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Abstract. Codonopsis pilosula is a type of traditional chinese 
medicine that exerts an anti‑aging effect and can regulate the 
gastrointestinal (GI) system. The aim of the present study 
was to investigate the underlying molecular mechanisms 
responsible for the anti‑aging effects of Codonopsis pilosula 
in the GI tract of mice with d‑galactose‑induced aging. First, 
a successful mouse model of aging was established, and 
Codonopsis pilosula water extract was then used for treatment. 
The anti‑aging effects of Codonopsis pilosula on the GI tract 
were then detected from the perspectives of tissue structure, 
physiological function and cell ultrastructure. Finally, in order 
to explore the underlying molecular mechanisms, the expres‑
sion profiles of lncRNAs and mRNAs in the stomach and 
intestine were examined using microarray technology. A total 
of 117 (41 lncRNAs and 76 mRNAs) and 168 (85 lncRNA sand 
83 mRNAs) differentially expressed genes associated with the 
anti‑aging effects of Codonopsis pilosula were identified in 
the stomach and intestine, respectively. Through integrated 
analysis of the stomach and intestine, 4 hub RNAs, including 

1 lncRNA (LOc105243318) and 3 mRNAs (Fam132a, Rorc 
and 1200016E24Rik) were identified, which may be associ‑
ated with the anti‑aging effects of Codonopsis pilosula in 
the GI tract of aging mice. The Kyoto Encyclopedia of Genes 
and Genomes analysis revealed that the metabolic pathway 
was an important pathway underlying the anti‑aging effects 
of Codonopsis pilosula in the GI tract. On the whole, in the 
present study, 4 hub RNAs associated with these effects and 
their regulatory networks were found in the GI tract of aging 
mice. In addition, the metabolic pathway was found to play an 
important role in these anti‑aging effects in the GI tract.

Introduction

As an integral part of the digestive system, the gastrointestinal 
(GI) tract not only plays an essential role in the digestion and 
absorption of food, but also in the absorption and metabolism 
of medication (1). However, the digestive system experiences 
a series of senescence and degeneration events from structure 
to function during aging (2). These changes have a certain 
impact on the intake, digestion, absorption and utilization of 
nutrients in the elderly, and directly or indirectly participate 
in the occurrence and development of digestive diseases in 
these patients (3). It has been reported that digestive diseases 
have become the second largest disease group, following 
cardiovascular diseases, in hospitalized elderly patients aged 
>60 years (4). The identification of effective strategies with 
which to alleviate the degradation of GI structure and function 
plays a vital role in improving the quality of life of the elderly.

Natural aging models are time‑consuming, and as a result 
of individual differences, the process of aging is difficult to 
control. d‑galactose (d‑gal) is a normal nutrient in the body; 
however, if consumed in excess, it will lead to metabolic 
disorder; under the action of galactose oxidase, d‑gal is 
converted into aldose and hydrogen peroxide, thus producing 
a large number of superoxide anion free radicals, causing 
oxidative damage, which leads to aging (5). Using d‑gal to 
model aging can speed up the aging process, shorten the study 
time, and the animals have a higher survival rate throughout 
the study period (5). Thus, the model of d‑gal‑induced 
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aging is often used for studies of aging and anti‑aging (6‑8). 
Codonopsis pilosula is a traditional chinese medicine and 
food supplement in china. Gansu Province is one of the main 
areas of production of Codonopsis pilosula in china (9‑11). Of 
note, it has been reported that Codonopsis pilosula, a tradi‑
tional chinese medicine, exerts an anti‑aging effect and can 
regulate the GI system (12). Previous studies have focused on 
antioxidant stress and immune regulation (13‑16). However, 
there is still a lack of systematic research at the molecular 
level, considering that traditional chinese medicine has the 
properties of being able to affect multiple targets and organs 
simultaneously (17‑19). In particular, the changes in the GI 
tract occurring during d‑gal‑induced aging and Codonopsis 
pilosula treatment in mice from the perspective of the tran‑
scriptome remain unclear. Transcriptomics is the study of 
researching the expression and regulation of genes under 
specific conditions at the RNA level, and it has been used in a 
number of fields (20,21). lncRNAs play a complex and precise 
regulatory role in gene expression (22); thus, it is necessary 
to integrate lncRNAs and mRNAs in order to explore the 
mechanisms underlying the anti‑aging effects of Codonopsis 
pilosula at the transcriptome level.

In the present study, in order to comprehensively explore 
the underlying molecular mechanisms of the anti‑aging effects 
and GI regulation by Codonopsis pilosula, a mouse model 
of aging was successfully established with the use of d‑gal, 
and water extract of Codonopsis pilosula was then used for 
treatment intervention. The structural and functional changes 
of the GI tract were then observed in aging mice and in mice 
treated with Codonopsis pilosula. Finally, biochip technology 
and bioinformatics were performed to explore the targets, 
pathways and network involved in the anti‑GI senescence 
effects of Codonopsis pilosula. The findings of the present 
study may provide basic evidence for the anti‑aging and GI 
regulatory functions of Codonopsis pilosula.

