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Abstract

Background: Fengliao-Changwei-Kang(FCK), the Chinese patent drug, is a famous traditional Chinese herbal medicine formula. It has a

significant effect on the clinic treatment of gastrointestinal diseases including gastritis, enteritis and diarrhea for many years. However, there is

few research on the protective effects of FCK on the gastric mucosa of chronic gastritis (CG) model rat.

Objective: The present study aimed to explore the effects of FCK extract on mucosa in rats with Chronic Gastritis.

Materials and Methods: 50 SD mice were randomly divided into 5 groups with 10 in each group（five per sex). The groups are respectively

control group, model group, low, middle and high FCK extracts (FCK I, II and III) group. The CG rat model was induced by synthetic methods.

FCK I, II and III group were administrated with FCK extracts at 2.16g• kg, 4.32g• kg, 8.94g• kg once per day for 21 consecutive days, and the

control group and model group were administrated the same volume of distilled water at 10mL/kg once per day. 16 hours after the last

administration, the rats were anesthetized and their blood and stomach were drawn from vena cava and abdominal cavity. The serum levels of

EGF was measured by enzyme linked immunosorbent assay(ELISA) method, the expression of growth factor receptor (EGFR) in gastric mucosa

was detected by immunohistochemical method, and the mRNA expressions of NF-κB p65 was detected in-situ hybridization. 

Results: The inflammation grades and the expressions of NF-κB p65 mRNA in gastric mucosa of the model group were markedly higher than 

those of the control group (P<0.05). The inflammation grades of gastric mucosa and the expressions of NF-κB p65 mRNA in gastric mucosa the 

FCK extract group are significantly lower than those of the model group, and the FCK extract group at 8.64g/kg could greatly increase the serum

levels of EGF and the expressions of EGFR in gastric mucosa. High EGF level was found in FCK extract group at 4.32g/kg, but low in FCK

extract groups at 2.16g/kg. There were no marked differences among the rats from control group, model group and FCK extract group on ratio of

Ll/L2 (P>0.05).

Conclusions: FCK extract could alleviate mucosal inflammation by down regulating the expressions of NF-κB p65 mRNA and promote tissue 

repair by up regulating EGFR expression in gastric mucosa cell.
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Introduction

Chronic gastritis (CG) is a disease in gastric mucosa of non-specific chronic inflammatory lesions caused by many reasons. The basic

pathological changes are gastric mucosal epithelial degeneration and inflammatory cell infiltration. The lesions are almost confined to the

superficial mucosa, but sometimes also involved the whole layer（Ye and Lu. 2005). If the situation is allowed to continue, atrophic gastritis will

appear and about 8% will become cancer. Studies have shown that the expression of TNF-α, IL-1and other cytokines in the gastric tissues of 

patients of chronic gastritis was significantly higher than that of control people. The inflammatory cytokines can induce neutrophil

accumulation in gastric mucosa and cause inflammatory reaction (Wang et al., 2007). The nuclear factor-kB is, in the process of inflammation, a

key transcription factor regulating the gene expression of many inflammatory cytokines. It has become, consequently, an interesting targets for

anti-inflammation drug therapy.

Some traditional Chinese herbs and formula, such as FCK, are documented for the treatment of chronic gastritis. The formula mainly

consists of two plant materials: Daphniphyllum calycinum and Polygonum hydropiper Linn (Liu et al., 2010). FCK is used clinically to treat
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acute and chronic gastrointestinal disease such as chronic gastritis, enteritis, which has obvious effect (Wang. 2012). A few papers reported its

pharmacology activities including reducing the acidity of gastric juice, relaxation of intestinal smooth muscle and inhibition of gastric emptying.

The previous studies of the author indicated that the 70% ethanol extract of this formula exhibited significant anti-inflammatory activity. In

addition, further studies have found that the 70% ethanol extract could inhibit intestinal smooth muscle contraction (Zeng et al., 2008). However,

there are no scientific reports about the protective effects of FCK extracts on the gastric mucosa of chronic gastritis rats. This paper is designed

to determine the serum levels of EGF and the expression of EGFR and NF-κB p65mRNA in gastric mucosa in the purpose of exploring the 

effects of FCK extracts on the gastric mucosa.

