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	 Background:	 As a type of traditional Chinese massage, chiropractic therapy is applied to prevent and treat children with asth-
ma in China. However, its mechanism of action is unclear. Allergic airway inflammation plays a key role in the 
occurrence and development of asthma, in which changes in gut microbiota are involved. The present study 
investigated the influence of chiropractic therapy on allergic airway inflammation (AAI) and gut microbiota in 
an immature rat model.

	 Material/Methods:	 Three-week-old male Sprague-Dawley rats were divided randomly into control (CN), AAI, and chiropractic (CP) 
groups. AAI and CP groups were sensitized and challenged with ovalbumin (OVA) to induce AAI. The CP group 
received chiropractic therapy during AAI modelling. AAI was assessed by cell counts in bronchoalveolar lavage 
fluid and HE staining of lung tissues. Plasma OVA-sIgE, IFN-g, IL-4, and IL-10 levels were detected by ELISA. 
DNA extraction from feces samples was used for 16S rRNA gene sequencing and analyzed for gut microbiota 
by Quantitative Insights Into Microbial Ecology (QIIME).

	 Results:	 AAI group had significantly lower richness and diversity of gut microbiota along with Th2 response and aller-
gic airway inflammation. Moreover, the AAI group had lower abundance of butyrate-producing bacterial taxa 
with more Lactobacillus. Chiropractic therapy significantly increased the richness and diversity of gut microbi-
ota and increased butyrate-producing bacterial taxa and decreased Lactobacillus, along with attenuating Th2 
response and allergic airway inflammation during AAI modelling.

	 Conclusions:	 Chiropractic therapy attenuated allergic airway inflammation and optimized gut microbiota in an immature rat 
model, which might promote the development of adult-like butyrogenic milieu, immunotolerance, and inflam-
mation attenuation.
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Background

Asthma is recognized as a chronic inflammatory airway dis-
ease, ranking among the top 20 conditions worldwide for dis-
ability-adjusted life years in children [1]. Allergic airway inflam-
mation plays a critical role in the development and progression 
of asthma [2]. T helper 2 cell (Th2) response, characterized by 
activation of Th2 cytokines and increased production of im-
munoglobulin (Ig) E, is closely related with the initiation of al-
lergic airway inflammation in asthma [2]. Interleukin-4 (IL-4) 
is the key effector in Th2 response and is indispensable to in-
duce Th2 cell development and IgE production [3].

The host immune system coordinates the balance of effector 
and regulatory immune cells, as well as anti- and pro-inflamma-
tory cytokines, through interaction with microbiota in a physi-
cal condition [4]. Mounting evidence links the development of 
asthma to the dysbiosis of gut microbiota [5,6]. A loss of mi-
crobial diversity induces skewed Th2 response and promotes 
asthma development [7,8]. The diversity of gut microbiota is 
essential to functional redundancy and diversity for consistent 
establishment of a healthy signature of short-chain fatty acids 
(SCFAs) [9,10]. Microbe-producing SCFAs can increase IL-10+ T 
cells, promote naïve T-cell differentiation into interferon (IFN)-
g-producing Th1, and provide protection against inflammato-
ry response [11–13]. IFN-g, as a key Th1 cytokine, can inhibit 
IL-4 production and regulate the differentiation and aggre-
gation of eosinophils [14]. IL-10, produced by various T cells, 
can block Th2 response, induce and maintain immunotoler-
ance, and inhibit inflammation [15,16]. Therefore, regulation 
of gut microbiota is an important strategy in the primary pre-
vention of allergic diseases [17]. However, so far, the evidence 
that supports probiotics administration for reducing the risk 
of children asthma is insufficient [18].