Materials and methods

Animals. A total of 100 specific pathogen‑free grade Kunming 
mice (50 males and 50 females; age, 2 months; body mass, 
20±2 g) were purchased from the Gansu University of 
Traditional Chinese Medicine Scientific Research Laboratory 
Animal Center [Lanzhou, China; animal production certificate 
no. SCXK (Gan) 2015‑0002; animal use certificate no. SKXK 
(Gan) 2015‑0005]. All mice were raised at the Scientific 
Experimental Animal center of Gansu University of chinese 
Medicine. Males and females were raised in separate cages 
at room temperature (20‑25˚C), were fed with general mouse 
feed and natural light, and had free access to double distilled 
water. All experimental procedures and protocols were in 
accordance with the guidelines of the Institutional Animal 
Ethics committee of Gansu University of chinese Medicine 
(approval no. 2017‑106).

Drugs and reagents. Codonopsis pilosula (Franch.) Nannf. was 
collected from Min County (Gansu, China), and was identified 
as white Codonopsis pilosula by Professor Tao du (Teaching 
and Research department of Traditional chinese Medicine 
Resources, Gansu University of Traditional chinese Medicine, 
Lanzhou, china). In order to control the quality of Codonopsis 

pilosula, the polysaccharide of Codonopsis pilosula was 
determined by the phenol‑sulfuric acid method (23,24), and 
the average polysaccharide content of Codonopsis pilosula 
in the present study was 43.2%. The identified Codonopsis 
pilosula weighed 100 g, and was boiled twice in water for 1 h 
each time. A total of 10‑fold the amount of water was added 
the first time, and 6‑fold the amount of water the second 
time. The two extracting solutions were mixed, filtered and 
concentrated into water decoction containing 0.5 g/ml original 
medicinal material, and were then placed in the refrigerator 
(4˚C) for maintenance. The water decoction was prepared 
every 5 days. d‑gal was purchased from Merck KGaA (lot 
no. 24895207) and 12 g/l was prepared with normal saline 
prior to use. Enzyme‑linked immunosorbent assay (ELISA) 
kits for d‑xylose, motilin (MTL) and vasoactive intestinal 
peptide (VIP) were purchased from Shanghai Jianglai 
Industrial Limited By Share Ltd. (lot no. 20171105). Animal 
food was purchased from Beijing Ke'ao Xie Li Feed co., Ltd. 
(lot no. 09092402).

Animal model. A total of 100 mice were randomly divided into 
the normal control (Nc group), aging model (AM group), and 
Codonopsis pilosula low‑, medium‑ and high‑dose groups (L‑, 
M‑ and H‑cP groups, respectively) (n=20, 50% males and 50% 
females per group). The mice in the AM, and L‑, M‑ and H‑cP 
groups received a subcutaneous injection of d‑gal solution 
into the back of the neck at a concentration of 50 g/l d‑gal per 
mouse per day (injection volume, 0.025 ml/g). The mice in the 
L‑, M‑ and H‑cP groups were intragastrically administered 5, 
10 and 15 g/kg Codonopsis pilosula solution, with the Nc and 
the AM group receiving an equal amount of normal saline. 
continuous modelling was performed for 42 days. For the 
preparation of the model of aging, a decrease in body weight 
loss and thymus index indicated the successful establishment 
of the model (25‑27).

Determination of body weight and thymus index. The body 
weights of the mice in each group were measured and recorded 
every 2 days. After 2 h of the final intragastric administration, 
the mice were anesthetized by intraperitoneal injection with 
5% chloral hydrate at a dose of 0.4 g/kg, and the abdominal 
cavity was then rapidly cut open, and the thymus glands were 
completely removed. Excess fat was then removed from the 
surface, washed with saline and drained using filter paper. The 
thymus glands were weighed using an electronic balance. The 
thymus index was then calculated for each mouse as follows: 
Thymus index (%)=thymus weight (g)/body weight (g) x100%.