Experimental methods

Reagents

Anhydrous ethanol was purchased from Hunan Hui Hong Reagent Co. Ltd (Changsha, China). 28% Ammonia was obtained from Hunan

Chemical Industry Research Institute (batch No.20100317; Zhuzhou, China). Sodium deoxycholate was products of Sigma company((St Louis,

USA). rat ECG agent box, mouse polyclonal antibody against EGFR and NF-κB/p65mRNA, situ hybridization Kit and SABC kit were 

purchased from Wuhan boster company (Wuhan, China).

Animals

50 SD rats(180-220g), half male and half female, purchased from Slack JingDa Laboratory Animal Co. Ltd, Changsha, China, [Certificate

No: SCXK (Xiang) 2009-0001], Rats were fed under the condition of controlled temperature (21±2°C), relative humidity（about 60%±10%）,

12-hour light/dark cycle and automatic ventilation 8-15 times every hour. All experimental were performed in accordance with the Guidance

Suggestions for the Care and Use of Laboratory Animal, issued by the Ministry of Science and Technology of China, 2006)

Plant material

The stem and leaves of Daphniphyllum calycinum and Polygonum hydropiper linn were collected from the Hainan province of China and

its identity was confirmed by our plant taxonomy research group. voucher specimens were deposited in the School of Pharmaceutical Science,

Hainan Medical University.

Preparation of FCK extracts

For the preparation of 70% ethanol extract, according to the requirement of the prescription, the air-dried stem and leaves of FCK were

extracted with water (1h, 98 °C) after grinding into powder. The solvent was removed under reduced pressure to afford the water decoction of

FCK, the same extraction procedures were repeated once, the obtained decoction was combined and condensed. Then the solution was subjected

to HP-20 column chromatography using H2O and mixture solvent (H2O /EtOH =3:7) successively as the eluents. The obtained H2O elution was

discarded. The mixture solvent eluent was collected and concentrated to a concentration of 1g/ml under reduced pressure, which was then freeze

dried and get extract of FCK, and has been previously assigned as the active fraction of the FCK.

The ethanol extract prepared in de-ionized water and distilled water was added at the necessary concentrations for future use, and samples

were shaken to ensure an equal distribution of the components prior to use.

Model

The chronic gastritis model is similar to the previously described method (Chen et al.,2002). Rats were orally administrated with 60%

alcohol 1 times every Tuesday and Friday on an empty stomach, 2mL each time; 20mmoL/L sodium deoxycholate orally, 1 time each day, 2mL

each time; 0.05% ammonia in the 1st-6th week, 0.1% ammonia free drinking in the 7th-12th week；irregular diet: 2d enough feeding, 1d fasting.
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The whole procedure lasted 12 weeks (in the process of modeling, 2 rats were dead due to incorrect administration).

Group and administration

The 50 mice were randomly divided into 5 groups with 10 in each group（five per sex), Respectively, control group, model group, FCK

extracts groups (FCK The adult clinical dosage of FCK is 24g crude drug/d. According to the conversion method of body surface area, the

dosage of the rat of 200 grams is equivalent to 0.018 times of adult’s. That is, the equivalent dose is 2.16g/kg. The 1, 2, 4 times of the equivalent

doses are used respectively as low, medium and high doses of rats). FCK extracts low、middle and high(FCK I, II and III) group were orally

administrated with FCK extracts at 2.16g• kg, 4.32g• kg, 8.94g• kg once daily for 21 consecutive days. Control group and model group were

administrated the same volume of distilled water at 10mL/kg once daily.

EGF Content in Serum.

16h after the last administration, rats were anesthetized by 4% sodium pentobarbital and drawn blood from vena cava. The blood was

placed at room temperature for 30min, centrifugal for 10min at the rate of 1500r/min-1 to separate the serum. The content of EGF was measured

according to ELISA kit.

Pathological examination of Gastric Mucosa.

All the rats were euthanized after blood sampling. The stomach was removed from abdominal cavity, washed with distilled water, fixed

with 10% of formaldehyde, dewaxed with xylene, stained with HE, and then observed under light microscope. The mucosal inflammation

score was detected by semi quantitative method.

At the place that is 250±50μm from the pylorus ring, the thickness of mucosa layer (L2) and muscle layer(L1) of gastric antrum was 

respectively measured with micrometer, and the ratio of L1 and L2 was calculated.

