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ABSTRACT 12 

Ethnopharmacological relevance: Osteoporosis (OP) and Alzheimer's disease (AD) 13 

are common geriatric concurrent diseases, and many studies indicate the connection 14 

of their pathogenesis. Cistanche tubulosa (Schenk) Wight (CT) is a widely used 15 

traditional Chinese medicine and has been extensively applied to treat OP and AD, 16 

respectively. However, the active ingredients for both concurrent diseases 17 

simultaneously and underlying mechanisms are limited. 18 

Aim of study: This work aimed at establishing an effective and reliable network 19 

screening method to find dual-effects compounds in CT that can protect AD and OP 20 

concurrently. And it will provide new perspectives of the link between OP and AD on 21 

molecular mechanisms. 22 

Material and methods: The dual-effects of CT were systematically analyzed with 23 

integrating multiple databases and extensive analysis at a network pharmacology level. 24 

Classified drug-target interaction network was constructed to reveal differences in 25 

effects between different types of compounds. To prove the effectiveness of this 26 
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network, some compounds were selected to verify in Pre-induced OP model and 1 

AlCl 3-induced AD model of zebrafish according to the topological parameters.  2 

Results: 22 dual-effects active ingredients in CT were initially screened out via 3 

network pharmacology with a closely connection with 81 OP and AD-related targets. 4 

Classified network analysis found the better bioactivities of phenylethanoid 5 

glycosides and flavonoids. The dual-effects of four selected compounds demonstrated 6 

that the network is reasonable and effective, suggesting the dual-effects of the 7 

remaining 18 compounds. Moreover, we identified 9 putative targets and two 8 

pathways that were significantly related to OP and AD. 9 

Conclusions: We successfully identified 22 dual-effects active components in CT. 10 

This systematic screening strategy provided a new protocol to objectively discover 11 

multi-effects compounds of traditional Chinese medicine, and even a macroscopic 12 

perspective that will improve our understanding of the link between OP and AD on 13 

molecular mechanisms. 14 

Keywords: Network Pharmacology; Osteoporosis; Alzheimer's disease; Cistanche 15 

tubulosa; Zebrafish. 16 

1. Introduction 17 

Aged tendency of population results in the increased prevalence of osteoporosis (OP) 18 

and Alzheimer's disease (AD) by years (Parnetti et al., 2019; Rizzoli, 2018). 19 

Nowadays both OP and AD have been recognized as major threats for public health 20 

since they may progress without symptoms and bring huge social burden (Erkkinen et 21 

al., 2018; Jonsson et al., 2018). As age-related diseases, they are often seen to 22 
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co-occur in clinical practice with a high disability and fatality rate (Dengler-Crish and 1 

Elefteriou, 2019). OP is a systemic skeletal disease characterized by low bone mass 2 

and impaired micro-architecture of bone tissue, with enhanced bone fragility and 3 

increasing risk of fractures (Rizzoli, 2018). AD is the most common brain 4 

degeneration characterized by progressive loss of memory and other cognitive 5 

functions (Bondi et al., 2017). Until now, there are still no sufficiently powerful 6 

options to prevent, or cure the two diseases since their complex etiology and 7 

pathogenesis. And what's worse is that the patient is more often to side effects (Brown, 8 

2017; Huang and Mucke, 2012).  9 

On the theoretical basis of syndrome differentiation (Sucher, 2013), traditional 10 

Chinese medicines (TCMs) with multiple components targeting more than one 11 

pathophysiological mechanism have a unique superiority in the treatment of some 12 

familiar complex diseases. As a kidney tonic herb, Cistanche tubulosa (Schenk) 13 

Wight (CT) is widely used to against memory loss and atrophic debility of bones by 14 

traditional Chinese physicians (Fu et al., 2018). Beside its traditional efficacy, 15 

considerable researches showed that it had various pharmacological activities, such as 16 

ameliorating the cognitive and behavioural deficits (Wu et al., 2014), 17 

anti-inflammatory (Fu et al., 2018), promoting bone formation and suppressing bone 18 

resorption (Li et al., 2013; Li et al., 2012), as well as antioxidant activity (Zhang et al., 19 

2016). But the complicacy of its active ingredients and metabolic process raised 20 

difficulties on both exploring targets in human tissues and expounding the mechanism 21 

of action.  22 
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Above all, a reliable discussion of the therapeutic targets of OP/AD is necessary. 1 

Especially basing on the thought of “same treatment for different diseases” in TCMs, 2 

and the methodologies of “multi-component therapeutics, biological network” in 3 

network pharmacology, the attempts to search for significative common-targets 4 

between both diseases may have a particularly practical meaning in providing 5 

guidance for the prevention and control of OP and AD.  6 

Zebrafish have strong similarities in their skeletal physiology to mammals and highly 7 

homologous genes to human. It’s an available and attractive animal model in vivo for 8 