Massage therapy is a traditional healing method and has 
long been applied to prevent and treat children with asthma 
in China and in Western countries [19]. A systemic review in-
dicated that massage can significantly enhance the effect of 
current conventional therapies for children with asthma [19]. 
However, the underlying mechanism is still unclear. Chiropractic 
therapy (Nie Ji therapy in Chinese, literally means pinching-
along-the-spine therapy) is an important and popular tradi-
tional Chinese massage for children [20,21]. Our previous clin-
ical trials showed that chiropractic therapy attenuated the 
symptoms of allergic diseases, along with possible modula-
tion of gut microbiota [22,23]. Ovalbumin (OVA) sensitization 
and aerosol challenge are widely used to induce allergic air-
way inflammation [24]. Therefore, we designed this study to 
investigate the influence of chiropractic therapy on gut micro-
biota and OVA-induced allergic airway inflammation (AAI) in 
an immature rat model.

Material and Methods

Animals

Male specific pathogen-free (SPF) Sprague-Dawley rats (aged 
3 weeks, weight: 47.92±4.38 g, provided by Qinglongshan, 
Nanjing, China) were kept in Plexiglas cages in the animal ex-
perimental laboratory, and were provided with food and wa-
ter ad libitum under a standard 12/12 h light/dark cycle. The 
animal protocol was approved by the Animal Care and Use 
Committee of Nanjing University of Chinese Medicine (No 
201805A005). The experiment was conducted in accordance 
with the National Institutes of Health Guidelines for the Care 
and Use of Laboratory Animals.

Allergic airway inflammation (AAI) model and group 
treatments

After 4-day acclimatization, all rats were divided random-
ly into a control group (CN, n=6), an AAI group (n=8), and a 
chiropractic group (CP, n=8). The AAI model was induced in 
the AAI group and CP group, in which rats were sensitized on 
day 9 and day 16 with intraperitoneal (i.p.) injections of 1 mg 
OVA (OVA, Grade V, Sigma, No A5503) mixed into 1.5 mL 4% 
Al(OH)3 gel (BF040, Xi’an Heart company, China). From day 23 
to day 26, the rats were challenged with 1% OVA aerosol (OVA, 
Grade V, Sigma, No A5503) for 30 min once a day in a plastic 
chamber connected to an atomizer (402AI type, Jiangsu Yuwell 
Medical Instruments Co., Ltd., Jiangsu, China) set at its high-
est volume. The CN group was treated in the same way, but 
was sensitized and challenged with saline. Chiropractic ther-
apy was performed in the CP group once a day from day 5 to 
day 26 before and during OVA-induced modelling (Figure 1). 
No rats died before sacrifice.

The procedure of chiropractic therapy was performed as fol-
lows: The manipulator, who had been trained before the study, 
put on a disposal mask and gloves, and then held a rat gen-
tly in the left palm. First, he stroked the rat’s back slowly with 
the right hand from the neck to the bottom 20 times (strok-
ing speed: ~5 cm/s, pressure: ~5 N detected by FingerTPS sys-
tem, Pressure Profile System, Inc, USA). Second, he pinched the 
back skin with the fingers of right hand and pushed continu-
ously from the bottom to the neck 25 repeats (~10 s/repeat, 
pressure: ~12 N) from day 5 to day 14 and for 30 repeats from 
day 15 to day 26 to avoid manipulation adaptation. Finally, 
he stroked the back up and down 3 times. The manipulating 
force was moderate to keep rats relatively calm without obvi-
ous discomfort or screaming during the whole procedure. The 
rats in the CN group and AAI group were only housed individ-
ually in clean cages for the same duration as the intervention 
of chiropractic therapy.
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On day 27, all rats were anaesthetized with i.p. injections of 
5 mL/kg 25% Urethane (No. U2500, Sigma USA). Blood was col-
lected from the abdominal aorta into tubes with ethylene di-
amine tetraacetic acid. Plasma was isolated by centrifugation at 
3000 rpm for 20 min at 4.0°C. The supernatant was collected and 
stored at –80°C. Bronchoalveolar lavage fluid (BALF) was collected 
immediately after blood collection. The trachea was punctured 
with a 12-gauge gavage needle and 3 ml PBS was slowly inject-
ed into the left lung, and then withdrawn and injected again 5 
times to collect BALF. The middle lobe of the right lung was col-
lected and put into a flasket containing 4% buffered formalin so-
lution for hematoxylin-eosin (HE) staining. Two fresh fecal pellets 
from the colon were collected from rats and frozen immediately 
in liquid nitrogen and stored at –80°C for gut microbiota analysis.

