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Abstract 

The prevalence of gastritis in South Korea is rapidly increasing owing to the prevalence of Helicobacter pylori infection 
and fast eating habit. The usual treatment for acute gastritis following a long intake of non‑steroidal anti‑inflammatory 
drugs (NSAIDs) or alcohol is to stop the causal factors. Metronidazole and lansoprazole are recommended for the 
treatment of H. pylori infection gastritis. Omeprazole a proton pump inhibitor, is used to decrease gastric acid pro‑
duction. However, owing to the side effects and refractoriness of the drug, a safe and efficient treatment is required. 
Plant‑derived phytochemicals have emerged as novel agents against chronic disorders. In this study, firstly, to explore 
the potential of pharmacological activities, including efficacy and mechanisms of Cinnamomum cassia against 
gastritis, a literature review was performed based on 20 studies out of a total of 749 records obtained using a search 
strategy. From the literature review, the therapeutic targets of C. cassia extract and cinnamaldehyde, a compound of C. 
cassia, were found to be related with NFκB activity, and their signaling pathway were verified by experiments. C. cassia 
extract plays a role in protection of gastric ulcers induced in four ways (immersion stress‑induced, ethanol‑induced, 
hydrochloric acid‑induced, or NSAIDs‑induced ulcer). None of the clinical studies on C. cassia extracts or compounds 
met our criteria. When the standardized extract of C. cassia (ECC) was orally administered repeatedly to Beagle Dog 
for 4 weeks, no toxicologically harmful changes were observed. Therefore, under the test condition, the no observed 
adverse effect level (NOAEL) of ECC was judged to be 1000 mg/kg/day for both sexes, and no toxic target organ was 
observed. Administration of ECC in the Sprague–Dawley rat model of acute gastric injury caused by indomethacin 
administration significantly increased gastric mucus volume. Administration of ECC in the acute gastric injury model 
caused by indomethacin administration is considered effective in improving gastric injury. However, research and 
efforts to develop a reliable ‘standardization of natural drugs’ by establishing the best quality evaluation system are 
limited. Despite the pharmacological potential of ECC, further well‑designed experimental studies such as in vitro, 
in vivo, and clinical trials are required to validate these findings and the underlying mechanisms of ECC.
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Introduction
Plant-derived phytochemicals have emerged as novel 
agents for protection against chronic disorders, including 
gastritis [1]. In particular, the stomach is an organ that 
does not metabolize and absorb other than protein dena-
turation, and is a place where natural products can exert 
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their effects. Owing to the diversity of phytochemicals, 
they cover a wide spectrum of therapeutic indications 
against gastrointestinal diseases such as gastritis, hypera-
cidity, and reflux esophagitis, and have been a productive 
source of major compounds for the development of novel 
medications [2].

Gastric ulcer is a common disease with multiple 
cause and is defined as a morphological defect in the gas-
tric mucosa penetration through the muscularis mucosa 
[3]. The pathophysiology of gastric ulcers is unclear, but 
it is commonly known to be associated with an  imbal-
ance between aggressive factors (physical, chemical, or 
psychological) and cytoprotective factors of the gastric 
mucous membrane (mucus and bicarbonate secretion), 
and is  involved in the production of gastric protective 
endogenous factors such as prostaglandins, plyamies, 
nitric oxide (NO) and dopamine [4–6]. Gastric ulcer is 
also caused by environmental factors such as the use of 
alcoholic beverage and non-steroidal anti-inflammatory 
drug (NSAID), and Helicobacter pylori [7–9].

The usual treatment for acute gastritis following a long 
intake of NSAIDs or alcohol is to stop their consumption. 
Metronidazole and lansoprazole are recommended for H. 
pylori infection gastritis treatment, with antibiotics such 
as clarithromycin and amoxicillin for 10–14 days [10, 11]. 
Omeprazole is a proton pump inhibitor used to decrease 
gastric acid production [12]. In addition, medicinal plants 
with tannins and flavonoids contribute not only to anti-
oxidant and anti-inflammatory effects, but also to anti-
ulcerogenic effects and wound healing [13]. Curcumin 
extract and its flavonoid content have significant effects 
on mucosal lesions, such as gastric ulcers [14, 15].

Cinnamomum cassia is a type of deciduous tree that 
is distributed in China, India, Vietnam, Japan, and Korea 
and is widely used worldwide for its fragrance and spicy 
flavor. Cinnamomi cortex is the bark of C. cassia, which 
is used as a food supplement in America, and as a tra-
ditional drug in Asia [16]. C. cassia has been used as a 
medicine to treat various inflammatory diseases [17, 18], 
atopic dermatitis [19], and anti-diabetic activities [20]. In 
addition, almost every part of the cinnamon tree, includ-
ing fruits, roots, flowers, leaves, and bark, has some 
medicinal activity. The constituents of C. cassia have 
been separated and identified in many studies [21, 22].

