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Abstract: Consuming herbal products as food and medicine have been accepted by people of different cultural backgrounds
for sustaining healthy aging. The mechanism of anti-aging is mystery since the complex chemical composition of herbals as
well as the systems reactions in organisms. Here, the anti-aging ingredients of goji are studied using a network
pharmacology methodology. Metabolites of goji were collected based on the open databases, resulting in a database of
potential targets. The aging-related targets were identified, which were further applied for Gene Ontology (GO) enrichment
analysis. Afterwards, network analyses were performed to reveal the linkages between the aging-related genes and the
related ingredients. The results show that 58 ingredients of goji are linked to 90 aging-related genes, and the genes and
ingredients of greater importance are revealed by networks. This study provides a preliminary overview on the anti-aging

ingredients of goji, which hints the potential effects of goji against aging-related diseases.
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1 Introduction

The globally aging population results in challenges to public
health. Aging results in a wide variety of chronic diseases, such as
hearing loss, chronic obstructive pulmonary disease, diabetes,
depression and dementia and the overarching need for geriatric
care™?. These syndromes cannot be cured using specific drugs,
instead, food-medicinal plants and their derived products are
often consumed for nursing and sustaining the elderly’s health in
different cultural backgrounds™ .

Goji (fruit of Lycium barbarum L., known as gou qi in Chinese)
has been used as food and medicine since millennia, and is well-
known for its nourishing functions especially for anti-aging®”. In
recent years, advertised as “super food”, goji is among the most
popular anti-aging botanicals in the global market, also based on a
sound body of phytochemical and pharmacological studies. The
complex metabolite profile of (medicinal) plants results challenges
to pharmacological studies, not to mention formulas derived from
such primary extracts. The application of network analysis has
provided a tool for a systematic preliminary assessment®®. In-
silico assessment provides important clues for drug discovery
studies. Recently, the potential functions of goji in the
management of diabetes, retinitis pigmentosa, some cancers,
hypertension and Alzheimer’s disease (AD) were postulated in-
silico®™”; in the meanwhile, some of the bioactivities/functions
have been proved by in vivo studies and clinic trials"™>".
Therefore, a comprehensive understanding on the potential effects

of goji on aging-related diseases as well as the corresponding
ingredients are of great importance for its further development.

Using the methodology of network pharmacology, this study
aims to sort out the ingredient-target-disease linkages for goji’s
potential effects on aging-related diseases, thus, to provide clues
for elucidating the anti-aging functions of goji, as well as to inspire
the anti-aging targeted products development.

2 Methods

2.1 Database of chemical ingredients

>

To construct a database of chemical ingredients of goji, “Lycium’
was used as the keyword to search in databases including
Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP)", Integrative Pharmacology-
based Research Platform of Traditional Chinese Medicine
(TCMIP, http://www.tcmip.cn/TCMIP/), Traditional Chinese
Medicine on Immuno-Oncology (TCMIO)"® and HIT 2.0, The
cross-database results were then checked manually as follows:
ingredients sourced from Lycium chinense Mill. were removed
firstly to generate ingredient lists, which were then linked using
the function “VLOOKUP” in Microsoft Excel 2019; after that, a
union list was generated by removing the repeated ingredients.
The canonical SMILES (Simplified molecular-input line-entry
system) codes of the ingredients were then obtained from the
database TCMIO"®. Supplementary searches were performed in
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PubChem (https://pubchem.ncbinlm.nih.gov/) if the SMILES
code was not available in TCMIO. Thus, the database of chemical
ingredients was constructed (Supplementary material).

22 ADME
ingredients

assessment and target prediction of

To evaluate the properties of pharmacokinetics and
pharmacology of the ingredients, ADME (absorption, distribution,
metabolism and excretion) assessment was performed using
SwissADME". The canonical SMILES codes of the ingredients
were pasted to the webserver, and the parameters of
“Pharmacokinetics” and “Druglikeness” were recorded manually.
Those ingredients with “high” gastrointestinal (GI) absorption was
accepted. Regarding to the druglikeness analysis, those ingredients
with at two “Yes” for the five indices (namely Lipinski, Ghose,
Veber, Egan and Muegge) were accepted. Ingredients fulfilled
both two conditions were accepted for further analysis.

