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Abstract
AIM: To analyze the microbiota shift in the distal 
esophagus of Sprague-Dawley rats fed a high-fat diet.

METHODS: Twenty Sprague-Dawley rats were divided 
into high-fat diet and normal control groups of 10 rats 
each. The composition of microbiota in the mucosa 
from the distal esophagus was analyzed based on se-
lective culture. A variety of Lactobacillus  species were 
identified by molecular biological techniques. Bacterial 
DNA from Lactobacillus  colonies was extracted, and 
16S rDNA was amplified by PCR using bacterial uni-
versal primers. The amplified 16S rDNA products were 
separated by denaturing gradient gel electrophoresis 
(DGGE). Every single band was purified from the gel 
and sent to be sequenced.

RESULTS: Based on mucosal bacterial culturing in the 
distal esophagus, Staphylococcus aureus  was absent, 
and total anaerobes and Lactobacillus  species were de-
creased significantly in the high-fat diet group compared 
with the normal control group (P < 0.01). Detailed DGGE 
analysis on the composition of Lactobacillus  species in 
the distal esophagus revealed that Lactobacillus crispa-
tus , Lactobacillus gasseri  (L. gasseri ) and Lactobacillus 
reuteri  (L. reuteri ) comprised the Lactobacillus  species 
in the high-fat diet group, while the composition of Lac-
tobacillus  species in the normal control group consisted 
of L. gasseri , Lactobacillus jensenii  and L. reuteri .

CONCLUSION: High-fat diet led to a mucosal micro-
flora shift in the distal esophagus in rats, especially the 
composition of Lactobacillus  species.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of  
the most common clinical disorders, and its incidence 
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has been steadily increasing around the world in recent 
years[1-4]. Numerous studies have demonstrated that obe-
sity is a risk factor for GERD. The incidence of  GERD 
and its complications in subjects who are overweight or 
obese is higher than in those with normal weight[1-4]. With 
obesity gradually increasing worldwide, obesity-associated 
GERD is becoming a more complicated clinical prob-
lem. Unfortunately, to date, the pathogenesis of  obesity-
associated GERD has not been fully understood. Thus, 
the usual management of  GERD is merely to inhibit acid 
production and improve motility of  the upper gastroin-
testinal tract to ameliorate symptoms, which can seriously 
affect quality of  life[5-8].

It is well accepted that GERD is mainly due to ab-
normality of  the gastroesophageal junction or a decrease 
in esophageal clearance capacity. Current data have dem-
onstrated that the association of  obesity with GERD is 
mainly related to changes in lower esophageal sphinc-
ter motility or a pressure imbalance between the distal 
esophagus and gastric fundus[1-8]. However, the detailed 
mechanism needs to be further elucidated. 

Recent studies have found that the composition of  
intestinal flora in obese individuals differs from that in 
normal individuals. Bacterial diversity, either different 
composition or quantity of  bacteria in the gastrointestinal 
tract, is associated with gastrointestinal smooth muscle 
motility[9-13]. In clinical practice, many bacterial agents 
have been used for treatment of  diarrhea, irritable bowel 
syndrome and other gastrointestinal motility diseases, 
and have achieved a positive response. Based upon the 
published findings, it can be estimated that microflora in 
the distal esophagus, to some extent, might play a role in 
regulating smooth muscle motility. However, the features 
of  colonization and functionality of  the microflora in 
the distal esophagus remain obscure. Some evidence has 
shown that the esophageal bacteria are transitory, and 
other studies have demonstrated a complex, residential 
microflora in the distal esophagus. Several studies also 
have confirmed the presence of  a residential bacte-
rial population in the distal esophagus in patients with 
esophageal-reflux-related disorders[14,15]. More detailed 
research has shown a significant alteration in the number 
of  lactobacilli in the intestine of  obese rats[11,16-19]. Thus, it 
is reasonable that obesity, a passive risk factor for GERD, 
might alter the composition of  microflora in the distal 
esophagus, and lead to the formation of  GERD.

