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ABSTRACT

Ethnopharmacological relevance: Osteoporosis (OP) and Alzheimer's disease (AD)
are common geriatric concurrent diseases, and retuajes indicate the connection
of their pathogenesiCistanche tubulosa (Schenk) Wight (CT) is a widely used
traditional Chinese medicine and has been extelysamplied to treat OP and AD,
respectively. However, the active ingredients foothb concurrent diseases
simultaneously and underlying mechanisms are lohite

Aim of study: This work aimed at establishing an effective aetiable network
screening method to find dual-effects compound€inthat can protect AD and OP
concurrently. And it will provide new perspectivaisthe link between OP and AD on
molecular mechanisms.

Material and methods: The dual-effects of CT were systematically analynéth
integrating multiple databases and extensive aisaysa network pharmacology level.
Classified drug-target interaction network was t¢tamded to reveal differences in

effects between different types of compounds. Toverthe effectiveness of this
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network, some compounds were selected to veriffPrie-induced OP model and
AlCls-induced AD model of zebrafish according to theological parameters.

Results: 22 dual-effects active ingredients in CT wereiatly screened out via
network pharmacology with a closely connection vdihOP and AD-related targets.
Classified network analysis found the better bivétas of phenylethanoid
glycosides and flavonoids. The dual-effects of feelected compounds demonstrated
that the network is reasonable and effective, ssigyg the dual-effects of the
remaining 18 compounds. Moreover, we identified @apve targets and two
pathways that were significantly related to OP ABd

Conclusions. We successfully identified 22 dual-effects acto@mponents in CT.
This systematic screening strategy provided a nemopol to objectively discover
multi-effects compounds of traditional Chinese rogdi, and even a macroscopic
perspective that will improve our understandingha# link between OP and AD on
molecular mechanisms.

Keywords: Network Pharmacology; Osteoporosis; Alzheimer'ssakg; Cistanche
tubulosa; Zebrafish.

1. Introduction

Aged tendency of population results in the incrdgaevalence of osteoporosis (OP)
and Alzheimer's disease (AD) by years (Parnettialket 2019; Rizzoli, 2018).
Nowadays both OP and AD have been recognized asr rimpats for public health
since they may progress without symptoms and bruge social burden (Erkkinen et

al., 2018; Jonsson et al., 2018). As age-relatsgades, they are often seen to
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co-occur in clinical practice with a high disalylénd fatality rate (Dengler-Crish and
Elefteriou, 2019). OP is a systemic skeletal disedtsaracterized by low bone mass
and impaired micro-architecture of bone tissuehwahhanced bone fragility and
increasing risk of fractures (Rizzoli, 2018). AD ithe most common brain
degeneration characterized by progressive loss efmany and other cognitive
functions (Bondi et al., 2017). Until now, thereeastill no sufficiently powerful
options to prevent, or cure the two diseases sihe&r complex etiology and
pathogenesis. And what's worse is that the pasenbre often to side effects (Brown,
2017; Huang and Mucke, 2012).

On the theoretical basis of syndrome differentraticGucher, 2013), traditional
Chinese medicines (TCMs) with multiple componerdasgéting more than one
pathophysiological mechanism have a unique supigrior the treatment of some
familiar complex diseases. As a kidney tonic heZistanche tubulosa (Schenk)
Wight (CT) is widely used to against memory losd atrophic debility of bones by
traditional Chinese physicians (Fu et al., 2018gsiBe its traditional efficacy,
considerable researches showed that it had vapioaisnacological activities, such as
ameliorating the cognitive and behavioural defici®u et al., 2014),
anti-inflammatory (Fu et al., 2018), promoting bdnemation and suppressing bone
resorption (Li et al., 2013; Li et al., 2012), aslMas antioxidant activity (Zhang et al.,
2016). But the complicacy of its active ingredieaisd metabolic process raised
difficulties on both exploring targets in humarsties and expounding the mechanism

of action.