SwissTargetPredication”” was employed to perform target
prediction of the above accepted ingredients. Canonical SMILES
codes of the ingredients were pasted to the webserver, selecting the
species “Homo sapiens”, and the targets were then computed. The
results were exported and integrated into one table for further
analysis.

2.3 Intersection of predicted targets and aging-related
genes

The aging-related human genes were retrieved from the
database GenAge™. After that, the predicted targets and aging-
related genes were linked using the function “VLOOKUP” in
Microsoft Excel 2019 based on the key field “Common name” in
SwissTargetPredication and “HGNC (Human Genome
Organization Gene Nomenclature Committee) Symbol” in
GenAge. The intersection of genes from the two lists was
compiled for further analysis.

24 Gene Ontology (GO) enrichment

The genes obtained above were then uploaded to Metascape'
and STRING™ (search tool for the retrieval of interacting
genes/proteins) for GO enrichment analysis. Four enrichments,
including GO molecular functions, GO biological processes, GO
cellular components and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway, were analyzed and visualized
separately in Metascape. Meanwhile, the disease enrichment of the
intersection genes was performed in STRING and was then
visualized with TBtools™™.

21]

25 Network analysis

Networks were constructed to present the linkages between
ingredients and target genes, as well as the protein-protein
interaction (PPI) among targets. The ingredient-target network
was constructed using Cytoscape™ with the data generated in
section 2.2 and 2.3. The PPI analysis was performed in STRING”
and the network was visualized using Cytoscape®. The
importance of the ingredients and the target genes was evaluated
by their degrees in the networks.

3 Results

3.1 Ingredients of goji linking to aging-related human
genes

Following the flow chart Fig.1, 58 ingredients of goji were
found to link with aging-related human genes. The cross-database
retrieval shows that there are 270 ingredients of goji indexed in the
databases. The follow-up ADME assessment indicates that 84 of
these are active in pharmacokinetics and druglikeness, while 102
of these are with low GI absorption but active in druglikeness. The
follow-up target predication shows that these 84 active ingredients
link to 836 human genes. These 836 genes are then compared with
the 307 aging-related human genes extracted from GenAge, and
their intersection includes 90 genes. The 90 genes relate to 58
ingredients of goji. The ingredients and the number of their linked
aging genes are shown in Supplementary material.

3.2 GO enrichment of the aging-related genes linking to
ingredients of goji

The results of the four enrichment analyses, namely GO
molecular functions, GO biological processes, GO cellular
components and KEGG pathway, are obtained from Metascape.
The following parameters are applied: min overlap is three, P
value cutoff is 0.01 and minimum enrichment is 1.5. There are 115
GO terms of molecular functions identified under these
conditions. As is shown in Fig.2A, the related genes play
important in kinase binding, among others. For example, the top
two best P-value terms, GO:0004712 and GO:0004672, which
stand for “protein serine/threonine/tyrosine kinase activity” and
“protein kinase activity” separately, include 31 and 30 of the 90
aging-related human genes. With regards to the enrichment on
GO biological processes, the top three best P-value terms are
GO0:0009725, GO:1901699 and GO:0071417 (Fig. 2B), indicating
the importance of these genes on cell response to hormone,

Cross-database ADME ..
; . Target prediction
retrieval evaluation

TCMIO
TCMSP Swiss
; TCMIP ADME
HIT 2.0 »
G G-
, 270 84
ingredients i ingredients

» (836 genes)
T

Swiss GenAge
Target ﬂ (307 aging- |
Prediction related '
genes)

90 target genes, :
relate to 58 ingredients

Figure1 Flow chart for searching age-related genes the related ingredients in goji.
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Figure2 GO enrichment results of the aging-related genes linking to the ingredients in goji. (A) GO molecular functions, (B) GO biological processes, (C) GO
cellular components, (D) KEGG pathway.
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play a less important role in cellular components. As is shown in
Fig. 2C, the top related term GO:0005667, of which the biological
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meaning is “transcription regulator complex”, has a P-value of
ca. 13, which is much lower that of the former categories. The
enrichment of KEGG pathway (Fig. 2D) shows that the related
genes are important in cancer, as is indicated by the high P-values
of the terms hsa05200 (pathways in cancer), hsa05215 (prostate
cancer), hsa05205 (proteoglycans in cancer) and hsa05206
(microRNAs in cancer).

