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Abstract
Gastric Ulcer is a common type of peptic ulcers. Gastric Ulcer is characterized by injury of gastric mucosa. The common causes are including infection of bacteria 
Helicobacter Pylori, long-term use of nonsteroidal anti-inflammatory drugs. Some other contributors are included tobacco smoking, excessive drinking, spacy 
food and stress from modern life. Research also demonstrated that aging, hereditary background and underlying medical conditions could accelerate gastric ulcer 
development. The most common symptom of gastric ulcer is burning pain. Gastric ulcer patient also exhibited other symptoms, including poor appetite, weight loss, 
belching, melena, bloating and abdominal fullness, nausea and copious vomiting. Gastric ulcer is not a leading cause of mortality and morbidity. However, if untreated 
or inappropriated treatment, gastric ulcer would result in upper gastrointestinal bleeding, gastric perforation, pyloric obstruction and cancer. The treatment for gastric 
ulcers mainly includes gastric acid production inhibition, antagonistic cholinergic receptor, antagonistic H2 receptor, proton pump inhibitor, anti-Helicobacter 
pylori, and gastric mucosal protective drugs. However, due to low efficacy and high risk of side effects, its necessary to develop novel and efficient pharmacologic 
strategies for Gastric Ulcer treatment. Our previous study demonstrated that gastric vascular homeostasis is critical in regulating gastric ulcer development. In this 
study, we literate that common causes for gastric ulcer, the prevention and treatment for gastric ulcer. More important, we also demonstrated that Traditional 
Chinese medicine (TCM) processes great potential and advantage in treating gastric ulcer, especial for chronic and recurrent gastric ulcer. 
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Introduction
Peptic ulcer is a common digestive system disease, including 

duodenal ulcer and Gastric Ulcer. Gastric Ulcer is the most common 
gastrointestinal disorder of upper digestive tract. Gastric Ulcer is a 
benign lesion with multiple etiologies, mainly caused by injuring of 
gastric mucosa, including infection of bacteria Helicobacter Pylori, 
long-term use of nonsteroidal anti-inflammatory drugs [1]. Some other 
contributors are included tobacco smoking, excessive drinking, spacy 
food and stress from working [2]. Some research also demonstrated 
that aging, hereditary background and underlying medical conditions 
could accelerate the development of gastric ulcer [3]. The most common 
symptoms of gastric ulcer are burning pain that happened within upper 
abdomen. Other symptoms of gastric ulcer are including poor appetite, 
weight loss, belching, melena, bloating and abdominal fullness, nausea 
and copious vomiting. Gastric ulcer is not a leading cause of mortality 
and morbidity [4]. However, if untreated, gastric ulcer would result in 
upper gastrointestinal bleeding, gastric perforation, pyloric obstruction 
and cancer.

The treatment for gastric ulcers mainly include acid production 
inhibition, antagonistic cholinergic receptor, antagonistic H2 receptor, 
proton pump inhibitor, anti-Helicobacter pylori, and gastric mucosal 
protective drugs such as sulphoaluminium and bismuth agents [5-7]. An 
army of research demonstrated that development of gastric ulcer was due 
to damage of gastric mucosal, which caused by multiple stresses [8]. 

Gastric mucosal comprises epithelial lining, submucosa and 
muscularis externa. Studies indicate that gastric mucosal is an important 
barrier for gastric self-protection, and those barriers are including 
mucus bicarbonate barrier, epithelial barrier, continuous epithelial 
renewal, mucosal microcirculation blood flow, mucosal microvascular 
endothelial barrier [9]. 

The causes of Gastric Ulcer 
Gastric mucosal damaging was close related to gastric ulcer 

development [10]. A series causes are associated with gastric ulcer 
development. The best known causes for gastric ulcer development are 
Helicobacter pylori infection and long-tern use of nonsteroidal anti-
inflammatory drugs [11]. Studies indicated that heavy tobacco smoking, 
excessive drinking, too much spacy food can also cause gastric ulcer [12]. 
some other causes may not cause gastric ulcer directly, however, which can 
make people more susceptible to gastric ulcer or make worse of gastric ulcer. 
The aging people who always accompany by insufficiency of sleep, lack of 
exercise is more susceptible to gastric ulcer [13]. Research demonstrated 
that peoples suffered from long-term mental stress, mood swings, anxiety 
and depression due to fast pace of modern life are more likely developing 
gastric ulcer [14]. Development of gastric ulcer are also associated with 
hereditary background, underlying medical conditions, for example, 
coronary cardiovascular disease, gastric carcinoma, gastric inflammation 
[15]. Deference of geographical environment, climate changing and season 
changing could accelerate the development of gastric ulcer [16]. 