Recently, the pharmaceutical industry has faced chal-
lenges such as increased drug development costs, high 
failure rates, increased competition for proven targets, 
demand for new targets and pharmacological mech-
anism-based drug development [23]. Moreover, there 
are several difficulties in quality control, such as activ-
ity, purity, stability, and equivalence management when 
developing natural medicines. First, natural medici-
nal products are composed of a mixture of various 

compounds, and it is often not possible to identify all 
the structures and characteristics of the compounds that 
they contain. Second, the correlation between each com-
ponent and the  activity contained in natural medicinal 
products is often unclear. Therefore, in the case of natural 
medicinal products, there is a tendency to recognize the 
composition and content of components as integrated 
active ingredients. Third, the composition and content 
of ingredients that make up natural medicinal products 
are highly volatile. This is inevitable because of the natu-
ral deviation of crude drugs, which is the starting point 
for natural medicinal products. In addition, there may be 
differences in the composition and content of the compo-
nents in the extract depending on the processing condi-
tions during the manufacturing process of the drug.

Therefore, it is important to research and develop new 
natural products at an international level through relia-
ble “standardization of natural drugs” by establishing the 
best quality evaluation system within the given scientific 
limits. In this study, the possibility of developing natu-
ral medicines from C. cassia was investigated through 
literature review on its effects on gastritis, preparation 
of standardized extracts, and evaluation of toxicity and 
activity.

Part 1: Literature findings on the beneficial effects of C. 
cassia on gastritis
This review introduces the current status of cell-, and 
animal-based studies and clinical studies on the effects 
of C. cassia on gastritis. We collected and identified 
literature that studied the effectiveness of extracts or 
compounds from C. cassia on gastritis using the search 
strategy. Considering that C. cassia is being used by vari-
ous scientific names, the following search terms were set 
through related reviews and databases [National Herbal 
Medicine Information (NHMI, www. nifds. go. kr) and 
Korean Traditional Knowledge Portal (www. korea ntk. 
com)]: “Cinnamomum cassia J. Presl”; “Cinnamomum 
cassia,” “Chinese cinnamon,” “Chinese cassia,” “Cinnamo-
mum cassia Presl,”  “Cinnamomi Cortex,”  “Cinnamon 
Bark,”  “Cinnamomi Cortex Spissus,”  “Cassia bark,”  or 
“Cinnamomum cassia Blume.” The literature search was 
conducted on PubMed (Pubmed. ncbi. nlm. nih. gov) on 
September 16, 2021, and there were no restrictions on 
publication date or language during the search process. 
The literature on clinical and basic experimental studies 
evaluating the effectiveness of extracts or compounds 
from C. cassia for gastritis (including gastric ulcer in a 
broader view), were included in our review. The follow-
ing studies were excluded: 1) studies not related to C. cas-
sia; 2) studies that contained a combination of substances 
other than extracts or compounds from C. cassia (e.g., 
prescriptions); 3) studies in which efficacy results are 
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difficult to estimate or secondary research that is not an 
experimental study (e.g., letter, review, editorial, review, 
conference abstract); 4) studies that did not target the 
gastritis animal model or cells that could reveal effects 
similar to gastritis; or 5) studies not written in English. 
Two researchers independently screened and assessed 
the eligibility  of all titles, abstracts, or full texts of pub-
lications. From the included literature, two research-
ers extracted data on items determined in advance (e.g., 
animal or cell type; disease-induced methods; details of 
intervention, including types of herb, extraction meth-
ods, doses; and  outcome measures) and reviewed them 
with each other. Where necessary, in the process of lit-
erature selection and data extraction, disagreements were 
discussed to reach a consensus among the researchers. 
The extracted data are presented through tables and nar-
rative descriptions.

A total of 749 records were searched for using the 
search strategy. Studies corresponding to the exclusion 
criteria were primarily excluded, and others were classi-
fied into cell- or animal-based experiments, clinical stud-
ies, or reviews by checking the abstract and full text in 
the articles of the remaining literature. Articles classified 
as reviews went through the another checking process 
to determine whether additional studies met the inclu-
sion criteria. Through this process, a total of 20 articles 
were included in our review (Fig.  1). Of the 20 studies, 
17 the studies evaluated in vitro effects of C. cassia, four 
studies were conducted on animals, in which one of the 
studies was in vitro and in vivo studies on gastritis, and 
none of the clinical trials were reported.