OP and AD research (Bergen et al., 2019; Newman et al., 2014). Thus, this network 9 

pharmacology research was aimed at screening dual-effects active constituents of CT, 10 

exploring the common potential targets of OP and AD, as well as to uncover the 11 

possibility of using CT to treat two diseases concurrently. In this study, the targets’ 12 

information of CT active ingredients, genomes and proteomics information of OP and 13 

AD were respectively collected from different databases to establish an interactive 14 

network, and enrichment analysis was constructed to discover synergistic mechanisms 15 

of CT for treating OP and AD. Furthermore, we induced OP and AD zebrafish model 16 

respectively and captured the key compounds in the network to verify their efficacy 17 

and targets on two diseases. 18 

2. Materials and methods 19 

2.1 Reagents 20 

Chemical standards of genistein (GE), quercetin (QU), abietic acid (AA), β-sitosterol 21 

(BSS) (purity ≥ 98%) were purchased from Chroma Biotechnology Co., Ltd. 22 
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(Chengdu, China). Culture plates were obtained from Wuxi NEST Biotechnology Co., 1 

Ltd. (Wuxi, China). Prednisolone (Pre), Etidronate Disodium (Ed), Donepezil HCL 2 

(DPZ), AlCl3·6H2O was purchased from Aladdin Reagent Inc. Zebrafish alkaline 3 

phosphatase (ALP), tartrate resistant acid phosphatase (TRAP), acetylcholinesterase 4 

(AChE), and choline acetyltransferase (ChAT) enzyme-linked immunosorbent assay 5 

(ELISA) kit were supplied by Shanghai Enzyme-linked Biotechnology Co., Ltd. 6 

(Shanghai, China). Trizol was obtained from Nanjing KeyGen Biotech. Co., Ltd. 7 

(Nanjing, China). TransStart Top Green qPCR SuperMix was purchased from 8 

TransGen Biotech. Co., Ltd. (Beijing, China). 9 

2.2 Animals 10 

Adult zebrafish (AB strain, 4 months old) were maintained at 28°C under 14/10 h 11 

light/dark cycle in an aquarium supplied with fresh water exchange. They were kept 12 

two times daily with newly-hatched brine shrimp diet (Chen et al., 2018). Normally 13 

fertilized embryos were selected and cultured to 3 days post-fertilization (dpf) in a 14 

light growth incubator. All animal experiments were in accordance with the guidelines 15 

of the institution and government for animal experiments. 16 

2.3 Network Pharmacological Process 17 

2.3.1 Chemical Space Calculation and Candidate Compounds Screening 18 

All the chemical ingredients data of CT were collected from Traditional Chinese 19 

Medicine Systems Pharmacology Database and Analysis Platform (TCMSP, 20 

http://tcmspw.com/). TCMSP is a systems pharmacology platform of Chinese herbal 21 

medicines that captures the relationships between drugs, targets, and diseases (Ru et 22 
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al., 2014). Meanwhile, four essential pharmacology-related parameters in TCMSP 1 

were acquired for the principal component analysis (PCA), including molecular 2 

weight (MW), partition coefficient between octanol and water (AlogP), hydrogen 3 

donor count (Hdon) and hydrogen acceptor count (Hacc). The chemical distribution of 4 

CT was built with the above parameters using the SIMCA software (Version 14.1, 5 

Umetrics). And small molecule drugs approved for AD/OP from DrugBank 6 

(https://www.drugbank.ca/) were processed in the same course. 7 

Ingredients from CT were filtered by drug-likeness (DL). DL is a qualitative concept 8 

used in drug design for an estimate on how “drug-like” a prospective compound is. 9 

This vital property is used as a selection criterion for the “drug-like” compounds in 10 

the traditional Chinese herbs and it helps to optimize pharmacokinetic and 11 

pharmaceutical properties (Tao et al., 2013). Based on suggestions in literatures and 12 

TCMSP, we selected DL ≥ 0.18 as filter conditions. The ingredients conforming to the 13 

condition were exported for subsequent analysis. Their 2-dimensional (2D) and 3D 14 

structures were painted by ChemDraw Professional 16.0 software. And the 3D 15 

structures were optimized by the function of minimizing energy in Chem3D 16.0. 16 

2.3.2 OP and AD Associated Targets Collection 17 

All gene associations for OP and AD were independently collected from DisGeNET 18 