Helicobacter pylori infection 

The most common cause of gastric ulcer is infected by bacterium 
Helicobacter pylori [17]. Helicobacter pylori was first reported by 
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into mucosal cells because of a pH gradient that favor their uptake 
when gastric acid is secreted into the lumen (Figure 1). 

Other causes 

Multiple causes are contributed to gastric ulcer development. 
Difference of life styles, for example, tobacco smoking, excessive 
drinking, spacy food, are causative factors for gastric ulcer disease 
[24]. Too much stress resulting in over anxious from working due to 
fast pace of modern life and sleep insufficiency can lead to gastric ulcer 
[14]. Some research also indicates that aging, lack of exercise can make 
worse of gastric ulcer [13]. People with special hereditary background 
are more likely disturbed by gastric ulcer [3]. The underlying medical 
conditions, including stomach, coronary heart diseases, could accelerate 
the development of gastric ulcer [15].

The damage of gastric mucosal results in gastric ulcer 
development 

Gastric mucosa is the most superficial layer of gastric tissue. It is 
composed of the upper cortex, lamina propria, and mucosal muscularis. 
Multiple causes are contributed to gastric ulcer development due to 
gastric ulcer damaging. Gastric Ulcer is characterized by ischemia and 
necrosis of gastric mucosa and rupture of gastric mucosa, which mainly 
caused by increased secretion of gastric acid and pepsin that caused by 
various pathological factors [25]. 

Gastric mucosa mainly relies on several layers of barriers to 
protect and maintain gastric mucosa from damaging [26,27]. 
Mucous bicarbonate barrier contains mucus layer, bicarbonate and 
immunoglobulin etc. It plays a pivotal role in preventing gastric ulcer 
development by enhanced gastric mucosa acid resistance. Studies 
shown that mucous bicarbonate barrier can prevent gastric mucosa 
damage by inhibiting reverse diffusion hydrogen ion to stomach 
cavity mucous membrane, and slow down hydrogen ions diffusion by 

Warren and Marshall in1983 [18,19]. Helicobacter pylori is a Gram-
negative bacterial pathogen that selectively colonizes within gastric 
epithelium. It is urease, catalase, oxidase positive, spiral shaped, 
and possesses 3 to 5 polar flagella that are used for motility. Studies 
demonstrated that Helicobacter pylori infection plays an important 
role in development of pathogenic chronic gastritis, peptic ulcers and 
gastric carcinoma. Helicobacter pylori expresses inflammatory protein 
adhesion (OipA) and blood group antigen adhesion (BabA), which 
promotes attachment to gastric epithelium characterized by binding to 
variable number tandem repeat sequence (VNTR) oligosaccharides or 
Type Le b and Type H 1 epitopes. Helicobacter pylori also expresses 
virulence factors, including CagA and PicB, which induces gastric 
mucosal inflammation. Helicobacter pylori can inhibit hydrogen 
potassium ATPase, whereas actives calcitonin gene-related peptide 
sensory neurons, which induces somatostatin secretion to suppress 
acid production X`. Urease secreted by Helicobacter pylori can create 
an alkaline environment, which is propitious to its survival (Figure 1). 

Long-tern use of nonsteroidal anti-inflammatory drugs 
(NSAID)

Long-term use of nonsteroidal anti-inflammatory drugs 
(NSAIDs), such as ibuprofen and naproxen sodium, is another major 
cause for gastric ulcer development [20,21]. NSAIDs are a generic 
term for many chemically distinct drugs. NSAIDs, such as aspirin, 
indomethacin and ibuprofen, are widely used in treatment for pain, 
arthritis, cardiovascular diseases. More recently, NSAIDs are used for 
prevention of colon cancer and Alzheimer disease. However, NSAIDs 
produce gastroduodenal ulcers in about 25% of users (bleeding and/
or perforations) and delay ulcer healing. NSAIDs can inhibit COX 
activity to reduce PGs production, including the relaxant PGI2/PGE2/
PGD2 and contractile TXA2/PGF2α [22,23]. Most NSAIDs are acidic 
in aqueous solution, whereas their pH values are higher than that of 
hydrochloric acid secreted from parietal cells. NSAIDs, therefore, move 