10

11

12

13

14

15

16

17

18

19

20

21

22

Above all, a reliable discussion of the therapetdigets of OP/AD is necessary.
Especially basing on the thought of “same treatnf@ndifferent diseases” in TCMs,
and the methodologies of “multi-component therajosutbiological network” in
network pharmacology, the attempts to search fgnitative common-targets
between both diseases may have a particularly ipgacteaning in providing
guidance for the prevention and control of OP abd A

Zebrafish have strong similarities in their skdlgfaysiology to mammals and highly
homologous genes to human. It's an available amdctive animal model inivo for
OP and AD research (Bergen et al., 2019; Newmaal.,e2014). Thus, this network
pharmacology research was aimed at screening ffeatseeactive constituents of CT,
exploring the common potential targets of OP and, AB well as to uncover the
possibility of using CT to treat two diseases corently. In this study, the targets’
information of CT active ingredients, genomes aratgomics information of OP and
AD were respectively collected from different databs to establish an interactive
network, and enrichment analysis was constructetistmver synergistic mechanisms
of CT for treating OP and AD. Furthermore, we ingl©OP and AD zebrafish model
respectively and captured the key compounds imé#teork to verify their efficacy
and targets on two diseases.

2. Materials and methods

2.1 Reagents

Chemical standards of genistein (GE), quercetin)(Q@Uietic acid (AA),-sitosterol

(BSS) (purity = 98%) were purchased from Chroma Biotechnology @ad,
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(Chengdu, China). Culture plates were obtained ¥daxi NEST Biotechnology Co.,
Ltd. (Wuxi, China). Prednisolone (Pre), Etidron&isodium (Ed), Donepezil HCL
(DPZ), AICl;-6H,0 was purchased from Aladdin Reagent Inc. Zebradiktaline
phosphatase (ALP), tartrate resistant acid phoaphafTRAP), acetylcholinesterase
(AChE), and choline acetyltransferase (ChAT) enzjyimieed immunosorbent assay
(ELISA) kit were supplied by Shanghai Enzyme-linkBibtechnology Co., Ltd.
(Shanghai, China). Trizol was obtained from NanjikgyGen Biotech. Co., Ltd.
(Nanjing, China). TransStart Top Green gPCR SuperMis purchased from
TransGen Biotech. Co., Ltd. (Beijing, China).

2.2 Animals

Adult zebrafish (AB strain, 4 months old) were ntained at 28°C under 14/10 h
light/dark cycle in an aquarium supplied with freghter exchange. They were kept
two times daily with newly-hatched brine shrimptdi€hen et al., 2018). Normally
fertilized embryos were selected and cultured ta@s post-fertilization (dpf) in a
light growth incubator. All animal experiments wémeaccordance with the guidelines
of the institution and government for animal expents.

2.3 Network Pharmacological Process

2.3.1 Chemical Space Calculation and Candidate Cormpnds Screening

All the chemical ingredients data of CT were cdkecfrom Traditional Chinese
Medicine Systems Pharmacology Database and Analidaform (TCMSP,
http://ttmspw.com/). TCMSP is a systems pharmagofagtform of Chinese herbal

medicines that captures the relationships betweegsdtargets, and diseases (Ru et
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al., 2014). Meanwhile, four essential pharmacologlgted parameters in TCMSP
were acquired for the principal component analy§l€A), including molecular
weight (MW), partition coefficient between octanmhd water (AlogP), hydrogen
donor count (Hdon) and hydrogen acceptor count¢Hate chemical distribution of
CT was built with the above parameters using thdGA software (Version 14.1,
Umetrics). And small molecule drugs approved for /@B from DrugBank
(https://www.drugbank.ca/) were processed in tmeeseourse.

Ingredients from CT were filtered by drug-liken€Bd.). DL is a qualitative concept
used in drug design for an estimate on how “drkg-lia prospective compound is.
This vital property is used as a selection criterior the “drug-like” compounds in
the traditional Chinese herbs and it helps to opempharmacokinetic and
pharmaceutical properties (Tao et al., 2013). Baseduggestions in literatures and
TCMSP, we selected Dt 0.18 as filter conditions. The ingredients confogrto the
condition were exported for subsequent analysiirTA-dimensional (2D) and 3D
structures were painted by ChemDraw Professionad B®ftware. And the 3D
structures were optimized by the function of mirdamg energy in Chem3D 16.0.
2.3.2 OP and AD Associated Targets Collection

All gene associations for OP and AD were indepetigamllected from DisGeNET
(http://www.disgenet.org/web/DisGeNET) and GeneGaithe DisGeNET database
is one of the largest publicly available discovetatform of genes and variants
associated with  human diseases (Pinero et al.,, )201GeneCards

(https://www.genecards.org) is an integrated daalmd human genes that including
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genomic, transcriptomic, proteomic, genetic, chhiand functional information

(Safran et al., 2010).