Therefore, we hypothesize that potential variations in 
microbial composition in the distal esophagus of  obese in-
dividuals might influence the distal esophageal motility and 
lead to GERD. Thus, we focused on the variation in micro-
flora, especially Lactobacillus species, in the distal esophagus 
in obese Sprague-Dawley rats induced by high-fat diet, 
compared with normal rats, to illustrate the role of  obesity 
or high-fat diet in the microfloral composition shift.

MATERIALS AND METHODS
Animals
Twenty-five healthy male Sprague-Dawley rats (purchased 

from the Experimental Animal Co., Hayes Lake, Hunan, 
China) aged 3 wk, weighing 50-70 g, were used. The 
animal experiments were approved by the Animal Ex-
periment Ethics Committee of  Central South University, 
Changsha, China.

Establishment of animal model
Sprague-Dawley rats were housed individually in cages at 
constant room temperature of  18-22℃, 50% humidity, 
in a 12-h light/dark cycle, and had free access to com-
mon diet and water. After 1 wk of  adaptive feeding, five 
rats were killed and the other 20 were randomly divided 
into two groups of  10. One group was fed a high-fat diet 
(Dongchuang Nursery, Hunan, China; Table 1) for 6 wk, 
and the normal control group was fed a common diet. 
The daily diet was sterilized by Co60 irradiation and water 
by autoclave before feeding to the rats. Rats were killed at 
the end of  7 wk. Body weight, body length and feed con-
sumption were recorded weekly and daily[20-22].

Histopathological examination of esophageal mucosa
The esophagus of  each rat was removed and dissected 
longitudinally. Esophageal specimens were obtained from 
1.5 cm above the gastroesophageal junction. Then 0.5 cm  
of  each longitudinal strip was fixed in 10% formalin-
buffered saline, embedded in paraffin, and processed for 
histopathological analysis. Two sections were cut from 
each paraffin block and stained with hematoxylin-eosin 
(HE) for evaluation of  inflammation.

Determination of serum lipid levels
After fasting for 10 h, venous blood was obtained at the 
end of  7 wk. Three hundred microliters of  serum for 
each sample was extracted and stored at -20℃. Serum 
triglyceride and total cholesterol were detected by GPO-
PAP and CHOD-PAP methods, respectively.

Bacterial culture
The esophagus of  each rat was removed and dissected 
longitudinally. Esophageal mucosa samples were obtained 
from 1 cm above the gastroesophageal junction. After 
being weighed on an electronic balance, the samples were 
homogenized immediately, and the homogenates were 
diluted at 10-7 in sterile normal saline. Ten microliters was 
spread thoroughly over the surfaces of  specific medium 
plates. The media utilized were as follows: Mannitol Salt 
Agar for Staphylococcus aureus (S. aureus); Actinomyces Agar 
for Actinomyces; TTC Agar for Enterococcus; KF Strepto-
coccus Agar for Streptococcus; EMB Agar for Enterobacter; 
Anaerobic Agar for total anaerobes; Clostridium Agar for 
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Table 1  Comparison of the components of each diet: high-
fat diet and common diet (per 0.1 kg)

Diet Protein (g) Fat (g) Carbohydrate (g) Energy (KJ)

Common diet 17.53   6.08 59.98 1250
High-fat diet 16.52 25.17 56.66 1810



Clostridium; PY Agar for Clostridium perfringens; LBS Agar 
for Lactobacillus and Lactobacillus crispatus (L. crispatus); and 
BL Agar for Bifidobacterium. All aerobic plates were incu-
bated at 37℃ for 24 h, followed by incubation for 12 h 
at room temperature. The LBS plates were incubated in 
a candle-jar atmosphere of  10% CO2. Anaerobes were 
grown in an anaerobic jar at 37℃ for 72 h. The number 
of  colonies from each plate was recorded.