Figure 1. The common causes of gastric ulcers. ① Helicobacter pylori infection leads to gastric ulcer. Helicobacter pylori expresses BABA, OIPA, SABA which promote epithelial cell 
adhesion. Helicobacter pylori can also express virulence factors such as CagA, VacA, and PicB, which can induce gastric mucosal inflammation through PI3K/AKT and ERK/MAPK 
signaling pathways. ② Long-term use of NSAIDs can inhibit COX activity, reduce PG synthesis, promote gastric acid secretion, and damage gastric mucosa. TJ: Tight junction, AJ: 
Adhesive junction, ERK: Extracellular regulated protein kinase, MAPK: Mitogen-activated protein kinase, GGRP: Calcitonin gene-related peptide, COX: Cycoxidase, PG: Prostaglandin, 
ERK: Extracellular regulated protein kinase, MAPK: Mitogen-activated protein kinase, BaBA: Blood group antigen binding adhesive, SaBA: Sialic acid binds to the adhesive, OIPA: Outer 
membran inflammatory proteins, CagA: Cytotoxin associated gene A, VacA: vacuolating cytotoxin A
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neutralize gastric acid environment. Mucous bicarbonate barrier is very 
important for gastric mucosa to maintain acid-base homeostasis.

Epithelial barrier is formed by tightly connected epithelial cells. 
Epithelial barrier secretes mucin and bicarbonate to maintain mucous 
bicarbonate barrier. It synthesizes and secretes three-foliated factor 
family peptide (TFF), which plays a critical role in maintain integrity 
of gastric surface in health and disease conditions by enhance gastric 
mucosal defense and promoting gastric mucosal repairing. Epithelial 
can also synthesizes and secretes prostaglandin (PG), which critical in 
regulating gastric inflammatory response after gastric injury.

Gastric mucosal microcirculation environment can provide 
nutrients, oxygen and some other regulators to maintain gastric 
mucosa homeostasis. Gastric mucosal microcirculation was regulated 
by nervous system. When gastric mucosa is stimulated by sensory 
afferent nerve, calcitonin gene-related peptide (CGRP) is released, 
which can increase blood flow, and also inhibit gastric acid secretion. 
Gastric mucosal microcirculation environment plays a pivotal role in 
regulating gastric mucosal inflammatory response, as well as promoting 
gastric ulcer recovering.

Continuous gastric mucosa epithelial renewal is also critical to 
maintain mucosal integrity. Under normal conditions, the integrity of 
gastric mucosa is maintained by synergistic effecting between mucus 
bicarbonate barrier, epithelial barrier, Gastric mucosal microcirculation 
environment and continuous epithelial renewal. The corruption of 
homeostasis within gastric mucosal leads to gastric ulcer development 
(Figure 2).

Gastric mucosal vascular homeostasis is critical in reg-
ulating gastric ulcer development 

Gastric mucosal microvessels are located within lamina propria. 
Our previously studies demonstrated that maintain gastric vascular 
homeostasis is critical in regulating gastric ulcer development [28]. The 

appropriated microenvironment associated vascular homeostasis is not 
only critical in protecting gastric mucosal form injury damage, but also 
important in promoting gastric mucosal repairing after injury [29]. 

Intact vascular morphology Structure is critical in maintain 
environment homeostasis within gastric mucosal 

Gastric mucosal vessels are composed of endothelialcells (EC) and 
pericytes adherent to basement membrane. Response to stimulation, 
endothelial cells secrete a series of mediators to modulate function of 
vascular smooth muscle, such as vasoconstrictor endothelin, leukotriene, 
vasodilator nitric oxide (NO), prostacyclin 2 (PGI2). Endothelial 
cells can biosynsynthesis and release regulators, such as NO, PGI2, 
prostaglandin (PGE2), carbon monoxide (CO), plasminogen activator 
(t-PA), vascular endothelial growth factor (VEGF) and basic fibroblast 
growth factor (b-FGF) to maintain integrity of gastric mucosal [30,31]. 
These mediators reduce activation of platelets and white blood cells, 
prevent thrombosis, promote thrombolysis, maintain tissue perfusion, 
and protect microvascular walls from acute damage. Intact vascular 
morphology Structure is critical in maintain environment homeostasis 
within gastric mucosal, which can resistance to stimulation of gastric 
mucosal injury stresses.