(http://www.disgenet.org/web/DisGeNET) and GeneCards. The DisGeNET database 19 

is one of the largest publicly available discovery platform of genes and variants 20 

associated with human diseases (Pinero et al., 2017). GeneCards 21 

(https://www.genecards.org) is an integrated database of human genes that including 22 
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genomic, transcriptomic, proteomic, genetic, clinical and functional information 1 

(Safran et al., 2010).  2 

2.3.3 Compound Targets Collection and Inverse Docking Prediction 3 

GeneCards database and Swiss TargetPrediction database were combined to predict 4 

relevant targets of active ingredients in CT. GeneCards indicates the known active 5 

targets of compounds, whereas Swiss TargetPrediction database 6 

(http://www.swisstargetprediction.ch/index.php) can estimate the most probable 7 

macromolecular targets of small molecules (Daina et al., 2019). Before prediction, the 8 

structures of candidate molecules were converted from mol2 format to SMILES 9 

format by using Open Babel (Version 2.4.1).  10 

2.3.4 Protein-protein Interaction Analysis 11 

STRING database (https://string-db.org/) was applied to discover the interactions 12 

among a group of CT-OP-AD shared targets. After searched under the pattern of 13 

“Homo sapiens”, the protein-protein interaction (PPI) network was visualized by 14 

Cytoscape (Version 3.7.2) software. STRING is a database of known and predicted 15 

PPI, derived from genomic context predictions, high-throughput lab experiments, 16 

(conserved) co-expression, automated textmining and previous knowledge in 17 

databases (Szklarczyk et al., 2017). 18 

2.3.5 GO and KEGG Pathway Enrichment Analysis 19 

Gene Ontology (GO) enrichment analysis was performed on Funrich software 20 

(http://www.funrich.org/). FunRich (Version 3.1.3) is a functional software used 21 

mainly for enrichment analysis of genes and proteins (Pathan et al., 2015). 22 
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ConsensusPathDB-human database (CPDB, http://cpdb.molgen.mpg.de/) was 1 

employed to conduct the pathway enrichment analysis. The obtained gene list was 2 

submitted to the database with setting “p-value cutoff” as 0.01. After getting the 3 

results, only these pathways related to OP and/or AD were selected and divided into 4 

groups according to KEGG function categories 5 

(https://www.kegg.jp/kegg/pathway.html). CPDB is a seamless interaction network 6 

containing binary and complex protein-protein, genetic, metabolic, signaling, gene 7 

regulatory and drug-target interactions, as well as biochemical pathways in Homo 8 

sapiens (Kamburov et al., 2013).  9 

2.4 Experimental Procedures for OP Zebrafish Model 10 

2.4.1 Model Grouping 11 

Zebrafish larvae were divided into several groups: control group, model group, model 12 

+ Ed group, model + compounds groups, each of which contained 30 larvae. The 13 

control group was maintained in the medium with 0.2% DMSO. The model group 14 

was treated with Pre (25 µM) from 3 dpf to 8 dpf. The model + Ed group was 15 

co-treated with Pre and Ed (30 µg/mL).  16 

2.4.2 Alizarin Red Staining 17 

After 5 days culture with different compounds, larvae were anesthetized, fixed and 18 

bleached in turn. Alizarin red was used to stain the head bones of zebrafish. 1% KOH 19 

and glycerol (ratios of 3:1, 1:1 and 1:3) were applied respectively to remove excess. 20 

Finally, stereomicroscope (Olympus SZX16) was employed to capture the zebrafish 21 

staining images under the prone position. Staining area and integrated optical density 22 
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(IOD) were calculated by Image-Pro Plus 6.0. 1 

2.4.3 ALP and TRAP Activity Determination 2 

Zebrafish larvae at 3 dpf were subcultured in 6-well plates and incubated with Pre in 3 

the presence or absence of compounds for 5 days. Then they were collected for 4 

measuring ALP activity. ALP activity was determined by using the zebrafish ALP 5 

ELISA kit based on the manufacturer’s protocol. The method to evaluate TRAP 6 

activity was same as ALP. 7 

2.5 Experimental Procedures for AD Zebrafish Model 8 

2.5.1 Model Grouping 9 

Zebrafish larvae were divided into several groups: control group, model group, model 10 

