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Abstract

Background: Precision medicine aims to address the demand for precise therapy at the gene and pathway levels.
We aimed to design software to allow precise treatment of osteoporosis (OP) with Chinese medicines (CMs) at the
gene and pathway levels.

Methods: PubMed, EMBASE, Cochrane Library, China National Knowledge Infrastructure (CNKI), China Science and
Technology Journal Database (VIP database), and the Wanfang database were searched to identify studies treating
osteoporosis with CMs. The TCMSP was used to identify bioactive ingredients and related genes for each CM. Gene
expression omnibus (GEO) database and the limma package were used to identify differentially expressed genes in
osteoporosis. Perl software was used to identify the shared genes between the bioactive components in CM and
osteoporosis. R packages and bioconductor packages were used to define the target relationship between shared
genes and their related pathways. Third-party Python libraries were used to write program codes. Pyinstaller library
was used to create an executable program file.

Results: Data mining: a total of 164 CMs were included, but Drynariae Rhizoma (gusuibu) was used to present this

process. We obtained 44 precise relationships among the bioactive ingredients of Drynariae Rhizoma, shared genes,
and pathways. Python programming: we developed the software to show the precise relationship among bioactive
ingredients, shared genes, and pathways for each CM, including Drynariae Rhizoma.

Conclusions: This study could increase the precision of CM, and could provide a valuable and convenient software
for searching precise relationships among bioactive ingredients, shared genes, and pathways.
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Background

Osteoporosis, a systemic skeletal disease, is defined by an
overall deterioration of bone mass and bone microstruc-
ture [23], consequently increasing bone fragility and sus-
ceptibility to fractures [4]. With a reduction in hip bone
mineral density (BMD), hip fractures (prototypical osteo-
porotic fractures) occur more frequently [17]. Hip frac-
tures, which are characterized by pain and an inability
to bear weight, invariably require surgical fixation. Hip
fractures are associated with a greater reduction in func-
tional status, substantial direct medical costs, poor qual-
ity of life, and even a high risk of short-term mortality.
Notably, approximately 2.7 million hip fractures occurred
in 2010 worldwide. One study estimated that 51% of hip
fractures (with a total of 1,364,717 patients; 264,162 men
and 1,100,555 women) were preventable if osteoporosis
(defined as a femoral neck T-score <— 2.5 SD) could be
detected and treated early [21].

Traditional Chinese medicine (TCM) has become
increasingly popular because of its effectiveness and
fewer side effects. Natural Chinese medicine, with its
effects on the growth and development of skeletal tis-
sue [25, 28], has been widely and effectively used to treat
bone loss and bone diseases, such as bone fractures,
rheumatism, and osteoporosis [9, 19, 27]. Several stud-
ies have shown that TCM can promote bone formation,
attenuate imbalanced bone resorption, improve bone
mineral density, increase biomechanical properties, and
reduce bone microstructural degradation [9, 27, 29],
thus exerting anabolic and anticatabolic effects in the
treatment of osteoporosis. The results of in vitro experi-
ments indicated that TCM could promote the prolifera-
tion and survival of osteoblasts and induce osteoblastic
differentiation of bone mesenchymal stem cells (MSCs).
However, considering TCM as a useful therapy for osteo-
porosis at the gene and pathway levels requires further
investigation.

Precision medicine, a movement in clinical practice,
aims to develop treatments that specifically address the
demand for precise therapy at the gene and pathway lev-
els [3]. In the United States, the precision medicine mar-
ket is predicted to increase from $39 billion in 2015 to
more than $87 billion by 2023. This phenomenon indi-
cates that there will be a sharp increase in the demand for
precision medicine technologies. Gene therapy has been
investigated as a possible treatment for osteoporosis.
Delivery of osteogenic genes to precise anatomical loca-
tions has shown great potential for bone regeneration

and fracture healing. Small interfering RNA (siRNA)
therapy has shown tremendous potential in preclinical
studies of osteoporosis, and has been widely investigated
as a potential therapeutic approach [24]. A siRNA-medi-
ated knock-down of a nuclear factor of active T cells
(NFATCc1), a transcription factor involved in osteoclast
formation, can inhibit LPS-induced osteoclast generation
in murine monocyte RAW264.7 cells [6]. A knockdown
of PPAR-y or adiponectin receptor 1 in osteoblastic cells
from a liposome-based siRNA transfection prevented
the downregulation of mRNA expression of Runx related
transcription factor 2 (Runx2) [16]. siRNA delivery tar-
geting of RANK to both RAW?264.7 and primary bone
marrow cell cultures produced a short-term repression
of RANK expression without off-target effects, and sig-
nificantly inhibited both osteoclast formation and bone
resorption [30].

In this context, we aimed to obtain ‘precision TCM’
to facilitate the precise treatment of osteoporosis with
CMs at the gene and pathway levels. As precision medi-
cine moves forward, new strategies require carriers to
express them [1]. The Python programming language is
commonly used to create freely available open-source
software. Therefore, in this study, we designed a precision
TCM-related software using the Python programming
language to achieve the precise treatment of osteopo-
rosis with bioactive ingredients of CMs at the gene and
pathway levels. The technical strategy used in this study
is illustrated in Fig. 1.

Methods

Data mining—basic work with the Python Programming
Collection and preparation of CM

Database search strategies Six databases including, Pub-
Med, EMBASE, Cochrane library, China National Knowl-
edge Infrastructure (CNKI), China Science and Tech-
nology Journal Database (VIP database), and Wanfang
database were searched from their inception till August
18th, 2021. All studies published in English and Chinese
were searched. The detailed search strategy for PubMed is
shown in Appendix A.

Study selection and CM collection The retrieved litera-
ture from electronic databases was imported into NoteEx-
press to delete duplicates. Two authors (Tang and Wang)
independently screened the titles, abstracts, and full texts
of the remaining studies to identify eligible studies accord-
ing to the inclusion and exclusion criteria. The inclusion
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and exclusion criteria for original studies is as follows:
(1) Patients with osteoporosis were included. (2) Inter-
ventions involving Chinese medicines were included. (3)
Any study design was included. (4) Literatures unabling
to obtain Chinese medicines were excluded. The same
authors independently extracted Chinese medicines from
the eligible studies. Any disagreement was submitted to a
third author (Jinyu Li) and resolved by his judgment.