2.3.3 Compound Targets Collection and Inverse Dockg Prediction

GeneCards database and Swiss TargetPredictionadatatere combined to predict
relevant targets of active ingredients in CT. Gearel€ indicates the known active
targets of compounds, whereas Swiss  TargetPredictiodatabase

(http://www.swisstargetprediction.ch/index.php) castimate the most probable
macromolecular targets of small molecules (Dainal.e2019). Before prediction, the
structures of candidate molecules were converteth fmol2 format to SMILES

format by using Open Babel (Version 2.4.1).

2.3.4 Protein-protein Interaction Analysis

STRING database (https://string-db.org/) was applie discover the interactions
among a group of CT-OP-AD shared targets. Aftercdesl under the pattern of
“Homo sapiens”, the protein-protein interaction (PRetwork was visualized by
Cytoscape (Version 3.7.2) software. STRING is aldate of known and predicted
PPI, derived from genomic context predictions, Higtoughput lab experiments,
(conserved) co-expression, automated textmining @anevious knowledge in

databases (Szklarczyk et al., 2017).

2.3.5 GO and KEGG Pathway Enrichment Analysis

Gene Ontology (GO) enrichment analysis was perfdrmo@ Funrich software

(http://www.funrich.org/). FunRich (Version 3.1.33 a functional software used

mainly for enrichment analysis of genes and pretéiathan et al., 2015).
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ConsensusPathDB-human database (CPDB, http:/cptiemmpg.de/) was
employed to conduct the pathway enrichment analyildie obtained gene list was
submitted to the database with setting “p-valueoffutas 0.01. After getting the
results, only these pathways related to OP andibm#re selected and divided into
groups according to KEGG function categories
(https:/iwww.kegg.jp/kegg/pathway.html). CPDB issaamless interaction network
containing binary and complex protein-protein, dgenemetabolic, signaling, gene
regulatory and drug-target interactions, as wellbeshemical pathways in Homo
sapiens (Kamburov et al., 2013).

2.4 Experimental Procedures for OP Zebrafish Model

2.4.1 Model Grouping

Zebrafish larvae were divided into several growositrol group, model group, model
+ Ed group, model + compounds groups, each of wharftained 30 larvae. The
control group was maintained in the medium withe.PMSO. The model group
was treated with Pre (2pM) from 3 dpf to 8 dpf. The model + Ed group was
co-treated with Pre and Ed (38§/mL).

2.4.2 Alizarin Red Staining

After 5 days culture with different compounds, Eevwere anesthetized, fixed and
bleached in turn. Alizarin red was used to stasmfibad bones of zebrafish. 1% KOH
and glycerol (ratios of 3:1, 1:1 and 1:3) were &apkespectively to remove excess.
Finally, stereomicroscope (Olympus SZX16) was erygibto capture the zebrafish

staining images under the prone position. Staiaieg and integrated optical density
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(IOD) were calculated by Image-Pro Plus 6.0.

2.4.3 ALP and TRAP Activity Determination

Zebrafish larvae at 3 dpf were subcultured in 6hpkltes and incubated with Pre in
the presence or absence of compounds for 5 daysn Tiey were collected for
measuring ALP activity. ALP activity was determinbg using the zebrafish ALP
ELISA kit based on the manufacturer’s protocol. Thethod to evaluate TRAP
activity was same as ALP.

2.5 Experimental Procedures for AD Zebrafish Model

2.5.1 Model Grouping

Zebrafish larvae were divided into several growositrol group, model group, model
+ DPZ group, model + compounds groups, each of hvhantained 30 larvae. The
control group was maintained in the medium withe.PMSO. The model group
was treated with AlGI(150uM, pH 5.8) from 3 dpf to 6 dpf. The model + DPZ gpo
was co-treated with AlGland DPZ (&M).