Interruption of gastric mucosal blood flow triggers or worsen 
gastric ulcer 

When exposed to various of injury stresses, or enhanced gastric 
acid invasion, gastric mucosal blood flow increases rapidly [32]. This 
hyperemia response mediated by sensory afferent nerves. Under stress, 
sensory nerves can release neurotransmitters, such as calcitonin gene-
related peptide (CGRP) and substance P. CGRP plays a gastric mucosal 
protective role through regulating NO formation. The vasodilation 
of submucosal vessels regulated by NO was also favored repairing of 
injury gastric mucosal. Study demonstrated that interrupted sensory 
afferent nerve can significantly inhibit hyperemia response. Disturbed 
gastric mucosal blood flow triggers or worsen gastric ulcer. 

Figure 2. Gastric mucosa injury results in gastric ulcer. ① gastric mucosal layer can slow down the diffusion rate of hydrogen ions, reduce the damage of hydrogen ions to gastric mucosa, 
and maintain the acid-base homeostasis of gastric mucosa; ②Epithelial barrier can secrete mucin and bicarbonate, synthesis and secrete PG, TFF, and play a role in resistance to harmful 
substances. ③ Gastric mucosa microcirculation can provide nutrients and oxygen, maintain acid-base balance. When gastric mucosa is exposed to stimulators, sensory afferent nerve 
within gastric mucosal releases calcitonin CGRP, which can increase blood flow, inhibit gastric acid secretion. ④ Continuous renewal of gastric epithelial after gastric mucosal damage can 
facilitate complete repair of the gastric ulcer. PG: Prostaglandin, TFF: Trefoil factor family
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Abnormal activation of vascular endothelial cell leads to 
imbalance of gastric mucosal homeostasis 

The mucosal vascular barrier is maintained by two types of junctions: 
tight junction and adhesion junction. Tight junctions include tight 
junction proteins Claudins, Occludins and adhesion molecules. While 
adhesion junctions include catenin, cadherin, mainly VE-cadherin. In 
response to injury stresses, endothelial cells can be activated and make 
change of structures, for example, losing of tight junction stimulated by 
histamine or 5-hydroxytryptamine, and leave a gap between adjacent 
endothelial cells at the site of vascular endothelial cadherin adhesion. 
These changes resulted in increased vascular endothelial permeability 
which can cause tissue edema, inflammation due to protein and liquid 
leakage. The activation of endothelial cells can be regulated by binding 
of VEGF to the receptor and activation of Src, ERK, JNK and PI3K/
AKT pathways [33]. Abnormal activation of vascular endothelial cell 
leads to imbalance of gastric mucosal homeostasis, which is tighten 
associated with gastric mucosal inflammation. 

Gastric mucosal vascular injury results in disturbing of 
mucosal microenvirenmental homeostasis 

The injury of microvascular endothelium leads to rupture of 
microvascular, exudation of plasma and red blood cells, which 
further interrupts blood flow and causes platelet aggregation and 
fibrin precipitation [28,29]. This process not only reduces oxygen and 
nutrient supplement, but also causes further damage to glandular 
epithelial cells by toxic substances. Deposition of fibrin on vascular 
endothelium plays an important role in regulating microvascular 
injury and repairing. On the one hand, fibrin-fibrinogen lysis products 
play a role in regulating tissue edema formation, endothelial cell 
retraction. On the other hand, fibrin-fibrinogen cleavage products can 
also induce expression of several endothelial cell-derived factors, such 
as intercellular adhesion molecule-1 (ICAM-1) and VCAM-1, Which 
leads to leukocyte aggregation, extravasation, and eventually leads to 
gastric ulcer development. 

Extracellular matrix remodeling is critical in maintain gastric 
mucosal vascular homeostasis 

Remodeling of extracellular matrix (ECM) is initiated when mucosal 
vascular endothelial cells exposed to injury factors, as well as in stage of 
tissue repair and neovascularization. Changes in vascular permeability 
results in macromolecular serum proteins leakage. Endothelial cells be 
activated in response to stimulation of injury factors or inflammatory 
factors, which can increase vascular permeability characterized by 
enhanced leukocyte infiltration, temporary matrix precipitation, and 
also promote angiogenesis in later stage of injury. During gastric ulcer 
repair stage, proliferation of vascular endothelial cells is enhanced 
through increased VEGF expression. Studies indicated that matrix 
metalloproteinases (MMP)-3 and 9 were significantly increased in 
indomethacin induced chronic Gastric Ulcer mice. MMP-9 expression 
was also detected in acetic acid-induced and ethanol-induced chronic 
and acute Gastric Ulcer [34,35]. Research demonstrated that increased 
expression of MMP is correlated with severity of gastric ulcer. These 
data indicated that extracellular matrix remodeling plays an important 
role in regulating pathogenesis of gastric ulcer through maintain gastric 
mucosal vascular homeostasis. 