Inflammatory cell counts in BALF

Total inflammatory cells were counted by automatic cell coun-
ter (Countstar IC1000, Shanghai China). The collected BALF was 
centrifuged at 5000 rpm for 10 min at 4°C and the remaining 
cell pellets were made into cell smears. Different types of in-
flammatory cells were observed by Wright-Giemsa staining fol-
lowing the manufacturer’s instructions (G1020, Solarbio, Beijing 
China). Cells were differentially counted under light microsco-
py (DP71/BX60, Olympus Corp., Tokyo, Japan).

Histopathological observation of the lung by HE staining

The samples were dehydrated, embedded in paraffin, and cut 
into 4-μm sections for routine HE staining (agents provided 
by Sinopharm Beijing, China; Baso, Zhuhai, China). Images 
were obtained under light microscopy (DP71/BX60, Olympus 
Corp., Tokyo, Japan).

Measurement of plasma OVA-sIgE, IFN-g, IL-4, and IL-10 
levels by enzyme-linked immunosorbent assay (ELISA)

The plasma levels of OVA-sIgE, IFN-g, IL-4, and IL-10 were mea-
sured by ELISA according to the manufacturer’s protocol (JEB-
15429, JEB-13737, JEB-13730, JEB-13734 JinYibai, Nanjing, 
China). Every sample was duplicated to mitigate biases.

DNA extraction and 16S rRNA gene sequencing for gut 
microbiota

Fecal pellets were homogenized using a beadbeating meth-
od (FastPrep bead matrix E, MP Biomedicals, Santa Ana, CA), 

and total DNA was extracted with the E.Z.N.A., R Stool DNA Kit 
(SKU: D4015-02 Omega Bio-tek, Norcross, GA) following the 
manual. Purity and quality of the genomic DNA were checked 
on 0.8% agarose gels. The V3-4 hypervariable region of bacte-
rial 16S rRNA gene were amplified as previously described [25]. 
PCR products were purified with a QIAquick Gel Extraction 
Kit (28704, QIAGEN, Germany), quantified by RT-PCR, and se-
quenced at Allwegene, China. Every sample were processed in 
triplicate to mitigate reaction-level PCR biases. Deep sequenc-
ing was performed on the Miseq platform.

Statistical analyses

For gut microbiota sequencing, the dataset was analyzed by 
VSEARCH. The sequences were clustered into operational taxo-
nomic units (OTUs) at 97% similarity level [25]. Alpha diversity 
indices were calculated at OTUs in Quantitative Insights Into 
Microbial Ecology (QIIME), including observed species, Chao1 
richness index, and Shannon diversity index [26]. To compare 
differences in bacterial composition between the groups, the 
analysis of similarities (ANOSIM) was performed on unweight-
ed UniFrac distance matrixes and presented as principal co-
ordinate analysis (PCoA) [27,28]. Linear discriminant analysis 
effect size (LEfSe) was used to detect typical abundant taxa 
among groups [29]. Based on LEfSe, the comparison of the rel-
ative abundance of bacterial taxa between groups was ana-
lyzed by Metastats [30].

Data are expressed as mean±standard deviation (SD). Except 
for the analysis of gut microbiota mentioned above, the differ-
ences of other data among groups were analyzed by one-way 
analysis of variance (ANOVA) and differences between 2 groups 
were analyzed by two-tailed t test with SPSS 22.0 (SPSS, Inc., 
USA.) A P value <0.05 was considered statistically significant.