2.5.2 Behavioral Analysis

After 3 days drug deliveries, larvae movement wearded by ViewPoint behavior
analyzer (Zebralab 2018, ViewPoint Life Sciences, €td.). All experiments were
completed in 60 min at 28°C, containing 3 cyclefigift/dark phase (10 min each for
light and dark). According to the methods in theyiwus report, average speed (AS),
speed changeAg), dyskinesia recovery rate (DRR, equation a) aesponse
efficiency (RE, equation b) are selected as theADtdrug efficiency evaluation

index in this model (Pan et al., 2019; Wenhai gt2416).
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AS (mm/sec) D /T’ DRR (%) =100 x AS)rug - ASModel) / (ASControI - AS\/Iodel), a

whereD is the movement distance of zebrafish during 6, is the experimental time.

RE (%) =100 x ASDrug 'ASVIodel) / (ASZontrol 'ASVIodel)y b
whereASis the speed change of zebrafish in light/darkesyc

2.5.3 AChE and ChAT Activity Measurement

Zebrafish larvae at 3 dpf were subcultured in 6hpkltes and incubated with AICI
in the presence or absence of compounds for 3 dden they were collected for
AChE activity. AChE activity was detected by usithg zebrafish AChE ELISA kit
based on the manufacturer’'s protocol. The methodviluate ChAT activity was
same as AChE.

2.6 Quantitative Real-Time PCR Analysis

Zebrafish larvae were divided into OP and AD groupB groups consisted of control
group, Pre group, and Pre + compounds groups,reditirom 3 dpf to 8 dpf. AD
groups included control group, Algdroup, and AlG + compounds groups, cultured
from 3 dpf to 5 dpf. Each group contained 30 larveetal RNA was respectively
extracted from these zebrafish larvae samples kyolTrRNA samples were
reverse-transcribed to cDNA according to manufaetsiinstruction of the cDNA Kit.
The mRNA expression level was detected by real-filon@escent quantitative PCR
(Roche LightCycler96). The results were normalizedp-actin expression and
quantified by the comparative (2") method. Forward and reverse primers used
were synthesized by Sangon Biotech (Shanghai, Claimé listed in Supplementary
Table S1.

2.7 Statistical Analysis

10
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GraphPad Prism version 8.00 was used for descgitiatistical analyses. Data were
expressed as meatt SD and analyzed by ANOVA method to test for vailigb
between each trial considerifg< 0.05 as significant.

3. Results

3.1 Candidate Compounds and Potential Targets

In the research of CT chemical constituents, d &5 ingredients were obtained
from TCMSP. Then PCA was conducted to visualizectiemical distribution of CT.
As shown in Figure 1, the ingredients of CT werdtifanious in chemical space, and
28 of them satisfied the Lipinski’s rule of fiveiginski, 2003). Interestingly, there
were many overlapping parts between the ingredieht€T and approved small
molecule drugs for OP/AD. It illustrated that masgmpounds in CT had the potential
druggability on OP/AD. To further evaluate theiuggability, 43 compounds were
screened by DL. After targets prediction, 26 caathdcompounds were selected for the
subsequent analysis. And they can be docked wiiibahof 847 target proteins.

The gene entries related to OP or AD were colledtedh the DisGeNET and
GeneCards databases. As a result, 3052 and 8042 eggries were respectively
collected. We adopted the two scores from the Di&Seand GeneCards databases as
evaluation score, screening the top fifth of tasg&he one-fifth ratio was decided by
pre-experiments. Then 211 OP-AD common targets wergerved to match with the
targets of 26 candidate compounds. Finally, tofalp8otein targets (Supplementary
Table S2) connecting with 22 candidate compoundggiementary Table S3) were
selected for molecular mechanisms of action amgly&irming a protein-protein
interaction (PPI) network shown in Figure 2.