EGFR and NF-κB p65 mRNA expression in Gastric Mucosa.    

Analysis methods of EGFR refer to operating instruction. 5 vision were randomly selected and taken photos under the 200 times optical

microscope, each picture was scanned on the computer with HPIAS-1000 pathological image analysis system. The ratio of average optical

density and the positive cells ratio (that is, the area of positive cells / total area of statistical field) were took as the determination index.

The tissue sections were treated with3% H2O2 at room temperature for 10 minutes and washed twice in distilled water. Adding proteinase in

sections at 37°C for 20 minutes. Sections were then washed triple with 0.5mol/L PBS, five minutes each time. The slides were add 20uL

pre-hybridization liquid at 37°C for 4 hours, then the excess liquid was absorbed, each slides were added 20ul hybridization liquid and covered

with special slice overnight at 4°C.then,The slides were washed twice in 2%SSC for five minutes each, once in 0.5%SSC and in 0.2%SSC for

fifteen minutes, respectively. The slides were then added antibody visualisation of digoxygenin. The slides were added pre-biotinylated

anti-digoxygenin antibody SABC and biotinylated peroxidase, successively. then Incubate at 37°C for twenty minute and washed three times in

0.5mol/LPBS for five minutes each. The slides were stained by DAB and hematoxylin, then washed in water. finally the slides were covered

with neutral gum, after took a photo, optical density value and rate of positive area were detected by HPIAS-1000 pathological image- text

analytical system .

Statistical Analysis

All data were expressed as the mean±standard deviation (SD). Statistical analysis was conducted via ANOVA, followed by a two-tailed

Student’s t-test using SPSS Proprietary Software Release 17.0. Comparisons between groups were carried out with analysis of non-paired

Student’s t-test. Data with p values<0.05 were considered to be statistically significant.
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Results

Inflammation grades of gastric mucosa

As shown in Figure 1, in the model group, the inflammation grades of gastric mucosa were obviously high. In FCK II and III group, the

inflammation scores of gastric mucosa were obviously low. There were occasionally lymphocytes on the mucosal surface, but no change in the

FCK I group.

**

*
*

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

Control Model FCK I FCK II FCK III

i
n
f
l
a
m
m
a
t
i
o
n

g
r
a
d
e
s

Figure 1: Inflammation grades of gastric mucosa.

Values are expressed as mean ± SD (n =10 ).Control: control group; Model: model group; FCK I: 2.16g/kg body weight FCK extracts

treated group; FCK II: 4.32g/kg body weight FCK extracts treated group; FCK III: 8.64g/kg body weight FCK extractstreated group. *p < 0:05,

**p < 0:01compared with the model group.

The ratio of L1/L2.

The effects of FCK extracts on ratio of L1/L2 were shown in Figure 2. In control group, the gastric mucosal glands arranged closely and

regularly. However, the mucosal glands of gastric antrum in the model group arranged in disorder and irregularly, but glandular layer were not

obviously become thinning or thickening (P>0.05). The gastric antrum mucosa glands were arranged more orderly in the FCK extracts groups of

three doses. The L1/ L2 ratio had no significant difference in all experimental groups (P>0.05).
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Figure 2: Effect of FCK extracts on ratio of Ll/L2 in CG rats.

Values are expressed as mean ± SD (n =10 ).Control: control group; Model: model group; FCK I: 2.16g/kg body weight FCK extracts treated

group; FCK II: 4.32g/kg body weight FCK extracts treated group; FCK III: 8.64g/kg body weight FCK extracts treated group.

Content of EGF in serum

As shown in Figure 3, The serum levels of EGF in model group was increased as compared with the control group, but no significant

differences (P>0.05). Compared with model group, EGF level was significantly decreased in FCK II and FCK I group (P<0.05), but no statistical

significance. There was no change in FCK I group.
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Figure 3: Effect of FCK extracts on EGF in CG rats.

Values are expressed as mean ± SD (n =10 ).Control: control group; Model: model group; FCK I: 2.16g/kg body weight FCK extracts treated

group; FCK II: 4.32g/kg body weight FCK extracts treated group; FCK III: 8.64g/kg body weight FCK extracts treated group. *p < 0:05,

compared with the model group.