The enrichment of related genes on diseases was also analyzed.
As is shown in Fig. 3, there are 22 disease terms with enrichment
of no less than 10 of the related genes, which implies the potential
functions in diverse diseases of goji and its ingredients.

60

w N
=5 O

Number of related genes
I

3.3 Network analysis

The application of networks allows for the analysis of
relationship between ingredients and target genes, in the
meanwhile, the PPI provide a solution to find the important
proteins. Figure 4 shows the PPI network of the 90 aging-related
genes. The importance of the proteins can be evaluated by their
degree values in the network. Accordingly, 14 genes are found to
be with degrees of over 100, including AKT1, HSP90AAI, JUN,
EGFR, ESRI1, MAPK3, STAT3, VEGFA, IL6, HIF1A, MTOR,
MDM?2, EP300 and ERBB2, and the higher degrees suggest their
more important roles in the interactions among them. Using the

Figure4 PPI network of aging-related genes linking to the ingredients in goji.
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same methodology, the network of ingredients and genes was
calculated. Amongst the ingredients, withanolide A ranks the first
with a degree values of 21, meaning it relates to 21 genes. Twenty-
two of the 58 ingredients have degree values of no less than 10.
Moreover, the number of related ingredients of each gene was also
calculated. The result shows that linkage between 14 genes link to
over 10 ingredients.

The composition and biological process in organisms are
complex, therefore, the event of one chemical ingredient affects in
one organism will practically lead to reactions of systems. Herbal
medicines have even more intricate situation since their
compositions often comprise of hundreds of chemical ingredients.
Biomolecular network-based analysis may provide a holistic
methodology for pharmacological studies on herbal medicines
especially for those aiming at drug discovery®”.

Goji is a traditional food and medicine in Eastern Asia
especially in China, and is also an emerging healthy food in the
worldwide due to its evidence-based bioactivities which may link
to its traditional functions™*.. The cross-database retrieval and the
target prediction shows that 58 out of the 270 ingredients of goji
link with 90 aging-related human genes. The follow-up network
analysis reveals the interactions among the “nodes”, by which the
hot nodes can be found. The PPI network and the
ingredient-gene network provide useful clues for finding out
those genes and ingredients of greater importance, which is
helpful for further discoveries.

However, the current network pharmacology has its limitations.
Firstly, the database does not keep up with the most recent
research frontier. For example, researchers have isolated dozens of
new ingredients belonging to the spermidines from goji, and their
bioactivities against AD have also been proved in 2016, but
these compounds have not been inventoried in any of the
databases. Secondly, polymers (mainly polysaccharides) are not
available to be analyzed. For example, polysaccharides are thought
to be the active compounds with a variety of benefits especially for
immunoregulation™’, but such macromolecules are not included.
Thirdly, some active compounds are omitted during the ADME
assessment. For example, zeaxanthin in goji has been
demonstrated to benefit eyesight and is among the most useful
ingredients in goji"">*, but its GI absorption is low, which is a key
factor of pharmacokinetics. According to our analysis, there are
102 ingredients with good druglikeness properties but perform
poorly in pharmacokinetics. Fourthly, the results of network
pharmacology can only hint the potential activities which
requiring as a next step a targeted pharmacological assessment
(e.g. in wvitro) or clinical assessment. Therefore, the current
network pharmacology can provide useful clues for drug
discovery, but supplementary measures should be arranged.