The 22 compounds were divided into 11 categoriephénylethanoid glycosides

(PhGs) (Decaffeoylacteoside, Cistanoside E, e®.phenylacryl oligosaccharides
11



1 (Cistanoside H, Cistanoside F, etc.), 3 iridoidsl amdoid glycosides (Leonuride,
2 Geniposidic acid, etc.), 3 lignans and lignan g$des (Yangambin,
3 (+)-Pinoresinol-OB-D-glucopyranoside, etc.), 2 flavonoids (quercetienistein), 1
4 alkaloid, 1 terpene, 1 sterol, 1 fatty alcohol,attyf acid, and other. According to
5 previous reports, these compounds are the main @oemps or active functional

6 ingredients of CT (Fu et al., 2018).

7 In Figure 2, a total of 81 common targets were tbtmhave correlations with OP and
8 AD. The degree of PPl was adopted as a charaateparameter to define the
9 significance of potential targets. Top 5 putatiaeget proteins associated with OP and
10 AD were albumin (ALB), insulin (INS), interleukin @L6), TNF-alpha (TNF), and

11  epidermal growth factor (EGF).

I__I’Cl cT
b .
05 | s, .AD
< “?] 0.5 . OP
0.5 s,
3 2.5
7VS: e e :35
1.3 .. l IZS
s . J s
u.‘,][: z o Cg% & 015
R o 17 LN
° ﬁ N
y: “ &
e
PC2 e o, « PC3
-(!.\U 6
0.5
1
1. 0.5
25
12 3
13 Figure 1. Chemical distribution based on principal componamalysis (PCA). PC1,
14 PC2, and PC3 account for 0.654, 0.112, and 0.259ectively.
{\5® ﬁt@}(ﬁ%' K Q‘, 51
T -t ” b@wm
CvEisAL
TGt
CINNBI
o
INESFIT
MRS
VAP
PFARG:
cGap1
i
&
3
5
e :
",'/@/\ %
15 CroneiC)

12



AP WN -

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Figure 2. The number of CT, OP and AD targets prediction gr@dCompound-Target
network of CT. White nodes with green edges areQReAD shared targets. Orange
nodes are active ingredients of CT interacted withshared targets. The size of nodes
reflects the degree of PPI.

3.2Integrated and Classified Network Analysis

81 putative target proteins in Table S2 were setkttd initiate GO and KEGG pathway
enrichment analysis. After filtering kpgrvalue (GO cut-off ok 0.05, KEGG pathway
cut-off of < 0.01), 15 GO terms and 66 KEGG pathway terms wedtgned, as shown
in Figures 3 and 4. A total of 16 GO terms areudeld: 5 for molecular function, 5 for
biological processes, and 6 for cellular compon&imce this study was aimed to
discover the potential common pathogenesis of @QPAdM we removed the pathway
terms directly related to other diseases and ¢ledghe rest into different functional
categories. It suggested that the 22 active ingradiof CT might regulate a total of 66
pathways which mainly correlated with signal tramgebn, endocrine system, immune
system, cell growth and death to play a confrooteti role against OP and AD.

To reveal the differences in the action of différgpes of compounds, the PPI network
constructed in Figure 2 was analyzed accordingew tategories in Table S3. Figure 5
illustrated that 5 PhGs, 2 flavonoids, 1 terpemsl & sterol, particularly flavonoids,
might be more important than other ingredients dfagainst OP and AD. After that,
these 4 series of active compounds were choseanctovar their compressed pathways.
As can be seen from Figure 6, PhGs, flavonoidpetes, and sterol worked together or
alone on 27 pathways, containing 11 modules: celth and death, endocrine system,
immune system, signal transduction, developmert,ahers. Results suggested that
these compounds might play a synergistic role énpibsitive effects of CT on OP and
AD. It's worth noting that the protective effectsRhGs could be more remarkable than
flavonoids in neurodegenerative disease since P#gk direct interactions with

Alzheimer disease pathway whereas flavonoids wetatad to signaling molecules and

13
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interaction. Only sterol and terpene were relaté@tl Wpid metabolism and excretory
system. In addition, PhGs, terpene, and flavonshisved a potential relation with
endocrine and metabolic disease.

