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 Background: At certain frequencies, abdominal naprapathy effectively alleviates functional dyspepsia with spleen 
deficiency. The present study explored the effects of various frequencies of abdominal naprapathy 
on gastrointestinal mucosal cells in spleen-deficient rabbits.

 Material/Methods: The model of spleen deficiency was established by the method of bitter cold and catharsis. The rabbits 
were treated with various frequencies (50 – 100 and 201 – 250 vibrations/min) of abdominal naprapathy. 

 Results: In model rabbits, gastrointestinal mucosal thickness was changed, mucosal epithelial cells were ne-
crotic significantly, a large number of inflammatory cells were infiltrated, and duodenal villus were 
destroyed. The gastrointestinal mucosal cells had different degrees of regeneration and remodel-
ing under various frequencies of abdominal naprapathy intervention. Among them, the abdominal 
naprapathy with manipulation frequency of 101 – 150 times/min showed the best effect.

 Conclusions: The abdominal naprapathy, especially with frequency of 101~150 times/min, repairs gastrointestinal 
mucosal injury of spleen-deficiency rabbits.
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Background

Modern medicine regards functional dyspepsia (FD) as 
a gastrointestinal disease that is different from other or-
ganic diseases, such as inflammatory bowel disease and 
peptic ulcer [1,2]. FD is a functional gastrointestinal disor-
der, and its common clinical manifestations mainly include 
anorexia and abdominal distension after meals, sometimes 
accompanied by upper-abdominal pain or burning sensa-
tion [3]. FD is one of the most common diseases in gastro-
enterology, with a high incidence [4]. Functional dyspepsia 
of spleen deficiency is a syndrome with multiple-system and 
multi-organ dysfunction of the digestive system. Patients 
with functional dyspepsia of spleen deficiency have disor-
dered function and metabolism and altered cell morphology. 
Morphological changes in gastrointestinal mucosa cells are 
one of the main pathological signs of functional dyspepsia 
of spleen deficiency [5]. 

Abdominal naprapathy is a common technique used in di-
gestive diseases, and frequency is an important technical 
parameter [6]. In recent years, clinical studies on the fre-
quency-effect relationship and its biological mechanism 
have been carried out, which has promoted the develop-
ment of clinical application of naprapathy therapy [7,8].

This study started with research on the techniques of na-
prapathy. The gastrointestinal mucosal cells of rabbits with 
spleen deficiency were observed by modern histopatho-
logical methods and detection techniques. From the per-
spective of pathology, the mechanism by which abdominal 
naprapathy affects gastrointestinal health of rabbits with 
spleen deficiency was explored.

Material and Methods

Animals 

We used 48 New Zealand rabbits (24 males and 24 females) 
with body weights of 2.10 – 2.90 kg. The rabbits were provid-
ed and quarantined by the Experimental Animal Center of 
Guangzhou University of Traditional Chinese Medicine. All 
experimental protocols involving animals were approved by 
the Experimental Animal Ethics Committee of Guangzhou 
University of Traditional Chinese Medicine (quality certificate 
No. 4400590000230800), and the animal license No. SCXK 
(Guangdong) 2013 – 0020. Experiments were performed at the 
ordinary rabbit laboratory of the Experimental Animal Center 
of Guangzhou University of Traditional Chinese Medicine. 
All rabbits were fed adaptively in the laboratory for 7 days, 
and rabbit feed was provided by the Experimental Animal 
Center. The temperature in the laboratory was controlled 

at 15 – 20°C, and the relative humidity was controlled at 
about 50% [9,10]. 

Establishment of the spleen-deficiency rabbit model

Modeling drugs and preparation methods

Modeling drugs mainly included rhubarb decoction pieces, 
sodium sulfate decoction pieces, and senna decoction pieces 
(all decoction pieces were packaged and soluble, batch num-
ber: 20160401, specification: 500 g/package) and were pro-
vided by Guangzhou Zhixin Pharmaceutical Co. All decoction 
pieces were dissolved in distilled water, and then gavaged in 
rabbits to establish the model of spleen deficiency. The vol-
ume of the drug solution was calculated according to the 
rabbit body mass of 2.5 ml/kg, and the concentration of the 
drug solution was adjusted accordingly with the advance of 
the modeling stage. There were 3 species of drug solution 
used in modeling: A: rhubarb: sodium sulfate=6:1 weight ra-
tio, B: sodium sulfate dissolved in rhubarb decoction con-
figured into 5% sodium sulfate mixture, C: add sodium sul-
fate again until content is 5% and configured to rhubarb, 
senna leaves, and sodium sulfate mixture [11]. 