Hematoxylin and eosin (H&E) staining. In order to observe 
the histopathological changes, complete stomachs and small 
intestines were separated following anesthesia by an intraperi‑
toneal injection with 5% chloral hydrate at a dose of 0.4 g/kg. 
The removed stomachs and intestines were then dehydrated 
in a series of ethanol, embedded in paraffin and cut into 
3‑µm‑thick slices. The slices were dewaxed, fixed with xylene 
and ethanol, stained with H&E (room temperature, 15 min), 
and then washed and sealed. The slices were observed under 
an Olympus cX31 microscope by an experienced pathologist 
(YH), who was not aware of the experimental procedure and 
grouping, and the degree of glandular number decrease was 
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divided into no, mild, moderate and severe grades according 
to the chinese consensus on chronic gastritis (28), with corre‑
sponding scores ranging from 0 to 3. The specific methods 
of classification are as follows: i) Mild: The number of innate 
glands decreases by not >1/3 of the original glands, leaving 
most of the glands intact; ii) moderate: The number of proper 
glands decreases by >1/3, but not by >2/3. The remaining glands 
are irregularly distributed; iii) Severe: The number of innate 
glands reduced by >2/3, with only a few glands remaining, 
or even completely disappeared. For each pathological slice, 
the observer randomly selected 5 visual fields to observe the 
number of glands, and scored each visual field according to the 
reduction of the number of glands. The average score of the 5 
visual fields was used for statistical analysis. Mucosal thick‑
ness was measured under an Olympus cX31 microscope with 
a 20X lens objective Finally, typical images were captured 
computer monitor (L197WA; Lenovo).

Determination of D‑xylose, MTL and VIP. Following the 
last intragastric administration of the Codonopsis pilosula, 
the mice in each group were fasted without water for 24 h 
and gavaged with 3% d‑xylose suspension at a volume of 
20 ml/kg. After 2 h, the animals were anesthetized by an 
intraperitoneal injection with 5% chloral hydrate at a dose of 
0.4 g/kg, 0.5 ml blood was collected once from the femoral 
artery from each mouse, and serum was prepared to measure 
the d‑xylose concentration. The small intestinal tissues near 
the gastric antrum were then rapidly cut up and cleaned to 
yield homogenates. The blood and tissue homogenates were 
centrifuged at 1,500 x g for 10 min at 4˚C, and the serum and 
supernatant were collected. ELISA was performed to detect 
the levels of d‑xylose, MTL and VIP. First, the kits were taken 
out, and were maintained at room temperature for 30 min. The 
standard, blank and sample holes were labelled. The samples 
were then added in turn, and incubated at 37˚C for 30 min. The 
plate was washed 3 times, and the excess liquid was drained. 
chromogenic agent was then added and kept away from the 
light at 37˚C for 15 min. Finally, the termination solution 
was added to terminate the reaction. The blank holes were 
set to zero, the absorbance value of each hole was detected 
at 450 nm within 15 min, and the concentration of d‑xyose, 
MTL and VIP in the samples was calculated.

Transmission electron microscope. To observe the ultrastruc‑
tural changes of the stomach and intestinal tissue cells, the 
mice were anesthetized by an intraperitoneal injection with 
5% chloral hydrate at a dose of 0.4 g/kg, and their completed 
stomachs and intestines were extracted, rinsed with normal 
saline and dried using filter paper. The stomachs and intes‑
tines from the mice in the Nc, AM and H‑cP groups were cut 
into small sections of ~1 mm3, which were placed into a 2.5% 
glutaraldehyde solution precooled at 4˚C for overnight fixa‑
tion, rinsed with PBS 3 times, and fixed with 1% osmic acid 
for 1 h, then dehydrated, permeated, embedded, dried, so they 
could be cut into thin, 70‑nm‑thick slices; they were then dyed 
with uranyl acetate for 30 min (room temperature), rinsed, and 
then re‑dyed with lead citrate for 10 min (room temperature). 
Finally, the ultrastructural changes were observed in the GI tract 
by transmission electron microscopy (JEM‑1230; Jeol). Mice 
were euthanized by cervical dislocation when the following 

humanized endpoints were reached: Weakness (inability to 
eat, drink and activities). The criteria for the confirmation of 
death following euthanasia were the following: No breathing 
for 3 consecutive minutes, no heartbeat and no blinking reflex.

RNA extraction, labelling and hybridization. Total RNA 
containing small RNA was extracted from the stomachs and 
intestinal tissues from the mice in the Nc, AM and H‑cP 
groups (n=3) using TRIzol reagent (Thermo Fisher Scientific, 
Inc.) and purified using the mirVana miRNA Isolation kit 
(Thermo Fisher Scientific, Inc.). The purity and concentration 
of the RNA were determined from Od260/280 readings using 
a spectrophotometer (Nanodrop Nd‑1000). The RNA integ‑
rity was determined using 1% formaldehyde denaturing gel 
electrophoresis. The capitalBio Technology Mouse LncRNA 
Array V1 (4x180 K format) was performed in the present 
study. All microarray experiments, including labelling and 
hybridization, were conducted according to the manufacturer's 
instructions.

Microarray data analysis. The lncRNA and mRNA array 
data were analyzed for data summarization, normalization and 
quality control using the GeneSpring software V13.0 (Agilent 
Technologies, Inc.). The threshold values of |fold change|≥1.5 
and a Benjamini‑Hochberg corrected value of P≤0.05 were 
used to select the differentially expressed genes. The data were 
Log2‑transformed and median‑centered by genes using the 
Adjust data function of cLUSTER 3.0 software (http://bonsai.
hgc.jp/~mdehoon/software/cluster/). Finally, the Java Treeview 
(Stanford University School of Medicine, Stanford, USA) was 
performed to tree visualization. Total RNA microarray data 
were uploaded onto the GEO database (http://www.ncbi.nlm.
nih.gov/geo/; accession no. GSE140949). Please note that as 
the GSE140949 database is confidential and will be release on 
december 31, 2020.

Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene 
Ontology (GO) enrichment analysis. In order to examine the 
biological functions of the mRNAs in the stomach and intestine 
related to the anti‑aging effects of Codonopsis pilosula, the 
common differentially expressed mRNAs between the AM vs. 
Nc group and the H‑cP vs. AM group, were selected in the 
stomach and intestine, respectively. KOBAS 3.0 (http://kobas.
cbi.pku.edu.cn/) was used to perform KEGG pathway enrich‑
ment analysis and david 6.8 (https://david.ncifcrf.gov/) was 
used to perform GO enrichment analysis for the mRNAs related 
to the anti‑aging effects of Codonopsis pilosula in the stomach 
and intestine, respectively. KEGG pathways and GO terms were 
considered significantly enriched with at a value of P<0.05.

Construction of lncRNA‑mRNA co‑expression network 
in the stomach and intestine. lncRNA has the ability to 
regulate the expression of mRNAs. In the present study, 
lncRNA‑mRNA co‑expression networks were constructed 
to investigate the functions of lncRNAs and to reveal the 
regulatory associationb between lncRNAs and mRNAs in 
the stomach and intestine. In order to determine the contribu‑
tion of the lncRNA‑mRNA co‑expression network, pairwise 
Pearson's correlation coefficients between lncRNAs and 
mRNAs were calculated using their expression levels. Only 
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the pairs with |R|>0.85 and P<0.05 were considered relevant 
and used to contribute to the co‑expression network in the 
stomach and intestine, respectively. Finally, these networks 
were visualized using cytoscape 3.8.1 (https://www.bytesin.
com/software/cytoscape/).

Real time‑quantitative polymerase chain reaction (RT‑qPCR). 
Stomach and intestinal tissue from the Nc, AM and H‑cP 
groups were homogenized in 1 ml TRIzol reagent. Total RNA 
was isolated according to the manufacturer's instructions. 
SYBR‑Green PcR Master Mix (Arraystar) was used for qPcR 
analysis, and all reactions were run on a QuantStudio TM 7 
Flex Real‑time PCR System (Thermo Fisher Scientific, Inc.) 
using the following steps: Denaturation step (95˚C for 10 min), 
and 45 cycles of three step amplification (denaturation, 95˚C 
for 10 sec; annealing, 58˚C for 5 sec; and extension, 72˚C for 
10 sec). All RNA expression data were normalized to GAPdH. 
The relative expression of the genes was calculated using the 
2‑ΔΔcq method (29). The primers used in the present study are 
summarized in Table I.

Statistical analysis. data were analyzed using SPSS 24.0 
statistical software, and expressed as the means ± standard 

deviation. Based on the Shapiro‑Wilk normality test, one‑way 
ANOVA was used to analyze the differences among groups, 
and Tukey's post hoc test was then used to correct multiple 
comparisons. A P‑value <0.05 was considered to indicate a 
statistically significant difference.

Results

Codonopsis pilosula intervention can improve weight 
and thymus index in aging mice. As shown in Fig. 1A, no 
significant differences in body weight were observed among 
the groups prior to the experiment. However, following the 
experiment, compared with the Nc group, the body weights 
of the mice in the AM group decreased significantly, with a 
maximum body weight loss of 20% [maximum body weight 
loss=(maximum body weight in Nc group‑minimum body 
weight in AM group)/the maximum body weight in Nc group: 
(40.8‑32.6)/40.8 x100] and an average weight loss of 13%. Of 
note, a significant increase in body weight was observed in the 
H‑CP group, as compared with the AM group. A significantly 
different diversity was observed in the thymus index level in 
the AM and L‑cP groups, as compared with the Nc group, and 
in the H‑cP group, as compared with the AM group (Fig. 1B). 

Table I. Sequences of primers used for RT‑qPcR in the present study.

Gene direction Primer sequence 5'→3'

GAPdH Forward GTTGTcTccTGcGAcTTcA
GAPdH Reverse TGGTccAGGGTTTcTTAcTc
Fam132a Forward GGccTTcTAcTGccGTTTGA
Fam132a Reverse TccTTGcAGTTccAccAGAG
1200016E24Rik Forward AGGTccATTTGGGTTGGTcA
1200016E24Rik Reverse TAcAGGGcAAGTGcGATTTc
RORc Forward TGccTGTTTTcTGGGAccTA
RORc Reverse TATcTccAccccAcccTcATT
LOc105243318 Forward AGGTccATTTGAGTTGGTcGT
LOc105243318 Reverse cTGAGGATAcGcAATTTccAG

Figure 1. Effect of Codonopsis pilosula on aging mice (n=10). (A) Body weight before and after the experiment. (B) Thymus index. *P<0.05 vs. NC group; 
#P<0.05 vs. AM group. NC group, normal control group; AM group, aging model group. L‑CP, low‑dose Codonopsis pilosula group; M‑cP, medium‑dose 
Codonopsis pilosula group; H‑cP group, high‑dose Codonopsis pilosula group.
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These results revealed that Codonopsis pilosula can amelio‑
rate weight loss and thymus index reduction induced by aging 
in the mouse model of aging.