Results

Chiropractic therapy attenuated allergic airway 
inflammation (AAI)

Compared with the CN group, OVA sensitization and challenge 
significantly increased the total numbers of inflammatory cells 
and eosinophils in the AAI group (P<0.001, P<0.001; Figure 2), 
and increased the numbers of lymphocytes and neutrophils 
(P<0.001, P<0.01; Figure 2). To further investigate the inflam-
mation status, the histopathological changes of the lungs were 

OVA sensitization OVA challengeAcclimatization
Time (day)

Chiropractic therapy

16 23951 26 27

Sacri�ce

Figure 1. Experiment protocol.
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assessed by HE staining. The AAI group showed obvious infil-
tration of inflammatory cells around the bronchioles and ar-
teries and in the lungs. Moreover, the AAI group showed con-
stricted bronchioles and thicker walls (Figure 3). These results 
indicated that OVA sensitization and challenge induced AAI 
in immature rats. Compared with the AAI group, chiropractic 
therapy remarkably decreased the counts of total inflamma-
tory cells, eosinophils, lymphocytes, and neutrophils (P<0.01, 
P<0.01, P<0.01, P<0.05; Figure 2), along with less infiltration 
of inflammatory cells and without obviously thicker walls of 
bronchioles (Figure 3).

Chiropractic therapy increased the production of IFN-g and 
IL-10 and attenuated Th2 response

Compared with the CN group, the AAI group showed signifi-
cantly increased levels of OVA-sIgE and IL-4 (P<0.01, P<0.001; 
Figure 4A, 4B), along with significantly lower levels of IFN-g 
(P<0.05; Figure 4C). IL-10 levels in the AAI group decreased 

but not significantly compared with the CN group (P>0.05; 
Figure 4D). Chiropractic therapy significantly decreased the 
production of OVA-sIgE and IL-4 (P<0.05, P<0.05; Figure 4A, 4B) 
and significantly enhanced the production of IFN-g and IL-10 
(P<0.05, P <0.05; Figure 4C, 4D) during AAI modelling com-
pared with the AAI group.

Chiropractic therapy increased the richness and diversity 
of gut microbiota

A total of 12 phyla and 137 genera were identified among 
groups. Compared with the CN group, the number of observed 
species as shown by Chao 1 and Shannon indices were de-
creased significantly in the AAI group (P<0.05, P<0.05, P<0.01; 
Figure 5A–5C). Therefore, OVA-induced AAI led to significant loss 
of the richness and abundance of gut microbiota in immature 
rats. Chiropractic therapy significantly increased the number 
of observed species, Chao 1 and Shannon indices compared 
with the AAI group (P<0.05, P<0.05, P<0.001; Figure 5A–5C), 
indicating that chiropractic therapy attenuated the loss of 
richness and diversity of gut microbiota during AAI modelling.

Taxonomic characterization of the gut microbial profile 
among groups

To characterize the general differences in gut microbial com-
munities among groups, PCoA was performed on unweighted 
UniFrac distances (Figure 6). The PCoA plots demonstrated sig-
nificant separation between the CN and AAI groups (P<0.05) 
as well as between CP and AAI groups (P<0.01) and no signif-
icant separation between the CP and CN group (P>0.05). LEfSe 
was performed to determine typical abundant bacterial taxa 
as respective biomarkers among groups. The following were 
over-represented in the AAI group as Phylum Firmicutes, class 
Bacilli, family Lactobacillaceae, genus Lactobacillus, species 
Lactobacillus_vaginalis and Lactobacillus_gasseri, whereas order 
NB1_n and genus Ruminiclostridium_1 and Ruminococcaceae_
UCG_014 were over-represented in the CN group. The higher 
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Figure 2. �Cell count in BALF. Total cells in BALF were counted by 
automatic cell counter. Different types of inflammatory 
cells were counted by Wright-Giemsa staining. n=6~8, 
* P<0.05, ** P<0.01, *** P<0.001 vs. CN group; # P<0.05, 
## P<0.01 vs. AAI group.