In vitro studies of C. cassia extracts or its compounds 
on gastritis
The in  vitro tests for the  gastritis model induced by H. 
pylori infection were performed in two studies; they used 
70% EtOH extraction for C. cassia and cinnamaldehyde, 
a compound of C. cassia, as therapeutic interventions 
(Table 1). Zaidi et al. (2012) [24] evaluated the inhibitory 
effect of 70% EtOH extracts from 24 species of medici-
nal plants, including C. cassia, on IL-8 and ROS produc-
tion in H. pylori infection induced AGS gastric epithelial 
cells. Among them, C. cassia extract was reported to 
have a greater inhibitory effect than other medicinal 
plant extracts. In the study by Muhammad et  al. (2015) 
[25], cinnamaldehyde, a compound of C. cassia, dose-
dependently decreased IL-8 secretion and NFκB activity 
in H. pylori-infected human epithelial cell lines (AGS and 
MKN-45). The gastritis model, there were studies that 
confirmed the effects of inflammation induced by LPS 
using C. cassia extracts (n = 2, EtOH or MeOH solvent 
extracts, respectively), or compounds derived from C. 
cassia (n = 9); however, they were not in vitro tests of the 

gastritis model. In addition, studies of C. cassia extracts 
and its compounds confirmed their anti-inflammatory 
activity and identified active constituents (n = 4), such 
as cinncassin D, cinncassin E, (+)-threo-(7S,8S)-guai-
acylglycerol-b-coniferyl aldehyde ether, (+)-erythro-
(7S,8R)-guaiacylglycerol-β-coniferyl aldehyde ether, 
(−)-erythro-(7S,8R)-syringylglycerol-8-O-4′-(sinapoyl 
alcohol) ether, (7S,8R)-lawsonicin and (+)-(7′R,8R,8′R)-
5,5′-dimethoxylariciresinol, trans -cinnamaldehyde, 
(−)-aromadendrene, caryophyllene oxide, t-cadinol, and 
a-cadinol, trans-cinnamaldehyde, p-cymene, eugenol, 
and cinnamic acid, and a study on the anti-inflammatory 
effect of cinnamate-zinc layered hydroxide processed 
with compounds derived from C. cassia (n = 1) were 
reported. In addition, 14 articles reported the inhibi-
tory effect of the  LPS-induced inflammatory response 
(Table  1). Two of the articles confirmed the inhibitory 
ability of C. cassia EtOH and MeOH extracts, and 9 arti-
cles reported the anti-inflammatory effect of compounds 
derived from C. cassia. Four articles confirmed the anti-
inflammatory effect of C. cassia extracts and identified 
the anti-inflammatory active compound of the extract. 
In addition, one study confirmed the inhibitory response 
and activity of cinnamate-zinc layered hydroxide with 
a  compound derived from C. cassia on LPS-induced 
inflammation. To evaluate the anti-inflammatory efficacy 
in each study, the inhibitory efficacy on LPS-induced 
NO production, COX-2 activity, PGE2 production, pro-
inflammatory cytokine production, and  inflammatory 
signaling pathways (NFκB and MAPK pathways) using 
most macrophages (some myocytes or microglia cells) 
was confirmed.

In vivo studies of the effects of C. cassia extracts 
or compounds on gastritis
All four studies on the efficacy evaluation of C. cassia 
extracts or compounds in animal models of gastritis and 
gastric ulcer were conducted in Japan, two in the 1980s 
and one in 2010. Among them, two studies conducted in 
the 1980s induced gastric ulcer after pretreatment with 
oral administration for one day in rats, and the pretreat-
ment drugs were Chinese cinnamon (hot water extracts) 
and Cinnamomum cassia Blume, Lauraceae (EtOH, 
MeOH extract) (Table 2). In the study by Akira et al. [41], 
cimetidine was used as a control group, and for each of 
the three gastric ulcer-inducing methods (cold-stress, 
water immersion stress, and serotonin-induced method), 
the results were compared between groups. Chinese cin-
namon inhibited serotonin-induced ulcers that could not 
be controlled by cimetidine, although cinnamon extract 
was less effective (28.6%) than cimetidine (78.8%) at a 
dose of 50 mg/kg.
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In the study by Tanaka et  al. [42], active compounds 
isolated from Cinnamomum cassia Blume, Lauraceae 
reduced and inhibited serotonin-induced ulcers by up 
to 54%, while mianserin, a serotonin receptor (5HT2) 
antagonist as a control, showed 52% inhibition. In a study 
by Manjuh et  al. [43], gastric ulcers were induced in 
four ways (immersion stress-induced, ethanol-induced, 
hydrochloric acid-induced, or NSAID-induced ulcer) 
in ddY mice; pretreatment of the mice with Cinnamo-
mum cassia Blume (Lauraceae) powder mixed with feed 
showed a protective effect on gastric ulcer. The treatment 
group showed a significantly lower ulcer index value of 
4.2 mm than the control group (sucralfate). In addition, 
Jung et al. (2011) [26] performed experiments on the pro-
tective effect of gastric ulcer by evaluating gastric lesions 
and gastric secretions in HCl/EtOH-induced rat gastric 
ulcer in vivo. The eugenol and cinnamic acid, compounds 

derived from C. Ramulus, played major role in protective 
effects of gastritis (Table 2).

As described above, the efficacy and clinical efficacy 
for gastritis have been revealed in the literature; how-
ever, it is necessary to analyze the active ingredients, 
test for safety, and verify the efficacy of standardized 
extracts. This process will be introduced in the rest of this 
article as excerpts from reports conducted by special-
ized research companies and toxic and efficacy testing 
institutions.

