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Alkaloids from Ba Lotus Seeds (Nelumbo nucifera Gaertn) Attenuates 
HCl/Ethanol Induced Gastric Mucosal Injury in ICR Mice 

YI Ruokun1,2, FENG Xia1,2, LI Guijie1,2, PENG Deguang3, MU Jianfei1,2, FU Chenggang1,2, ZHAO Xin1,2,*
(1. Chongqing Collaborative Innovation Center for Functional Food, Chongqing Engineering Research Center of Functional Food, 

Chongqing Engineering Laboratory for Research and Development of Functional Food, Chongqing University of Education,  

Chongqing 400067, China; 2. College of Biological and Chemical Engineering, Chongqing University of Education, Chongqing 400067, 

China; 3. Chongqing Enterprise Engineering Research Center of Ba-lotus Breeding and Deep Processing, Chongqing 400041, China)

Abstract: The aim of this study was to investigate the effect of alkaloids from Ba lotus seeds (Nelumbo nucifera Gaertn) 

on HCl/ethanol-induced gastric mucosal injury and to elucidate the underlying mechanism. Mice were intragastrically 

administered with alkaloids from Ba lotus seed (ABLS) and gastric mucosal injury was induced in mice by HCl/ethanol. 

Serum cytokine and other index levels were examined by using commercial kits, and the gastric tissue was determined 

by reverse transcription polymerase chain reaction (RT-PCR) and western blot assay. The gastric mucosal injury area, 

percentage inhibition, gastric secretion volume and pH of gastric juice in the 100 mg/(kg·d) ABLS treated-mice were  

1.13 mm2, 84.5%, 0.52 mL and 3.3, respectively. Additionally, serum levels of interleukin (IL)-6, IL-12, tumor necrosis 

factor-α (TNF-α), interferon-γ (IFN-γ), motilin (MOT), substance P (SP) and endothelin-1 (ET-1) in these mice were lower 

than those in the control mice, while the levels of somatostatin (SS) and vasoactive intestinal peptide (VIP) were higher than 

those in the control mice. The treated mice had higher superoxide dismutase (SOD) activity, and lower MDA level in gastric 

tissues than the control ones. ABLS also could increase the mRNA and protein expression levels of inhibitor kappaB-α 

(IκB-α), epidermal growth factor (EGF), epidermal growth factor receptor (EGFR), neuronal nitric oxide synthase (nNOS), 

endothelial NOS (eNOS), Mn-SOD, Gu/Zn-SOD and catalase (CAT), and decrease nuclear factor kappaB (NF-κB) and 

inducible NOS (iNOS) expression in gastric tissues compared to those in the control group. This study has demonstrated that 

ABLS treatment attenuated gastric mucosal injury due to their antioxidant capacity.  
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巴莲莲子生物碱减弱盐酸/乙醇诱导的小鼠胃黏膜损伤研究

易若琨1,2，冯 霞1,2，李贵节1,2，彭德光3，母健菲1,2，符成刚1,2，赵 欣1,2,*
（1.重庆第二师范学院 重庆市功能性食品协同创新中心，重庆市功能性食品工程技术研究中心，

功能性食品研发重庆市工程实验室，重庆 400067；2.重庆第二师范学院生物与化学工程学院，重庆 400067；

3.重庆市巴莲品种选育及深加工企业工程技术研究中心，重庆 400041）

摘  要：本研究的目的是探讨巴莲莲子生物碱对盐酸/乙醇诱导的胃黏膜损伤的作用并对其机制进行研究。小鼠被巴

莲莲子生物碱（alkaloids from Ba lotus seed，ABLS）灌胃处理后用盐酸/乙醇诱导胃黏膜损伤，小鼠的血清细胞因子

及其他指标采用试剂盒进行测定，同时用逆转录聚合酶链式反应和western blot对胃组织进行检测。100 mg/（kg·d）

的ABLS处理小鼠的胃黏膜损伤面积、胃损伤抑制率、胃液分泌量和pH值分别为1.13 mm2、84.5%、0.52 mL和3.3。 

ABLS作用的小鼠血清白细胞介素（interleukin，IL）-6、IL-12、肿瘤坏死因子α（tumor necrosis factor-α，
TNF-α）、γ-干扰素（interferon-γ，IFN-γ）、胃动素（motilin，MOT）、P物质（substance P，SP）、内皮素-1

（endothelin-1，ET-1）水平低于对照组小鼠，而生长抑素（somatostatin，SS）、血管活性肠肽（vasoactive 
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intestinal peptide，VIP）水平高于对照组。ABLS作用小鼠胃组织比对照组小鼠具有更高的超氧化物歧化酶

（superoxide dismutase，SOD）活性和更低的MDA含量。相比对照组ABLS处理还可以上调胃组织中核因子κB

抑制蛋白α（inhibitor kappaB-α，IκB-α）、表皮生长因子（epidermal growth factor，EGF）、表皮生长因子受体

（epidermal growth factor receptor，EGFR）、神经元型一氧化氮合酶（euronal nitric oxide synthase，nNOS）、内