+ DPZ group, model + compounds groups, each of which contained 30 larvae. The 11 

control group was maintained in the medium with 0.2% DMSO. The model group 12 

was treated with AlCl3 (150 µM, pH 5.8) from 3 dpf to 6 dpf. The model + DPZ group 13 

was co-treated with AlCl3 and DPZ (8 µM). 14 

2.5.2 Behavioral Analysis 15 

After 3 days drug deliveries, larvae movement was recorded by ViewPoint behavior 16 

analyzer (Zebralab 2018, ViewPoint Life Sciences Co., Ltd.). All experiments were 17 

completed in 60 min at 28˚C, containing 3 cycles of light/dark phase (10 min each for 18 

light and dark). According to the methods in the previous report, average speed (AS), 19 

speed change (∆S), dyskinesia recovery rate (DRR, equation a) and response 20 

efficiency (RE, equation b) are selected as the anti-AD drug efficiency evaluation 21 

index in this model (Pan et al., 2019; Wenhai et al., 2016). 22 
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AS (mm/sec) = D / T, DRR (%) = 100 × (ASDrug - ASModel) / (ASControl - ASModel), a 

where D is the movement distance of zebrafish during 60 min, T is the experimental time. 1 

 2 

RE (%) = 100 × (∆SDrug - ∆SModel) / (∆SControl - ∆SModel), b 

where ∆S is the speed change of zebrafish in light/dark cycles. 3 

2.5.3 AChE and ChAT Activity Measurement 4 

Zebrafish larvae at 3 dpf were subcultured in 6-well plates and incubated with AlCl3 5 

in the presence or absence of compounds for 3 days. Then they were collected for 6 

AChE activity. AChE activity was detected by using the zebrafish AChE ELISA kit 7 

based on the manufacturer’s protocol. The method to evaluate ChAT activity was 8 

same as AChE. 9 

2.6 Quantitative Real-Time PCR Analysis 10 

Zebrafish larvae were divided into OP and AD groups. OP groups consisted of control 11 

group, Pre group, and Pre + compounds groups, cultured from 3 dpf to 8 dpf. AD 12 

groups included control group, AlCl3 group, and AlCl3 + compounds groups, cultured 13 

from 3 dpf to 5 dpf. Each group contained 30 larvae. Total RNA was respectively 14 

extracted from these zebrafish larvae samples by Trizol. RNA samples were 15 

reverse-transcribed to cDNA according to manufacturer's instruction of the cDNA kit. 16 

The mRNA expression level was detected by real-time fluorescent quantitative PCR 17 

(Roche LightCycler96). The results were normalized to β-actin expression and 18 

quantified by the comparative (2−∆∆Ct) method. Forward and reverse primers used 19 

were synthesized by Sangon Biotech (Shanghai, China) and listed in Supplementary 20 

Table S1. 21 

2.7 Statistical Analysis 22 
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GraphPad Prism version 8.00 was used for descriptive statistical analyses. Data were 1 

expressed as mean ± SD and analyzed by ANOVA method to test for variability 2 

between each trial considering P ≤ 0.05 as significant. 3 

3. Results 4 

3.1 Candidate Compounds and Potential Targets 5 

In the research of CT chemical constituents, a total of 75 ingredients were obtained 6 

from TCMSP. Then PCA was conducted to visualize the chemical distribution of CT. 7 

As shown in Figure 1, the ingredients of CT were multifarious in chemical space, and 8 

28 of them satisfied the Lipinski’s rule of five (Lipinski, 2003). Interestingly, there 9 

were many overlapping parts between the ingredients of CT and approved small 10 

molecule drugs for OP/AD. It illustrated that many compounds in CT had the potential 11 

druggability on OP/AD. To further evaluate their druggability, 43 compounds were 12 

screened by DL. After targets prediction, 26 candidate compounds were selected for the 13 

subsequent analysis. And they can be docked with a total of 847 target proteins. 14 

The gene entries related to OP or AD were collected from the DisGeNET and 15 

GeneCards databases. As a result, 3052 and 8042 gene entries were respectively 16 

collected. We adopted the two scores from the DisGeNET and GeneCards databases as 17 

evaluation score, screening the top fifth of targets. The one-fifth ratio was decided by 18 

pre-experiments. Then 211 OP-AD common targets were preserved to match with the 19 

targets of 26 candidate compounds. Finally, total 81 protein targets (Supplementary 20 

Table S2) connecting with 22 candidate compounds (Supplementary Table S3) were 21 

selected for molecular mechanisms of action analysis, forming a protein-protein 22 

interaction (PPI) network shown in Figure 2. 23 

The 22 compounds were divided into 11 categories: 5 phenylethanoid glycosides 24 

(PhGs) (Decaffeoylacteoside, Cistanoside E, etc.), 3 phenylacryl oligosaccharides 25 
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(Cistanoside H, Cistanoside F, etc.), 3 iridoids and iridoid glycosides (Leonuride, 1 

Geniposidic acid, etc.), 3 lignans and lignan glycosides (Yangambin, 2 

(+)-Pinoresinol-O-β-D-glucopyranoside, etc.), 2 flavonoids (quercetin, genistein), 1 3 

alkaloid, 1 terpene, 1 sterol, 1 fatty alcohol, 1 fatty acid, and other. According to 4 

previous reports, these compounds are the main components or active functional 5 

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

In Figure 2, a total of 81 common targets were found to have correlations with OP and 7 