Part 2: Safety of ECC
ECC toxicity study on animals was conducted by 
ChemOn Co., Ltd. and was approved by the non-clini-
cal animal laboratory steering committee (Review No.: 
17-D290). HPLC analysis was performed to confirm the 

Fig. 1 Flow diagram of study selection
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components on the ECC (Fig. 2). Two major compounds 
were identified as coumarin and cinnamic acid in ECC. 
The test substance was weighed according to the body 
weight of the animals and administered orally. Beagle 
dogs (no specific pathogen) were purchased from Beijing 
Marshall Miotechnology Co., Ltd. (Wayao Village, Ryu-
chunjin, Changping District, Beijing, China) from May to 
June and used after 1 month of adaptation.

Mortality, clinical signs, body weight, and food intake 
were monitored for 28 days. The start date of administra-
tion was set as day 1. All animals underwent extraocular 
examinations prior to dosing, 2 weeks after the initiation 
of dosing, and within 1 week of scheduled necropsy. Uri-
nalysis was performed on samples collected using a uri-
nalysis strip (Roche Diagnostics, Mannheim, Germany) 
and an automated urine analyzer (Clinitek Advantus, Sie-
mens, Erlangen, Germany).

The animals were fasted overnight prior to blood col-
lection or necropsy. Blood was drawn from the posterior 
vena cava under isoflurane anesthesia. Samples were col-
lected in CBC bottles containing EDTA-2K (Suwon Med-
ical, Suwon, Korea) and analyzed to measure the  blood 
components.

For all animals, fixed organs were cut and embedded 
in paraffin, and 2–5 μm pieces were prepared through 
H&E staining, and histopathological examination was 
performed. Histopathological findings were entered 
into the  Pristina® (Xybion, Connecticut, Stamford, 
USA) program and diagnostic terms were displayed on 
the  Prestima® Lexicon (Version 6.1.0 Build 31., Xybion 

Medical Systems). For standardized nomenclature and 
diagnostic criteria, the guide to toxic pathology of the 
American Society of Toxicological Society and Cov-
ance was referred to [44].

Results of toxicity study
No clinically abnormal signs were observed in Bea-
gle dogs treated with ECC. In contrast, salivation was 
observed in all animals in the 1000 mg/kg group and in 
one animal in male Beagle dogs in the 500  mg/kg and 
1000  mg/kg groups. Diarrhea was observed in all ani-
mals in the 250 mg/kg group and those in the 500 mg/kg 
male group. The above symptoms are natural reactions in 
experiments with Beagle dogs. No death occurred in the 
sex or vehicle control groups at any dose.

There was no significant difference in body weight 
between the vehicle-only control group and the treat-
ment group. However, in the female group, body weight 
was significantly reduced at 250 and 500 mg/kg, but there 
was no change on the basis of dose, and it was judged 
that there was no effect of the test substance. Food did 
not show significant difference. No effect of the test sub-
stance on electrocardiogram was observed. Ophthalmic 
examination revealed no treatment-related ocular lesions 
in the animals.

There were no treatment-related gross pathological 
changes at necropsy except for a decrease in epididy-
mal size (n = 1) in the 1000  mg/kg male group. In 
females, no serious pathological finding was observed 

Table 2 Summary of in vivo anti‑gastritis of Cinnamomum cassia and its compounds

SD Sprague Dawley, EtOH ethanol, MeOH methanol, NA not available, H. pylori helicobacter pylori

Compound: compound a: eugenol and cinnamic acid

Author, Year 
Country

Animal 
(gender) (No. 
animal per 
group)

Gastritis 
(ulcer) induce 
methods

Intervention (pre-treatment) Outcome 
measures

Types and form of herb Extraction 
method

Dose

Akira, 1986 [41] 
Japan

SD rat (male) 
(n = 10/4)

Cold‑stress 
/ Water 
immersion‑
stress‑induced

Chinese cinnamon Total plant 
extracts

Water 50–100 mg/kg Ulcer index
gastric secretion

Tanaka 1989 [42] 
Japan

SD rat (male) 
(n = 7–10/4)

Serotonin‑
induced

Cinnamomum 
cassia Blume, 
Lauracea

Total plant 
extracts

EtOH MeOH 40 ~ 1000 μg/kg Ulcer index gastric 
secretion

Tankam 2013 
[43] Japan

ddY mouse 
(male) (n = 10/4)

Immersion 
stress‑induced / 
Ethanol‑induced 
/ HCl‑induced / 
NSAIDs‑induced

Cinnamo-
mum cassia 
Blume(Lauraceae)

Total plant 
extracts

NA 2, 10, 100 mg/g Ulcer index

In vitro and in vivo model

 Jung 2011 
[26] Korea

SD rat (male) 
(n = 6/4)

HCl/ethanol Cinnamomi Ram-
ulus,  compounda

Total plant 
extracts, com‑
pounds

70% EtOH 50, 100 mg/kg Gastric lesion 
evaluation
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in any group. For absolute organ weights, the lungs 
decreased in the 250  mg/kg group. The 250  mg/kg 
male group showed an increase in the liver. There 
was no significant difference in absolute organ weight 
between the vehicle-only control group and the treat-
ment group. Finally, there was no significant difference 
in the relative organ weights between the vehicle-only 
control and treatment groups for either sex.