Screening of bioactive ingredients and related genes for each
m

Identification of bioactive components for each CM The
Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform (TCMSP, http://tcmspw.
com/tcmsp.php) was used to extract all components of
each CM included in this manuscript. The processes of
absorption, distribution, metabolism, or elimination can
affect pharmacodynamics and cause changes in drug
bioavailability. Oral bioavailability was calculated using
OBioavaill.l [32] to filter out compounds that were not
likely to be drugs. This software is based on a dataset of
805 structurally diverse drugs and drug-like molecules
that have been critically evaluated for their oral bioavaila-

bility (%F) in humans. Three mathematical methods were
applied to build various models: multiple linear regres-
sion (MLR), partial least square (PLS), and support vec-
tor machine (SVM) methods. The optimal model, using
the SVM method, provides excellent performance with
R?=0.80, SEE=0.31 for the training set and Q2=0.72,
SEP=0.22 for the independent test set. In this study,
compounds with OB > 30% were selected as the threshold
for analysis. The OB properties of all licorice compounds
are also presented in the TcmSP™. The removal of non-
drug-like compounds from the drug discovery lifecycle
in the early stages can lead to tremendous resource sav-
ings. In this study, the Drug-likeness (DL) index in Eq. (1),
using the Tanimoto coefficient [33], was computed for
each licorice compound:

oy =-—— X.YZ (1)
x4 |ly||” = x-y

where x represents the molecular properties of the
licorice compound based on Dragon soft molecular
descriptors, and y is the average molecular properties of
all compounds in the DrugBank database (http://www.
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drugbank.ca/). A molecule that yields DL > 0.18 is con-
sidered to be a “drug-like” compound and is selected as
the candidate molecule for the following processes. The
threshold of DL is determined based on the fact that the
average DL index in DrugBank is 0.18. The drug-like-
ness indices of all licorice compounds are presented in
TcmSP™. Therefore, in our manuscript, we selected the
components in each CM with OB > 30% and DL index
> (.18 as bioactive substances.

Identification of bioactive component-related genes
for each CM The genes of all substances in each CM
were retrieved from the TCMSP database (http://tcm-
spw.com/tcmsp.php). Perl software was used to acquire
a text file that included bioactive components (defined
as OB>30% and DL index>0.18) and their related
genes for each CM.

Screening of differential genes for osteoporosis

and acquisition of the shared genes between bioactive
ingredients of each CM and osteoporosis

Collecting genes for osteoporosis The Gene expression
omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/), a
public gene expression profile database of the National
Center for Biotechnology Information, National Insti-
tutes of Health (USA), can be used to obtain a precise
understanding of the molecular mechanisms underlying
the onset of osteoporosis. In the current study, we col-
lected osteoporosis-related gene expression profile chips
by using “osteoporosis” as the search term in the high-
throughput GEO database. After analyzing and compar-
ing different chips, we selected the GSE35956 chip for
analysis. This chip originated from the GPL570 [HG-
U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0
Array platform, which included five osteoporosis samples
and five non-osteoporotic samples.

Collecting differential genes for osteoporosis We used
the limma package in R language to analyze differ-
entially expressed genes identified in the GSE35956
chip. Subsequently, we filtered out upregulated and
downregulated differentially expressed genes with
|log2 fold change (FC)|>1 and P<0.05. To visualize
the differentially expressed genes, the ggplot2 and
pheatmap packages were used to draw volcano maps
and heat maps.

Identification of shared genes between bioactive ingre-
dients of each CM and osteoporosis Bioactive ingredi-
ents of CMs shared common genes with osteoporosis.
Perl software was used to acquire the shared genes.
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Precise relationships among bioactive ingredients, shared
genes, and pathways

In order to explore the pathways of shared genes between
bioactive ingredients of each CM and osteoporosis, we
installed the R packages (colorspace,” “stringi,” and “ggplot2),
and to perform Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis, bioconductor packages
(DOSE; “clusterProfiler; and “enrichplot”) in the R software
were installed. The species was set to “hsa,” and the filter val-
ues (P value and g-value) were set to 0.05. Subsequently, we
manually summarized the precise relationships among bio-
active ingredients, shared genes, and pathways.

Python programming and software development

We used the Python programming language to write soft-
ware source codes in Pycharm Community Edition 2021.2,
for which we called six third-party libraries of Python (pan-
das, openpyx], tkinter, tkinter.ttk, and ttkthemes and tkinter.
messagebox libraries). We used pandas and openpyxl librar-
ies to locate, read and retrieve data files; and tkinter, tkinter.
ttk and ttkthemes libraries to write the overall interactive
interface, to arrange various interactive elements such as
input and output; further, we used tkinter.messagebox library
combined with Python 3 basic syntax to create a trial-and-
error mechanism. Finally, we generated a runnable Python
file and used the pyinstaller library to package the Python file
into an executable program.

Software validation

We previously performed cell experiments, which were pub-
lished in the Chinese Journal of Tissue Engineering Research
in 2020 [13] to confirm the feasibility of our software. We
also found several relevant articles [14, 31] to support the
reliability of our software.

Results
Data mining—basic work for Python Programming
CM collection
A preliminary search of the electronic databases retrieved
8866 articles. A total of 5346 articles remained after the dele-
tion of duplicates using the NoteExpress software. Among
these, 2688 articles were excluded based on the title, abstract,
and full-text reading. A total of 2658 articles were left to
extract data on CMs. We extracted 418 CMs from the eligi-
ble literature, of which 246 were unavailable in the TCMSP
database. Therefore, a total of 172 CMs were included in our
study (Fig. 2) and were also collated in an Excel file named
“The list of Chinese medicines’ (Additional file 1).

Of the 172 CMs, 164 shared common genes with
osteoporosis, with the exception of Aconiti Later-
alis Radix Praeparata (fuzi), Borneolum Syntheticum
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Fig. 2 The detailed process of the literature selection and extraction of Chinese medicine

(bingpian), Aconiti Radix (chuanwu), Rhizoma
Dioscoreae Nipponicae (chuanshanlong), Dichroae
Radix (changshan), Zanthoxylum nitidum (liangmi-
anzhen), Trichosanthis Radix (tianhuafen), and Tetra-
panacis Medulla (tongcao). Therefore, 164 CMs were
used for the operations mentioned in the Methods
section (Additional file 1). The total flavonoids of

Drynariae Rhizoma have been used as a Chinese pat-
ent medicine (QiangGu Capsule) to treat osteoporosis
in China. And Drynariae Rhizoma was top 1(41%; 1089
out of 2658) in the selection of eligible studies. There-
fore, we used ‘Drynariae Rhizoma’ as a representative
example to show the process in our manuscript.