皮型一氧化氮合酶（endothelial nitric oxide synthase，eNOS）、Mn-SOD、Gu/Zn-SOD、过氧化氢酶（catalase，

CAT）的mRNA和蛋白表达，同时下调核因子κB（nuclear factor kappaB，NF-κB）、诱导型一氧化氮合成酶

（inducible nitric oxide synthase，iNOS）表达。这项研究表明ABLS处理可减轻胃黏膜损伤，并且这种作用是来自

ABLS的抗氧化能力。
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Ba lotus (Nelumbo nucifera Gaertn) is mainly originated 

in Chongqing, China. Its seed can be used as functional food 

or traditional Chinese medicine because it has certain effects 

of reducing blood pressure, alleviating insomnia and stopping 

vomiting. It also has a variety of functional compounds 

including carbohydrates and proteins, a number of vitamins, 

minerals, fatty acids and alkaloid compounds. Its abundant 

alkaloid compounds have many functional effects and hence 

are of great utilization value[1-2].

Ethanol is highly corrosive for gastric mucosa. It can 

enhance the permeability of cellular membrane, destroy the 

mucous layer and mucous cells on the surface, and hence has 

the ability to ruin the physiological environment required for 

normal metabolism of gastric mucosa, and as a result, cause 

ulceration[3]. Not only ethanol itself but also its metabolites 

can cause the injury. Ethanol can immerse neutrophils in 

gastric mucosa and release myeloperoxidase, oxidative 

free radicals, active oxidative metabolites such as O2
−· and 

protease. It also adheres to vascular endothelium and causes 

mucosal injury through great vessel occlusion[4]. A variety 

of enzyme systems, including many isozymes of alcohol 

dehydrogenase, cytochrome P450 and catalase (CAT), are 

involved in the metabolism of ethanol in gastrointestinal 

tract. Ethanol is metabolized to acetaldehyde in the gastric 

mucosa, the involvement of acetaldehyde and gastric mucosal 

proteins leads to the damage of gastric mucosa[5]. After being 

catalyzed by ADH (antidiuretic hormone), ethanol generates 

acetaldehyde and the later generates oxygen free radicals 

under the action of xanthenes oxidation and hence causes 

gastric mucosal injury. Free radical reaction is closely related 

to the occurrence and development of ulcer. In addition, 

ethanol is destructive to gastric mucosa, and weakens the 

protective effect of the defensive factors of gastric mucosa. 

This is related to the ethanol-induced oxidative stress 

response of gastric tissue[6].

Alkaloid compounds extensively exist in plants. Their 

contents are particularly high in certain parts. Alkaloid 

can serve as an active oxygen quencher: it gains energy by 

colliding with O2 and inactivates 1O2 and turns it into 3O2
[7]. 

Alkaloid compounds in multiple plants have high antioxidant 

activity in vitro in scavenging ·OH, O2
−· and organic 

1,1-diphenyl-2-picryhydrazyl (DPPH) radical[8]. Certain 

alkaloid compounds resist oxidation through inhibiting lipid 

peroxidation and mechanisms like oxidase system. It has been 

indicated that liensinine, a major extract from lotus seed, has 

favorable scavenging activity to oxygen free radical[9]. The 

resulting antioxidation may alleviate the organism injury 

caused by oxidative stress.

Ba lotus seed is used in food processing and production 

of healthy foods. Its alkaloid may have the same effect of 

alkaloids present in seeds of other nymphaeaceae plants. In 

this study, the inhibitory effect of alkaloid from Ba lotus seed 
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(ABLS) on mice with ethanol-induced gastric mucosal injury 

was examined. The biochemical indexes in mouse blood 

and tissues were tested in order to observe the antioxidation, 

inhibiting effect on inflammation and influence of ABLS 

on the defensive factors of gastric mucosa, determine its 

preventive effect and mechanism of action. The research 

result and analysis will provide further development of 

functional effect of Ba lotus seed with theoretical foundation. 

1 Materials and Methods

1.1 Animals, materials and reagents 

Fifty male ICR mice (7-week old) were purchased from 

the Experimental Animal Center of Chongqing Medical 

University (certificate number: SYXK(Yu)2012-0001). 

Ba lo tus  seed was  purchased in  local  market 

(Chongqing, China). 