Amplification of Lactobacillus 16S rDNA for denaturing 
gradient gel electrophoresis
DNA from Lactobacillus cultures was extracted accord-
ing to the protocol of  BioTeke Corporation (Beijing, 
China) and stored at -20℃. Universal bacterial primers 
(Invitrogen Biotechnology, Shanghai, China) HAD1-GC 
(CGCCCGGGGCGCGCCCCGGGCGGGGCGGGG
GCACGGGGGGACTCCTACGGGAGGCAGCAGT- 
3′) and HAD2(5′-GTATTACCGCGGCTGCTGGCAC- 
3′)[23] were used to amplify V2 to V3 regions of  the bac-
terial 16S rDNA. PCR reactions were run at 95℃ for  
5 min, followed by 38 cycles of  amplification at 94℃ for 
40 s, 52℃ for 40 s, and 72℃ for 50 s, and a 7-min exten-
sion at 72℃.

Denaturing gradient gel electrophoresis
Denaturing gradient gel electrophoresis (DGGE) was per-
formed with the DCode™ Universal Detection System 
(Bio-Rad) that utilized 16 cm × 16 cm × 1 cm gels. Eight 
percent polyacrylamide gels were prepared and run with 
1 × TAE buffer (2 mol/mL Tris base, 1 mol/mL glacial 
acetic acid, and 50 mmol/mL EDTA) diluted from 50 × 
TAE buffer (Sigma, Beijing, China). The denaturing gra-
dient was formed with two 8% acrylamide (acrylamide/
bis, 37.5:1) stock solutions (Bio-Rad). The gels contained 
a 30%-70% gradient of  urea and formamide that in-
creased in the direction of  electrophoresis. A 100% de-
naturing solution contained 40% (v/v) formamide and 7.0 
mol/mL urea. The electrophoresis was conducted with 
a constant voltage of  110 V at 60℃ for 12 h. Gels were 
stained with ethidium bromide solution (5 μg/mL) for 
30 min, washed with deionized water, and viewed by UV 
transillumination (Bio-Rad).

Amplification and sequencing of the 16S V2-V3 region
Single predominant bands of  the DGGE gel were se-
lected by cutting with a sterile scalpel, and added to 50 μL 
deionized sterile water (Fermentas Life Sciences, Shen-
zhen, China). The gel pieces were placed at 4℃ for 24 h, 
centrifuged at 12 000 × g for 10 min, and the supernatants 
were used as templates for PCR amplification. Universal 
bacterial primers (Invitrogen Biotechnology) HAD1(5′-
TCCTACGGGAGGCAGCAGT-3′) and HAD2(5′-
GTATTACCGCGGCTGCTGGCAC-3′)[23] were used for 
amplification. For each PCR amplification, 5 μL template 
was added to 45 μL PCR reaction mixture (Fermentas 
Life Sciences) that contained 5 μL 10 × PCR buffer, 5 μL 
25 mmol/L MgCl2, 1.5 μL 10 mmol/L dNTPs, 1.5 μL 
100 ng/μL each primer, and 2.5 U Taq DNA polymerase. 

Reactions were run at 95℃ for 5 min, followed by 36 
cycles of  amplification at 94℃ for 30 s, 56℃ for 40 s, and 
72℃ for 40 s, and a 10-min extension at 72℃. Wizard 
PCR Preps DNA Purification System (Promega, Beijing, 
China) were used to purify the PCR products. The puri-
fied products were sent to Beijing Genomics Institute 
of  Technology for sequencing. Blast sequences were ob-
tained through GenBank BLAST searches (http://www.
ncbi.nlm.nih.gov/blast).

Statistical analysis
Statistical analysis was performed using SPSS for Win-
dows version 15.0. Results were expressed as measure-
ment and enumeration data. Data are presented as means 
and SDs. For statistical comparisons, the t test and χ2 test 
were performed and P < 0.05 was considered statistically 
significant.