There was no significant difference in hematology 
tests in any group. In contrast, the 500  mg/kg male 
group had significantly prolonged PT. There was no sig-
nificant difference in serum biochemistry and urinalysis 
values between the vehicle-only control group and the 
treatment group (Table 3).

Administration of ECC did not induce histopatho-
logical changes in the liver or kidneys at any dose level. 
ECC administration also did not induce electrocardio-
graphic changes at any dose level (Table 4).

Part 3: Protective effect of ECC on gastritis induced 
by indomethacin in rats
C. cassia was purchased from YingBai, Vietnam and 
voucher specimens were obtained from the Chong 
Kun Dang Research institute, Korea. The standardized 

extract of C. cassia (ECC) was analyzed using Alliance 
HPLC (Waters e2695, MA, USA) and was used for ani-
mal test.

Sixty male SD rats were purchased from Orient Bio 
(Gyeonggi-do, Korea). All animals were divided into 
six groups (each group was 10): control, indometh-
acin-induced acute stomach injury group, positive 
control (Artemisia extract (AE) and rebamipide), and 
experimental group (ECC). All animals were cared for 
at 22 ± 2  °C with 55 ± 5% humidity and light and dark 
cycle of 12/12  h. Mice were fasted for 48  h and then 
AE and ECC (300  mg/kg) were orally injected. After 
30  min, indomethacin (80  mg/kg) was administered 
orally to induce acute stomach injury. Seven hours 
later, all animals were sacrificed, and their stomach 
and serum were extracted for further experiments. All 
diets and water were provided  ad libitum. This study 
was approved by the Institutional Animal Care and Use 
Committee of the Korea Animal Medical Science Insti-
tute (KAMSI IACUC 14-KE-134).

Alcian blue (Sigma-Aldrich) binding assay was per-
formed according to a previously published method 
[45]. Blood was analyzed after serum separation and 
sampling according to the protocol provided by the 
manufacturer of the ELISA kit for measurement of 

Fig. 2 HPLC profiling of ECC. ECC was manufactured by Chong Kun Dang (Yongin, Korea). C. cassia was extracted with distilled water using a 
heat‑reflux extractor for 5 h. The extraction was concentrated by using reduced pressure in evaporator and dry‑powdered. The standardized 
extract of C. cassia (ECC) was analyzed by Alliance HPLC (Waters e2695, MA, USA). The result was detected by UV (305 nm) with Phenomenex 
Gemini column (4.6 × 250 nm, 5 μm) and sample was injected with 10 μL and the flow rate was 1.0 mL/min. Standard reagents were coumarin and 
cinnamic acid (Sigma‑Aldrich, MO, USA)
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prostaglandin E2 (PGE2), glutathione (GSH), and mye-
loperoxidase (MPO).

Potential beneficial effect of ECC on gastritis
This study was conducted to evaluate the effect of 
administration of test substances (ECC) on gastric 
mucus volume in a Sprague–Dawley rat model of acute 
gastric injury caused by indomethacin administration. 
It was found that the amount of gastric mucus in the 
negative control group was significantly lower than 
that in the normal control group (Fig.  3). The amount 
of gastric mucus in the substance-administered group 
was significantly higher than that on the negative con-
trol group (Fig. 3).

Indomethacin, a non-selective cyclooxygenase (COX) 
inhibitor, causes relatively strong gastric mucosal dam-
age among various non-steroidal anti-inflammatory 
drugs (NSAIDs) [46]. As a defense mechanism, mucus is 
secreted as a defense factor to protect the mucosal layer, 
and gastric mucus can protect the stomach; therefore, 
increasing the amount of gastric mucus can improve gas-
tric damage [47].

Considering this aspect, the amount of gastric mucus 
in the AE- and ECC-administered groups was signifi-
cantly higher than that in the negative control group, 
and there was a significant difference compared with that 
in the normal control group. Since the reduced amount 
of gastric mucus was recovered, the administration of 
the test substance was considered to be effective in the 
improvement of acute gastric injury.

Stomach damage is caused by various factors, and it 
has been recently reported that gastric damage and anti-
oxidant defense system disturbance are closely related [4, 
48]. Gastric mucosal damage is caused by the influence of 
various defense factors constituting the gastric mucosa, 
and disorders of the antioxidant defense system, such 
as lipid peroxidation by reactive oxygen species (ROS), 
have recently emerged as a strong cause [49]. In fact, the 
protective effects of various antioxidants against gastric 
mucosal damage have been reported. Glutathione is a 
representative endogenous antioxidant known to coun-
teract gastric mucosal damage caused by reactive oxygen 
species, and a significant decrease in glutathione levels 
has been reported during gastric mucosal damage caused 
by nonsteroidal anti-inflammatory drugs [50]. Result of 
glutathione measurement in the serum showed that the 
glutathione levels of all test substance administration 
groups did not show a significant difference compared 
to the negative control group; however, it showed a rela-
tively higher tendency than the negative control group, 
and was significantly higher than that of the normal con-
trol group (Table 5).