AD. The degree of PPI was adopted as a characteristic parameter to define the 8 

significance of potential targets. Top 5 putative target proteins associated with OP and 9 

AD were albumin (ALB), insulin (INS), interleukin 6 (IL6), TNF-alpha (TNF), and 10 

epidermal growth factor (EGF).  11 

 12 

Figure 1. Chemical distribution based on principal component analysis (PCA). PC1, 13 

PC2, and PC3 account for 0.654, 0.112, and 0.219, respectively. 14 

 15 
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Figure 2. The number of CT, OP and AD targets prediction and the Compound-Target 1 

network of CT. White nodes with green edges are the OP-AD shared targets. Orange 2 

nodes are active ingredients of CT interacted with the shared targets. The size of nodes 3 

reflects the degree of PPI. 4 

3.2 Integrated and Classified Network Analysis 5 

81 putative target proteins in Table S2 were selected to initiate GO and KEGG pathway 6 

enrichment analysis. After filtering by p-value (GO cut-off of ≤ 0.05, KEGG pathway 7 

cut-off of ≤ 0.01), 15 GO terms and 66 KEGG pathway terms were returned, as shown 8 

in Figures 3 and 4. A total of 16 GO terms are included: 5 for molecular function, 5 for 9 

biological processes, and 6 for cellular component. Since this study was aimed to 10 

discover the potential common pathogenesis of OP and AD, we removed the pathway 11 

terms directly related to other diseases and classified the rest into different functional 12 

categories. It suggested that the 22 active ingredients of CT might regulate a total of 66 13 

pathways which mainly correlated with signal transduction, endocrine system, immune 14 

system, cell growth and death to play a confrontational role against OP and AD. 15 

To reveal the differences in the action of different types of compounds, the PPI network 16 

constructed in Figure 2 was analyzed according to their categories in Table S3. Figure 5 17 

illustrated that 5 PhGs, 2 flavonoids, 1 terpene, and 1 sterol, particularly flavonoids, 18 

might be more important than other ingredients of CT against OP and AD. After that, 19 

these 4 series of active compounds were chosen to uncover their compressed pathways. 20 

As can be seen from Figure 6, PhGs, flavonoids, terpene, and sterol worked together or 21 

alone on 27 pathways, containing 11 modules: cell growth and death, endocrine system, 22 

immune system, signal transduction, development, and others. Results suggested that 23 

these compounds might play a synergistic role in the positive effects of CT on OP and 24 

AD. It’s worth noting that the protective effects of PhGs could be more remarkable than 25 

flavonoids in neurodegenerative disease since PhGs had direct interactions with 26 

Alzheimer disease pathway whereas flavonoids were related to signaling molecules and 27 
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interaction. Only sterol and terpene were related with lipid metabolism and excretory 1 

system. In addition, PhGs, terpene, and flavonoids showed a potential relation with 2 

endocrine and metabolic disease. 3 

According to the PPI illustration, 2 flavonoids (GE, QU), 1 terpene (AA), and 1 sterol 4 

(BSS) were adopted as the valuable compounds for further research on molecular 5 

mechanisms. Interestingly, we found that they all interrelated with MAPK signaling 6 

pathway and TGF-beta signaling pathway. And the p-value of two pathways also were 7 

much higher. Putative targets of 4 valuable compounds and the distribution of their 8 

affected proteins in the two pathways were demonstrated in Figure 7. 9 

 10 

Figure 3. Level2 GO terms enrichment analysis (Molecular Function, Biological Process, 11 

Cellular Component). 12 

 13 

Figure 4. KEGG pathway enrichment analysis. 14 
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 1 

Figure 5. Illustration of Compound-Target network. Rounded nodes with green edges are 2 

OP-AD shared targets and the size of nodes reflects the degree of PPI. Diamonds nodes in 3 

different colors are the active ingredients of CT grouped by chemical structural types. In 4 

this PPI, the four significant compound groups are circled in red. 5 

 6 

Figure 6. Illustration of KEGG pathway enrichment analysis. Ellipses with different 7 

colors are 4 series of valuable ingredients. Parallelograms represents different pathway 8 

classifications whereas round rectangles are KEGG pathway terms. 9 
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 1 