Interleukin-6 (IL-6), IL-12, tumor necrosis factor-alpha 

(TNF-α) and interferon-gamma (IFN-γ) serum cytokine kits    

BioLegend, Inc. (USA); motilin (MOT), somatostatin (SS), 

substance P (SP), vasoactive intestinal peptide (VIP) serum kit  

Beijing Puer Weiye Biotechnology Co. Ltd. (Beijing, China); 

endothelin- 1(ET-1) serum kit, superoxide dismutase (SOD), 

nitric oxide (NO), malondialdehyde (MDA) tissue kit  

Nanjing Jiancheng Bioengineering Institute (Jiangsu, 

China); RNeasy kit Qiagen (Germany); Trizol reagent 

Invitrogen (USA); avian myeloblastosis virus reverse 

transcriptase GE Healthcare (England); protein assay kit 

Bio-Rad (USA); nuclear factor kappaB (NF-κB), inhibitor 

kappaB-α (IκB-α), epidermal growth factor (EGF), epidermal 

growth factor receptor (EGFR), euronal nitric oxide synthase 

(nNOS), endothelial nitric oxide synthase (eNOS), iNOS,  

Mn-SOD, Gu/Zn-SOD, CAT antibody Abcam (USA); 

enhanced chemiluminescence Amersham Life Sciences (USA).

1.2 Instruments and equipments

D550 digital camera Canon (Japan); SevenEasy pH 

meter Mettler-Toledo (Switzerland); iMark microplate 

reader, T100 thermal cycler Bio-Rad (USA). 

1.3 Methods

1.3.1 Extraction of ABLS 

One thousand gram of Ba lotus seed had been extracted 

by 80% ethanol reflux (10 L) twice, each for 1 h. Then the 

solution was filtered and the filtrate obtained at the first time 

and at the second time had been combined and concentrated 

to 1 L under reduced pressure. The extracting solution was 

passed through the 732 kation-exchange column. After full 

adsorption, the water soluble impurities were eliminated with 

distilled water and then eluted with 80% ethanol, and the 

eluent was collected. After concentration and desiccation, 

the eluent was eluted with 80% ethanol containing 2% of 

ammonium hydroxide. The total alkaloid of lotus germ was 

obtained after second concentration and desiccation.

1.3.2 Determination of ABLS content 

As a reference 5 mg of neferine was precisely weighted 

and put into 5 mL bottle, 0.1 mol/L hydrochloric acid was 

added to dissolve and dilute till the scale, then solution was 

shaken up. 0.20, 0.25, 0.10, 0.30, 0.35, 0.40 and 0.50 mL  

of the control solution was drawn in 10 mL bottle, and  

0.1 mol/L hydrochloric acid was added to dilute to the scale, 

light absorption value at 276 nm wavelength was measured. 

With 0.1 mol/L hydrochloric acid solution as a blank 

reference ratio, absorbance (A) as the ordinate and neferine 

concentration (c) as the abscissa, with which, the standard 

curve was drawn, which has the regression equation: A = 

0.016 47c + 0.014 57 (r2 = 0.999 9). Precision extraction of 

ABLS, to 0.1 mol/L hydrochloric acid dissolution, dissolved 

in 25 mL bottle diluted to the scale, and mixed well. The 

absorbance value at 276 nm wavelength was measured, and 

the total alkaloid content was calculated according to the 

regression equation.

1.3.3 Animal experiments

Mice were divided into 5 groups with 10 mice in 

each group. In the first 30 days, the mice in normal and 

control groups were administered with only distilled water 

(0.1 mL/(10 g·d), based on body weight, the same below)  

by intragastric administration; the ABLS groups were 

treated with two concentrations (50 and 100 mg/(kg·d)) 

of ABLS and the mice in drug control group (ranitidine) 

were treated with 50 mg/(kg·d) ranitidine by intragastric 

administration. At the 30th day post treatment, all mice 

were fasted for 12 h. The mice of ABLS and drug control 

groups were treated by intragastric administration of  

HCl/ethanol (60% in 150 mmol/L HCl, 10 mL/kg) gastric 

mucosal injury inducement reagent, then all the mice were 

sacrificed after 1 h under deep ether anesthesia. The gastric 

mucosal injury area (mm2) of stomach was observed under a 

digital camera and the images were analyzed by ImageJ software. 

Gastric juice pH was measured using a pH meter following 

a 10-times dilution. The mouse blood was centrifugalized  

(4 000 r/min, 10 min), then the serum was collected. 

Inhibitory rate/% × 100
Scontrol Ssample

Scontrol
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Where Scontrol is gastric mucosal injury area of control 

group mice; Ssample is gastric mucosal injury area of sample 

group mice.

These experiments followed a protocol approved by the 

Animal Ethics Committee of Chongqing Medical University.

1.3.4 Analysis of serum cytokines using ELISA

The levels of cytokine, including IL-6, IL-12, 

TNF-α and IFN-γ, in serum were determined by enzyme-

linked immunosorbent assay (ELISA) according to the 

manufacturer’s instructions. The biotinylated antibody 

reagent and the mouse serum samples were added to 96-
well plates and incubated at 37 ℃ in CO2 for 2 h. Following 

washing with phosphate buffer saline (PBS), streptavidin-
peroxidase solution was added and the plate then placed for 

30 min at room temperature. The absorbance at 450 nm was 

measured using a microplate reader.