Codonopsis pilosula can protect GI tissue structure in the aging 
mice. In the stomach, the fundic glands were regular in shape 
and abundant in quantity in the Nc group (Fig. 2A). compared 
with the Nc group, the deep glands and gastric mucosa of the 
AM group were atrophic to a certain extent (Fig. 2B). The results 
of the L‑, M‑ and H‑cP groups are shown in Fig. 2c‑E, respec‑
tively. The fundus glands and mucosa in the M group and the 
H‑cP group were intact and of regular shape (Fig. 2d and E). 
The exact number of gastric mucosa thickness and inherent 
stomach glands are presented in Table SI. The results revealed 
that the medium and high dose of Codonopsis pilosula reversed 
the changes of gastric histomorphology in aged mice.

In the intestine, the intestinal mucosa of the mice was 
complete with regular arrangement of intestinal villi and abun‑
dant glands in the Nc group (Fig. 2F). The intestinal mucosal 
tissues and structures were damaged, atrophic and sparsely 
arranged in the AM group (Fig. 2G). As compared with the 
AM group, these damages were not improved in either the 
L‑ or M‑cP groups (Fig. 2H and I). However, this was mark‑
edly ameliorated in the H‑cP group (Fig. 2J); the intestinal 
mucosal tissue and structural damage was reduced, and the 
arrangement was more orderly. These results demonstrated 
that the high dose of Codonopsis pilosula exerted protective 
effects on the intestinal structure in aging mice.

Codonopsis pilosula can enhance D‑xylose absorption, as 
well as MTL and VIP secretion in the GI tract in aging mice. 
Three indexes were used to determine the digestive func‑
tion diversification in the present study, including D‑xylose, 
MTL and VIP (Fig. 3). As compared with the Nc group, the 
d‑xylose level was markedly decreased in the AM group. 
As compared with the AM group, the d‑xylose level was 
significantly increased in the H‑CP group. The MTL level 
in the mice in the AM group was considerably decreased, 
as compared with the NC group, and it was significantly 
increased in the H‑cP group as compared with the AM 
group. These results demonstrated that Codonopsis pilosula 
promoted d‑xylose absorption and increased MTL secretion 
in the GI tract; the higher the dose, the more significant the 
effect. The VIP level in the AM group was decreased as 
compared with the Nc group. The L‑cP group exhibited 
the largest change in VIP levels as compared with the AM 
group, followed by the M‑cP group; the VIP level gradually 
decreased as the concentration of the Codonopsis pilosula 
water extract increased. This result indicated that the low 
of dose Codonopsis pilosula stimulated VIP secretion; 
however, these changes were not statistically significant 
(P>0.05).

Codonopsis pilosula protects the GI tissue cell ultrastructure 
in aging mice. According to Figs. 1, 2 and 3A and B, it was 
found that compared with the L‑cP and M‑cP groups, the 
H‑CP group exhibited the most significant anti‑aging effect 

Figure 2. Effect of Codonopsis pilosula on gastrointestinal structure (hematoxylin and eosin staining; magnification, x10). (A‑E) Light microscopy of stom‑
achs from the Nc, AM, and L‑, M‑ and H‑cP groups. (F‑J) Light microscopy of intestines from the Nc, AM, and L‑, M‑ and H‑cP groups. i, fundic gland; ii, 
intestinal villus; iii, small intestinal gland. Rightward arrows (→) indicate Paneth cells. Upward arrows (↑) indicate absorptive cells. MTL, motilin; VIP, vaso‑
active intestinal peptide; Nc group, normal control group; AM group, aging model group; L‑cP, low‑dose Codonopsis pilosula group; M‑cP, medium‑dose 
Codonopsis pilosula group; H‑cP group, high‑dose Codonopsis pilosula group.