Table 1 Details of the 18 bioactive ingredients in Drynariae Rhizoma

MolID Molecule name Mw Hdon Hacc OB (%) BBB DL FASA- HL
MOL001040  (2R)-5,7-dihydroxy-2-(4- 27227 3 5 423633211422 — 047578 0.21141 86.98999786376953  16.830309
hydroxyphenyl)chroman-
4-one

MOL001978  Aureusidin 286.25 4 6 534232125103  —0.52899 024465 111.12999725341797  21.022156
MOL002914  Eriodyctiol (flavanone) 28827 4 6 413504271334  — 066394 02436  107.22000122070312 1587634
MOL000449  Stigmasterol 41277 1 1 43.8298515785 1.00045 0.75665 20.229999542236328  5.574595
MOL000358  Beta-sitosterol 41479 1 1 36.9139058327 098588 0.75123  20.229999542236328  5.355491
MOL000422  Kaempferol 286.25 4 6 418822495352  —0.55335 0.24066  111.12999725341797  14.743371
MOL004328  Naringenin 27227 3 5 592938977347  — 037053 021128 86.98999786376953  16.976509
MOL000492  (4)-catechin 29029 5 6 54.8264340523  —0.72733 024164 110.37999725341797  0.609577
MOL005190  Eriodictyol 28827 4 6 717926526045  — 054374 0.24372 107.22000122070312  15.81224
MOL000569  Digallate 32224 6 9 61.8486180263 — 1.51806 0.25635 164.75 5293312
MOLO000006  Luteolin 286.25 4 6 36.1626293429  —0.84349 0.24552  111.12999725341797  15.944492
MOL009061  22-Stigmasten-3-one 41277 0 1 39.2536458582 128573 0.76134 17.06999969482422 4.628843
MOL009063  Cyclolaudenol acetate 48287 0 2 41.6600704468 109348 0.78843  26.299999237060547 6452029
MOL009075  Cycloartenone 42478 0 1 40.5704663624 135192  0.7861 17.06999969482422 5.119279
MOL009076  Cyclolaudenol 44083 1 1 39.0454111203 112385 0.78913  20.229999542236328 5475195
MOL009078  Davallioside A_qt 37339 6 8 62.6541727238  — 138824 0.50978 139.47999572753906 0.653298
MOL009087  Marioside_qt 2964 1 5 70.7929483518  —0.52681 0.19008 72.83000183105469 5.100967
MOL009091  Xanthogalenol 35443 3 5 41.08185071 —0.19032 0.31972 86.98999786 16.679284

MolID the ID number of bioactive ingredients in Drynariae Rhizoma; Molecule name the name of bioactive ingredient in Drynariae Rhizoma; MW molecular weight;
Hdon hydrogen donor; Hacc hydrogen acceptor; OB oral bioavailability; BBB blood-brain barrier; DL drug-likeness; FASA fractional water accessible surface area of all
atoms with negative partial charge; HL half-life
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Screening of bioactive ingredients and related genes

for Drynariae Rhizoma

After screening for bioactive ingredients OB > 30%
and DL > 0.18 in the TCMSP database, ‘Drynariae Rhi-
zoma' was found to contain 18 bioactive ingredients
(Table 1, Fig. 3). The genes were also predicted using
the TCMSP database, and a total of 203 genes and 54
ingredients were obtained. Eventually, we obtained
15 bioactive ingredients and 164 genes using Perl
software. Owing to the many-to-many relationship
between bioactive ingredients and genes, a total of 296
corresponding relationships existed (Additional file 1).
We have shown 25 of these corresponding relation-
ships in Table 2.

Screening differential genes for osteoporosis and acquiring
the shared genes between bioactive ingredients of Drynariae
Rhizoma and osteoporosis

We used the limma package to conduct differential gene
expression analysis on osteoporosis data obtained from
GSE35956. By comparing five osteoporosis samples with

five non-osteoporotic samples in the GEO database, a
total of 21,654 genes were identified. After screening for
a P value <0.05, and |log2 fold change (FC)|>1, a total of
2789 genes were acquired (1465 upregulated genes and
1324 downregulated genes). As shown by the gene vol-
cano and heat maps (Figs. 4, 5), the differential genes in
the disease samples displayed a normal distribution.

We identified the shared genes between the bioactive
ingredients of Drynariae Rhizoma and osteoporosis using
Perl software. The results revealed 13 bioactive ingredi-
ents, 21 shared genes, and 50 corresponding relation-
ships (Table 3).

Precise relationships among bioactive ingredients, shared
genes and pathways

KEGG pathway analysis of shared genes was conducted
to explore the pathways of Drynariae Rhizoma in osteo-
porosis. According to the KEGG enrichment results, the
involved pathways included chemical carcinogenesis,
receptor activation, platinum drug resistance, cellular
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Table 2 Corresponding relationships between bioactive ingredients and genes

MolldMolID Bioactive ingredient in Drynariae Rhizoma Bioactive ingredient-related gene

MOL000492 (+4)-catechin Beta-lactamase

MOL000492 (4)-catechin Calmodulin

MOL000492 (+)-catechin cAMP-dependent protein kinase catalytic subunit alpha
MOL000492 (4)-catechin Estrogen receptor

MOL000492 (4)-catechin Heat shock protein HSP 90-alpha

MOL000492 (+4)-catechin Hyaluronan synthase 2

MOL000492 (4)-catechin Nuclear receptor coactivator 2

MOL000492 (+)-catechin Prostaglandin G/H synthase 1

MOL000492 (+4)-catechin Prostaglandin G/H synthase 2

MOL000492 (+)-catechin Retinoic acid receptor RXR-alpha

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Beta-lactamase

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one cAMP-dependent protein kinase catalytic subunit alpha
MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Estrogen receptor

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Glucocorticoid receptor

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Heat shock protein HSP 90-alpha

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Mineralocorticoid receptor

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Progesterone receptor

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Prostaglandin G/H synthase 1

MOL001040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one Prostaglandin G/H synthase 2

MOL009061 22-Stigmasten-3-one Progesterone receptor

MOL001978 Aureusidin Androgen receptor

MOL001978 Aureusidin cAMP-dependent protein kinase catalytic subunit alpha
MOL001978 Aureusidin Carbonic anhydrase 2

MOL001978 Aureusidin Cell division protein kinase 2

MOL001978 Aureusidin Cyclin-A2

MolID the ID number of the bioactive ingredients in Drynariae Rhizoma

senescence, viral carcinogenesis, human T-cell leukemia
virus 1 infection, small cell lung cancer, progesterone-
mediated oocyte maturation, cell cycle, fluid shear stress
and atherosclerosis, Cushing syndrome, and hepatitis B
(Figs. 6, 7). We further investigated the precise relation-
ships among bioactive ingredients, shared genes, and
pathways. We have shown 22 of the 44 precise relation-
ships in our manuscript (Table 4).