TCM widely used in gastric ulcer treatment
Gastric ulcer is not a leading cause of mortality and morbidity. 

Although remarkable progresses have been made in treatment of gastric 

ulcer recently. However, there is still no reasonable treatment for gastric 
ulcers, especially for chronic gastric ulcer and recurrent gastric ulcer. 
Our previous study demonstrated that Andrographolide plays a crucial 
role in maintaining gastric vascular homeostasis during gastric ulcer 
development through regulating vascular endothelial cell glycolytic 
pathway [28]. Actually, traditional Chinese medicine has been widely 
used in treating variety of diseases, including gastric ulcer [36]. 

TCM relieves gastric ulcer burning pain symptom

Majority of TCM are obtained from the nature world. Four 
properties of TCM are including Cold, Hot, warm and Cool. A variety 
of stresses from internal or external of human body can cause imbalance 
between yin and yang. The stresses processed heat characteristics can 
lead to multiple diseases, including gastric ulcer, which characterized by 
burning pain. The Cold and Cool properties of some TCMs can take away 
heat pathological stresses from circulated blood, and relieve burning pain 
symptom of gastric ulcer. Those TCMs are including scutellaria baicalensis 
georgi, coptis chinensis franch and phellodendron amurense rupr.

TCM regulates production of gastric acid

Too much gastric acid production can damage gastric mucosal, 
which leads to gastric ulcer development. Studies indicated that some 
TCMs, if combining with other treatments, can greatly decrease 
production of gastric acid. It has been reported that Solanum nigrum 
can decreased gastric acid concentration. However, those TCMs 
probably can not inhibit gastric acid production directly, it possible 
through bacteriostasis, including Helicobacter pylori and some other 
intestinal pathogenic bacteria [37]. Those TCMs are including Lonicera 
japonica thund, hounttuynia cordata thumb, Pulsatilla chinensis regel etc.

TCM suppresses gastric mucosal inflammation

A variety of stresses can induce gastric ulcer development, 
which was associated with inflammatory response. An accumulated 
studies demonstrated that some TCMs pay an important role in 
treatment of inflammatory diseases [38]. Some TCMs can promote 
secretion of endogenous of cortisol through regulating the activity of 
hypothalamus-pituitary-adrenal cortex axis. Research indicated that 
some TCMs are critical in Suppressing the synthesis and secretion of 
Prostaglandin E2 (PGE2), Inhibiting the activity of Cyclooxygenase, 
Impairing the production and release of thromboxane, preventing 
production of leukotriene B4, Histamine, 5-hydroxytryptamine. The 
anti-inflammatory function of some TCMs is important for in relieving 
symptoms of gastric ulcer and promoting gastric ulcer recovering.

TCM improves gastric vascular microenvironment

Some studies have found that some TCMs can promote gastric 
mucosal repairing through stimulating gastric mucosal endothelial 
cell proliferation and promoting angiogenesis. Our previous study 
demonstrated that andrographolide regulates glycolysis pathway of 
vascular endothelial cells and plays an important role in maintaining 
gastric vascular homeostasis during gastric ulcer development [28]. 
Tanshinone II A attenuates vascular remodeling through klf4 mediated 
smooth muscle cell phenotypic switching [39].

TCMs relieves oxidative stress

Research demonstrated that Oxidative stress can trigger gastric 
ulcer or make gastric ulcer worsen 40. Studies shown that Rhizoma 
coptidis and Atractylodes rhizoma can significantly improve serum 
glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase 
(CAT), while greatly reduce serum malondialdehyde level.
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Taken together, this study literatured the common causes that lead 
to gastric ulcer, as well as the critical roles of mucosal microenvironment 
regulated by vascular homeostasis in regulating gastric ulcer 
devolopment. In this study, we also focus on the therapytic roles of 
TCM in treatment of gastric ulcer. Long term clinicle usage of TCM 
indicated that TCM has specific advantage in treatment of gastric ulcer, 
especially for chronic and recurrent gastric ulcer, which was associated 
with relieving gastric ulcer burning pain symptom, suppressing gastric 
ulcer mucosal inflammation, inhibiting gastric ulcer mucosal oxidative 
stress, improving gastric ulcer mucosal microenvironment.
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