Animal grouping and administration

Male and female rabbits were divided into 2 groups and then 
randomly numbered in the groups (Rabbits no. 1 – 24 were 
males and rabbits no. 25 – 48 were females) [12]. After adap-
tive feeding, 4 rabbits (male and female in half) from rabbits 
no. 1 – 24 and no. 25 – 48 were randomly selected into group K 
and used as the control group. The remaining 40 rabbits were 
used to establish a model of spleen deficiency. After mod-
eling, the 40 rabbits were randomly divided into 5 groups 
with 8 rabbits in each group, labeled as group A, group B, 
group C, group D, and group P. Groups A–D were treated with 
abdominal naprapathy and group P was a model group. At 
the first 1 – 2 days from the modeling stage: liquid A was ga-
vaged in rabbits at the body mass rate of 2 g/kg–1/d–1. At 
3 – 6 days from the modeling stage: liquid B was gavaged in 
rabbits at the body mass rate of 3 g/kg–1/d–1. At 7 – 8 days 
from the modeling stage: liquid C was gavaged in rabbits at 
the body mass rate of 4 g/kg–1/d–1. The rabbits showed di-
arrhea, loose stool, perianal filth, anorexia, reduced activity, 
hair color haggard, slowed movement, listlessness, lethar-
gy with crouching, upright hair, and weight loss, which sug-
gested that the modeling was successful and met the stan-
dard of the spleen-deficiency animal model.

Abdominal naprapathy intervention

Abdominal naprapathy was started on the first day after suc-
cessful modeling, and the rabbits were fixed on the operating 
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table with the abdomen upward to fully expose the acu-
puncture points. We turned on the computer and started the 
Tekscan stress test system (Adopting modulator and proof-
reader produced by Shanghai Yicheng Testing Equipment 
Co., NATIONAL INSTRUMENTS data collector, and MFF multi-
point film pressure testing system pressure sensor devel-
oped by Tekscan) to enter the pressure monitoring interface. 
Then, the operator fixed the sensor to the abdomen of the 
rabbit with medical tape and the operator used the hand of 
Zhongwan, Tianshu (double) perform abdominal naprapathy. 
Each acupuncture point was treated for 5 min/day and the 
intervention of abdominal naprapathy lasted for total of 
10 days. Group K and group P did not receive abdominal 
naprapathy. Groups A, B, C, and D were treated with vari-
ous frequencies of 50 – 100 times/min, 101 – 150 times/min, 
151 – 200 times/min, and 201 – 250 times/min. During abdom-
inal naprapathy, the operator observed the changes of the 
pressure curve displayed in the computer, established the 
force-voltage fitting function model Y=a+bX, and obtained 
the curve of standard force value and frequency value by 
proofreading method (Pressure values proofreading: 5 tes-
ters tested for 10 times per tester, and the samples were 5 
groups closer with the mean value of the manual pressure 
curve in 10 times. Then, 5 groups were used to get an aver-
age value and we used the average of the average values as 
the standard operating value of the treatment. Acupuncture 
points selection of rabbits were performed by combination 
of comparative anatomy and simulated human acupoint lo-
calization. The acupuncture point of Zhongwan was the mid-
point of the lower sternum and the navel. The acupuncture 
point of Tianshu was the intersection of inner 1/3 and out-
er 2/3 of the navel and ventrolateral.

Material

At the end of abdominal naprapathy, all rabbits were admin-
istrated intravenously after 1 day fasting and were sacrificed 
by injecting air into the ear vein [13]. The operator used a 
surgical scissors to cut the abdominal skin and abdominal 
muscles of the rabbit along the midline of the abdomen to 
fully expose the abdominal internal organs. The stomach, 
small intestine, and large intestine tissues of the rabbit’s 
abdominal cavity were examined, and the specimens were 
determined. Then, 1.5×1.5 cm specimens were taken from 
the stomach (small stomach) and the duodenum. The spec-
imens were put into distilled water and quickly washed to 
remove food residue and feces. Then, we placed them into 
a jar containing 10% formalin neutral fixative, labeled the 
bottle, and marked the specimen number [14,15].

Observation and detection

The specimens were fixed in 10% formalin neutral fixative for 
24 h, washed with distilled water for 15 min, dehydrated with 
gradient alcohol, and paraffin waxed and embedded along 
the longitudinal axis [16]. After the waxing, the specimens 
were placed on the console for sectioning and HE staining, 
and finally observed and analyzed for morphology under a 
light microscope (100× and 400×): (1) The general condition 
of gastric mucosa, compared the changes of gastric muco-
sal thickness and the number of inflammatory cells, main 
cells and parietal cells in each group; (2) The general con-
dition of the duodenum, compared the changes of muco-
sal thickness and the number of inflammatory cells, blood 
vessels and parietal cells in each group.