Figure 3. �Hematoxylin-eosin staining of lung tissues. Compared with the CN group, the AAI group showed much more infiltration of 
inflammatory cells around the bronchioles, arteries, and in the lungs (as the black arrows directed) along with constricted 
bronchioles and thicker walls. The CP group showed less infiltration of inflammatory cells without obviously thicker walls of 
bronchioles compared with the AAI group.
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Figure 4. �Plasma levels of OVA-sIgE, IL-4, IFN-, and IL-10. (A–D) All these indexes were measured in duplicate by ELISA (n=6~8). 
* P<0.05, ** P<0.01, *** P<0.001 vs. CN group; # P<0.05 vs. AAI group.
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Figure 6. �PCoA of unweighted UniFrac distances among groups 
(PCoA plots with Principal Coordinates (PC) 1 and PC 
2). Each dot stands for a sample. ANOSIM reveals 
significant separation between the CN and AAI groups 
(P<0.05) as well as between the CP and AAI groups 
(P<0.01) and no significant separation between the CP 
and CN groups (P>0.05).

e926039-5
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zhu Y. et al.: 
Chiropractic therapy modulated gut microbiota…
© Med Sci Monit, 2020; 26: e926039

ANIMAL STUDY

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



abundance of Lactobacillus explained the higher abundance 
of phylum Firmicutes in AAI immature rats (Figure 7A, 7B). In 
the CP group, Phyla Bacteroidetes and Proteobacteria, class 
Bacteroidia, families Bacteroidales_S24_7_group, Prevotellaceae, 
Ruminococcaceae and Staphylococcaceae were over-represent-
ed (all LDA score >2, P<0.05; Figure 7A, 7B).

Chiropractic therapy modulated bacterial taxonomic 
composition

To know more about the differential taxonomic composi-
tion among groups, the comparison of relative abundance 
of selected bacterial taxa at phylum, family, genus, and spe-
cies levels were performed in detail based on LEfSe results. 

At the phylum level, gut microbiota was mainly composed 
of Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, 
and Saccharibacteria among the groups. In the AAI group, 
the relative abundance of Bacteroidetes, Proteobacteria, and 
Saccharibacteria significantly decreased (P<0.05, P<0.01, P<0.01; 
Figure 8A, 8B) and the relative abundance of Firmicutes in-
creased (P<0.01; Figure 8A, 8B) compared with the CN group. 
Compared with the AAI group, the CP group showed significant-
ly decreased abundance of Firmicutes (P<0.05; Figure 8A, 8B) 
and increased abundance of Bacteroidetes, Proteobacteria, and 
Saccharibacteria (P<0.01, P <0.01, P<0.01; Figure 8A, 8B). At 
the family level, the AAI group had significantly lower abun-
dance of Ruminococcaceae and Bacteroidales_S24_7_group 
(P<0.01, P<0.01; Figure 9A) as well as higher abundance of 
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Figure 7. �LEfSe based on 16 S rRNA gene sequences. (A) Histogram of the LDA scores demonstrates differentially abundant bacterial 
taxa among 3 groups (P<0.05, LDA score >2.0). (B) Cladogram shows the taxonomic distribution of differentially abundant 
bacterial taxa from phylum to family among 3 groups.
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Lactobacillaceae, but without a significant difference (P=0.056 
>0.05; Figure 9A). Compared with the AAI group, the CP group 
had higher abundance of Ruminococcaceae, Bacteroidales_
S24_7_group and Prevotellaceae (P<0.01, P<0.01, P<0.001; 
Figure 9A), as well as lower Lactobacillaceae (P<0.01; Figure 9A). 
At the genus level, the AAI group had lower abundance of sever-
al genera such as Roseburia, Ruminococcus_1, Ruminococcaceae 
_UCG-014 compared with the CN group (P<0.05, P<0.05, 
P<0.01; Figure 10A, 10B). The CP group had higher Roseburia, 
Ruminococcus_1 (P<0.01, P<0.05; Figure 10A, 10B) and de-
creased Lactobacillus (P<0.05; Figure 10A, 10B) compared with 
the AAI group. At the species level, the AAI group had higher 