Immunohistochemical analysis of EGFR expression.

Figure 4 shows the effect of FCK extracts on EGFR expression in gastric mucosa cell. The positive expression of EGFR was showed as

brown yellow granules, and mainly distributed in the cytoplasm and cell membrane. Compared with control group, EGFR expression

significantly increased in the rats of the model group, and optical density value and the number of positive cells of EGFR were significantly

increased(P<0.05). The optical density value of EGFR in gastric mucosa raised in FCK II and III group, but no change in FCK I group.
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Figure 4: EGFR expression in gastric mucosa cell.
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Values are expressed as mean ± SD (n =10 ).Control: control group; Model: model group; FCK I: 2.16g/kg body weight FCK extracts treated

group; FCK II: 4.32g/kg body weight FCK extracts treated group; FCK III: 8.64g/kg body weight FCK extracts treatedgroup. *p <0:05

compared with the model group.

Analysis of in situ hybridization of NF-kB mRNA expression.

We could read from the Figure 5 that the positive expression of NF-κB mRNA p65 was mainly present at cytoplasm, showed as brown yellow 

granules. In control groups, the expression of NF-κB mRNA p65 of gastric mucosa was rare. However, the expression in the model group was 

evidently increased and unevenly distributed, and the optical density value and the number of positive cells obviously raised as compared to the

control group. The NF- κ B p65mRNA p65 expression in FCK II and III group decreased obviously, and the value of optical density and the 

number of positive cells were significantly lower than those in the model group(P<0.01 or 0.05), but the changes of FCK III group had no

difference.
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Figure 5: NF-κB mRNA expression in gastric mucosa cell. 

Values are expressed as mean ± SD (n =10 ).Control: control group; Model: model group; FCK I: 2.16g/kg body weight FCK extracts treated

group; FCK II: 4.32g/kg FCK ody weight FCK extracts treated group; FCK III: 8.64g/kg FCK ody weight FCK extracts treated group.*p <

0:05,**p < 0:01 compared with the model group.
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Discussion

This study uses the integrated method of giving 60% ethanol, 20mmoL • L-1 sodium deoxycholate, 0.01% ammonia water and irregular diet.

After 12 weeks modeling, pathologic examination has shown that, the inflammation grades of gastric mucosa of the model group were obvious

high, and there was a large number of inflammatory cell infiltration and obvious gastric mucosal injury (Ren et al., 2011), while the

inflammation scores were obvious low in the control group. The gland arranged irregularly, but there were no significant thinning or thickening.

There was no change (P>0.05) of the ratio of Ll and L2 as compared with the control group, which were different from the atrophic gastritis and

chronic gastritis cancer stage(Si et al., 2001). After oral administration of FCK extracts for 21 days, gastric epithelial cells arranged more orderly,

the lymphocyte infiltration was decreased significantly(except FCK I group), the gastric antrum glands neatly arranged, and the ratio of L1/ L2

was no difference with the model group (P>0.05). The experimental results suggested that the FCK extracts could restrain the infiltration of

inflammatory cells, alleviate mucosal inflammatory reaction and reduce mucosa injury, which indicates that this extracts could prevent the

chronic gastritis.

EGF is secreted by submandibular gland, salivary gland, pancreas and duodenum (Kameda et al.,1992;Tepperman et al.,1990). It can restrain the

secretion of gastric acid, protect the gastric mucosa and promote gastric epithelial repair and regeneration(Savage et al., 1983; Jansen et al.,1997).

After the administration of FCK extracts, the author observed the effect of FCK extracts on the levels of EGF in the serum of rats, and found that

the FCK II extracts could obviously increase the EGF levels in the serum, which indicates that the effect of mucosal protection of the FCK

extracts may be have a revelance with EGF increase, which could contribute to mucosa repair by binding to its receptor.

EGFR is the products of C-erb-1 gene expression (Yarden et al., 2001). Combined with its ligand (EGF), it may activate the tyrosine kinase and

regulate division, differentiation and proliferation of cells. The appropriate level of EGFR is conducive to the gastric mucosal repair and

regeneration (Mendelsohn, 2002). Studies have found that EGFR expression was the lowest in non atrophic gastritis tissues (Mo et al.,2008).