Figure 3. Effect of Codonopsis pilosula on gastrointestinal tract function (n=10). (A) d‑xylose, (B) motilin and (c) vasoactive intestinal peptide levels in all 
groups. *P<0.05 vs. NC group; #P<0.05 vs. AM group. NC group, normal control group; AM group, aging model group; L‑CP, low‑dose Codonopsis pilosula 
group; M‑cP, medium‑dose Codonopsis pilosula group; H‑cP group, high‑dose Codonopsis pilosula group.
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in the gastrointestinal tract of the mice (in the H‑cP group, 
body weight and thymus index increased most evidently, 
and the improvement of pathological damage was the most 
evident d‑xylose absorption and MTL secretion were also 
were the highest), therefore, we choose H‑cP for our subse‑
quent transmission electron microscope. In the stomach, 
zymogenic cells exhibited a normal structure in the Nc group 
(Fig. 4A). However, organelle lysis and structure destruction 
were observed in zymogenic cells in the AM group (Fig. 4B). 
However, as compared with the AM aging model group, the 
structure of the zymogenic cells appeared to be improved 
(almost normal) in the H‑cP group (Fig. 4c).

In the intestine, normal intestinal epithelial cells with 
a free surface were observed; the cytoplasm of the intestine 
absorbing cells and the whole intestinal absorbing cells were 
also observed in the Nc group (Fig. 4d). As compared with 
the Nc group, no marked changes were observed in the AM 
group, apart from a certain degree of autophagy (Fig. 4E). 
There was no damage to the intestinal epithelial cells, and 
organelle changes were not evident in the H‑cP group 
(Fig. 4F). In combination, these results suggested that the high 
dose of Codonopsis pilosula had the ability to protect the GI 
tissue cell ultrastructure in aging mice to a certain extent.

lncRNA and mRNA profiling in the stomach of aging mice 
treated with Codonopsis pilosula. In the stomach, 359 and 
1,552 differentially expressed lncRNAs were identified 
between the AM and Nc groups, and between the H‑cP and 
AM groups. A total of 743 and 1,106 significantly altered 
mRNAs were identified between the AM and NC groups, and 
between the H‑CP and AM groups (|Fold change|≥1.5; P<0.05; 
Fig. 5A and B). Lists of the top 50 up‑ and downregulated 
lncRNAs and mRNAs in the stomachs from the mice in the 
AM vs. the Nc groups, and H‑cP vs. the AM groups are 
presented in Table SII.

In order to reveal which RNAs were involved in the 
anti‑aging effects of Codonopsis pilosula, the common differ‑
entially expressed lncRNAs and mRNAs between the AM 

vs. Nc group and the H‑cP vs. AM group, were selected as 
the RNAs involved in the anti‑aging effects of Codonopsis 
pilosula in the stomach (Fig. 5c and d). A total of 117 RNAs 
(41 lncRNAs and 76 mRNAs) associated with the anti‑aging 
effects of Codonopsis pilosula in the stomach were identified, 
and the details are presented in Table SIII.

lncRNA and mRNA profiling in the intestine of aging mice 
treated with Codonopsis pilosula. In the intestine, 351 and 371 
differentially expressed lncRNAs were identified between the 
AM and Nc groups, and between the H‑cP and AM groups. A 
total of 272 and 504 significantly altered mRNAs were identi‑
fied between the AM and NC groups, and between the H‑CP 
and AM groups (|Fold change|≥1.5; P<0.05; Fig. 6A and B). 
Lists of the top 50 up‑ and downregulated lncRNAs and 
mRNAs were identified in intestines from the AM vs. NC 
group, and those from the H‑cP vs. AM groups are presented 
in Table SIV.

In order to discover which RNAs were involved in the 
anti‑aging effects of Codonopsis pilosula, the common differ‑
entially expressed lncRNAs and mRNAs between the AM vs. 
Nc group and the H‑cP vs. AM group, were found to be the 
RNAs associated with the anti‑aging effects of Codonopsis 
pilosula in the intestine (Fig. 6c and d). There were 168 RNAs 
(85 lncRNAs and 83 mRNAs) associated with the anti‑aging 
effects of Codonopsis pilosula in the intestine (Table SV).

KEGG pathway and GO terms function analysis for differ‑
entially expressed Codonopsis pilosula anti‑aging mRNAs 
in the stomach and intestine. As shown in Fig. 7A and B, 24 
and 23 significant KEGG pathways were found in the stomach 
and intestine, respectively, with the metabolic pathway being 
the common pathway between the two sites. As shown in 
Fig. 7C and D, the significant GO terms included biological 
processes, cellular components and molecular functions in 
the stomach and intestine. Intracellular membrane‑bound 
organelle was the common GO term between the stomach and 
intestine.

Figure 4. Ultrastructural changes in gastrointestinal tissue (magnification, x10,000). Electron microscopy of the normal control group, aging model and 
high‑dose Codonopsis pilosula groups in the (A‑c) stomach and (d‑F) intestine. i, zymogenic cell; ii, absorptive cell.
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lncRNA‑mRNA co‑expression network construction of the 
anti‑aging effects of Codonopsis pilosula in the stomach, intes‑
tine and GI tract. lncRNA‑mRNA co‑expression networks for 
the lncRNAs and mRNAs related to the anti‑aging effects of 
Codonopsis pilosula were constructed by Pearson's correlation 
coefficient in the stomach and intestine to explore the func‑
tion of the differently expressed lncRNAs (Fig. 8A and B). 
To reveal the precise molecular mechanisms of the anti‑aging 
effects of Codonopsis pilosula in the GI tract, the co‑expres‑
sion networks in the stomach and intestine were merged, and 
a sub‑network, which participated in the anti‑aging effects of 
Codonopsis pilosula in the GI tract, was then found (Fig. 8c), 
including 4 nodes (1 lncRNA and 3 mRNAs) and 3 edges.