1.3.5 Analysis of MOT, SS, SP and VIP levels in serum

The content of MOT, SS, SP and VIP in serum samples 

were measured using the biochemistry kits following the 

manufacturer’s instructions. ET-1 serum level was also 

determined by ELISA kit.

1.3.6 Gastric tissues antioxidation levels analysis

Gastric tissues antioxidation SOD, NO and MDA levels 

were determined by the experiment kits.

1.3.7 Reverse transcription-polymerase chain reaction 

(RT-PCR) assay

Total gastric tissue RNA was isolated using Trizol 

reagent according to the manufacturer’s recommendations. 

The RNA was digested with RNase-free DNase for 15 min  

at 37 ℃and purified using an RNeasy kit according to the 

manufacturer’s protocol. cDNA was synthesized from  

2 μg of total RNA by incubation at 37 ℃ for l h with avian 

myeloblastosis virus reverse transcriptase with random 

hexanucleotides according to the manufacturer’s instruction. 

Sequences of primers used to specifically amplify the targeted 

genes were as follows: 5’-CAC TTA TGG ACA ACT ATG 

AGG TCT CTG G-3’ (forward) and 5’-CTG TCT TGT 

GGA CAA CGC AGT GGA ATT TTA GG-3’ (reverse) for  

NF-κB; 5’-GCT GAA GAA GGA GCG GCT ACT-3’ 

(forward) and 5’-TCG TAC TCC TCG TCT TTC ATG GA-3’  

(reverse) for IκB-α; 5’-GCC AAG CTC AGA AGG CTA C-3’  

(forward) and 5’-CAG GCC AGC CTC GTC TCA T-3’ 

(reverse) for EGF; 5’-TCG GTG CTG TGC GAT TTA-3’  

(forward) and 5’-TTT CTG GCA GTT GCT CCT C-3’ 

(reverse) for EGFR; 5’-GAA TAC CAG CCT GAT CCA 

TGG AA-3’ (forward) and 5’-TCC TCC AGG AGG GTG 

TCC ACC GCA TG-3’ (reverse) for nNOS; 5’-GGA GAG 

GCT GCA TGA CAT TG-3’ (forward) and 5’-GGT AGA 

GCC ATA GTG GAA TGA C-3’ (reverse) for eNOS;  

5’-AGA GAG ATC GGG TTC ACA-3’ (forward) and  

5’-CAC AGA ACT GAG GGT ACA-3’ (reverse) for iNOS; 

5’-TTC AAT AAG GAG CAG GGA C-3’ (forward) and 5’-

CAG TGT AAG GCT GAC GGT TT-3’ (reverse) for Mn-

SOD; 5’-GAA GAG AGG CAT GTT GGA GA-3’ (forward) 

and 5’-CCA ATT ACA CCA CGA GCC AA-3’ (reverse) for 

Cu/Zn-SOD; 5’-AGA TAC TCC AAG GCG AAG GTG-3’ 

(forward) and 5’-AAA GCC ACG AGG GTC ACG AAC-3’  

(reverse) for CAT. GAPDH was amplified as an internal 

control gene with the following primers: 5’-CGG AGT CAA 

CGG ATT TGG TC-3’ (forward) and 5’-AGC CTT CTC 

CAT GGT CGT GA-3’ (reverse). The PCR amplification 

was performed in a thermal cycler. The PCR products were 

separated in 1.0% agarose gels and visualized with ethidium 

bromide staining[10].

1.3.8 Western blot analysis

Total gastric protein was obtained using RIPA buffer, 

the extracted protein concentration was determined by the 

protein assay kit. Aliquots of the lysate containing 30-50 µg 

of protein were separated by 12% sodium dodecyl sulfonate 

(SDS) and then electrotransferred onto a nitrocellulose 

membrane. Antibodies against NF-κB, IκB-α, EGF, EGFR, 

nNOS, eNOS, iNOS, Mn-SOD, Gu/Zn-SOD and CAT were 

incubated for 1 h, followed by incubation with corresponding 

the horseradish peroxidase-conjugated secondary antibody 

for 1 h at room temperature. Blots were washed three 

times with PBS-T and then developed with enhanced 

chemiluminescence[11].

1.4 Statistical analysis

The SAS v9.1 statistical software package was used for 

the analysis. The data presented as the ±s. The differences 

between the mean values for individual groups were assessed 

by a one-way ANOVA with Duncan’s multiple range tests.  
P < 0.05 was considered to a statistically significant difference. 

2 Results and Analyses

2.1 ABLS content

Neferine (C38H44N2O6) is as the standard determination 

of the content of alkaloids in crude ABLS. Results showed 
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that the purity of the extraction of crude ABLS reaches 

67.4%. It plays an important role in further biological 

experiments and physiologically active ingredient is ABLS.

2.2 Stomach appearance

A B

C D

E

A-E. Normal, control, 50mg/(kg∙d) ABLS, 

100 mg/(kg∙d) ABLS and drug control group.