Figure 7. Description of the interactive effects of MAPK and TGF-beta signaling 2 

pathway and putative target proteins identified in the present study. Purple targets are 3 

related putative target proteins identified in the present study. Yellow lines represent 4 

activation whereas red represent inhibition. (Reference: KEGG database). 5 

3.3 Valuable Compounds Efficacy Validation 6 

In this network analysis established in 3.2, we captured 4 valuable compounds for 7 

pharmacological activity validation. By the topologically structural analysis method in 8 

this study, we found that genistein (GE, C9, DL=0.21), quercetin (QU, C11, DL=0.28), 9 

abietic acid (AA, C19, DL=0.28), and β-sitosterol (BSS, C20, DL=0.21) showed 10 

feasible interplay to against OP and AD. In this part, zebrafish larvae in vivo models 11 

induced by Pre or AlCl3 were established respectively to evaluate the protective effects 12 

of 4 compounds against OP and AD. 13 

3.3.1. Effect of 4 compounds on OP 14 

To detect whether 4 compounds have protective effects against OP, Pre was used to 15 

establish the OP zebrafish model. The development of osteoblasts was first examined 16 

by alizarin red staining to investigate the direct effects of 4 compounds on bone 17 

formation. Compared with the control zebrafish, Pre apparently induced a change in 18 

bone morphology and bone density of zebrafish skulls in the model group (Figure 8). 19 

Declines of staining area and IOD in Pre group and opposite trend in Ed group also 20 
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visually demonstrated the success of OP model. What’s more, the staining area and 1 

IOD of zebrafish skulls in BSS/GE/QU/AA groups were significantly increased 2 

compared with the model group (Figure 9). The typical markers of bone formation and 3 

resorption such as ALP and TRAP were assayed to further evaluate the 4 

anti-osteoporosis effect of 4 compounds. As shown in Figure 10, Pre significantly 5 

decreased ALP activity and increased TRAP activity in contrast with the control group. 6 

Conversely, Ed and 4 compounds significantly showed the opposite trend to Pre group 7 

in the ALP and TRAP activities of zebrafish. These results combined together 8 

confirmed that BSS, QU, GE, and AA might play positive roles in bone formation in 9 

Pre-induced OP zebrafish. 10 

 11 

Figure 8. Representative images (100 X) of alizarin red staining in OP zebrafish. 400, 12 

200, 100 µM of BSS, 200, 100, 50 µM of QU, 50, 25, 12.5 µM of GE, and three 13 

dosages including 12.5, 6.25, 3.125 µM of AA were used. 14 
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 1 

Figure 9. Quantification of alizarin red staining results in OP zebrafish (n=8 per 2 

group). Data are mean ± SD, *P<0.05, ** P<0.01, *** P<0.001, versus Pre group. 3 

 4 

Figure 10. Effect of compounds on ALP and TRAP activity (n = 3). Data are mean ± 5 

SD, *P<0.05, *** P<0.001, versus Pre group. 6 

3.3.2. Effect of 4 compounds on AD 7 

To evaluate the protective effects against AD of 4 compounds, the well-recognized 8 

AlCl 3-induced AD zebrafish model has been used. For this model of AD dyskinesia, the 9 

behavior analyzer was used to track the movement of zebrafish. As shown in Figure 11, 10 

the AS of AlCl3 group was significantly lower than those of the control group, while for 11 

DPZ and all 4 compounds the ASs were close to the control. DRR and RE were listed in 12 

Table S4. The results showed that different concentrations of GE, BSS, QU, and AA 13 

increased DRR by 2.37-37.64%, 60.18-103.92%, 70.52-164.61%, 2.37-42.64%, 14 

respectively with partial significant (p-value < 0.001-0.01). The ∆Ss in control group, 15 

AlCl 3 group and DPZ group further supported that the construction of AD model was 16 

successful. RE for GE, BSS, QU, and AA were 13.12-50.45%, 11.41-63.09%, 17 

1.63-66.89%, 13.12-51.09%, respectively. These results with significant differences 18 
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demonstrated that GE, BSS, QU, and AA can improve dyskinesia of zebrafish to some 1 

extent. Determination of nerve conduction markers (AChE and ChAT) activities in the 2 

groups were shown in Figure 12. AlCl3 significantly increased AChE activity and 3 

decreased ChAT activity compared with the control group. But DPZ and 4 compounds 4 

showed the ability to partial recover the changes caused by AlCl3 in AChE and ChAT 5 

activities. It’s consistent with the results of rehabilitation effect dyskinesia evaluation. 6 

In conclusion, GE, BSS, QU, and AA might have the potential to become prominent 7 

anti-AD agents. 8 

 9 

Figure 11. Effect of compounds on behavioral analysis (n = 10). Data are mean ± SD, 10 
*P<0.05, ** P<0.01, *** P<0.001, versus AlCl3 group. 11 

 12 

Figure 12. Effect of compounds on AChE and ChAT activity (n = 3). ** P<0.01, 13 
*** P<0.001, versus AlCl3 group. 14 