According to the PPl illustration, 2 flavonoids (3BU), 1 terpene (AA), and 1 sterol
(BSS) were adopted as the valuable compounds ftineiuresearch on molecular
mechanisms. Interestingly, we found that they raitrirelated with MAPK signaling

pathway and TGF-beta signaling pathway. Andgvalue of two pathways also were
much higher. Putative targets of 4 valuable compgeusnd the distribution of their

affected proteins in the two pathways were dematedrin Figure 7.
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Figure 3. Level2 GO terms enrichment analysis (Moleculardtion, Biological Process,
Cellular Component).
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activation whereas red represent inhibition. (Refee: KEGG database).

3.3 Valuable Compounds Efficacy Validation

In this network analysis established in 3.2, wetwagul 4 valuable compounds for
pharmacological activity validation. By the topoicajly structural analysis method in
this study, we found that genistein (GE, C9, DL40,2juercetin (QU, C11, DL=0.28),
abietic acid (AA, C19, DL=0.28), anfi-sitosterol (BSS, C20, DL=0.21) showed
feasible interplay to against OP and AD. In thistpzebrafish larvae in vivo models
induced by Pre or AlGlwere established respectively to evaluate thesptiok effects
of 4 compounds against OP and AD.

3.3.1. Effect of 4 compounds on OP

To detect whether 4 compounds have protective tsflegainst OP, Pre was used to
establish the OP zebrafish model. The developmieosteoblasts was first examined
by alizarin red staining to investigate the direffiects of 4 compounds on bone
formation. Compared with the control zebrafish, Bpparently induced a change in
bone morphology and bone density of zebrafish skalthe model group (Figure 8).
Declines of staining area and 10D in Pre group apposite trend in Ed group also

16
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visually demonstrated the success of OP model. Whaore, the staining area and

IOD of zebrafish skulls in BSS/GE/QU/AA groups wesgnificantly increased

compared with the model group (Figure 9). The tgpmarkers of bone formation and

resorption such as ALP and TRAP were assayed toheurevaluate the

anti-osteoporosis effect of 4 compounds. As showrrigure 10, Pre significantly

decreased ALP activity and increased TRAP actinitgontrast with the control group.

Conversely, Ed and 4 compounds significantly shotkedpposite trend to Pre group

in the ALP and TRAP activities of zebrafish. Thessults combined together

confirmed that BSS, QU, GE, and AA might play pesitroles in bone formation in

Pre-induced OP zebrafish.

BSS-400

QU-200

AA-125

GE-50

BSS-200

QU-100

AA-6.25

GE-25

Ed

BSS-100

QU-50

AA3L2S

GE-125

Figure 8. Representative images (100 X) of alizarin rechétgiin OP zebrafish. 400,
200, 100uM of BSS, 200, 100, 5aM of QU, 50, 25, 12.;5uM of GE, and three
dosages including 12.5, 6.25, 3.129 of AA were used.
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group). Data are mean * SIP<0.05,” P<0.01,” P<0.001, versus Pre group.
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SD, 'P<0.05,” P<0.001, versus Pre group.

3.3.2. Effect of 4 compounds on AD

To evaluate the protective effects against AD afodnpounds, the well-recognized
AlCls-induced AD zebrafish model has been used. Fonibiel of AD dyskinesia, the
behavior analyzer was used to track the movemerglofafish. As shown in Figure 11,
the AS of AICE group was significantly lower than those of thatcol group, while for
DPZ and all 4 compounds the ASs were close todh&al. DRR and RE were listed in
Table S4. The results showed that different comagahs of GE, BSS, QU, and AA
increased DRR by 2.37-37.64%, 60.18-103.92%, 706261%, 2.37-42.64%,
respectively with partial significanp{value < 0.001-0.01). Th&Ss in control group,
AICl 3 group and DPZ group further supported that thesttantion of AD model was
successful. RE for GE, BSS, QU, and AA were 13.02%5%, 11.41-63.09%,

1.63-66.89%, 13.12-51.09%, respectively. Theseltgesith significant differences

18



demonstrated that GE, BSS, QU, and AA can imprggkidesia of zebrafish to some
extent. Determination of nerve conduction mark&GHE and ChAT) activities in the

groups were shown in Figure 12. Alllignificantly increased AChE activity and
decreased ChAT activity compared with the controug. But DPZ and 4 compounds
showed the ability to partial recover the changassed by AlG in AChE and ChAT

activities. It's consistent with the results of abilitation effect dyskinesia evaluation.
In conclusion, GE, BSS, QU, and AA might have tlgeptial to become prominent

anti-AD agents.
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3.4 Putative Targets Validation

