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Abstract; Objective

and molecular docking technology, we reveal the medication pattern and

Based on data mining, network pharmacology

the molecular mechanism of action of the core pairs of medicines in
traditional Chinese medicine ( TCM) compounding for the treatment of
autism spectrum disorders ( ASD) and attention — deficit hyperactivity
disorder (ADHD ), and explore the possible effective ways of Chinese
medicines for the treatment of co — morbidities of ASD — ADHD. By
comparing the pathogenesis of ASD and ADHD and the pharmacological
effects of the obtained core pairs, we are searching for the medication
ideas of traditional Chinese medicine for the treatment of ASD — ADHD
Microsoft Excel 2016, SPSS

Modeler 18. 0 and other software were used to perform statistical processing,

co —occurring disorders. Methods
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association analysis, and screening of core drug pairs for the compounded prescriptions that met the inclusion criteria.
On the basis of the data mining results, the targets of ASD, ADHD, and the core drug pairs were collected with the
help of databases such as TCMSP, GeneCards, etc. , and the part of target overlap was regarded as the key target.
Gene ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes ( KEGG) enrichment analysis
were performed on the key targets using the databases. Molecular docking of the active ingredients of the core drug pairs

A total of 63 herbal

prescriptions for ASD and 105 herbal prescriptions for ADHD were screened, and the visualisation network showed that

with the key targets was performed using AutodockTools 1.5.6 and PyMol 3.1. Results

the core pair of medicines for treating both diseases was Acori Tataninowii Rhizoma — Polygalae Radix. Based on the
network pharmacology, it was learnt that Acori Tataninowii Rhizoma — Polygalae Radix was able to regulate ASD and
ADHD through multiple pathways and targets, and the molecular docking results showed that the main active ingredients
in Acori Tataninowii Rhizoma — Polygalae Radix had a good binding affinity with the key targets. Conclusion The
core drug pairs in the TCM compound formula for treating ASD and ADHD are both Acori Tataninowii Rhizoma —
Polygalae Radix, which may play a role in the treatment of co — morbid ASD and ADHD through different
mechanisms mediated by different core targets, providing a possible direction for the treatment of co — morbid ASD
and ADHD with TCM.

Key words: Acori Tataninowii Rhizoma; polygalae radix; co — morbid autism spectrum disorderand attention deficit