Results

Morphological structure of gastric mucosa by HE staining

In group K, the gastric mucosa was thicker. The glands, 
epithelial cells, chief cells, and parietal cells were neat-
ly arranged. The shape of cells was normal, and there 
were occasional infiltrated inflammatory cells (Figure 1K). 
Gastric mucosa was the thinnest in group P. Gastric mucosa 
glands showed different degrees of atrophy and reduction. 
The structure of the gastric pits was destroyed. The epithe-
lial cells, chief cells, and parietal cells were disordered and 
necrotic, and there were many inflammatory cells infiltrated 
(Figure 1P). In group A, the gastric mucosa became thinner. 
The glands, epithelial cells, chief cells, and parietal cells 
were not neatly arranged. The shape and size of the cells 
were changed occasionally, the glands were slightly atro-
phied, inflammatory cells infiltrated, and the submucosal 
blood vessels were slightly hyperemic (Figure 1A). The gas-
tric mucosa of group B was thicker and was similar to that 
of group K. The glands, epithelial cells, chief cells, and pa-
rietal cells were neatly arranged, the shape and size of cells 
were normal, and there was a small number of inflamma-
tory cells infiltrated (Figure 1B). In group C, the epithelial 
cells were obviously swollen and necrotic, and they were not 
neatly arranged. The glands showed obvious atrophy and 
the structure of gastric pits was destroyed. There were some 
inflammatory cells infiltrated, and the submucosal structure 
was loose, with some edema (Figure 1C). In group D, the ep-
ithelial cells were obviously swollen and necrotic, and they 
were not neatly arranged. The glands showed obvious atro-
phy and the structure of gastric pits was destroyed. There 
were many inflammatory cells infiltrated, and the submu-
cosal structure was loose, with some edema (Figure 1D).
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Comparison of the average thickness of gastric mucosa, 
and the number of inflammatory cells, chief cells, and 
parietal cells

Compared with group K, the gastric mucosa in group P was 
thinner (P<0.05). Compared with group P, the gastric mucosa 
in group B and C were significantly thicker (P<0.05). The gas-
tric mucosa in group B was the thickest and was similar to 
that in group K. The number of chief cells in group B and C 
were significantly increased compared with group P (P<0.05). 
The number of parietal cells in group P were significantly 
less than that in group K (P<0.05). The number of parietal 
cells in groups A, B, and C were increased to different ex-
tents (P<0.05). The increase of parietal cell number in group 
B was the most significant compared with group A and C 
(P<0.05), and the mean value of parietal cell numbers in 
group B was closest to that in group K (Figure 2). Compared 
with group K, the inflammatory cells of gastric mucosa in 

groups P, A, C, and D were significantly increased (P<0.05). 
However, the degree of inflammatory reaction in group B was 
not significantly different from that in group K (Figure 3). 

Morphological structure of duodenal mucosa by HE 
staining

In group K, the duodenal mucosa and the lamina propria of 
the mucosa protruded into the intestinal lumen to form co-
lumnar villi, and there were many duodenal glands in the 
submucosa. There were goblet cells in the villi, and the ep-
ithelial cells of the villi were arranged in a regular manner 
(Figure 4K). In group P, epithelial cells of duodenal mucosa 
were significantly necrotic and there were many infiltrat-
ing inflammatory cells. The structure of the villus was de-
structed, the vessels were congested, and the submucosa 
was obviously loose and dropsical (Figure 4P). The necrot-
ic cells and inflammatory cells in the duodenal mucosa of 

Figure 1. Pathological structure of gastric mucosa of rabbits in each group (HE, ×100).

Figure 2.  Comparison of the average thickness of gastric mucosa, 
and the number of chief cells and parietal cells. 
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Figure 3.  Comparison of the number of inflammatory cells in 
gastric mucosa.
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group A and group C were reduced, the destruction of vil-
lus structure was alleviated, a small number of vessels were 
congested, and the submucosa was loose and dropsical 
(Figure 4A, 4C). The duodenal mucosa cells of most rabbits 
in group B showed no obvious pathological changes, and 
the structure of the villus was basically intact, which was 
almost the same as that of group K (Figure 4B). Most of the 
duodenal mucosa cells of rabbits in group D were still ne-
crotic and inflammatory cell were infiltrated. The structure 
of villus was destructed, and the vessels of the submucosa 
were congested (Figure 4D). 

Comparison of the average thickness of duodenal mucosa 
and the number of inflammatory cells, vessels, and goblet 
cells

Compared with group K, the duodenal mucosa in group P was 
thinner (P<0.05). Compared with group P, the thickness of 

the duodenal mucosa was significantly higher in groups 
B and C (P<0.05). The duodenal mucosa was the most obvi-
ous thickened in group B and was similar to that in group K. 
Compared with group P, the number of vessels in other in-
tervention groups were significantly reduced, except for 
group D (P<0.05) (Figure 5).