Fig. 1 Photographs of stomach of mice with HCl/ethanol-induced 

gastric mucosal injury treated with ABLS

Table 1 Effect of ABLS administration on HCl/ethanol-induced gastric 

mucosal injury in mice

Group
Gastric mucosal injury

Gastric mucosal injury area/mm2 Inhibitory rate/%

Normal 0.00±0.00e 100.0±0.0a

Control 7.31±0.47a 0.0±0.0e

50mg/(kg∙d) ABLS 3.39±0.39b 53.6±5.2d

100 mg/(kg∙d) ABLS 1.13±0.26c 84.5±6.1c

Drug control 0.69±0.14d 90.6±3.8b

Note: Different letters in the same column indicate significant difference 
(P<0.05). The same below.

Ethanol-induced gastric mucosal injury can be 

determined by observing the damaged area of gastric 

wall[11]. In this  s tudy,  ABLS reduced the  damaged 

area of gastric mucosa and alleviated the influence 

o f  e t h a n o l .  T h e  c o n t r o l ,  A B L S  a n d  r a n i t i d i n e -

t r e a t e d  m i c e  w e r e  i n j u r e d  b y  H C l / e t h a n o l .  T h e 

gastric mucosal injured area of control group mice 

was highest (Table 1,  Fig.  1);  ABLS could reduce 

the injury area, and the 100 mg/(kg∙d) ABLS treated 

mice showed a lower injury area close to that of drug  

(50 mg/(kg∙d) ranitidine) treated mice. The 100 mg/(kg∙d) 

ABLS and 50 mg/(kg∙d) ranitidine treated mice also 

showed higher inhibitory rates (84.5 and 90.6%) on gastric 

mucosal injury. 

2.3 Gastric secretion volume and determination of pH of 

gastric juice 

Ethanol stimulates gastric acid secretion after it 
enters the stomach and the gastric acid increases the injury. 
Therefore, increase of gastric acid and decline in pH value are 
significant evidence of gastric mucosal injury[12]. As shown 
in Table 2, mice in normal group showed the highest pH of 
the gastric juice and lowest gastric secretion volume. After 
HCl/ethanol induced gastric mucosal injury, the pH of the 
gastric juice was decreased and gastric secretion volume was 
increased. ABLS could reduce these changes, the pH of the 
gastric juice of mice in ABLS group were significantly higher 
than that of the control group (P < 0.05), and the gastric 
secretion volumes were significantly lower than that of mice 
in control group (P < 0.05). 

Table 2 Effect of ABLS administration on gastric secretion volume and 

pH of gastric juice in mice with HCl/ethanol-induced gastric mucosal injury

Group Gastric secretion volume/mL pH of the gastric juice
Normal 0.32±0.05e 3.6±0.2a

Control 1.12±0.25a 1.1±0.2d

50 mg/(kg∙d) ABLS 0.73±0.11b   2.1±0.4c

100 mg/(kg∙d) ABLS 0.52±0.06c   3.3±0.4b

Drug control 0.37±0.05d 3.4±0.5b

2.4 Cytokine levels of IL-6, IL-12, TNF-α and IFN-γ in serum

Table 3 Effect of ABLS administration on serum levels of cytokine 

IL-6, IL-12, TNF-α and IFN-γ in mice with HCl/ethanol-induced gastric 

mucosal injury 

pg/mL

Group IL-6 IL-12 TNF-α IFN-γ
Normal 41.7±3.9e 357.8±41.2e 42.2±2.1e 41.2±2.0e

Control 107.3±10.2a 977.8±62.8a 118.6±7.7a 93.2±4.3a

50 mg/(kg∙d) ABLS 82.7±6.1b 752.1±41.3b 81.3±4.2b 73.1±3.2b

100 mg/(kg∙d) ABLS 60.3±4.7c 554.3±22.8c 57.8±2.8c 52.2±2.2c

Drug control 52.0±2.6d 405.6±25.7d 50.3±2.3d 47.7±1.6d

After being induced gastric mucosal injury, mice in 
the control group showed the highest levels of cytokine 
IL-6, IL-12, TNF-α and IFN-γ in serum (Table 3). ABLS 
treatment significantly (P < 0.05) decreased the levels of 
these cytokines, and high concentration of 100 mg/(kg∙d) 
ABLS showed the lower levels of IL-6, IL-12, TNF-α and 
IFN-γ compared to those of 50 mg/(kg∙d) ABLS treatment. 
The mice in 100 mg/(kg∙d) ABLS group showed the similar 
reducing activities on IL-6, IL-12, TNF-α and IFN-γ to those 
of mice in drug control group. IL-6, IL-12, TNF-α and IFN-γ 
are all cytokines related to inflammation. Ethanol-induced 
gastric mucosal injury resulted in inflammatory response and 
the inflammation aggravated with the increase of injury[13]. 
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After the tissues were injured, the endothelial cells secrete a 
large quantity of IL-6 and IL-12 and hence directly trigger the 
inflammatory response. It also aggravated the inflammation 
by stimulating release of other inflammatory mediators and 
give out more IL-6 and IL-12[14]. TNF-α is a cytokine with a 
variety of bioactivities. Its substantial production and release 
in vivo will ruin the immunological balance of organism and 
cause gastric mucosal injury together with other inflammatory 
factors[15]. The IFN-γ is a primary cause for peptic ulcer 
and changes the protective effect of gastric mucosal injury. 
Abundant IFN-γ can aggravate gastric ulcer and reduce 
protective effect of organism on gastric mucosa[10]. It is also 
shown that, ethanol-induced gastric mucosal injury enhances 
the level of IL-6, IL-12, TNF-α and IFN-γ[11].