Python programming—developing a software

Step 1. Creating a Python file

We installed Pycharm Community Edition 2021.2 soft-
ware and created a Python file for the host code.

Step 2. Importing all required third-party libraries

We used six libraries in Python to support the program-
ming. We installed the required third-party libraries
in Pycharm Community Edition 2021.2 software, and
imported them into the coding page of the Python file as
follows:

Volcano

-log10(P.Value)
3
L

-4 -2 0 2 4

logFC
Fig. 4 Gene volcano map for osteoporosis. Red represents
upregulated genes, green represents downregulated genes, black
represents no significant difference
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Table 3 Corresponding relationship between bioactive ingredients in Drynariae Rhizoma and shared genes

MolID Shared gene Relationship
MOL001040 PTGS2 Target
MOL001040 PRKACA Target
MOL001978 NOS2 Target
MOL001978 PTGS2 Target
MOL001978 PRKACA Target
MOL001978 CCNA2 Target
MOL002914 PTGS2 Target
MOL002914 PRKACA Target
MOL000449 PTGS2 Target
MOL000449 ADRA2A Target
MOL000449 PRKACA Target
MOL000358 PTGS2 Target
MOL000358 PRKACA Target
MOL000422 NOS2 Target
MOL000422 PTGS2 Target
MOL000422 PRKACA Target
MOL000422 TOP2A Target
MOL000422 RELA Target
MOL000422 AHSA1 Target
MOL000422 CDK1 Target
MOL000422 ICAM1 Target
MOL000422 AHR Target
MOL000422 GSTM1 Target
MOL000422 GSTM2 Target
MOL004328 PTGS2 Target
MOL004328 PRKACA Target
MOL004328 RELA Target
MOL004328 LDLR Target
MOL004328 SOAT2 Target
MOL004328 ABAT Target
MOL000492 PTGS2 Target
MOL000492 PRKACA Target
MOL005190 PTGS2 Target
MOL005190 PRKACA Target
MOL000569 PTGS2 Target
MOL000006 PTGS2 Target
MOL000006 PRKACA Target
MOL000006 RELA Target
MOL000006 CDKNTA Target
MOL000006 TOP1 Target
MOL000006 ICAM1 Target
MOL000006 BIRC5 Target
MOLO00006 CCNB1 Target
MOL000006 TOP2A Target
MOL000006 NUF2 Target
MOL009078 PTGS2 Target
MOL009078 TOP2A Target
MOL009091 NOS2 Target
MOL009091 PTGS2 Target
MOL009091 CCNA2 Target

MolID the ID number of bioactive ingredients in Drynariae Rhizoma; Shared gene the shared gene between bioactive ingredients of Drynariae Rhizoma and

osteoporosis
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difference. C non-osteoporotic controls; T patients with osteoporosis
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based on the corrected P value
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Fig. 7 KEGG barplot. The horizontal axis represents the number of genes enriched in each item, the color representing the enrichment significance

based on the corrected P value

import tkinter.messagebox
from tkinter import *
import pandas as pd

from tkinter.ttk import *
from ttkthemes import *
import openpyxl

Step 3. Creating an interactive interface

We used the previously imported tkinter, tkinter.ttk, and
ttkthemes libraries to create an interactive interface that
included the user input side, search, user close command
button, and text output box. Among the three imported
libraries, the tkinter library was used to create the inter-
face program; tkinter.ttk and ttk.theme libraries were used
to identify the interface. The detailed code was as follows:
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top = ThemedTk(theme="radiance", toplevel=True, themebg=True)
Top title (' Auxiliary system: precisely treating osteoporosis with Chinese

medicines at gene and pathway levels')

framel = Frame(top)

frame?2 = Frame(top)

frame3 = Frame(top)

frame4 = Frame(top)

frame5 = Frame(top)

frame6 = Frame(top)

frame7 = Frame(top)

L1 = Label(framel, text="Please enter a Chinese medicine in lowercase Pinyin:")

L1.pack(side=LEFT)

El = Entry(framel)

El.pack(side=RIGHT)

L2 = Label(frame3, text="Please enter a bioactive ingredient retrieved in \n
the first step:")

L2.pack(side=LEFT)

E2 = Entry(frame3)

E2.pack(side=RIGHT)

L3 = label (frame2, text="tips:1. shared genes: the shared genes between bioactive
ingredients of Chinese medicine and osteoporosis")

L3.pack()

L4 = label (frame$5, text="2.Molecule name:bioactive ingredient's name; molecule

ID: ID number of bioactive ingredient")
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L4.pack()
L5 = label (frame6, text="3."In the column labeled Pathway, ‘hsaxxxxx’ is the ID
number of pathway, and is \n corresponding to the pathway name.")
L5.pack()
L6 = label (frame6, text="4.‘Unnamed:xx” and ‘NaN’ indicate that the data in this
location is empty")
L6.pack()
D = Button(frame4, text="Search precisive relationship among bioactive
\ningredient,shared genes and pathways" command=lambda: searching1())
D.pack(side=LEFT)
E = Button(frame4, text='Close', command=top.destroy)
E.pack(side=RIGHT)
F=Button(frame7, text="Search its bioactive ingredients\ntreating osteoporosis"
command=lambda: searching2())
F.pack()
framel.pack(padx=1, pady=1)
frame7.pack(padx=1, pady=1)
frame3.pack(padx=20, pady=10)
frame4.pack(padx=1, pady=1)
frame2.pack(padx=20, pady=8)
frameS.pack(padx=20, pady=8)
frame6.pack(padx=20, pady=8)
scrollBarl = Scrollbar(top)
scrollBarl.pack(side=RIGHT, fill=Y)
scrollBar2 = Scrollbar(top, orient=HORIZONTAL)
scrollBar2.pack(side=BOTTOM, fill=X)
text]=Text(top,xscrollcommand=scrollBar2.set,yscrollcommand=scrollBar| .set,
wrap="none")
textl.pack(expand=TRUE, fill=BOTH)
scrollBarl.config(command=text1.yview)
scrollBar2.config(command=text1.xview)

top.mainloop()
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Step 4. Defining the search functions—the core
of the software
We defined the search functions and constructed; search-
ing 1: input Chinese medicine in lowercase Pinyin—output
the bioactive ingredients treating osteoporosis; searching
2: input one bioactive ingredient obtained in searching 1—
output the precise relationship among bioactive ingredi-
ents, shared genes, and pathways. In this process, we used
pandas and openpyxl libraries to locate, read and retrieve
data files; we used the “try... Except” function of Python
and tkinter.messagebox library to create a trial-and-error
mechanism. The detailed code is as follows:

def searching1():

try:
med = El.get()

pd.set_option('display.max_columns', None)
pd.set_option('display.max_rows', None)
pd.set_option('display.width', None)
pd.set_option('max_colwidth', None)
excel_file = r"allmedicine\\" + med + r"\\Summarizing\\conclusion.xlsx"
data = pd.read_excel(excel_file, index_col='Molecule Name')
except FileNotFoundError:
tkinter.messagebox.showinfo(title='Error', message='Sorry, the Chinese medicine
you entered is incorrect or unavailable in the database!")
else:
try:
ing = E2.get()
data.dropna(axis=1, how="all')
datal = data.loc[[ing]]
except:
tkinter.messagebox.showinfo(title='Error', message='Sorry, the bioactive
ingredient you entered is incorrect or unavailable in the database!")
else:
textl.delete(1.0, END)

textl.insert(tkinter.constants.END, str(datal))
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return()

def searching2():
try:
textl.delete(1.0, END)
med = E1.get()
pd.set_option('display.max_columns', None)
pd.set_option('display.max_rows', None)
pd.set_option('display.width', None)
pd.set_option(‘'max_colwidth', None)
excel_file = r"allmedicine\\" + med + r"\\Summarizing\\conclusion.xIsx"
data = pd.read_excel(excel_file)
except FileNotFoundError:
tkinter.messagebox.showinfo(title='Error', message='Sorry, the Chinese medicine
you entered is incorrect or unavailable in the database!')
else:
list] = data['Molecule Name'][0:]. Tolist ()
list2 =[]
for i in list1:
if i+"\n' not in list2:
list2.append(i+"n')
list3 = "join(list2)
textl.insert(tkinter.constants.END, list3)

return().

Step 5. Forming an executable program file

To run the software successfully on different computers,
the Pyinstaller library was used to create an executable
program file by packaging the codes of the Python file.
We used Rhizoma Drynariae (gusuibu) as an example to
present the functions of the executable program file soft-
ware as follows (Fig. 8, Additional file 2).

Software validation

Our software showed that the flavone Rhizoma Drynar-
iae (gusuibu in lowercase pinyin) might treat osteoporo-
sis via the Wnt signaling pathway (Fig. 9). Li et al. [14]
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@ Auxiliary system:precisely treating osteoporosis with Chinese medicines at gene and pathway levels - ] X

Please enter a Chinese medicine in lowercase Pinyin:|gusdbu

Search its bioactive ingredients
treating osteoporosis

Please enter a biocactive ingredient retrieved in

5 luteoli
the first step:'ueom

Search precisive relationship among biocactive
ingredient, shared genes and pathways

close
Tips: 1. shared genes: the shared genes between bioactive ingredient of Chinese medicine and osteoporosis.
2.Molecule Name:bioactive ingredient’ s name; Molecule ID: ID number of biocactive ingredient
3.In the column labeled Pathway, ‘hsaxxxxx’ is the ID number of pathway, and is

corresponding to the pathway nane.
4. ‘Unnamed:xx” and ‘NaN’ indicate that the data in this location are empty

Jolecule ID Chinese medicine Gene name Gene synbol  Pathway Unnaned: 6 (
Nolecule Hame
luteolin J0L000006 gusuibu 2 (prostaglandin G/H synthase and cyclooxygenase) PI6S2  hsald913 Ovarian steroidogenesis
luteolin J10L000006 gusuibu protein kinase, cAlP-dependent, catalytic, alpha PRRACA  hsa04913 Ovarian steroidogenesis
luteolin J0L000006 gusuibu )lypeptide gene enhancer in B-cells 3, p6§ (avian) RELA hsa04218 Cellular senescence
luteolin Ji0L000006 gusuibu  cyclindependent kinase inhibitor 14 (p!, Cipl) CDKHIA hsal1524 Platinun drug resistance
luteolin J10L000006 gusuibu :sion nolecule | (CD54), huaan rhinovirus receptor ICAMI hsa05166 Hunan T-cell lewkemia virus I infection
luteolin JOL000006 gusuibu  baculoviral IAP repeat-containing 5 (survivin) BIRC5 hsa01524 Platinun drug resistance
luteolin J0L000006 gusuibu cyclin Bl CCHBI  hsa0d110 Cell cycle
luteolin J10L000006 gusuibu topoisonerase (DHA) II alpha 170kDa T0P24  hsal1524 Platinwa drug resistance

Fig. 8 The presentation of the software’s functions

reported that the total flavonoids of Rhizoma Drynariae  our cell experiment published in the Chinese Journal of
could promote differentiation of osteoblasts and growth  Tissue Engineering Research [13] also supported the
of bone graft in an induced membrane, partly by activat-  result of our software, and was outlined below.

ing the Wnt/p-Catenin signaling pathway [14]. Data from

§ Auxiliary system:precisely treating osteoporosis with Chinese medicines at gene and pathway levels - (W] X

Please enter a Chinese nedicine in lowercase Pinyin: |gusuibu

Search its bioactive ingredients
treating osteoporosis

Please enter a bioactive ingredient retrieved in

5 5 Eriodyctiol (flavanone
the first step

3
ch ecisive relationshi ong bioactive ! 3
rch precisive relationship among bioactive ; aloaa

ngredient, shared genes and pathways

Tips: 1.shared genes: the shared gene

v

betveen biocactive ingredient of Chinese medicine and osteoporosis.
2.Molecule Hame:bioactive ingredient’s name; Nolecule ID: ID number of bioactive ingredient

3.In the column labeled Pathvay, ‘hsaxxxxx’ is the ID number of pathway, and is
corresponding to the pathway name.

4, ‘Unnamed:xx’ and ‘Nal’ indicate that the data in this location are empty

e Gene synbol Pathway Unnaned: 6 Unnamed: 7 Unnaned: 8 Unnamed: 9 1
) PIGS2 hsa04310 |'nt signaling gathvaxl hsa04913 Ovarian steroidogenesis hsa05140 Le
a PREACA hsa04310 signaling pathway hsa04913 Ovarian steroidogenesis hsa04914 Progesterone-mediated oocyte

Fig. 9 The presentation of flavonoids of Rhizoma Drynariae treating osteoporosis via Wnt signaling pathway
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Data from our cell experiment

Materials

Mouse MC3T3-E1 osteoblast line was provided from
Peking Union Medical College, Beijing, China; Rhizoma
Drynariae total flavonoids were provided from Beijing
Qihuang Pharmaceutical Co., Ltd.

Groups

(D Normal group.