RESULTS
High-fat diet resulted in elevated body weight and serum 
lipid with no significant histological change in vivo
There was no significant change in body weight in the 
high-fat diet and normal control groups at the end of  the 
first week. Since the second week, the body weight and 
Lee’s index increased weekly (Figure 1A and B). Accord-
ingly, serum triglyceride and total cholesterol in the high-
fat diet group were significantly increased compared with 
the normal control group (Figure 1C). HE staining of  
esophageal mucosa showed no musculature damage or 
mucosal injury in the distal esophagus in the high-fat diet 
or normal control group (Figure 1D).

High-fat diet led to microfloral shift in distal esophagus 
based on bacterial culture 
Bacteria in the distal esophagus were cultured on selective 
media. In the high-fat diet group, S. aureus was absent, 
and the numbers of  total anaerobes and lactobacilli were 
reduced significantly in the distal esophagus compared 
with the normal control group. There was no obvious 
difference between the common and adaptive feeding 
groups for composition of  cultivable bacteria in the distal 
esophagus of  Sprague-Dawley rats (Table 2).

Determination of Lactobacillus species shift in distal 
esophagus of high-fat diet-fed rats based on DGGE and 
sequencing
16S rDNA of  cultivable Lactobacillus from the high-fat and 
common diet groups was amplified by PCR using univer-
sal bacteria primers HAD1-GC and HAD2 (Figure 2A).  
The amplified products of  16S rDNA were separated 
by DGGE. The two groups shared dramatically differ-
ent bands, with bands A, C, D and E in the high-fat diet 
group, and bands B, C, D and E in the common diet group  
(Figure 2B). The purified bands were sequenced and 
BLASTed online with the V2-V3 region. The composi-
tion of  Lactobacillus species in the distal esophagus in the 
common diet group was Lactobacillus gasseri (L. gasseri), Lac-
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tobacillus jensenii (L. jensenii) and Lactobacillus reuteri (L. reuteri), 
whereas the composition shifted to L. crispatus, L. gasseri 
and L. reuteri in the high-fat diet group (Figure 2C and D).

DISCUSSION
Accumulating evidence has shown that obesity is a risk 
factor in the development of  GERD[1-8,24,25]. However, 
is not well established how obesity affects the incidence 
of  GERD. According to the published experimental 
data, no musculature damage has been reported in the 
distal esophagus of  obese rats or mice. However, differ-
ent components of  the microbiota have been identified 
between obese and lean animals/humans. Based on this 
evidence, the purpose of  this study was to analyze the 
microbiota composition and focus on how the shift in 

microflora occurred in the distal esophagus of  rats fed a 
high-fat diet.

To date, the role of  microbiota in the distal esophagus 
under conditions of  weight gain remains obscure. Some 
studies have shown that high-fat/high-sugar chow diet-
fed, germ-free mice gain significantly less weight than 
their control littermates. The absence of  microbiota has a 
protective role against weight gain in mice that consume a 
Western-style diet. Thus, body weight gain could be asso-
ciated with a shift in the microbiota in mice fed a western-
style diet. On the other hand, current research has dem-
onstrated that there is a complex residential microbiota 
shift in the distal esophagus of  patients with esophageal-
reflux-related disorders, such as GERD, reflux esophagitis 
and Barrett’s esophagus[14,15,26]. The possible explanations 
are that the reflux content might contain gastric bac-
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Figure 1  No significant change in distal esophageal mucosa in Sprague-Dawley rats fed a high-fat diet. A: Body weight changes of age- and sex-matched rats 
in the high-fat diet and normal control groups (n = 10 each); B: Lees index changes for the rats in (A) (n = 10); C: Mean serum lipid for the rats in (A); D: Histological 
analysis of representative distal esophagus from the rats in (A) (Original magnification, hematoxylin-eosin staining, 100 × or 400 ×). 
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teria or damage the esophageal mucosa and lead to an 
abnormal inhabitation niche for the distal esophageal 
microbiota. Thus, the abnormal interactions among distal 
esophageal residential microbiota, gastric bacteria, and 
distal esophageal mucosa could lead to a composition 
shift in the microbiota in the distal esophagus. 