Therefore，EGFR was thought to have close relationship with stimulating cell proliferation and promoting mucosal repair (Kim et al,2008;

Moutinho et al,2008), In recent years, therapy of EGFR as a target has a good curative effect on the prevention and treatment of the injury of

gastric mucosa(Konturek PC et al., 2001; Zhang et al., 2014), but sustained overexpression of it can increased the risk of chronic atrophic

gastritis development and carcinogenesis (Patel et al., 2009; Mitsui, et al., 2007; Kosaka, et al., 2006).

Therefore, the reasonable control of its expression is significant. It’s best to have the effect of promoting mucosal repair without excessive

proliferation. The experimental results has shown that the EGFR expression in gastric mucosa of the control rats is less, while increased in the

model group, and the optical density value and positive area ratio of EGFR were increased, which may be a response to the reactivity increase of

EGFR expression after chronic inflammation stimulated and destroyed the gastric mucosa. The results is consistent with those reported in the

literature, but the long-term inflammatory stimulation can make mucosal hyperplasia out of control and then carcinogenesis. Therefore, the

detection of its changes is helpful to the judgement of the degree of gastric mucosal lesions and the prognosis of the disease.

The experimental results show that, after the treatment with FCK extracts, the optical density value and positive area percentage of EGFR in

gastric mucosa increased significantly in FCK II group, while other groups had no significant changes, which indicates that the FCK extracts

may raise the expression of EGFR and promote mucosal repair. However, as for, the author needs to take a deeper research on its mechanism of

action in the future. The study also found that the changes of EGF and EGFR remained consistent. After the treatment with FCK extracts, in II

and III group, EGF and EGFR increased at the same time, and FCK II group increased more significantly (P<0.05), but the FCK I group had no

significant change. The data showed that, when combined with ligand (EGF), EGFR may regulate differentiation, proliferation and repair of

gastric mucosa, which is consistent with literature reports (Chen et al.,2013).

The NF-κB is an important kind of transcription factor that exist in cell in the course of inflammation and immunoreaction (Zhen et al.,2001). 

Altavilla discovered that the NF-κB was a transcription factor of quick response, which worked by expressing inflammatory mediator, 

adhesionmolecules, enzyme and so on in inflammatory process (Altavilla et al.,2001). There are functional combined point of NF-κB in many 

gene promoters and enhancers, which may promote and adjust transcription and regulation of many cell factor and inflammatory mediator

related to inflammation. NF-κB is usually combined with inhibition protein IκB and stored in the cytoplasm in non active state. Some 

intracellular and extracellular stimuli may activate the IKK enzyme, which makes IκB to phosphorylate and degradant. After NF-κB p65 has 

been released and turned into cell, it can cause release of inflammatory factors(IL-1,IL-2,TNF-α) and inflammatory response by regulating 

transcription and expression of genes related to inflammation. In the same way, inflammatory factors can also make further NF-κB activation 
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and that arouse cascade response. As a result, the inflammation will continue and enlarge(Yanai et al., 2008; Kin et al.,2006).So, restraining

activation of NF-κB will be helpful in the treatment of inflammatory disease, The study showed that many traditional chinese medicine can 

restrain inflammatory reaction through restraining activation of NF- κB (Li et al., 2007).  

The experimental results show that the positive expression of NF- κB p65mRNA of gastric mucosa in control rats were low, while obviously 

increased in model rats. After treatment of FCK, The optical density value and rate of positive area of NF- κB mRNA raised obviously as 

compared with control rats(P<0.01), which was correspond with report from Cui-Najuan(Cui et al., 2010). NF- κB expression decreased 

significantly in FCK extracts II and III group, The value of optical density and the positive rate of area of NF- κB mRNA was lower than that in 

the model group(p<0.05).The study has shown FCK extracts could restrain the inflammatory cytokines (such as IL-2,TNF-α) transcription and 

release by down-regulating the expression of NF- κB p65 expression, in the purpose of reducing mucosal inflammation reaction. 

Conclusion

 In summary, FCK extracts could alleviate mucosal inflammation reaction by down-regulating expression of the NF-κB p65 to restrain the 

inflammatory cytokine release and promote mucosal recovery by up-regulating expression of EGFR to regulate cell proliferation,
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