Compared with group K, the number of goblet cells in group 
P were significantly reduced (P<0.05). The number of gob-
let cells in groups A, B, and C were increased to different 
extents (P<0.05). The number of goblet cells was highest in 
group B (P<0.05), and the mean value was closest to group K. 
Compared with group K, inflammatory cells in groups P, A, 
C, and D were significantly increased (P<0.05). There was no 
significant difference in the degree of inflammatory reaction 
between group B and group K (P>0.05) (Figure 6).

Figure 4. Pathological structure of duodenal mucosa of rabbits in each group (HE, ×100).

Figure 5.  Comparison of the average thickness of duodenal 
mucosa, and the number of vessels and goblet cells.
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Figure 6. Comparison of the number of inflammatory cells.
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Discussion

In this study, the model of spleen deficiency was made by 
the method of bitter cold and catharsis. The domestic and 
foreign literatures proposed that “Xiaochengqitang” had 
sufficient theoretical basis for the model of spleen defi-
ciency, which would lead to the damage of gastrointestinal 
mucosa in rabbits and pathological changes. In this study, 
the pathological changes of spleen deficiency rabbits at dif-
ferent frequencies of abdominal naprapathy were observed 
by light microscopy. It was proved that the abdominal na-
prapathy could reduce the damage of gastrointestinal mu-
cosa in spleen-deficiency rabbits, promote the regeneration 
of gastrointestinal mucosa cells, inhibit the inflammation 
of gastrointestinal mucosa, accelerate the absorption of in-
flammation and edema caused by injury, and restore and 
remodel gastrointestinal cell structure. The abdominal na-
prapathy was performed in a circular motion at acupunc-
ture points on abdomen, and gastrointestinal motor function 
was strengthened through local reflection of the gastroin-
testinal plexus [17]. Abdominal naprapathy stimulated cell 
proliferation in the epithelial edge of the wound and bas-
al layer by infiltrating the deep structures of gastrointesti-
nal tissue. This is supported by the extensive literature on 
the repair mechanism of gastrointestinal mucosal damage. 
Results showed that Chinese naprapathy effectively treat-
ed gastrointestinal mucosal injury. 

Local stimulation by Chinese naprapathy could improve the 
internal and external environment of cells, promote me-
tabolism, restore normal clearance, and transport mecha-
nisms [18]. It could repair cell edema, degeneration, necro-
sis, and other damage. Thus, it confirmed that the damage 
of gastrointestinal mucosal cells by drugs of bitter cold and 
catharsis in spleen-deficient rabbits was reversible. In this 
study, the results showed that the naprapathy intervention 
groups had different effects on the reducing of gastrointes-
tinal mucosal injury compared to the control group and the 
model control group, and the differences in therapeutic ef-
fect were statistically significant. Among them, the effects 
of group B in the frequency of 101 – 150 times/min were the 
best compared with group K. The effects in group D in the 
frequency of 201 – 250 times/min were less effective in re-
ducing inflammatory cells in gastric mucosa.

Our results show that high-frequency naprapathy was not 
as effective in treating gastrointestinal spleen deficiency. 
In treating gastrointestinal dysfunction, naprapathy that is 
too high-frequency might exceed the tolerance of the body. 
At the same time of repairing, the high-intensity stimula-
tion of the naprapathy increased the remodeling burden of 
gastrointestinal cells, which was not conducive to inflam-
matory reaction, edema absorption, and slowing down the 
effects. Therefore, the damage of spleen deficiency in gas-
trointestinal mucosal cells caused by bitter cold and cathar-
sis was further effectively reduced by the optimal frequen-
cy naprapathy intervention. The results of this study also 
indicated a link between frequency, reinforcing-reducing, 
and efficacy. The damage of spleen deficiency gastrointes-
tinal mucosal cells caused by bitter cold and catharsis had 
sensitive specificity to the manual frequency in group B. 
Therefore, the manual frequency of group B was “comple-
ment method”, and the manual frequency of group D was 
“catharsis method”.

Conclusions

This study fully demonstrates that abdominal naprapathy 
has the effects of protecting the gastrointestinal mucosa, 
including alleviating gastrointestinal mucosal damage, pro-
moting the regeneration and remodeling of intestinal muco-
sa and intestinal villi, eliminating edema, reducing inflam-
matory reactions, and improving barrier function of gastric 
mucosa. In particular, the abdominal naprapathy at the fre-
quency of 101 – 150 times/min helps repair the damage to 
gastrointestinal mucosal cells caused by spleen deficiency.
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