Based on analysis of  cultivable microbiota of  the distal 
esophagus, we found a certain microbiota compositional 
shift in the distal esophagus of  obese rats. The major mi-
crobiota shift in the distal esophagus involved the loss of  
S. aureus and decrease in anaerobes and Lactobacillus spe-
cies. The focus in this research was diet-associated obesity, 
with integrated esophageal mucosal changes, and no obvi-
ous histological changes. This means that the microbiota 
shift in the distal esophagus was not due to the reflux of  
gastric content or alteration of  the inhabitable niche of  
microbiota in the distal esophagus. Thus, a possible expla-
nation for this microbiota shift in mice fed a western-style 
diet, compared with their control littermates, could be the 
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Figure 2  Determination of Lactobacillus species shift in distal esophagus of high-fat diet-fed Sprague-Dawley rats based on the combination of denaturing 
gradient gel electrophoresis and sequencing. A: 16S rDNA of cultivable Lactobacillus was amplified by polymerase chain reaction using universal bacteria primers 
HAD1-GC and HAD2 in the high-fat diet and common diet groups. a: Lactobacillus crispatus (L. crispatus) for positive control, b-d: High-fat diet group; e-h: Common 
diet group; i: Negative control; M: DNA marker; B: Amplified products of 16S rDNA were separated by denaturing gradient gel electrophoresis (DGGE). Lanes 1-6: 
High-fat diet group; lane 7: Negative control; lanes 8-16: Normal diet group. The bands were marked with A, B, C, D and E, respectively; C: Purified bands were puri-
fied and sequenced; D: BLASTed online with V2-V3 region. Bands A, B, C, D and E represented Lactobacillus gasseri, Lactobacillus jensenii, L. crispatus, Lactobacil-
lus reuteri, and Lactobacillus reuteri, respectively.

Table 2  Analysis of cultivable microbiota of distal esophagus 
from high-fat diet group and common diet group (n  = 10) 
(mean ± SE, Ig CFU/g)

Adaptive group 
(n  = 5)

High-fat diet 
(n  = 10)

Common diet 
(n  = 10)

Total aerobic 
bacteria

4.92 ± 0.83 3.81 ± 1.83 4.45 ± 1.46

S. aureus 4.80 ± 1.42 0  3.80 ± 2.83a

Actinomycetes 4.52 ± 1.61 4.58 ± 0.47 4.12 ± 1.51
Enterococcus 3.21 ± 1.64 2.02 ± 1.82 2.89 ± 2.47
Streptococcus 4.14 ± 1.91 2.82 ± 3.55 3.74 ± 2.19
Enterobacter 3.22 ± 1.47 1.45 ± 2.91 3.05 ± 1.32

Total anaerobes 4.61 ± 0.42  2.11 ± 0.80a  4.48 ± 0.38a

Clostridium 4.47 ± 1.67 5.28 ± 1.60 4.77 ± 1.86
Clostridium 
perfringens

4.97 ± 1.49 3.59 ± 2.49 5.11 ± 1.58

Lactobacillus 5.31 ± 1.62 2.44 ± 0.97  5.44 ± 1.54a

Bifidobacterium 4.24 ± 2.97 2.53 ± 2.68 4.32 ± 3.21

aP < 0.05, indicates high-fat diet group vs common group. S. aureus: Staphy-
lococcus aureus.
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components of  high-energy materials in the distal esopha-
geal mucosa. These high-energy components might alter 
the mucosal microenvironment and help the local bacteria 
to colonize the distal esophageal mucosa.

GERD is an obvious motility disorder of  the distal 
esophagus. Recent research has shown that several Lacto-
bacillus or other bacterial species can alter the motility of  
smooth muscle in the distal esophagus[9-12]. It has been 
shown that different composition of  Lactobacillus species 
can lead to different influences on smooth muscle motil-
ity in the distal esophagus[9-12]. However, the details are 
still unclear. Some evidence has shown increased smooth 
muscle contraction in certain GERD cases, whereas other 
studies have shown opposite results. The probable reason 
is that analysis of  the shift in Lactobacillus was restricted to 
the level of  the Lactobacillus genus. Fortunately, with the 
development of  modern molecular techniques, analysis 
of  Lactobacillus at the species level has become possible. 