2.5 Serum levels of MOT, SS, SP, VIP and ET-1 

Table 4 Effect of ABLS administration on serum levels of MOT, SS, SP, 

VIP and ET-1 in mice with HCl/ethanol-induced gastric mucosal injury

Group MOT/(μg/L) SS/(μg/L) SP/(μg/L) VIP/(μg/L) ET-1/(pg/mL)

Normal 41.5±3.6e 122.3±11.8a 66.7±4.0e 98.1±6.8a 75.3±2.3e

Control 102.3±5.1b 65.8±3.9e 123.6±9.7a 61.2±3.5e 92.3±3.1a

50 mg/(kg∙d) ABLS 77.6±5.5b 90.3±4.2d 92.2±5.5b 77.3±3.9d 85.2±1.7b

100 mg/(kg∙d) ABLS 60.3±3.8c 100.3±4.3c 78.8±2.3c 85.1±3.2c 81.1±2.0c

Drug control 51.3±2.9d 111.3±3.1b 72.3±2.0d 91.0±2.4b 78.1±1.2d

The mice in control group exhibited the higher levels of 
MOT, SP, ET-1 in serum compared to those in mice of other 
groups (Table 4), and the 100 mg/(kg∙d) ABLS group mice 
showed lower levels of MOT, SP and ET-1 than those of 
mice in control and 50 mg/(kg∙d) ABLS groups. For the SS 
and VIP, their levels were lowest in mice of control group, 
and ABLS significantly (P < 0.05) raised their levels. MOT 
and SP are stimulant gastrointestinal hormones whose levels 
are increased once they are stimulated. When stimulated by 
ethanol, MOT and SP cause large gastric acid secretion, hence 
leading to higher acidity and more severe gastric mucosal 
injury[13]. SS and VIP are inhibitive gastrointestinal hormones 
which restrain gastric acid secretion. After the tissues were 
impaired, the levels of SS and VIP were declined and their 
inhibitory effects on gastric acid were also weaken[16]. ET, 
a major factor which regulates cardiovascular function, 
plays an important role in maintaining basal vascular tone 
and steady state of cardiovascular system. ET-1 is mainly 
expressed in endothelial cells. ET-1 and NO are two major 
vascoactive mediators produced by vascular endothelial cells. 

They interact and regulate the blood flow of gastric mucosa[15]. 
NO can restrain over-production of ET-1 while ET-1 is an active 

composition that may cause dramatic vasoconstriction. It has been 

revealed that ET-1 plays a part in the physiopathologic mechanism 

of gastric mucosal injury. Its effect of causing vasoconstriction can 

significantly reduce the blood-supply quantity of gastric mucosa and 

hence weaken the preventive effect[17].

2.6 The level of SOD, NO and MDA in gastric tissues

Table 5 Effect of ABLS administration on the levels of SOD, NO and MDA 

in gastric tissues of mice with HCl/ethanol-induced gastric mucosal injury

Group SOD activity/
(U/mg pro)

NO content/
(µmol/mg pro) 

MDA content/
(nmol/mg pro)

Normal 335.6±38.7a 14.1±0.4a 17.3±2.5e

Control 125.1±28.3e 3.7±0.3e 80.3±6.2a

50 mg/(kg∙d) ABLS 240.6±25.2d 7.5±0.4d 44.7±5.2b

100 mg/(kg∙d) ABLS 284.2±17.2c 11.5±0.5c 31.2±2.8c

Drug control 311.5±24.5b 12.8±0.4b 25.5±2.9d

The ABLS could be significantly changed the activities 

of SOD, NO and MDA (P < 0.05) in mice with HCl/ethanol 

induced-gastric mucosal injury (Table 5). ABLS treated-mice 

exhibited higher activities of SOD and NO, lower activity of 

MDA compared to those of mice in control gastric mucosal 

injury. ABLS could change the activities of SOD, NO and 

MDA in stomach close to those of the drug control (ranitidine) 

and normal groups. Oxygen free radicals can induce lipid 

peroxidation of gastric mucosa or mucous cells at both 

overall level and cellular level, generate lipid peroxides like 

MDA, cause blood stream obstruction and gastric mucosal 

injury[18]. SOD can directly scavenge free radicals, interrupt 

their chain reaction and repair cells. It has been revealed that 

heavy drinking can lead to dramatic decline of SOD activity, 

weaken the scavenging activity and result in organism 

injury[19]. NO is a neurotransmitter and messenger molecule. 