Using the methodology of network pharmacology, this study
has found that 58 out of the 270 ingredients of goji are linked with
90 aging-related human genes, indicating the material
fundamentals of goji's functions in anti-aging. The network
analysis helps find out the ingredients and genes of greater
importance. As a result, this study provides a preliminary
overview on the anti-aging ingredients of goji, which provides
clues for further research. Considering the limitations of the

methodology, such as the outdated ingredient databases and the
ignorance of active ingredients by poor pharmacokinetics, we
suggest referring to the new literature for collecting ingredients,
and to accept ingredients of poor pharmacokinetics but with good
druglikeness properties. Nevertheless, many herbal medicines are
consumed for long-term as food, so that the benefit functions can
be accumulated even with poor pharmacokinetics. Food-
medicinal plant resources and their related traditional knowledge
consist of a treasure house for healthcare, the application of multi-
disciplinary methodology allows to demystify the traditional
wisdom and make such knowledge benefits human health widely.

The authors declare that there are no conflicts of interest in this
work.

This work was supported financially by International
Postdoctoral Exchange Fellowship Program (No. YJ20180044)
and Introducing Talents Start-up Fund of Kunming Institute of
Botany, Chinese Academy of Sciences.

The online version contains supplementary material available at
https://www.researchgate.net/publication/358635639_Supplement
ary-data_for_GOJI-network_pharmacology

References

[1] Heinrich, M., Yao, R., Xiao, P. G. ‘Food and medicine continuum’
—why we should promote cross-cultural communication between the
global East and West. Chinese Herbal Medicines, 2022, 14: 3—4.
https://doi.org/10.1016/j.chmed.2021.12.002

[2] WHO. Ageing and Health. https://www.who.int/news-room/fact-
sheets/detail/ageing-and-health

[3] Yao, R., He, C. N., Xiao, P. G. ‘Food and medicine continuum’ in
the East and West: old tradition and current regulation. Chinese
Herbal Medicines, 2023, 15: 6-14. https://doi.org/10.1016/j.chmed.
2022.12.002

[4] Yao, R., Heinrich, M., Weckerle, C. S. The genus Lycium as food
and medicine: a botanical, ethnobotanical and historical review.
Journal of Ethnopharmacology, 2018, 212: 50—66. https://doi.org/10.
1016/j.jep.2017.10.010

[5] Yao, R., Heinrich, M., Wei, J., et al. Cross-cultural ethnobotanical
assembly as a new tool for understanding medicinal and culinary
values-the genus Lycium as a case study. Frontiers in Pharmacology,
2021, 12: 708518. https://doi.org/10.3389/fphar.2021.708518

[6] Lai, X., Wang, X., Hu, Y., et al. Editorial: network pharmacology
and traditional medicine. Frontiers in Pharmacology, 2020, 11:
1194. https://doi.org/10.3389/fphar.2020.01194

[7] Liu, C. X., Liu, R., Fan, H. R., et al. Network pharmacology bridges
traditional application and modern development of traditional
Chinese medicine. Chinese Herbal Medicines, 2015, 7: 3—17. https://
doi.org/10.1016/S1674-6384(15)60014-4

[8] Zhang, R., Zhu, X., Bai, H., et al. Network pharmacology databases
for traditional Chinese medicine: review and assessment. Frontiers
in Pharmacology, 2019, 10: 123. https://doi.org/10.3389/fphar.2019.
00123

[9]1 Lu, Y., Sun, J., Hu, M., et al. Network pharmacology analysis to
uncover the potential mechanisms of Lycium barbarum on colorectal
cancer. [nterdisciplinary Sciences: Computational Life Sciences,
2020, 12: 515-525. https://doi.org/10.1007/s12539-020-00397-1

[10]Ou, C., Song, H., Yang, Y., et al. Study on mechanism of

https://www.sciopen.com | https:/mc03.manuscriptcentral.com/fmh | Food & Medicine Homology