@ DKK1 group: Wnt pathway inhibitor DKK1
(0.1 mg/L) blocked the Wnt/B-catenin signaling
pathway;

® DKKI1 + transforming growth factor B (10 pg/L)
group;

@ DKK1 +total flavonoids of Rhizoma Drynariae
(100 mg/L) group;

(® DKKI1 +total flavonoids of Rhizoma Drynariae
(250 mg/L) group;

The cells were harvested at both 24 and 48 h of
treatment.

Real-time PCR analysis Compared with the DKK1
group, the DKK1 + transforming growth factor  group,
and the DKK1 +total flavonoids of Rhizoma Drynariae
(100 mg/L, 250 mg/L) groups had a higher mRNA expres-
sion of B-catenin, RUNX2 and Cyclin D1 (P <0.05), and
had a lower mRNA expression of GSK-3f (P <0.05) after
24 h of treatment (Fig. 10a).
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The results of our software also showed that icariin,
from Epimedium (yinyanghuo in lowercase pinyin),
might treat osteoporosis via the MAPK signaling pathway
(Fig. 11). Wu et al. reported that icariin, from Epimedium,
could induce osteogenic differentiation of bone mesen-
chymal stem cells via the MAPK signaling pathway [31].
These results supported the application of our software.

Discussion

Osteoporosis, the most common chronic metabolic bone
disease, is characterized by low bone mass and micro-
architectural deterioration of bone tissue. Osteoporosis
can enhance bone fragility and increase the risk of frac-
tures [5]. It has been estimated that more than 200 mil-
lion men and women suffer from osteoporosis worldwide
[20]. With the aging population, osteoporosis is becom-
ing an increasingly significant public health problem.
We used the limma package to conduct differential gene
expression analysis on osteoporosis data obtained from
GSE35956. The results showed that a total of 2789 genes
were acquired, including 1465 upregulated genes and
1324 downregulated genes.

TCM can promote bone formation via osteogenesis of
MSCs and osteoblasts [8]. In Korean traditional medicine, the
seeds of Carthami Flos (Hong-Hua) are used to promote bone
formation and prevent osteoporosis. To support this use, a
previous study showed that the defatted seeds of Carthamus
tinctorius could protect ovariectomized rats from trabecular
bone loss [11]. Aqueous cistanches extract improved bone
mineral density, bone mineral content, and bone biomechani-
cal indices (maximum load and displacement at maximum

a
37 [J Normal group
3 DKKI group
_ 24 o b c B DKKI+ transforming growth factorp(10 pg/L) group
% b Bl DKKI+ total flavonoids of Rhizoma Drynariae(100 mg/L) group
o 72 DKKI+ total flavonoids of Rhizoma Drynariae(250 mg/L) group
11 ’—l-‘ ac | ac
0 m
GSK-3B Cyclin D1 RUNX2 B-catenin
41 :
[J Normal group

34 ac 3 DKKI group
_ ac b B8 DKXKI+ transforming growth factorf(10 pg/L) group
% 24 b ¢ %% Bl DKKI+ total flavonoids of Rhizoma Drynariae(100 mg/L) group

7

o c % DKKI+ total flavonoids of Rhizoma Drynariae(250 mg/L) group

14 ’_[_‘ ac | ac m g

/
GSK-38 Cyclin D1 RUNX2 B-catenin

Fig. 10 Expression of related genes in MC3T3-E1 cells of each group after 24 h (a) and 48 h (b) of treatment, compared with normal group,
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load) in ovariectomized rats in a dose dependent manner
[15]. Icariin, a chemical constituent of Epimedium, has been
reported to promote bone health [12, 18, 34]. Animal experi-
ments have demonstrated that icariin is involved in bone
mesenchymal stem cell differentiation and is also involved in
the secretion of early osteoblast differentiation factors, such
as osteocalcin [2]. After searching six databases (PubMed,
EMBASE, Cochrane library, CNKI, VIP, and Wanfang data-
bases), we finally included 164 CMs in our manuscript.

Precision medicine aims to maximize the therapeutic
effectiveness by considering individual differences in genes,
environment, and lifestyle [10]. We are at an accelerating
point in the ‘precision medicine’-based research, driven by
advances in molecular genomics, computational speed, and
bioinformatics [7]. Notably, the field of oncology has been
transformed by precision medicine; for example, tumors
of metastatic breast cancer expressing human epidermal
growth factor receptor 2 (EGFR2) have been proven to ben-
efit from the EGFR2 monoclonal antibody trastuzumab [26].
Under these conditions, we screened and acquired bioactive
ingredients and related genes for each CM using the TCMSP
database. We screened differential genes for osteoporo-
sis using the GEO database and acquired the shared genes
between bioactive ingredients of each CM and osteoporo-
sis using Perl software. We explored the pathways of shared
genes in osteoporosis for each CM by KEGG pathway analy-
sis. Finally, we acquired the precise relationships among bio-
active ingredients, shared genes, and pathways.

As precision medicine moves forward, new strategies
require carriers to express them. In this study, we suc-
cessfully created an executable program file to achieve
precise treatment of osteoporosis using CMs at the gene
and pathway levels, and supported the reliability and fac-
ticity of our software by our experimental data [13] and
several published articles [14, 31].

Conclusions

Our study showed that the combination of data mining
and Python programming could be applied to design soft-
ware to achieve precise treatment of osteoporosis with
CMs at the gene and pathway levels. The results of our
study demonstrated that to some extent, this executable
program file may achieve precision treatment of CMs for
osteoporosis, and may unveil the biochemical basis and
underlying mechanisms of CMs for treating osteoporosis.
Our previously published study [13] and several published
articles [14, 31] found that the total flavonoids of Rhizoma
Drynariae and icariin of Epimedium might treat osteopo-
rosis via the Wnt and MAPK signaling pathways, respec-
tively, which successfully support the application of our
software. Further experimental verification of the results
predicted by our software is required to develop precision
TCM with clinical translational potential in the future.
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Appendix 1
#1 Osteoporosis [MeSH]
#2 Osteoporoses [Title/Abstract]
#3 Osteoporosis, Post-Traumatic [Title/ Abstract]
#4 Osteoporosis, Post Traumatic [Title/Abstract]
#5 Post-Traumatic Osteoporoses [Title/Abstract]
#6 Post-Traumatic Osteoporosis [Title/Abstract]
#7 Osteoporosis, Senile [Title/ Abstract]
#8 Osteoporoses, Senile [Title/Abstract]
#9 Senile Osteoporoses [Title/ Abstract]
#10 Osteoporosis, Involutional [Title/ Abstract]
#11 Senile Osteoporosis [Title/ Abstract]
#12 Osteoporosis, Age-Related [Title/Abstract]
#13 Osteoporosis, Age Related [Title/Abstract]
#14 Bone Loss, Age-Related [Title/Abstract]
#15 Age-Related Bone Loss [Title/Abstract]
#16 Age-Related Bone Losses [Title/Abstract]
#17 Bone Loss, Age Related [Title/Abstract]
#18 Bone Losses, Age-Related [Title/Abstract]
#19 Age-Related Osteoporosis [Title/Abstract]
#20 Age Related Osteoporosis [Title/ Abstract]
#21 Age-Related Osteoporoses [Title/ Abstract]
#22 Osteoporoses, Age-Related [Title/Abstract]
#23#10R#20R#30R#4OR#50R#60OR#70OR#80OR#90
R#100R#110R#120R#130R#140OR#150R#160R#170
R#180OR#190R#200R#210OR#22
#24 traditional Chinese medicine
#25 decoction
#26 formula
#27 herbal medicine
#28 herbs
#29#240R#250R#260R#27OR#28
#30#23AND#29