Normally secreted NO can loosen the gastrointestinal smooth 

muscle and expand blood vessels, inhibit platelet aggregation 

in gastric mucosal micro-circulation and increase blood flow 

volume of gastric mucosa; it can maintain the integrity of 

epithelium of gastric mucosa, participate in protection, repair 

and inhibit gastric acid secretion after gastric mucosal injury; 

it can also inhibit NF-κB activity, restrain inflammatory 

response after the injury and shows anti-inflammatory 

action[20-21]. As NO can protect gastric mucosa by these 

means, a decreased content of NO in gastric mucosa is 
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another cause for ethanol-induced gastric mucosal injury. 

ABLS can effectively prevent drop of NO content in serum 

which is caused by gastric mucosal injury and hence protect 

gastric mucosa. MDA is produced because the free radicals 

attack polyunsaturated fatty acid in biomembrane structure 

of cells and trigger lipid peroxidation. Its content in serum is 

indicative of the oxidative damage in cells and tissues. Ethanol 

intake can increase free radicals by various means and especially 
by forming MDA[22]. Therefore, MDA level is recommended as 

the biomarker of alcoholic oxidative stress response.

2.7 The mRNA and protein expression levels of NF-κB, 

IκB-α, EGF and EGFR in gastric tissues
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Fig. 2 Effect of ABLS administration on mRNA and protein expression 

levels of NF-κB, IκB-α, EGF and EGFR in mice with HCl/ethanol-

induced gastric mucosal injury 

Gastric mucosal injury could be induced by HCl/ethanol 

(control group). This response increased mRNA and protein 

expression levels of NF-κB and reduce mRNA and protein 

expression levels of IκB-α, EGF, and EGFR in gastric tissues 

(Fig. 2). ABLS (100 mg/(kg∙d)) treatment decreased the 

mRNA and protein expression levels of NF-κB (0.48 and 0.72 

folds of control group), and also increased the expression 

levels of IκB-α (1.45 and 1.58 folds of control group), EGF 

(2.70 and 1.35 folds of control group), EGFR (2.79 and 1.80 

folds of control group) to those of mice in the control group, 

and the higher concentration (100 mg/(kg∙d)) of ABLS 

significantly (P < 0.05) raised or reduce more expressions. 

It has been known that NF-κB and IκB-α play a crucial 

role in activating vascular endothelial cells[23]. Generally,  
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NF-κB combines with its inhibitory protein IκB-α in an 

inactive complex form which exists in cytoplasm. Under 

the stimulus of external signal, IκB-α is phosphorylated and 

degraded, and dissociated NF-κB is transfers to cell nucleus 

where it activates relevant genetic expression[10]. This leads 

to cell metabolic disorder, intracellular acidosis and higher 

permeability of cellular membrane, makes cells to release 

a large amount of ET-1 and aggravates gastric injury. ET-1 

can accelerate activation of NF-κB, increase its expression 

and promote degradation of IκB-α. In addition, ET-1 is 

regulated by NF-κB, so ET-1 secretion of endothelial cells 

can be inhibited by restraining NF-κB activity. Restraining 

ET-1 activity by controlling NF-κB expression is also an 

effective approach to alleviate gastric mucosal injury[24]. 

Ethanol is destructive to gastric mucosa and sabotages the 

protective effect of defensive factors in gastric mucosa. The 

defensive factors mainly include mucosal barrier, mucosal 

microcirculation and EGF and NO in gastric mucosa[25]. A 

low EGF level may lead to poor renewal and defense ability 

of gastric mucosal cells. Ethanol also restrains the reactivity 

of EGF to gastric mucosal injury, promotes the expression 

levels of EGF and EGFR in gastric mucosa and hence 

stimulates proliferation and migration of epithelial cells and 

accelerates healing of gastric injury[26]. EFG is considered 

as intermediary factor which regulates ulcer healing. It can 

significantly inhibit gastric acid secretion by combining with 

its specific receptor (EGFR). It also promotes epitheliosis and 

tissue reparation, enhances mucosal blood flow and plays an 

important role in protecting and regenerating gastric mucosa. 

EGF can stimulate proliferation, differentiation and migration 

of epithelial cells at healing zone at the margin of ulcer, 

promote formation of microvessels in granulation tissue and 

regeneration of mucosa and gland[27]. 

