51]. It has been indicated that CGA could protect the
apoptosis of PC12 cells induced by hydrogen peroxide [52].
CGA can inhibit nuclear condensation and DNA fragmenta-
tion, down-regulate the expression of B cell lymphoma-ex-
tra  large  (Bcl-xL)  and  cysteinyl  aspartate-specific  protei-
nase-3 (Caspase-3), and inhibit the cleavage of poly ADP ri-
bose polymerase. Besides, CGA also inhibits the activation
of p38 mitogen-activated protein kinase (p38MAPK) and c-
Jun amino-terminal kinase. Furthermore, CGA can also regu-
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late the expression of Bcl-2, Bax, ERK1/2, cyclin D1, and
the Shp2/PI3K/Akt pathway to exert  anti-apoptotic effects
[53-55].

Mitochondria  are  the  central  part  of  the  mitochondrial
phospholipid membrane that is attacked by reactive oxygen
species. The reactive oxygen species can cause the permea-
bility  transition  pores  of  the  mitochondrial  membrane  to
open, the mitochondrial membrane potential is dissipated, cy-
tochrome C is released, and the downstream apoptosis execu-
tive factor Caspase-3 is activated, leading to cell DNA break-
age  and  apoptosis.  Previous  studies  have  confirmed  that
CGA can enhance the intensity of hippocampal neuron mito-
chondrial membrane potential induced by Aβ25-35 and pre-
vent hippocampal neuronal cell apoptosis [50].

According  to  the  above  studies,  it  is  speculated  that
CGA may inhibit the apoptosis of neurons in hippocampus,
amygdala and other brain regions in PTSD patients through
apoptosis-related  proteins  and  mitochondria,  as  well  as
PI3K/Akt  signaling pathway,  providing a  theoretical  basis
for the treatment of PTSD and related comorbidities.

Fig. (2). Anti-inflammatory mechanism of chlorogenic acid. In
the absence of external stimuli, NF-κB is sequestered and repressed
in the cytoplasm by the inhibitory protein I-κBα. When other fac-
tors stimulate the body, I-κBα will be degraded and NF-κBis acti-
vated. Then the activated NF-κB enters the nucleus and binds to
the κB site to increase the release of a variety of cytokines and en-
zymes, such as TNF-α, IL-1β, iNOS and COX-2, and cause inflam-
mation. However, CGA exerts anti-inflammatory effects by inhibit-
ing the activation of NF-κB. (A higher resolution / colour version
of this figure is available in the electronic copy of the article).

4.3. Inhibition of Inflammation and Anti-oxidative Stress

Changes  in  inflammatory  markers  are  associated  with
structural and functional changes in brain regions, such as
the amygdala, hippocampus, and frontal cortex, which are re-
sponsible for regulating stress and emotion. A growing body
of research suggests that PTSD patients are associated with
changes in some inflammatory markers and various oxida-

tive stress responses [56, 57]. Microglia (MG) is a mononu-
clear phagocytic cell in the brain, capable of phagocytosis
and antigen presentation [58]. In the event of injury or in-
flammation, activated microglial cells secrete inflammatory
and chemokine factors, and overactivated microglia induce
neurotoxic  effects  by  overproduction  of  cytotoxic  factors,
such  as  nitric  oxide  (NO),  TNF-α,  IL-1β.  Shen  and  col-
leagues investigated the role of CGA in lipopolysaccharides
(LPS) stimulation of microglia and found that CGA can in-
hibit the production of NO, TNF-α and IL-1β in primary mi-
croglia  stimulated  by  LPS [13].  The  prevention  of  the  re-
lease of neurotoxicity caused by the activation of microglia
and ultimately improves the survival rate of neurons. At the
same time, another study showed that CGA could not only
significantly  reduce  the  release  of  pro-inflammatory  cy-
tokines in macrophages stimulated by LPS, but also attenu-
ate  cyclooxygenase-2  (COX-2)  and  inducible  nitric  oxide
synthase (iNOS), and inhibit the activation of NF-κB signal-
ing  pathway  from  exerting  its  anti-inflammatory  effects
[59].  In  summary,  CGA plays an anti-inflammatory effect
by down-regulating the expression of inflammatory factors
such as NO, TNF-α, IL-1β, regulating iNOS/COX-2/NF-κB
signaling pathways, and further reduces neuroinflammation
(Fig. 2).