In contrast, myeloperoxidase is an enzyme secreted by 
neutrophils, and the increase in the activity of myeloper-
oxidase in the gastric mucosa is used as an indicator of 
the increase in neutrophils in the gastric mucosa when 
the gastric mucosa is damaged [51, 52]. The increase in 
myeloperoxidase activity owing to neutrophil infiltration 
into the induced lesion is well known. Result of myelop-
eroxidase measurement in the serum showed that, the 
myeloperoxidase level of the test substances in the ECC 

Table 3 Hematological test

Data are expressed as Mean ± S.D

RBC red blood cell, HGB hemoglobin, HCT hematocrit, MCV mean corpuscular 
volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular 
hemoglobin con-centratio, RDW red cell distribution width, HDW hemoglobin 
distribution width, RET reticulocyte, PLT platelet, MPV mean platelet volume, 
WBC white blood cell, NEU neutrophil, LYM lymphocyte, MONO monocyte, 
EOS eosinophil, BASO basophil. G1 (DW), G2 (ECC 1000 mg/kg). For statistical 
analysis, SPSS statistics for medical science 22 (IBM SPSS Statistics, USA), a 
statistical package widely used commercially, was used, and the significance 
level was set to p < 0.05

Tests Units Hematological test (Recovery groups)

Groups (mg/kg/day)

Male Female

G1 (DW) G2 (ECC 
1000)

G1 (DW) G2 (ECC 
1000)

RBC 106/μL 6.26 ± 0.50 7.46 ± 0.18 7.48 ± 0.35 6.92 ± 0.21

HGB g/dL 14.0 ± 1.2 16.3 ± 0.5 16.3 ± 0.5 15.5 ± 0.3

HCT % 42.6 ± 3.6 50.2 ± 0.2 50.1 ± 1.7 48.5 ± 0.8

MCV fL 68.1 ± 0.3 67.2 ± 1.3 67.1 ± 0.9 70.1 ± 1.0

MCH pg 22.3 ± 0.2 21.8 ± 0.1 21.7 ± 0.4 22.5 ± 0.2

MCHC g/dL 32.8 ± 0.2 32.5 ± 0.8 32.4 ± 0.1 32.0 ± 0.1

RDW % 13.4 ± 0.2 13.6 ± 0.4 13.8 ± 0.7 13.9 ± 0.4

HDW g/dL 1.64 ± 0.01 1.71 ± 0.02 1.77 ± 0.28 1.73 ± 0.14

RET % 0.71 ± 0.15 1.57 ± 0.04 1.71 ± 0.66 1.98 ± 0.84

PLT 103/μL 237.0 ± 111.7 200.5 ± 24.7 192.0 ± 14.1 229.5 ± 17.7

MPV fL 11.50 ± 2.12 12.35 ± 0.92 10.20 ± 0.85 11.05 ± 0.35

WBC 103/μL 7.93 ± 0.73 8.23 ± 0.10 9.39 ± 0.91 7.95 ± 0.40

NEU % 48.6 ± 9.8 55.2 ± 3.9 54.8 ± 5.7 59.7 ± 0.8

NEU 103/μL 3.9 ± 1.1 4.5 ± 0.4 5.2 ± 1.0 4.7 ± 0.3

LYM % 38.9 ± 4.5 35.4 ± 0.9 33.9 ± 3.7 29.8 ± 1.4

LYM 103/μL 3.1 ± 0.1 2.9 ± 0.0 3.2 ± 0.0 2.4 ± 0.2

MONO % 9.70 ± 4.10 7.35 ± 2.05 6.65 ± 0.64 7.35 ± 1.48

MONO 103/μL 0.76 ± 0.25 0.61 ± 0.16 0.62 ± 0.00 0.58 ± 0.08

EOS % 1.70 ± 0.99 1.55 ± 0.49 4.15 ± 1.20 2.60 ± 0.85

EOS 103/μL 0.14 ± 0.06 0.13 ± 0.04 0.39 ± 0.08 0.20 ± 0.06

BASO % 0.85 ± 0.21 0.50 ± 0.28 0.50 ± 0.00 0.35 ± 0.07

BASO 103/μL 0.07 ± 0.01 0.04 ± 0.03 0.05 ± 0.00 0.03 ± 0.00

LUC % 0.30 ± 0.14 0.15 ± 0.21 0.15 ± 0.07 0.15 ± 0.07

LUC 103/μL 0.03 ± 0.01 0.01 ± 0.01 0.02 ± 0.01 0.02 ± 0.01

PT s 5.9 ± 0.2 6.0 ± 0.1 6.1 ± 0.1 5.8 ± 0.4

APTT s 13.1 ± 0.8 13.3 ± 0.4 14.9 ± 0.6 13.6 ± 0.3

N 2 2 2 2
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and AE administered group was significantly lower than 
that of the negative control group and positive control 
group (Table 6). There was no significant difference com-
pared to that in the control group.