3.4 Putative Targets Validation 15 

To verify putative targets which were predicted in this work, targets related to MAPK 16 

and TGF-beta signaling pathways were chosen for qRT-PCR analysis. Their relative 17 
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mRNA expression levels in the OP model were shown in Figure 13. Compared with the 1 

Pre group, GE increased levels of mapk14a, fgfr1b, tgfb1, bmp2, and decreased levels 2 

of tp53, tnf-α, jun, tgfbr1, and c-fos. QU increased levels of mapk14a, fgfr1b, tgfb1, 3 

bmp2, and decreased levels of tp53, jun, and il1b. BSS only showed reducing effects on 4 

tp53, tnf-α, and mapk3. As shown in Figure 14, in AD model, GE, QU, BSS, and AA 5 

reduced the mRNA expression level of tp53. GE and QU both reduced levels of tnf-α, 6 

bmp2, tgfbr1, sp1, tgfb2, and ifnγ, and increased level of jun, whereas GE and AA 7 

increased level of mapk3. Only GE appeared to reverse the rise of mapk14a, fgfr1b, 8 

fgfr1a, and igf1ra. Besides, QU decreased the high levels of il1b and egf. The relative 9 

mRNA expression levels of genes including tp53, tnf-α, mapk14a, mapk3, fgfr1b, 10 

bmp2, jun, il1b, and tgfbr1 significantly changed by contrast with the control group in 11 

each model. These results suggested that they may serve as a link between the two 12 

diseases. In addition, these results also suggested the possibility of synergistic effects of 13 

4 compounds. 14 

 15 

Figure 13. Relative mRNA expression levels in OP zebrafish (n = 3). *P<0.05, 16 
** P<0.01, *** P<0.001, versus Pre group. 17 
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 1 

Figure 14. Relative mRNA expression levels in AD zebrafish (n = 3). *P<0.05, 2 
** P<0.01, *** P<0.001, versus AlCl3 group. 3 

4. Discussion 4 

OP and AD are the most common clinical diseases associated with aging. Their 5 

complex pathophysiological mechanisms have limited the effective treatment of two 6 

diseases for years. The risk factors of OP and AD demonstrated that the susceptible 7 

group of both diseases are partly similar, such as elderly women (Abraham et al., 8 

2013; Patel, 2017), diabetics (Vieira et al., 2018; Xia et al., 2012), long-term smokers 9 

(Franic and Verdenik, 2018; Zhong et al., 2015), and inactive individuals (Koedijk et 10 

al., 2017; Sofi et al., 2011). Furthermore, current studies have identified that some key 11 

proteins in AD also had functions in bone metabolism as well (Li et al., 2016; Pan et 12 

al., 2018). There are reasons to believe that OP and AD are not completely 13 

independent, even have some potential connections. This suggested a potential 14 

homo-therapy for heteropathy, which means treating OP and AD with the same 15 

therapy. 16 

On the grounds of the therapeutic objectives and principles of TCM, maladjustment in 17 
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a disease can be classified into several “patterns”. So multiple diseases such as OP 1 

and AD might share one “pattern” and be treated by the same TCMs (Jiang, 2005). As 2 

a kidney tonic herb, CT is widely used in OP and AD treatment. Modern studies have 3 

provided some compact evidence that CT has positive pharmacologic actions on the 4 

skeleton and nervous system. However, it still needs more detailed studies to reveal 5 

the mechanisms of CT. 6 

In the present study, for a clear understanding of the effects of CT on OP and AD, a 7 

network pharmacology approach was set up to predict possible active ingredients and 8 

analyze related pathways. It’s different from previous network pharmacology study on 9 

CT (Liu et al., 2017). The “one drug - two diseases” molecular network was 10 

conducted for the first time, instead of only focus on one disease. On the one hand, 11 

integrated network analysis discovered total 22 active compounds of CT with 12 

dual-effects for treating both OP and AD. On the other hand, the patterns of two 13 

diseases provided supports for revealing their links. Classified analysis showed that 14 

these active compounds may have synergistic effects on many biological function 15 

modules and PhGs, flavonoids, terpene, and sterol showed better efficacies. To verify 16 

the feasibility and suitability of this conducted network, zebrafish was used to 17 

construct OP and AD model in vivo and evaluated the efficacy of four compounds. 18 

And putative targets validation was applied to reveal their potential synergies. This 19 

combined studies in silico and in vivo provided a new starting point on revealing 20 

protective effect of CT on two diseases. It may provide new clues to the correlation 21 

between OP and AD pathogenesis, as well as help for the future development of 22 
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therapeutic strategies for two disease. Nonetheless, the method still needs 1 

improvement and perfection to entirely explore synergetic mechanisms of CT for 2 

treating OP and AD. In this study, only certain compounds were selected to validation. 3 