Abbreviations

OP: Osteoporosis; CMs: Chinese medicines; CNKI: China national knowledge
infrastructure; GEO: Gene expression omnibus; VIP database: China science
and technology journal database; TCMSP: Traditional Chinese medicine
systems pharmacology; BMD: Bone mineral density; TCM: Traditional Chinese
medicine; MSCs: Mesenchymal stem cells; ADME: Absorption, distribution,
metabolism, excretion; DL: Drug-likeness; OB: Oral bioavailability; KEGG: Kyoto
Encyclopedia of Genes and Genomes; EGFR2: Epidermal growth factor recep-
tor 2; siRNA: Small interfering RNA; NFATc1: Nuclear factor of active T cells;
Runx2: Runx related transcription factor 2; MLR: Multiple linear regression; PLS:
Partial least square; SVM: Support vector machine.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513020-022-00596-6.

Additional file 1. The contents of data mining.

Additional file 2. The executable program file software.

Acknowledgements
We greatly appreciated the contributions from all authors.

Page 19 of 20

Authors’ contributions

JT and HW did the work of data mining. HH and AH used Python program-
ming to design software. GF and JL wrote the manuscript. WZ and XM revised
the manuscript. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The data and materials in this study are available from the corresponding
author upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have declared that they have no competing interests.

Author details

'Department of Orthopedic, Dongzhimen Hospital, Beijing University

of Chinese Medicine, No. 5 Haihaicang, Dongcheng District, Beijing 100007,
China. 2Key Laboratory of Chinese Internal Medicine of Ministry of Education
and Beijing, Dongzhimen Hospital, Beijing University of Chinese Medicine, Bei-
jing, China. *Key Laboratory of Modern Preparation of TCM, Jiangxi University
of Traditional Chinese Medicine, Ministry of Education, 1688 Meiling Avenue,
Xinjian District, Nanchang 330004, Jiangxi, China. “Dongzhimen Hospital,
Beijing University of Chinese Medicine, No. 5 Haihaicang, Dongcheng District,
Beijing 100007, China. °School of Management, Beijing University of Chinese
Medicine, 11 North Third Ring East Road, Chaoyang District, Beijing 100105,
China.

Received: 20 January 2022 Accepted: 18 March 2022
Published online: 15 April 2022

References

1. Aguado BA, Grim JC, Rosales AM, Watson-Capps JJ, Anseth KS. Engineer-
ing precision biomaterials for personalized medicine. Sci Trans| Med.
2018. https://doi.org/10.1126/scitransimed.aam8645.

2. Bian Q Huang JH, Liu SF,Ning Y, Yang Z, Zhao YJ, Shen ZY, Wang YJ. Dif-
ferent molecular targets of Icariin on bMSCs in CORT and OVX -rats. Front
Biosci. 2012;4:1224-36.

3. Chan S, Ginsburg GS. Personalized medicine: progress and promise.
Annu Rev Genom Hum Genet. 2011;12:217-44.

4. Peck WA. Consensus development conference: diagnosis, prophylaxis,
and treatment of osteoporosis. Am J Med. 1993,94(6):646-50.

5. Ensrud KE, Crandall CJ. Osteoporosis. Ann Intern Med.
2017;167(3):1tc17-itc32.

6. Fahid FS, Jiang J, Zhu Q, Zhang C, Filbert E, Safavi KE, Spangberg LS.
Application of small interfering RNA for inhibition of lipopolysaccharide-
induced osteoclast formation and cytokine stimulation. J Endod.
2008;34(5):563-9.

7. Hawgood S, Hook-Barnard IG, O'Brien TC, Yamamoto KR. Precision medi-
cine: Beyond the inflection point. Sci TransI Med. 2015;7(300):300ps317.

8. HeJ, Li X, Wang Z, Bennett S, Chen K, Xiao Z, Zhan J, Chen S, Hou Y,
Chen J, et al. Therapeutic anabolic and anticatabolic benefits of natural
Chinese medicines for the treatment of osteoporosis. Front Pharmacol.
2019;10:1344.

9. He JB, Chen MH, Lin DK. New insights into the tonifying kidney-yin
herbs and formulas for the treatment of osteoporosis. Arch Osteo-
poros. 2017;12(1):14.


https://doi.org/10.1186/s13020-022-00596-6
https://doi.org/10.1186/s13020-022-00596-6
https://doi.org/10.1126/scitranslmed.aam8645

Li et al. Chinese Medicine

22.

23.

24,

25.

26.

27.

28.

29.

30.

(2022) 17:47

. Hudson K, Lifton R, Patrick-Lake B, Burchard EG, Coles T, Collins R,

Conrad A, Desmond-Hellmann S, Dishman E, Giusti K, Kathiresan S,
Kheterpal S, Kumanyika S, Manson SM, O'Rourke PP, Platt R, Shendure
J, Siegel S, Califf R, DeSalvo K, Gaziano JM, Handlesman J, O'Leary T,
Rauch TM, Jenkins GL. The precision medicine initiative cohort pro-
gram—nbuilding a research foundation for 21st century medicine. USA:
Canada; 2015.

. Kim HJ, Bae YC, Park RW, Choi SW, Cho SH, Choi YS, Lee WJ. Bone-

protecting effect of safflower seeds in ovariectomized rats. Calcif Tissue
Int. 2002;71(1):88-94.

. LiC LiQ MeiQ LuT. Pharmacological effects and pharmacokinetic

properties of icariin, the major bioactive component in Herba Epime-
dii. Life Sci. 2015;126:57-68.