Prostaglandin, which is abundantly contained in gas-
tric mucosa, promotes secretion of mucus and  HCO3- 
and suppresses gastric acid secretion. It is important for 

maintaining gastric mucosa blood flow and epithelial 
cell repair mechanisms, and is also important for cellu-
lar integrity of gastric mucosa [53]. Result of prostaglan-
din E2 measurement in serum showed that there was no 
significant difference in the level of prostaglandin E2 in 
the group administered ECC and AE compared with the 
normal control group (Table  7). Combining the results 
of the  analysis of serum glutathione, prostaglandin E2, 
and myeloperoxidase levels in this study, administration 
of the test substance to the acute gastric injury model 
induced a significant decrease in myeloperoxidase levels, 
although there was no significant change in glutathione 
and prostaglandin. levels. The increasing trend in E2 lev-
els indicates that the test substance probably has a gastric 
protective effect against acute gastric injury.

In conclusion, administration of the test substances 
ECC and AE in a Sprague–Dawley rat model of acute 
gastric injury caused by indomethacin administration 
significantly increased gastric mucus volume. Analysis of 
serum glutathione, prostaglandin E2, and myeloperoxi-
dase levels revealed that there was a significant decrease 
in myeloperoxidase levels and an increase in glutathione 
and prostaglandin E2 levels. Therefore, administration 
of ECC to the acute gastric injury model caused by the 
administration of indomethacin is considered to be effec-
tive in improving gastric injury.

Table 4 Electrocardiography test after treatment (4 weeks)

Data are expressed as Mean ± S.D. QRS, ventricular depolarization; QT, repolarization of the ventricles; G1(DW), G2(ECC 1000 mg/kg). For statistical analysis, SPSS 
statistics for medical science 22 (IBM SPSS Statistics, USA), a statistical package widely used commercially, was used, and the significance level was set to p < 0.05

Male

QRS duration (ms) 39.4 ± 2.5 41.0 ± 3.5 40.0 ± 3.6 37.8 ± 2.3

QT interval (ms) 191.4 ± 7.5 204.0 ± 21.6 190.7 ± 16.8 193.0 ± 12.1

Heart rate (times/min) 103.6 ± 17.4 111.0 ± 20.5 115.7 ± 29.2 119.6 ± 19.1

N 5 3 3 5

Female

QRS duration (ms) 40.0 ± 5.4 42.3 ± 4.0 39.7 ± 0.6 37.6 ± 3.2

QT interval (ms) 191.8 ± 13.6 182.7 ± 5.8 180.7 ± 11.2 187.8 ± 10.8

Heart rate (times/min) 108.6 ± 15.3 120.7 ± 7.5 124.3 ± 12.9 123.8 ± 5.1

N 5 3 3 5

Recovery groups

Groups (mg/kg/day) Male Female

G1 (DW) G2 (ECC 1000) G1 (DW) G2 (ECC 1000)

QRS duration (ms) 40.0 ± 4.2 40.0 ± 2.8 40.0 ± 4.2 39.5 ± 4.9

QT interval (ms) 196.0 ± 9.9 179.0 ± 0.0 195.0 ± 12.7 195.5 ± 14.8

Heart rate (times/min) 101.5 ± 20.5 123.0 ± 5.7 110.5 ± 9.2 110.0 ± 15.6

N 2 2 2 2

Fig. 3 Effect of ECC on gastric mucosa. Data were expressed as 
Mean ± S.D. ***A significant difference at p < 0.001 level compared 
to the G1. ###/##/#A significant difference at p < 0.001/p < 0.01/p < 0.05 
level compared to the G2
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This study revealed the therapeutic potential of ECC 
against gastritis and its future prospect: (1) ECC shows 
the pharmacological potential for gastritis treatment in 
both the results of the literature review and experimen-
tal tests. (2) According to the literature review, C. cassia 
extract and cinnamaldehyde play a strong anti-inflam-
matory and antioxidant effect roles and an inhibitory 
effect role against the secretion of IL-8 and ROS produc-
tion by H. pylori. Furthermore, C. cassia extract plays an 
anti-inflammatory effect role in the protection of gastric 
ulcers induced in four ways (immersion stress-induced, 
ethanol-induced, hydrochloric acid-induced, and 
NSAID-induced ulcer) and prevention of gastric mucosal 
lesions. Lastly, the therapeutic mechanism of C. cassia is 
related to NFκB activity and its signaling pathway. Unfor-
tunately, no clinical studies of C. cassia extracts or com-
pounds on gastritis have been conducted to date. (3) In 
the safety tests, the no observed adverse effect level of 
ECC was judged to be 1000 mg/kg/day for both sexes, 
and no toxic target organ was observed. Finally, (4) it 
was confirmed that the standard extract (ECC) exerts an 

effect on indomethacin-induced gastritis, which is con-
sistent with the results of the literature.