It’s necessary to further verify other 18 active constituents with underlying targets and 4 

pathways by experiments. And the commonalities between OP and AD still need to be 5 

further explored and discovered, especially from the perspective of treatment. 6 

In our study, BSS, GE, AA and QU were proved to have protective effects on OP and 7 

AD in zebrafish. More delightfully, these valuable constituents also have been 8 

experimentally validated in other literature and showed pharmacological activities 9 

consistent with that in this paper (Ayaz et al., 2017; Chauhan et al., 2018; King et al., 10 

2015; Ramnath et al., 2018; Thummuri et al., 2018; Vargas-Restrepo et al., 2018; 11 

Wang et al., 2019; Yuan et al., 2018). It further proved the effectiveness and 12 

rationality of this network, and indicated the dual-effects of the remaining 18 13 

compounds. As for putative targets validation, 9 effective targets consist of TP53, 14 

JUN, TNF, IL1B, MAPK14, MAPK3, FGFR1, BMP2, and TGFBR1 were screened as 15 

common targets of OP and AD finally. TP53 is a key tumor suppressor, and its 16 

activation could induce neuronal apoptosis (Xiao et al., 2019). TP 53, JUN, and SP1 17 

are active transcriptional factors in primary OP (Xie et al., 2015). TNF and IL1B are 18 

common inflammatory cytokines with functions of promoting osteoclastogenesis 19 

(Geissler et al., 2018) and bone loss (Sang et al., 2017). Furthermore, they both are 20 

therapeutic targets for AD through the inhibition of neuroinflammation to protect 21 

neurons (Liu et al., 2017). TGFB1, TGFB2, TGFBR1, and TGFBR1 have complex 22 
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effects on neuronal inflammation (Lippa et al., 1998) and osteolysiss (Quinn et al., 1 

2001). Bone morphogenetic proteins (BMPs) are one of the factors involved in glial 2 

differentiation of neural progenitor cells (Kwak et al., 2014). The upregulated 3 

expression of BMP2 has been demonstrated to serve an essential role in osteoblast 4 

differentiation (Li et al., 2017). In addition to these experimentally validated targets, 5 

the 81 common targets listed in the Table S2 were also expected to be therapeutic 6 

targets, but have not been researched or have had preliminary studies in other 7 

researches. 8 

It is particularly noteworthy that these valuable targets all related to MAPK and 9 

TGF-beta signaling pathways basing on the KEGG enrichment analysis. MAPK 10 

signaling pathway regulates cell proliferation, differentiation, survival or apoptosis, 11 

inflammation, and innate immunity. It has been reported that the compromised MAPK 12 

signaling pathway contributed to the pathology of neurodegeneration such as AD 13 

(Kim and Choi, 2015) as well as inhibiting osteoblasts directly (Xiao et al., 2019). As 14 

for TGF-β family members, they played different roles in the skeleton with direct 15 

effects on bone impairment (Sun et al., 2016), whereas the activation of neuronal 16 

TGF-beta signaling increases neurodegenerative disorders and AD-like disease 17 

(Tesseur et al., 2006). Thus, MAPK and TGF-beta signaling pathways may be 18 

expected to become shared mechanisms for revealing the pathogenesis of OP and AD 19 

or slowing the progressions. Besides the two pathways, the 22 active compounds 20 

regulated a total of 66 pathways, especially the pathways with the highest p-value, 21 

such as Prolactin signaling pathway, FoxO signaling pathway, and Th17 cell 22 
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differentiation, will also be worthy of attention and research and as the key to 1 

uncovering the correlation between OP and AD. Finally, the discoveries summarized 2 

may imply the link between the two diseases in the immune system and the endocrine 3 

system. 4 

5. Conclusion 5 

In this work, we proposed a network pharmacology approach, combining PCA 6 

analysis，DL screening, multiple targets collection and prediction, PPI network 7 

construction， as well as GO and KEGG pathway analysis to probe the efficiency of 8 

CT for the treatment of OP and AD. Our results suggested that the 22 active 9 

ingredients of CT might mainly regulated signal transduction, endocrine system, 10 

immune system, cell growth and death to play an important role in the treatment of 11 

OP and AD. To make a better understanding of the mechanisms of CT, this network 12 

was deeply excavated and analyzed depending on the type of compounds. In the end, 13 

we applied zebrafish OP and AD models separately to identify 4 valuable compounds 14 

and related targets, providing a feasible method to connect genome with 15 

pharmacodynamics and find dual-effects compounds. 16 
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