RT‑qPCR verification of gene expression for the RNAs related 
to the anti‑aging effects of Codonopsis pilosula in the GI tract. 
RT‑qPcR was performed on 4 genes from the Codonopsis 
pilosula anti‑aging lncRNA‑mRNA co‑expression network 
in the GI tract (Fam132a, 1200016E24Rik, RORc and 
LOc105243318). The expression of Fam132a was increased 
in the H‑cP group, as compared with the AM group, and 
decreased in the AM group, as compared with the Nc group 
(Fig. 9A). 1200016E24Rik, RORc and LOc105243318 were 
found to be decreased in the H‑cP group, as compared with 
the AM group, and increased in the AM, as compared with 
the Nc group (Fig. 9B‑d). These results were consistent with 
those of the microarray expression profiling data.

Figure 5. lncRNA and mRNA profiling in the stomach of aging mice treated with Radix Codonopsis. (A and B) Venn plot of differentially expressed lncRNAs 
and mRNAs between the AM and Nc groups, and between the H‑cP and AM groups in the stomach, respectively. (c and d) Heatmap of lncRNAs and mRNAs 
related to the anti‑aging effects of Codonopsis pilosula in the stomach. The upregulated genes are marked in red and the downregulated genes in green. 
Nc group, normal control group; AM group, aging model group; H‑cP group, high‑dose Codonopsis pilosula group.
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Discussion

Biological aging is an intrinsic, complex and irreversible 
process that occurs in living beings. However, aging can be 
delayed, a fact that has attracted considerable medical atten‑
tion (6). In the present study, it was confirmed that Codonopsis 
pilosula improved the mouse body weight and thymus 
index, protected the GI structure, improved GI function, and 
protected the ultrastructure of GI cells in aging mice. Further 
analyses identified possible targets, action networks and related 

pathways involved in the anti‑aging effects of Codonopsis 
pilosula in the GI tract of aging mice at the molecular level.

It has been demonstrated that aging can lead to a range 
of changes, including muscle mass loss, weight loss and 
organ atrophy in varying degrees, which increase the risk of 
variously age‑related diseases in older individuals (30). The 
thymus index is one of the reference indexes used to judge 
aging, since thymus atrophy occurs during the aging process, 
which is associated with the immune aging theory of the 
body (31,32). Pathological observation can directly reflect the 

Figure 6. lncRNA and mRNA profiling in the intestine of aging mice treated with Radix Codonopsis. (A and B) Venn plot of differentially expressed lncRNAs 
and mRNA between the AM and Nc groups, and between the H‑cP and AM groups in the intestine, respectively. (c and d) Heatmap of lncRNAs and mRNAs 
related to the anti‑aging effects of Codonopsis pilosula in the intestine. The upregulated genes are marked in red and the downregulated genes in green. 
Nc group, normal control group; AM group, aging model group; H‑cP group, high‑dose Codonopsis pilosula group.
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histomorphological changes, which can evaluate the patho‑
logical changes of the body (33). during the aging process, 
tissues and organs undergo a series of special pathological 
changes in the GI tract, including atrophy and damage of the 
GI mucosa (34‑36), which destroys the integrity of GI mucosa 
structure and function, and is also closely associated with 
the occurrence of several aging‑related diseases (37,38). In 
the present study, the body weights and thymus indexes were 
decreased in the aging mice, and the mucosa of the GI tract of 
the aging mice shrank and was destroyed; however, all these 
effects were alleviated following intervention with Codonopsis 
pilosula, indicating that Codonopsis pilosula attenuated aging 
and protected the intact GI structure in aging mice.

Structural changes often lead to functional alterations. In 
the present study, the blood concentration of d‑xylose was 
measured to evaluate the absorption function of the small 
intestine (39), which is associated with the integrity of the 
GI tract (40,41). The concentration of MTL and VIP were 
measured to determine the motor and digestion functions of 
the GI tract. It has been reported that the expression of MTL 
receptor mRNA in different regions of the digestive tract 
decreases with age (42), and the level of VIP has been shown 
to be associated with several aging‑related diseases (43,44), 
particularly GI diseases. The impaired digestive capacity 
of the GI tract is often caused by an impaired cell secretion 
capacity (45). The gastric chief cell is a mature type of cell 