Under normal circumstances, there are a large number of
antioxidant enzymes in the brain tissue, such as superoxide
dismutase  (SOD)  and  glutathione  peroxidase  (GSH-Px),
which can remove active oxygen and protect neurons from
oxidative damage caused by free radicals, thereby avoiding
damage to brain cells. Liu et al. [48] found that the protec-
tive effect of CGA on cerebral ischemia-reperfusion (CI/R)
injury by regulating the oxidative stress-related Nrf2 path-
way.  Their  results  showed  that  the  Nrf2  pathway  in  CI/R
rats was inactivation and CGA can reactivate the Nrf2 signal-
ing pathway, which plays a role in reducing oxidative stress.
CGA can promote the dissociation of kelch-like ECH-associ-
ation protein 1 (Keap1) from Nrf2, then the activated Nrf2 is
transported into the nucleus, binds to antioxidant response el-
ement (ARE), activates the expression of downstream target
genes, such as quinone oxidoreductase 1 (NQO1) and heme
oxygenase-1 (HO-1), further increase the SOD activity and
GSH levels, and reduce the reactive oxygen species (ROS)
and  lactate  dehydrogenase  (LDH).  HO-1,  also  known  as
heat shock protein 32 (Hsp32), is an important member of
the vitagene system and has a strong antioxidant effect. Vita-
genes is a group of genes involved in maintaining the stabili-
ty  of  the  intracellular  environment  under  stress,  including
Hsp32,  Hsp70,  thioredoxin/thioredoxin  reductase  system
[60]. There is evidence that under oxidative stress, the activa-
tion of the vitagene system can play a defensive role in the
brain, maintain the redox homeostasis in the cell, and protect
the cell itself from oxidative damage [61]. CGA may act as
a  strong  inducer  of  the  vitagene  system  by  activating  the
Keap1/Nrf2/HO-1 pathway to increase the expression of vita-
gene. The product reduces the accumulation of malondialde-
hyde (MDA), inhibits the apoptosis of cerebral cortex cells,
and reduces the pathological damage of brain tissue. Other
studies have shown that CGA protects neuronal damage by
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activating antioxidant systems, inhibiting the accumulation
of endogenous ROS, restoring mitochondrial membrane po-

tential,  and  regulating  intracellular  Ca
2+

 concentration
caused by glutamate over stimulation [62, 63]. Keap1/Nrf2
pathway plays a crucial role in the regulation of excitatory
stress response. Other studies have also shown that hormesis
may be a common biological effect of natural polyphenols
[64]. Hormesis means that mild stress activates the adaptive
cellular response of cells to subsequent severe stress, more
specifically, it is appropriate over-compensation for the dam-
age of dynamic balance. Strong evidence shows that horme-
sis is closely related to redox-dependent aging-related neu-
ro-damaging diseases, especially neurodegenerative diseases
[65-67]. Therefore, CGA can soar to the protective effect of
mitochondria,  increase  the  activity  of  SOD  and  GHS,  de-
crease the level of MDA, regulate the Keap1/Nrf2/HO-1 sig-
naling pathway, induce cell quotation transmission, trigger
hormesis, and activate the vitagene system to adapt to and
protect oxidative stress, and further exert neuroprotective ef-
fects,  providing  a  theoretical  basis  for  the  treatment  of
PTSD  (Fig.  3).

Fig. (3). Antioxidant mechanism of chlorogenic acid. Normally,
Nrf2  binds  to  Keap1  and  exists  in  the  cytoplasm  in  an  inactive
state. When stimulated by reactive oxygen species, Nrf2 dissoci-
ates from Keap1, and the activated Nrf2 is transported into the nu-
cleus, binds to ARE, activates the expression of downstream target
genes,  and  plays  a  role  in  reducing  oxidative  stress.  However,
when ROS accumulates excessively in the body, the antioxidant ca-
pacity of the organism will be out of balance, resulting in damage
to the cell structure and function. CGA can activate the Nrf2 path-
way, promote Nrf2 to enter the nucleus, regulate downstream an-
tioxidant genes, and reduce oxidative stress.

CONCLUSION

In summary, CGA can cross the blood-brain barrier and
can regulate learning, memory and cognitive ability by an-
ti-apoptosis, inhibit neuroinflammation and oxidative stress,
and play a protective effect on neurons to regulate learning,
memory, and cognitive ability, and improve anxiety PTSD--
like symptoms such as depression and depression. This pro-

vides  a  theoretical  basis  for  the  possible  use  of  CGA as  a
drug to prevent and treat PTSD and its comorbidities. How-
ever, it needs more pre-clinical trials and clinical trials to fur-
ther verify its clinical application in the future.
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