To verify putative targets which were predictedhirs work, targets related to MAPK

and TGF-beta signaling pathways were chosen for-BRR analysis. Their relative
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1 mRNA expression levels in the OP model were shawfigure 13. Compared with the
2 Pre group, GE increased levelsnadpkl4a, fgfrlb, tgfbl, bmp2, and decreased levels
3 of tp53, tnf-a, jun, tgfbrl, andc-fos. QU increased levels ohapkl4a, fgfrlb, tgfbl,

4  bmp2, and decreased levelstpb3, jun, andillb. BSS only showed reducing effects on
5  tp53, tnf-a, andmapk3. As shown in Figure 14, in AD model, GE, QU, B&8d AA

6 reduced the mRNA expression leveltpd3. GE and QU both reduced levelstof-«,

7 bmp2, tgfbrl, spl, tgfb2, andifny, and increased level ¢@in, whereas GE and AA
8 increased level omapk3. Only GE appeared to reverse the risenapkl4a, fgfrlb,

9 fgfrla, andigflra. Besides, QU decreased the high leveldldif andegf. The relative
10 mMRNA expression levels of genes includitph3, tnf-o, mapklda, mapk3, fgfrlb,

11 bmp2, jun, il1b, andtgfbrl significantly changed by contrast with the contyaup in
12 each model. These results suggested that they arag as a link between the two
13  diseases. In addition, these results also suggtstgubssibility of synergistic effects of

14 4 compounds.
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4. Discussion

P<0.001, versus AlGlgroup.

OP and AD are the most common clinical diseasesecagsd with aging. Their

complex pathophysiological mechanisms have limitexl effective treatment of two

diseases for years. The risk factors of OP and ADahstrated that the susceptible

group of both diseases are partly similar, sucleldsrly women (Abraham et al.,

2013; Patel, 2017), diabetics (Vieira et al., 2048 et al., 2012), long-term smokers

(Franic and Verdenik, 2018; Zhong et al., 2015} aractive individuals (Koedijk et

al., 2017; Sofi et al., 2011). Furthermore, curstnties have identified that some key

proteins in AD also had functions in bone metaloolas well (Li et al., 2016; Pan et

al., 2018). There are reasons to believe that O AD are not completely

independent, even have some potential connectibhs suggested a potential

homo-therapy for heteropathy, which means trea@fy and AD with the same

therapy.

On the grounds of the therapeutic objectives amtiples of TCM, maladjustment in
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a disease can be classified into several “pattef®s”multiple diseases such as OP
and AD might share one “pattern” and be treatethbysame TCMs (Jiang, 2005). As
a kidney tonic herb, CT is widely used in OP and #&atment. Modern studies have
provided some compact evidence that CT has positaaemacologic actions on the
skeleton and nervous system. However, it still semdre detailed studies to reveal
the mechanisms of CT.

In the present study, for a clear understandinthefeffects of CT on OP and AD, a
network pharmacology approach was set up to predissible active ingredients and
analyze related pathways. It’s different from pogsd network pharmacology study on
CT (Liu et al.,, 2017). The “one drug - two disedsemlecular network was
conducted for the first time, instead of only foars one disease. On the one hand,
integrated network analysis discovered total 22vactompounds of CT with
dual-effects for treating both OP and AD. On thkeothand, the patterns of two
diseases provided supports for revealing theirslir®lassified analysis showed that
these active compounds may have synergistic efi@etsnany biological function
modules and PhGs, flavonoids, terpene, and steamed better efficacies. To verify
the feasibility and suitability of this conducteetwork, zebrafish was used to
construct OP and AD model in vivo and evaluatedédfigacy of four compounds.
And putative targets validation was applied to edwbeir potential synergies. This
combined studies in silico and in vivo provided ewnstarting point on revealing
protective effect of CT on two diseases. It mayve new clues to the correlation
between OP and AD pathogenesis, as well as helphtorfuture development of
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therapeutic strategies for two disease. Nonetheléss method still needs

improvement and perfection to entirely explore sgeéc mechanisms of CT for

treating OP and AD. In this study, only certain munds were selected to validation.
It's necessary to further verify other 18 activesiituents with underlying targets and
pathways by experiments. And the commonalities betwOP and AD still need to be
further explored and discovered, especially fromphrspective of treatment.