In our study, the combination of  bacterial culture and 
DGGE was used to analyze the composition of  Lactobacil-
lus in the distal esophagus. It was clearly demonstrated that 
three cultivable Lactobacillus species, L. gasseri, L. jensenii  
and L. reuteri, colonized the distal esophagus in normal 
control rats. However, the composition of  Lactobacillus 
species was shifted to L. crispatus, L. gasseri and L. reuteri 
in the distal esophagus in high-fat diet-fed rats. Four Lac-
tobacillus species constituted a specific group in the distal 
esophagus of  normal control rats as well as in obese rats. 
To our surprise, L. jensenii disappeared from the mucosa of  
the distal esophagus, which was replaced by L. crispatus in 
obese rats. It is possible that the disappearance of  L. jensenii 
and re-colonization with L. crispatus results in alteration of  
smooth muscle motility in the distal esophagus. Therefore, 
this could probably be involved in the etiology of  GERD, 
because of  the variations in cultivable Lactobacillus species in 
the distal esophagus in obese rats. Another reasonable ex-
planation is that different Lactobacillus species could have 
different metabolic characteristics, and influence the in-
habitation niche of  the microbiota in the distal esophagus. 
Yet another possibility is that the composition of  culti-
vable Lactobacillus species in the distal esophagus of  obese 
rats could be beneficial in preventing esophageal reflux.

Clearly, many unresolved questions remain to be elu-
cidated. Our research will next focus on the effects of  
the composition shift in Lactobacillus on smooth muscle 
motility in the distal esophagus. Then, we will distinguish 
between the promoting or inhibitory properties of  in-
gredients or metabolites of  different Lactobacillus species. 
Therefore, the data could result in potential therapeutic 
targets in GERD.
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Bacterial diversity is associated with gastrointestinal smooth muscle motility, 
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mans. However, the microbiota shift in the distal esophagus in obesity has not 
been fully addressed. In this study, we demonstrated the composition of culti-
vable Lactobacillus species shift in the distal esophagus of obese rats.
Innovations and breakthroughs
Published data show that different constitution of Lactobacillus species may 
exert different influences on smooth muscle motility in the distal esophagus. 
However, the details are still unclear. Analysis on the shift in Lactobacillus is 
restrained at the genus level. This study analyzed the composition of Lacto-
bacillus in the distal esophagus, and found that the composition of cultivable 
Lactobacillus species shifted in the distal esophagus in obese rats. Therefore, 
potential variations in microbial composition in the distal esophagus in obesity 
may influence the distal esophageal motility and lead to GERD.
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This study proved that the composition of cultivable Lactobacillus species 
shifted in the distal esophagus in obese rats, therefore, it may represent a fur-
ther study between the microbial composition shift in the distal esophagus and 
GERD. This could lead to the development of a potential therapeutic target in 
GERD.
Terminology
GERD is a more serious form of gastroesophageal reflux, which is common. 
Persistent reflux that occurs more than twice weekly is considered GERD, 
and it can affect people of all ages. The main symptom of GERD in adults is 
frequent heartburn, also called acid indigestion - burning-type pain in the lower 
part of the mid-chest, behind the breast bone, and in the mid-abdomen. 
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esophagus of high-fat-diet-fed rats. The authors hypothesize that potential 
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composition of Lactobacillus spp. was analyzed using the combination of bacte-
rial culturing, denaturing gradient gel electrophoresis and sequencing in a rat 
model. The interesting and important finding of this study was the fact that high-
fat diet led to a shift in mucosal microflora (especially Lactobacillus species) 
in the distal esophagus in rats, which resulted in alteration of smooth muscle 
motility. This study makes an additional contribution to studies of the etiology of 
GERD.
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