abundance of Lactobacillus_vaginalis and Lactobacillus_gasseri 
compared with the CN group (P<0.01, P<0.05; Figure 9B). The 
CP group had lower abundance of Lactobacillus_vaginalis and 
Lactobacillus_gasseri compared with the AAI group (P<0.01, 
P<0.01; Figure 9B).

Discussion

We found that OVA sensitization and challenge caused skewed 
Th2 response and allergic airway inflammation in immature 
rats. Moreover, OVA sensitization and challenge caused loss 
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** P<0.01 vs. CN group; # P <0.05, ## P<0.01 vs. AAI group.
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Figure 9. �Relative abundance comparison of biomarker families and species of gut microbiota among groups. (A, B) * P<0.05, 
** P<0.01, *** P<0.001 vs. CN group; ## P<0.01, ### P<0.001 vs. AAI group.
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of gut microbiota richness and diversity, which is consistent 
with the results of a previous OVA-induced asthmatic animal 
study [31]. Meanwhile, except for the extreme high abundance 
of phylum Firmicutes, the abundances of other major phyla 
were generally lower in AAI immature rats.

Unexpectedly, AAI immature rats had a higher abundance of 
Lactobacillus, which are always considered as probiotic bacte-
ria [32]. Lactate produced by Lactobacillus provides an unfavor-
able environment for the growth of many pathogenic bacteria 
and also acts as a permeabilizer of the Gram-negative bacterial 
outer membrane [32]. As a facultative anaerobe, Lactobacillus 
is typically abundant in the early colonization stage before the 
replacement with anaerobic bacteria [33,34]. Changes in gut 
bacteria composition precede the altered level of microbiota-
derived metabolite in the bloodstream [35]. A typical exam-
ple of bacterial metabolites is SCFA, among which butyrate, 
acetate, and propionate are the most abundant in adults as 
well as lactate in infants [34,35]. There are cross-feeding in-
teractions between different species; therefore, a diverse mi-
crobiota is key to establishing a healthy SCFA signature [10]. 
In early life, butyrate-producing bacteria, specifically those 
cross-feeding on lactate and acetate, may be essential for 
homeostasis establishment with the immune system during 
the critical stage of development from a lactate- and acetate-
rich environment to a more adult-like butyrogenic environ-
ment [33]. Some studies have reported higher abundance of 
Lactobacillus in gastrointestinal disorders and indicated that 
Lactobacillus could be used with caution as probiotics [36,37]. 
Higher lactate and lower butyrate levels were reported to be 
associated with high risk for allergy in infants [33]. A recently 

meta-analysis of clinical trials also suggested that administra-
tion of Lactobacillus acidophilus was associated with a higher 
risk of atopic sensitization compared with other strains [18].

In our study, AAI rats had less butyrate-producing bacteria such 
as Bacteroidales S24-7 and Ruminococcaceae [37,38] and less 
other phyla with more Lactobacillus. This result indicated a dys-
biotic gut microbiota and potentially unhealthy SCFAs signa-
ture in AAI immature rats, which might negatively affect the 
immunotolerance development and worsen AAI.

Massage is reported to improve the immunity [39] and have 
good effects on improving asthma [19,40]. As a Chinese tradi-
tional massage, chiropractic therapy was initially applied for in-
digestion among children by pinching the skin along the spine, 
and it demonstrates very good clinical effects in the treat-
ment of various digestive problems among children [20,21]. It 
has now become a popular therapy for prevention and treat-
ment of allergic diseases in pediatric massage departments. 
Clinical studies showed that chiropractic therapy significantly 
decreased nighttime symptom scores and acute attack times 
and enhanced clinical therapeutic effect among children with 
asthma [41,42]. However, its mechanism is still unclear. Our 
previous study indicated that chiropractic therapy protected 
intestinal epithelium barrier and helped with anti-inflamma-
tion via promoting the production of specialized proresolving 
mediators in an animal experiment [43] and helped with the 
improvement of allergic diseases in clinical studies [22,23].