In our study, BSS, GE, AA and QU were proved toehprotective effects on OP and
AD in zebrafish. More delightfully, these valuabb®nstituents also have been
experimentally validated in other literature andwbd pharmacological activities
consistent with that in this paper (Ayaz et al.1 20Chauhan et al., 2018; King et al.,
2015; Ramnath et al., 2018; Thummuri et al., 20d&gas-Restrepo et al., 2018;
Wang et al.,, 2019; Yuan et al.,, 2018). It furtheoyed the effectiveness and
rationality of this network, and indicated the de#ects of the remaining 18

compounds. As for putative targets validation, faive targets consist of TP53,
JUN, TNF, IL1B, MAPK14, MAPKS3, FGFR1, BMP2, and TBR1 were screened as
common targets of OP and AD finally. TP53 is a kagnor suppressor, and its
activation could induce neuronal apoptosis (Xiaalgt2019). TP 53, JUN, and SP1
are active transcriptional factors in primary ORe(¥t al., 2015). TNF and IL1B are
common inflammatory cytokines with functions of proting osteoclastogenesis
(Geissler et al., 2018) and bone loss (Sang e2@l7). Furthermore, they both are
therapeutic targets for AD through the inhibitioh reeuroinflammation to protect

neurons (Liu et al., 2017). TGFB1, TGFB2, TGFBRad & GFBR1 have complex
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effects on neuronal inflammation (Lippa et al., 8p8@nd osteolysiss (Quinn et al.,
2001). Bone morphogenetic proteins (BMPs) are dnefactors involved in glial
differentiation of neural progenitor cells (Kwak at., 2014). The upregulated
expression of BMP2 has been demonstrated to serassential role in osteoblast
differentiation (Li et al., 2017). In addition tbdse experimentally validated targets,
the 81 common targets listed in the Table S2 wése expected to be therapeutic
targets, but have not been researched or have teunipary studies in other
researches.

It is particularly noteworthy that these valuabégets all related to MAPK and
TGF-beta signaling pathways basing on the KEGGchment analysis. MAPK
signaling pathway regulates cell proliferation,feliéntiation, survival or apoptosis,
inflammation, and innate immunity. It has been regubthat the compromised MAPK
signaling pathway contributed to the pathology eflimodegeneration such as AD
(Kim and Choi, 2015) as well as inhibiting osteaidadirectly (Xiao et al., 2019). As
for TGF$ family members, they played different roles in gieleton with direct
effects on bone impairment (Sun et al., 2016), wa®rthe activation of neuronal
TGF-beta signaling increases neurodegenerativerddisn and AD-like disease
(Tesseur et al., 2006). Thus, MAPK and TGF-betanadigg pathways may be
expected to become shared mechanisms for revaakngathogenesis of OP and AD
or slowing the progressions. Besides the two pagewthe 22 active compounds
regulated a total of 66 pathways, especially théhvweays with the highest p-value,
such as Prolactin signaling pathway, FoxO signalpgghway, and Th17 cell
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differentiation, will also be worthy of attentiomné research and as the key to
uncovering the correlation between OP and AD. Rméhe discoveries summarized
may imply the link between the two diseases initti@une system and the endocrine
system.

5. Conclusion

In this work, we proposed a network pharmacologpregch, combining PCA
analysis DL screening, multiple targets collection and pecédn, PPl network
construction as well as GO and KEGG pathway analysis to prbbeefficiency of
CT for the treatment of OP and AD. Our results ssted that the 22 active
ingredients of CT might mainly regulated signalnsduction, endocrine system,
immune system, cell growth and death to play anomant role in the treatment of
OP and AD. To make a better understanding of thehar@sms of CT, this network
was deeply excavated and analyzed depending atygheof compounds. In the end,
we applied zebrafish OP and AD models separateigetotify 4 valuable compounds
and related targets, providing a feasible method ctmnect genome with
pharmacodynamics and find dual-effects compounds.
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