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Abstract: The intervention mechanism of walnut kernel on type 2 diabetes was investigated by meta-analysis in this study. TCMSP
database was used to screen the main active ingredients and potential targets of walnut kernels. Targets for type 2 diabetes-related diseases were
searched in the OMIM, TTD and genecards databases, and the active component targets and disease targets were intersected using R3.6.2
software. A network diagram was constructed using cystoscope 3.7.2 software. The analyses of protein interaction, GO function and KEGG
pathway enrichment were performed on the intersection targets through STRING. As a result, 83 targets of 11 active ingredients, such as gallic
acid, gallic tannins and pentagalloylglucose were obtained, which were intersected with 3015 targets related to type 2 diabetes to obtain 28
targets of walnut component for type 2 diabetes intervention, mainly including dioxygenase 2, coagulation factor 2, and catalase, IL5 and
glucose-6-phosphate 1-dehydrogenase. These targets involved GO functions such as hormone metabolism, cellular lipid metabolism, fatty acid
biosynthesis and cholesterol metabolism, and in vitro and in vivo responses to organic and inorganic substances, which participated mainly in
four categories of disorders, diabetes, cancer, circulatory system and inflammation, along with 17related pathways, as well as KEGG pathways
such as endocrine, signal transduction, thyroid and neurotransmitter. The results showed that walnut kernels may participate in lipid metabolism
regulated by signaling pathways such as MAPK, AGE-RAGE and PI3K-Akt signaling pathways with multiple targets such as PRKD1, PRKCA,
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PRKCB, PRKCE, PRKCZ, IL5, F2, CAT, and G6PD, to achieve type 2 diabetes intervention effects.

Key words: walnut kernel; antidiabete; meta-analysis; mechanism
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Table 1 11 potential active ingredients of walnut kernel

Mol ID Molecule Name AlogP  OB/% DL
MOL009101 euprostin A, prostratin A 486 2225 0.01
MOL009096 Methyl 9-cyclopropylnonanoate 9-3& % 2k 82 F &5 422 1747  0.06
MOL009092 Pentagalloylglucose % /% &-F BL%] 2/4% 369 301 021
MOL007019  Eugeniin, Tellimagrandin II 4% 2 &4 11, Cornustannin 2 11y 3% 3% 32 /% 3.38 10.06 0.13
MOLO010726 Casuarictin ApR& & 3.07 40.92 0.04

2,2'3,3' 4,4'-Tetramethoxy-6,6'-biphenyldicarboxylic acid,

MOL009100 dimethyl ester 2,2',3,3',4,4'-79 ¥ A 3£-6,6'- B K — F B — F A5 2.96 2R 048
MOL009093 1,2,3,6-Tetragalloylglucose 1,2,3,6-m9 % & F BLH) Z)4% 2.45 3.01 0.33
MOLO009115 Juglone #AHkAR 149 2574  0.07
MOL001002 ellagic acid $£/LEA 148 43.06 043
MOL009104 glansreginin A 022 3516  0.64
MOL012794 Juglanin 4k 019 273 065
= 2 BRCREA 2 BIERRTRRY 28 NEBETUIEE S
Table 2 Potential 28 predicted targets of walnut kernel for type 2 diabetes
GCid Targets Official full name
GC01P103651  AMYIA Amylase Alpha 1A 7T al A
GCOXP067544 AR Androgen Receptor At & % 4K
GC11P034460 CAT Catalase it ZfLABE
GC15M045092  DUOX2 Dual Oxidase 2 SLAAEE 2
GCO6P151656 ESRI Estrogen Receptor 1 #ig & %4k 1
GC13P113122 F10 Coagulation Factor X #k.dn[F]§ X
GC11P046720 F2 Coagulation Factor II, %% -5 11
GC17M082078  FASN Fatty Acid Synthase fi§ ;B2 & B4
GCOXM154531  G6PD Glucose-6-Phosphate Dehydrogenase %] £42-6-5584 i, £ 4
GCO6MO052750  GSTA2 Glutathione S-Transferase Alpha 2 2Btk S-4675 85 A2
GC11M002130  IGF2 Insulin Like Growth Factor 2 & $ 4% 4 K B -F 11
GCO02P102294  ILIRLI Interleukin 1 Receptor Like 1 & fafis/ % 1 R4 1
GCO05M132541 IL5 Interleukin 5 & Zafe A% 5
GC10M076869 KCNMAI Potassium Calcium-Activated Channel Subfamily M Alpha 1 453 /& 478 18 T & ol
GCOXM043766  MAOB Monoamine Oxidase B = A fL.E[ 4% %] B
GC16P055390 MMP2 Matrix Metallopeptidase 272 kDa Jix /7 B& TV
GC20P046008  MMP9 Matrix Metallopeptidase 9 # 5 4 /8 & & 5 9
GC08M070109  NCOA2 Nuclear Receptor Coactivator 2 4% AR 33847E 7| 2
GC17P066302 PRKCA Protein Kinase C Alpha % & %54 Ca
GC16P023872  PRKCB Protein kinase C Beta type & &1 145 Cf
GC02P045651 PRKCE Protein Kinase C Epsilon & & 1% Ce
GC19P053879  PRKCG Protein Kinase C Gamma &%) i Cy
GCO01P002050  PRKCZ Protein Kinase C Zeta % & %84 Cz
GC14M029576 PRKDI Protein Kinase D1 & # i## D1
GCO07P144706 PRSS1 Trypsin-1 A& @ 84 1
GC01M186640  PTGS2 Prostaglandin-Endoperoxide Synthase 2 772t % G/ H 484 2
GC21P031659 SODI Superoxide Dismutase 1 #2 24435 48[ Cu-Zn)
GC06P043770 VEGFA Vascular Endothelial Growth Factor A /" i/ & 4 K HF A
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Fig.4 Annotated diagram of KEGG main related signal pathways and targets of walnut kernel in type 2 diabetes
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