2.8 The mRNA and protein expression levels of nNOS, 

eNOS and iNOS in gastric tissues
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Fig. 3 Effect of ABLS administration on mRNA and protein expression 

levels of nNOS, eNOS and iNOS in mice with HCl/ethanol-induced 

gastric mucosal injury

The mRNA and protein expression levels of nNOS and 

eNOS in gastric tissues of normal mice were the highest in all 

group, and these expression levels in mice of control group 

were lowest (Fig. 3). The iNOS expression in gastric tissue 

of mice in normal group was lowest and highest in mice of 

control group. After 100 mg/(kg∙d) ABLS treatment, nNOS 

(2.08 folds mRNA expression, 1.90 folds protein expression) 
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and eNOS (1.54 folds mRNA expression, 1.88 folds protein 

expression) were raised, and iNOS (0.39 folds mRNA 

expression, 0.58 folds protein expression) was reduced as 

compared to those of the control group. These expressions 

levels in ABLS-treated mice were close to those of mice in 

the ranitidine and normal groups. NO content in organism is 

mainly regulated by NOS. NOS in gastric mucosa is divided 

into two types. One type is inherent NOS which relies on 

Ca2+ (cNOS, including nNOS and eNOS), and the other 

is inducible NOS which does not rely on Ca2+ (iNOS)[28]. 

cNOS is distributed in nerve cells and endothelial cells. It 

has stable activity and continuously releases a small amount 

of NO to protect gastric mucosa. iNOS is not expressed in 

cells under normal state, but is expressed and continuously 

releases a large amount of NO when gastric mucosa is 

injured. Excessive NO can form peroxynitrite with oxygen 

free radicals and cause lipid peroxidation damage, which is 

a key cause for gastric mucosal injury[29]. Overinhibition of 

cNOS and elevation of iNOS activity are closely related with 

gastric mucosal injury. The injury can be effectively relieved 

by decelerating the reduced cNOS expression and inhibiting 

the enhanced iNOS expression[30]. In this study, ABLS helps 

inhibit gastric mucosal injury.

2.9 The mRNA and protein expression levels of Mn-SOD, 

Gu/Zn-SOD and CAT in gastric tissues
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Fig. 4 Effect of ABLS administration on mRNA and protein expression 

levels of Mn-SOD, Gu/Zn-SOD and CAT in mice with HCl/ethanol-

induced gastric mucosal injury

Nomal mice had the highest mRNA and protein expression 

levels Mn-SOD, Gu/Zn-SOD and CAT, and ABLS-, ranitidine- 

treated mice showed the higher mRNA and protein expression 

levels of Mn-SOD (4.22 folds mRNA expression, 3.22 folds 

protein expression), Gu/Zn-SOD (1.98 folds mRNA expression, 

1.55 folds protein expression) and CAT (1.49 folds mRNA 

expression, 3.44 folds protein expression) than those of mice 

in control group (Fig. 4). The high concentration ABLS  

(100 mg/(kg∙d)) treatment could raise expression levels of  

Mn-SOD, Gu/Zn-SOD and CAT as compared to those of mice 

in the 50 mg/(kg∙d) ABLS group. Under the stimulus of ethanol, 

gastric mucosa released a large amount of oxygen free radicals, 

among which, OH is highly poisonous[31]. In addition, the content 

of xanthine dehydrogenase was much higher in the stomach 

than in the other tissues. When gastric mucosa is stimulated 

by ethanol, therefore, there is intense oxidative reaction in the 
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stomach. SOD, the most important antioxidant enzyme which 

resists free radicals, is mainly composed of Cu/Zn-SOD and Mn-

SOD. Both Cu/Zn-SOD and Mn-SOD can reduce the oxidation 

led injury[32]. Hydrogen peroxide is a metabolic waste which 

injures the organism. To avoid the injury, it must be quickly 

transformed to other harmless or less poisonous molecules. 

CAT is usually used to catalyze its decomposition. There is 

a significant increase in the level of hydrogen peroxide when 

gastric mucosa is injured. A high level of CAT can alleviate the 

injury by scavenging hydrogen peroxide[3].

3 Conclusions

In this study, the influence of ABLS on the mice 

with gastric mucosal injury was examined with various 

approaches. It was observed that ABLS reduced the damaged 

area of gastric mucosa, decreased the gastric juice volume 

and increased pH value of the gastric juice. ABLS significantly 

reduced inflammatory cytokine IL-6, IL-12, TNF-α and IFN-γ 

in mouse serum. After the mice were orally given ABLS, the 

content of MOT and SP in their serum were also controlled 

while those of SS and VIP were increased. In addition, the 

contents of SOD, NO and CAT were decreased while those 

of MDA and ET-1 were increased. Through further test with 

molecular biological method, it was observed that ABLS 

enhanced mRNA and protein expression levels of EGF, 

EGFR, IκB-α, nNOS, eNOS, Mn-SOD, Cu/Zn-SOD and 

CAT in gastric tissue of the mice, but reduced the expression 

level of NF-κB and iNOS. These results revealed that ABLS 

could reduce gastric mucosal injury through various ways 

by controlling oxidative damage. Moreover, in all tests, with 

high-concentration ABLS, the relevant indexes of the mouse 

were closer to those in the mice treated with drug therapy or 

under its normal state. Therefore, high-concentration ABLS 

has a better preventive effect to gastric mucosal injury.
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