Figure 7. KEGG and GO analysis of differentially expressed mRNAs related to the anti‑aging effects of Codonopsis pilosula in the stomach and intestine. 
(A and B) KEGG pathways for the differentially expressed mRNAs related to the anti‑aging effects of Codonopsis pilosula in the stomach and intestine. 
(c and d) GO terms for the differentially expressed mRNAs related to the anti‑aging effects of Codonopsis pilosula in the stomach and intestine. KEGG, Kyoto 
Encyclopedia of Genes and Genomes; TGF‑β, transforming growth factor‑β; PI3K, phosphatidylinositol‑3‑kinase; mTOR, mammalian target of rapamycin.
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that secretes digestive enzymes, and aging causes degen‑
erative changes in the gastric chief cells (46). Small intestinal 
absorption cells are involved in the digestion and absorption 
of sugars and lipids; the aging adult Drosophila intestine has 
obvious characteristics, such as a multilayer of absorptive cells 
and a wrong expression of cell type‑specific genes (47). In 
the present study, the levels of d‑xylose, MTL and VIP were 
decreased, and the ultrastructure of the gastric chief cells and 
small intestinal absorption cells was destroyed in the GI tract 
of aging mice. These results demonstrated that Codonopsis 
pilosula has the ability to regulate the GI function and protect 
cell ultrastructure in the GI tract of aging mice.

To comprehensively explore the underlying molecular 
mechanisms of the anti‑aging effects of Codonopsis pilosula 
in the GI tract of aging mice, the stomach and intestine 
were integrated, and 4 hub RNAs were identified, including 
1 lncRNA (LOc105243318) and 3 mRNAs (Fam132a, 
RORc and 1200016E24Rik). LOc105243318 is a predicted 
non‑coding RNA located in the negative strand of chromo‑
some 8 with a length of 443 bp, which begins with 3,594,757 
and ends with 3,595,409. In the present study, it was found 

to be able to negatively regulate Fam132a and positively 
regulate RORc and 1200016E24Rik, which may play an 
important role in the anti‑GI senescence of Codonopsis 
pilosula. Fam132a is located in chromosome 4, and encodes 
a newly identified insulin‑sensitizing adipokine, which has 
anti‑inflammatory and glucose‑lowering properties (48). 
In the present study, Fam132a was downregulated in aging 
mice and upregulated following Codonopsis pilosula 
treatment by the regulation of LOc105243318. RORc is 
the upstream regulatory gene of Th17 and Treg cells (49). 
Altering Th17 cytokine production during the inflammatory 
response in the elderly is a novel method for maintaining a 
healthy level of aging (50). Herein, RORc was upregulated 
following aging, and downregulated following Codonopsis 
pilosla intervention; therefore, the anti‑aging effects of 
Codonopsis pilosula in GI tract senescence may be associ‑
ated with the regulation of Th17 and Treg cells by RORc. 
Similar to RORc, 1200016E24Rik was positively regulated 
by lncRNA LOc105243318, upregulated in the GI tract of 
aging mice and downregulated following Codonopsis pilo‑
sula intervention.

Figure 8. Codonopsis pilosula anti‑aging‑related lncRNA‑mRNA co‑expression networks. (A and B) lncRNA‑mRNA co‑expression network of the anti‑aging 
effects of Codonopsis pilosula in the stomach and intestine. (c) The sub‑network of of the anti‑aging effects of Codonopsis pilosula in the gastrointestinal 
tract. The upregulated genes are marked in red and the downregulated genes in green following Codonopsis pilosula intervention. The triangle represents 
lncRNAs and the circle mRNAs. The solid line represents a positive correlation and the dotted line a negative correlation.
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In the present study, the metabolic pathway was found to 
be an important pathway playing a vital role in the ageing 
process of the GI tract of mice and the anti‑aging effects 
of Codonopsis pilosula. An overall metabolic stability 
decline has been reported in elderly organisms (51), with an 
association observed between these disorders and intestinal 
microbiota imbalance (52). The regulation of the intestinal 
microbiome has become an effective therapeutic tool against 
age‑related chronic diseases (53). certain studies have indi‑
cated that Codonopsis pilosula polysaccharide, one of the 
main components of Codonopsis pilosula, can be used as a 
prebiotic to regulate intestinal microbiota (54,55). The findings 
of the present study support this point; the specific underlying 
mechanism warrant further investigation in future studies.

In conclusion, the protective effects of Codonopsis pilosula 
in senescence in the GI tract were confirmed from the perspec‑
tives of tissue morphology, GI function and cell ultrastructure. 
A total of 4 hub RNA molecules (LOc105243318, Fam132a, 
RORc and 1200016E24Rik) and their regulatory associa‑
tion network were found to be associated with the anti‑aging 
effects of Codonopsis pilosula in the GI tract of aging mice. 
The metabolic pathway may play a vital role in the process 
of aging and in the anti‑aging effects of Codonopsis pilosula. 
These results provide important insight and directions for the 
future development of drugs and for the mining of the mecha‑
nisms of aging intervention.
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