https://www.researchgate.net/publication/358635639_Supplementary-data_for_GOJI-network_pharmacology
https://www.researchgate.net/publication/358635639_Supplementary-data_for_GOJI-network_pharmacology
https://www.researchgate.net/publication/358635639_Supplementary-data_for_GOJI-network_pharmacology
https://www.researchgate.net/publication/358635639_Supplementary-data_for_GOJI-network_pharmacology
https://www.researchgate.net/publication/358635639_Supplementary-data_for_GOJI-network_pharmacology
https://www.researchgate.net/publication/358635639_Supplementary-data_for_GOJI-network_pharmacology
https://doi.org/10.1016/j.chmed.2021.12.002
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.1016/j.chmed.2022.12.002
https://doi.org/10.1016/j.chmed.2022.12.002
https://doi.org/10.1016/j.jep.2017.10.010
https://doi.org/10.1016/j.jep.2017.10.010
https://doi.org/10.3389/fphar.2021.708518
https://doi.org/10.3389/fphar.2020.01194
https://doi.org/10.1016/S1674-6384(15)60014-4
https://doi.org/10.1016/S1674-6384(15)60014-4
https://doi.org/10.1016/S1674-6384(15)60014-4
https://doi.org/10.1016/S1674-6384(15)60014-4
https://doi.org/10.1016/S1674-6384(15)60014-4
https://doi.org/10.1016/S1674-6384(15)60014-4
https://doi.org/10.3389/fphar.2019.00123
https://doi.org/10.3389/fphar.2019.00123
https://doi.org/10.1007/s12539-020-00397-1
https://doi.org/10.1007/s12539-020-00397-1
https://doi.org/10.1007/s12539-020-00397-1
https://doi.org/10.1007/s12539-020-00397-1
https://doi.org/10.1007/s12539-020-00397-1
https://doi.org/10.1007/s12539-020-00397-1
https://doi.org/10.1007/s12539-020-00397-1
https://www.sciopen.com
https://mc03.manuscriptcentral.com/fmh

Food & Medicine Homology 2025, 2: 9420036

intervention of Lycii Fructus in retinitis pigmentosa based on
network pharmacology. World Chinese Medicine, 2021, 16:
1192-1197. https://doi.org/10.3969/j.issn.1673-7202.2021.08.003

[11] Tan, Z., Liu, Y., Ma, L. Pharmacological action and mechanism of
wolfberry based on network pharmacology. Chinese Journal of
Medicinal Guide, 2020, 22: 28-33. https://doi.org/10.3969/j.issn.
1009-0959.2020.01.008

[12] Yalamanchili, C., Chittiboyina, A. G., Haider, S., et al. In search for
potential antidiabetic compounds from natural sources: docking,
synthesis and biological screening of small molecules from Lycium
spp. (Goji). Heliyon, 2020, 6: ¢02782. https://doi.org/10.1016/].
heliyon.2019.e02782

[13] Li, X., Holt, R. R., Keen, C. L., et al. Goji berry intake increases
macular pigment optical density in healthy adults: a randomized pilot
trial. Nutrients, 2021, 13: 4409. https://doi.org/10.3390/nu13124409

[14] Zhou, Z. Q., Fan, H. X., He, R. R., et al. Lycibarbarspermidines A-
O, new dicaffeoylspermidine derivatives from wolfberry, with
activities against Alzheimer’s disease and oxidation. Journal of
Agricultural and Food Chemistry, 2016, 64: 2223-2237. https://doi.
org/10.1021/acs.jafc.5b05274

[15]Ru, J., Li, P., Wang, J., et al. TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines. Journal of
Cheminformatics, 2014, 6: 13. https://doi.org/10.1186/1758-2946-6-
13

[16] Liu, Z., Cai, C., Du, J., et al. TCMIO: a comprehensive database of
Traditional Chinese Medicine on Immuno-Oncology. Frontiers in
Pharmacology, 2020, 11: 439. https://doi.org/10.3389/fphar.2020.
00439

[17] Yan, D., Zheng, G., Wang, C., et al. HIT 2.0: an enhanced platform
for Herbal Ingredients’ Targets. Nucleic Acids Research, 2022, 50:
D1238-D1243. https://doi.org/10.1093/nar/gkab1011

[18] Daina, A., Michielin, O., Zoete, V. SwissADME: a free web tool to
evaluate pharmacokinetics, drug-likeness and medicinal chemistry

il 742w | Sci@pen

friendliness of small molecules. Scientific Report, 2017, 7: 42717.
https://doi.org/10.1038/srep42717

[19] Daina, A., Michielin, O., Zoete, V. SwissTargetPrediction: updated
data and new features for efficient prediction of protein targets of
small molecules. Nucleic Acids Research, 2019, 47: W357-W364.
https://doi.org/10.1093/nar/gkz382

[20] Tacutu, R., Thornton, D., Johnson, E., et al. Human ageing genomic
resources: new and updated databases. Nucleic Acids Research,
2018, 46: D1083-D1090.