. LiJ, Xing, Jiang JJ, Xu L, Zhao XQ, Sun Q, Zheng CY, Bai CX, Liu CY,

Jia YS. Promoting effect of osteopractic total flavone combined with
nano-bone materials on proliferation and differentiation of MC3T3-E1
cells. Chin J Tissue Eng Res. 2020;24(7):1030-6.

. Li'S, Zhou H, Hu C,Yang J, Ye J, Zhou Y, Li Z, Chen L, Zhou Q. Total

flavonoids of rhizoma drynariae promotes differentiation of osteoblasts
and growth of bone graft in induced membrane partly by activating
Wnt/B-catenin signaling pathway. Front Pharmacol. 2021;12:675470.

. Liang H, Yu F, Tong Z, Huang Z. Effect of Cistanches Herba aque-

ous extract on bone loss in ovariectomized rat. Int J Mol Sci.
2011;12(8):5060-9.

. Liu LF, Shen WJ, Zhang ZH, Wang LJ, Kraemer FB. Adipocytes decrease

Runx2 expression in osteoblastic cells: roles of PPARy and adiponectin.
J Cell Physiol. 2010;225(3):837-45.

. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures

of bone mineral density predict occurrence of osteoporotic fractures.
BMJ. 1996;312(7041):1254-9.

. Ming LG, Chen KM, Xian CJ. Functions and action mechanisms of

flavonoids genistein and icariin in regulating bone remodeling. J Cell
Physiol. 2013;228(3):513-21.

. Mukwaya E, Xu F, Wong MS, Zhang Y. Chinese herbal medicine for

bone health. Pharm Biol. 2014;52(9):1223-8.

. Noh JY,Yang Y, Jung H. Molecular mechanisms and emerging thera-

peutics for osteoporosis. Int J Mol Sci. 2020. https://doi.org/10.3390/
ijms21207623.

. Odén A, McCloskey EV, Johansson H, Kanis JA. Assessing the impact

of osteoporosis on the burden of hip fractures. Calcif Tissue Int.
2013;92(1):42-9.

Global Market Insights. Precision medicine market size by technology
(big data analytics, gene sequencing, drug discovery, bioinformatics,
companion diagnostics), by application (oncology, CNS, immunology,
respiratory), industry analysis report, regional outlook. Canada: Global
Market Insights; 2016. p. 1-94.

RachnerTD, Khosla S, Hofbauer LC. Osteoporosis: now and the future.
Lancet. 2011;377(9773):1276-87.

Shi Q, Zhang XL, Dai KR, Benderdour M, Fernandes JC. siRNA therapy
for cancer and non-lethal diseases such as arthritis and osteoporosis.
Expert Opin Biol Ther. 2011;11(1):5-16.

Shu B, Shi Q, Wang YJ. Shen (kidney)-tonifying principle for primary
osteoporosis: to treat both the disease and the Chinese medicine
syndrome. Chin J Integr Med. 2015;21(9):656-61.

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A,
Fleming T, Eiermann W, Wolter J, Pegram M, et al. Use of chemotherapy
plus a monoclonal antibody against HER2 for metastatic breast cancer
that overexpresses HER2. N Engl J Med. 2001;344(11):783-92.
SuvarnaV, Sarkar M, Chaubey P, Khan T, Sherje A, Patel K, Dravyakar

B. Bone health and natural products—an insight. Front Pharmacol.
2018;9:981.

Wang N, Xu P, Wang X, Yao W, Yu Z, Wu R, Huang X, SiY, Shou D. Inte-
grated pathological cell fishing and network pharmacology approach
to investigate main active components of Er-Xian decotion for treating
osteoporosis. J Ethnopharmacol. 2019;241:111977.

WangT, Liu Q, Tjhioe W, Zhao J, Lu A, Zhang G, Tan RX, Zhou M, Xu J,
Feng HT. Therapeutic potential and outlook of alternative medicine for
osteoporosis. Curr Drug Targets. 2017;18(9):1051-68.

Wang Y, Grainger DW. siRNA knock-down of RANK signaling to control
osteoclast-mediated bone resorption. Pharm Res. 2010,27(7):1273-84.

32.

33

34.

Page 20 of 20

. WuY, Xia L, ZhouY, Xu'Y, Jiang X. Icariin induces osteogenic differentia-

tion of bone mesenchymal stem cells in a MAPK-dependent manner. Cell
Prolif. 2015;48(3):375-84.

Xu X, Zhang W, Huang C, LiY, Yu H, Wang Y, Duan J, Ling Y. A novel
chemometric method for the prediction of human oral bicavailability. Int
J Mol Sci. 2012;13(6):6964-82.

Yamanishi Y, Kotera M, Kanehisa M, Goto S. Drug-target interaction
prediction from chemical, genomic and pharmacological data in an
integrated framework. Bioinformatics. 2010;26(12):i246-254.

Zhai YK, Guo X, Pan YL, Niu YB, Li CR, Wu XL, Mel QB. A systematic review
of the efficacy and pharmacological profile of Herba Epimedii in osteo-
porosis therapy. Pharmazie. 2013;68(9):713-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3390/ijms21207623
https://doi.org/10.3390/ijms21207623

	Development of software enabling Chinese medicine-based precision treatment for osteoporosis at the gene and pathway levels
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data mining—basic work with the Python Programming
	Collection and preparation of CM
	Database search strategies 
	Study selection and CM collection 

	Screening of bioactive ingredients and related genes for each CM
	Identification of bioactive components for each CM 
	Identification of bioactive component-related genes for each CM 

	Screening of differential genes for osteoporosis and acquisition of the shared genes between bioactive ingredients of each CM and osteoporosis
	Collecting genes for osteoporosis 
	Collecting differential genes for osteoporosis 
	Identification of shared genes between bioactive ingredients of each CM and osteoporosis 

	Precise relationships among bioactive ingredients, shared genes, and pathways

	Python programming and software development
	Software validation

	Results
	Data mining—basic work for Python Programming
	CM collection
	Screening of bioactive ingredients and related genes for Drynariae Rhizoma
	Screening differential genes for osteoporosis and acquiring the shared genes between bioactive ingredients of Drynariae Rhizoma and osteoporosis
	Precise relationships among bioactive ingredients, shared genes and pathways

	Python programming—developing a software
	Step 1. Creating a Python file
	Step 2. Importing all required third-party libraries
	Step 3. Creating an interactive interface
	Step 4. Defining the search functions—the core of the software
	Step 5. Forming an executable program file

	Software validation
	Data from our cell experiment
	Materials
	Groups
	Real-time PCR analysis 



	Discussion
	Conclusions
	Acknowledgements
	References