The present study revealed that chiropractic therapy signifi-
cantly increased the richness and diversity of gut microbiota 
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Figure 10. �Relative abundance comparison of major genera of gut microbiota among groups. (A) Bacterial composition and relative 
abundances at the genus level among groups. (B) Relative abundance comparison of major genera among groups. * P<0.05, 
** P<0.01 vs. CN group; # P<0.05, ## P <0.01 vs. AAI group.
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during AAI modelling. Moreover, chiropractic therapy increased 
the main butyrate-producing bacterial taxa such as families 
Bacteroidales S24-7 and Ruminococcaceae and Roseburia [37,38]. 
Ruminococcaceae can also produce acetate, which Roseburia can 
use to produce butyrate [44]. In addition, chiropractic therapy 
increased Prevotellaceae, which have important roles in nutri-
ent absorption and immune regulation [45]. Chiropractic ther-
apy also significantly decreased Lactobacillus. Therefore, chi-
ropractic therapy might help the transition from a lactate-rich 
environment to a more adult-like butyrogenic environment 
in AAI immature rats. A healthy signature of SCFAs, especial-
ly more effective butyrate [11], can enhance the production of 
IFN-g and IL-10 as well as provide protection against inflam-
mation [12–14]. Therefore, the regulation of gut microbiota by 
chiropractic therapy might contribute to the enhanced produc-
tion of IFN-g and IL-10. The coexistence of increased IFN-g and 
IL-10 production is key to anergy of antigen-specific T-cell dur-
ing exposure to allergens [46]. These results might explain the 
attenuation of Th2 response and allergic airway inflammation 
by chiropractic therapy. In addition, our study further shows the 
importance of a diverse gut microbiota for immune homeostasis.

Animal experiments demonstrated that chiropractic therapy 
can improve the gastrointestinal dysfunction by regulating ab-
normal levels of brain-gut peptides (BGPs), including cholecys-
tokinin-8 (CCK-8), ghrelin, vasoactive intestinal peptide (VIP), 
and substance P (SP), either in plasma, in the colon, or in the 
hypothalamus [47–49]. BGPs are critical neurotransmitters, 
which not only modulate gastrointestinal function [50,51] but 
also participate in the interaction between gut microbiota and 
brain-gut axis [52]. It is well known that the brain can also in-
fluence gut microbiota indirectly by regulating gastrointestinal 

motility and secretion, or directly by releasing signaling mol-
ecules [52]. Results of the present study and previous studies 
indicate that chiropractic therapy can optimize gut microbiota, 
partially via regulating BGPs production and the brain-gut axis.

However, there is certain limitation in our study. Firstly, our 
study did not evaluate the production of SCFAs; therefore, there 
is no direct evidence for a causal relationship between SCFAs 
and allergic airway inflammation. Secondly, our study did not 
test BGPs level since previous studies have already focused on 
it. Thirdly, the sample size of animals was small in our study 
and thus limited the statistical power. Further investigations 
are warranted based on this preliminary study.

Conclusions

To the best of our knowledge, this is the first study to assess 
the effect of massage on gut microbiota. In brief, our study 
indicated that AAI coexisted with dysbiosis of gut microbio-
ta in immature rats and chiropractic therapy attenuated aller-
gic airway inflammation and significantly modulated the gut 
microbiota. Chiropractic therapy might facilitate the develop-
ment of a more adult-like butyrogenic environment, which can 
promote immunotolerance and inflammation attenuation. Our 
study supports chiropractic therapy as a good adjunct therapy 
for children with asthma and other allergic diseases.
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