[21] Zhou, Y., Zhou, B., Pache, L., et al. Metascape provides a biologist-
oriented resource for the analysis of systems-level datasets. Nature
Communications, 2019, 10: 1523. https://doi.org/10.1038/s41467-
019-09234-6

[22] Szklarczyk, D., Gable, A. L., Nastou, K. C., et al. The STRING
database in 2021: customizable protein-protein networks, and
functional characterization of user-uploaded gene/measurement sets.
Nucleic Acids Research, 2021, 49: D605-D612. https://doi.org/10.
1093/nar/gkaal074

[23] Chen, C., Chen, H., Zhang, Y., et al. TBtools: an integrative toolkit
developed for interactive analyses of big biological data. Molecular
Plant, 2020, 13: 1194-1202. https://doi.org/10.1016/j.molp.2020.06.
009

[24] Franz, M., Lopes, C. T., Huck, G., et al. Cytoscape.js: a graph theory
library for visualisation and analysis. Bioinformatics, 2016, 32:
309-311. https://doi.org/10.1093/bioinformatics/btv557

[25] Yao, R., Huang, C., Chen, X., et al. Two complement fixing pectic
polysaccharides from pedicel of Lycium barbarum L. promote
cellular antioxidant defense. International Journal of Biological
Macromolecules, 2018, 112: 356-363. https://doi.org/10.1016/].
ijbiomac.2018.01.207

[26] Xiao, J., Gao, H., Zhou, Z. Q., et al. Recent progress in the study of
zeaxanthin dipalmitate. Chinese Science Bulletin, 2017, 62: 1691.
https://doi.org/10.1360/N972017-00262


https://doi.org/10.3969/j.issn.1673-7202.2021.08.003
https://doi.org/10.3969/j.issn.1673-7202.2021.08.003
https://doi.org/10.3969/j.issn.1673-7202.2021.08.003
https://doi.org/10.3969/j.issn.1009-0959.2020.01.008
https://doi.org/10.3969/j.issn.1009-0959.2020.01.008
https://doi.org/10.3969/j.issn.1009-0959.2020.01.008
https://doi.org/10.3969/j.issn.1009-0959.2020.01.008
https://doi.org/10.1016/j.heliyon.2019.e02782
https://doi.org/10.1016/j.heliyon.2019.e02782
https://doi.org/10.3390/nu13124409
https://doi.org/10.1021/acs.jafc.5b05274
https://doi.org/10.1021/acs.jafc.5b05274
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.3389/fphar.2020.00439
https://doi.org/10.3389/fphar.2020.00439
https://doi.org/10.1093/nar/gkab1011
https://doi.org/10.1038/srep42717
https://doi.org/10.1093/nar/gkz382
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1038/s41467-019-09234-6
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.1016/j.molp.2020.06.009
https://doi.org/10.1016/j.molp.2020.06.009
https://doi.org/10.1093/bioinformatics/btv557
https://doi.org/10.1016/j.ijbiomac.2018.01.207
https://doi.org/10.1016/j.ijbiomac.2018.01.207
https://doi.org/10.1360/N972017-00262
https://doi.org/10.1360/N972017-00262
https://doi.org/10.1360/N972017-00262

	1 Introduction
	2 Methods
	2.1 Database of chemical ingredients
	2.2 ADME assessment and target prediction of ingredients
	2.3 Intersection of predicted targets and aging-related genes
	2.4 Gene Ontology (GO) enrichment
	2.5 Network analysis

	3 Results
	3.1 Ingredients of goji linking to aging-related human genes
	3.2 GO enrichment of the aging-related genes linking to ingredients of goji
	3.3 Network analysis

	4 Discussion
	5 Conclusion
	Conflicts of interest
	Acknowledgement
	Electronic Supplementary Material (ESM)
	References