Although there have been several positive effects and 
studies on gastritis, this study has several limitations. 
Thus, well-planned clinical studies need to be conducted. 
There are many natural medicines that are not effective 
in clinical practice, regardless of how good they appeared 
in cellular and animal experiments. The next problem to 
be solved is the research on ingredient standardization 
that meets international standards. Various ingredients 
have complex effects because of the nature of natural 
products; however, some are standardized with mini-
mal ingredients, for example, cinnamaldehyde. There-
fore, efforts should be made to study the mechanism 
of efficacy at the level of compound drugs owing to the 
difference in efficacy, and various studies have reported 
inconsistent effects on cytokines or inflammation-related 
biomarkers. In addition, it is necessary to elucidate the 
mechanism of action of each complex component that 
exerts its effects on gastritis. There are also many factors 
to consider in the study of natural ingredients, for exam-
ple, how much of these ingredients are absorbed by the 
body and the metabolites of these ingredients. This study 
has limitations; thus, further well-designed experimental 
studies such as in silico, in vitro, in vivo, and clinical trials 
are required to validate these findings and the underlying 
mechanisms of ECC. 

Abbreviations
EtOH: Ethanol; MeOH: Methanol; NA: Not available; H. pylori: Helicobacter 
pylori; LPS: Lipopolysaccharide; NO: Nitric oxide; iNOS: Inducible NO synthase; 
COX‑2: Cyclooxygenase‑2; PGE2: Prostaglandin E2; ILs: Interleukin; TNF‑α: 
Tumor necrosis factor‑alpha; NFκB: Nuclear factor kappa‑light‑chin‑enhancer 
of activated B cells; TLRs: Toll‑like receptors; MAPK: Mitogen activated protein 
kinase; ERK: Extracellular signal‑related protein; JNK: C‑jun N‑terminal kinase; 
ROS: Reactive oxygen species; SD: Sprague Dawley; RBC: Red blood cell; 
HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCH: 
Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin 

Table 5 Effect of ECC on glutathione

Data were expressed as Mean ± S.D. Animal experiment were analyzed by 
using one-way ANOVA with Dunnett’s multiple comparison test by Prism 5.03 
(GraphPad software inc., San Diego, CA, USA). When the p-value was less than 
0.05, it was determined that there was statistical significance

Glutathione

Group Dose (mg/kg) Animal No Concentration 
(mg/L)

G1 D.W – 10 204.3640 ± 23.3568

G2 D.W – 10 176.0491 ± 11.8420

G3 Rebamipide 100 10 201.6267 ± 43.3087

G4 ECC 300 10 195.7455 ± 25.6180

G5 AE 300 10 194.8037 ± 32.4087

Table 6 Effect of ECC on myeloperoxidase

Data were expressed as Mean ± S.D

**A significant difference at p < 0.01 level compared to the G1. #A significant 
difference at p < 0.05 level compared to the G2. Animal experiment were 
analyzed by using one-way ANOVA with Dunnett’s multiple comparison test by 
Prism 5.03 (GraphPad software inc., San Diego, CA, USA). When the p-value was 
less than 0.05, it was determined that there was statistical significance

Myeloperoxidase

Group Dose (mg/kg) Animal No Concentration (ng/
mL)

G1 D.W – 10 13.7131 ± 1.7524

G2 D.W – 10 15.8566 ± 1.5193**

G3 Rebamipide 100 10 13.8408 ± 1.7316#

G4 ECC 300 10 14.1388 ± 0.8202#

G5 AE 300 10 13.7914 ± 1.3303#

Table 7 Effect of ECC on prostaglandin E2

Data were expressed as Mean ± S.D

*A significant difference at p < 0.05 level compared to the G1. Animal experiment 
were analyzed by using one-way ANOVA with Dunnett’s multiple comparison 
test by Prism 5.03 (GraphPad software inc., San Diego, CA, USA). When the 
p-value was less than 0.05, it was determined that there was statistical 
significance

Prostaglandin E2

Group Dose (mg/kg) Animal No Concentration (ng/
mL)

G1 D.W – 10 1.8774 ± 0.1960

G2 D.W – 10 1.6062 ± 0.1665*

G3 Rebamipide 100 10 1.8170 ± 0.1383

G4 ECC 300 10 1.8030 ± 0.1913

G5 AE 300 10 1.7256 ± 0.3884
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con‑centratio; RDW: Red cell distribution width; HDW: Hemoglobin distribu‑
tion width; RET: Reticulocyte; PLT: Platelet; MPV: Mean platelet volume; WBC: 
White blood cell; NEU: Neutrophil; LYM: Lymphocyte; MONO: Monocyte; EOS: 
Eosinophil; BASO: Basophil; QRS: Ventricular depolarization; QT: Repolarization 
of the ventricles.
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