and hyperactivity disorder; bioinformatics; pharmacology
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Table 1 High — frequency medications for autism spectrum disorder( ASD) and attention deficit and hyperactivity disorder( ADHD)
ASD ADHD
No.
Herb Frequency Percentage( % ) Herb Frequency Percentage( % )
1 Acort Tatarinowti Rhizoma 40 4.44 Acori Tatarinowii Rhizoma 69 5.08
2 Polygalae Radix 34 3.77 Polygalae Radix 65 4.78
3 Poria 32 3.55 Paeoniae Radix Alba 49 3.61
4 Licorice Root 27 3.00 Licorice Root 47 3.46
5 Atractylodis Macrocephalae Rhizoma 25 2.77 Os Draconis 43 3.16
6 Pinelliae Rhizoma 19 2. 11 Poria 41 3.02
7 Os Draconis 19 2.11 Uncariae Ramulus cum Uncis 38 2.80
8 Prepared Rehmannia 19 2. 11 Pinelliae Rhizoma 31 2.28
9 Citri Reticulatae Pericarpium 18 2.00 Bupleuri Radix 30 2.21
10 Astragali Radix 17 1. 89 Ostreae Concha 27 1.99
R2 hAERAZST B
Table 2  Statistical analysis of Chinese herbal medicine proper-
ties, flavors and meridian tropisms - Warm  Hot—_ _ Cold
ASD ADHD
Property, flavor
. Frequ- Percenta- Frequ- Percenta-
&channel tropism
ency ge(% ) ency ge(% )
Cool Neutral Cool Neutral
CH
Four properties Warm 57 35.85 13 4.81
Cold 50 31.45 76 28. 15 Sweet
Neutral 39 24.53 97 35.93
Hot 5 3.14 65  24.07
Cool 8 5.03 19 7.04 _ Bitter
Five flavors Sour 13 5.39 13 4. 81
Bitter 60 2490 76  28.15
Sweet 88  36.51 97  35.93
Pungent 60 24.90 65 24.07 I -
Salt Bi alty Pungent
Salty 20 830 19 7.04 ! e e
Channel tropism Lung channel 65 15. 63 29 10. 47
A Stomach B ..
Large intestine channel 19 4.57 18 6.50 Sanjiao “ Liver Sanjiao
Stomach channel 47 11.30 57 20.58 Pericardium \ : ( s cadiu Spleen
PG, \ i /// y \
Spleen channel 64 15.38 31 11.19 A
Small Small SE PP A/ i
Heart channel 53 1274 20  7.22 Intestine Sl estind e
X / P
Small intestine channel 5 1.20 7 2.53 LS N P4 ~
Bladder / Lung Bladder Heart
Bladder channel 12 2.88 13 4.69 7
Gallbladd H Gallbladd Si h
Kidney channel 59 14. 18 45 16.25 o eiarge lmesxineem o erLarge Intestine romac
Pericardium channel 4 0. 96 5 1. 81
Sanjiao channel 3 0.72 2 0.72 2 RIS EISKE (A ASD; B: ADHD)
Gallbladder channel 12 2.88 37 13.36 Figure 2 Radar chart of Chinese herbal medicine properties,
Liver channel 73 17.55 13 4.69

flavors and meridian tropisms (A; ASD; B: ADHD)
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Figure 3  Chinese herbal medicine association network diagram (A: ASD; B: ADHD)

(Note: Node size represents the frequency of use of the Chinese herbal medicine. Larger nodes indicate greater importance in the core network. The connecting

lines between nodes represent the frequency of co — occurrence of two herbs in the same prescription. Thicker and darker lines indicate higher co — occurrence

frequency. )
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Table 3  Association rule analysis of Chinese herbs for ASD and ADHD

ASD
No.
Consequent Antecedent Support (% ) Confidence (% )
1 Acori Tatarinowii Rhizoma Polygalae Radix 53.97 85.29
2 Acori Tatarinowii Rhizoma Paeoniae Radix Alba 22.22 92. 86
3 Acori Tatarinowii Rhizoma Ostreae Concha 22.22 85.71
4 Licorice Root Fructus Mume 20. 63 84. 62
5 Acori Tatarinowii Rhizoma Fructus Alpiniae Oxyphyllae 19. 05 91.67
6 Acori Tatarinowii Rhizoma Tortoise Shell 19.05 83.33
7 Polygalae Radix Radix Curcumae 19. 05 91.67
8 Acori Tatarinowti Rhizoma Radix Curcumae 19.05 91.67
9 Licorice Root Ginseng 17. 46 81.82
10 Poria Bamboo Shavings 15. 87 90. 00
11 Acori Tatarinowii Rhizoma Fructus Corni 14.29 88. 89
12 Acori Tatarinowii Rhizoma Arisaema Cum Bile 14.29 88. 89
13 Dried Tangerine Peel Fructus Aurantii 14.29 88. 89
14 Gambir Plant Caulis Spatholobi 14.29 88. 89
15 Acori Tatarinowii Rhizoma Caulis Spatholobi 14.29 88. 89
ADHD
No.
Consequent Antecedent Support (% ) Confidence (% )

1 Acori Tatarinowii Rhizoma Polygalae Radix 61.90 83.08
2 Acori Tatarinowii Rhizoma Poria 39.05 80. 49
3 Acori Tatarinowii Rhizoma Pinelliae Rhizoma 29.52 80. 65
4 Polygalae Radix Tortoise Shell 23.81 84. 00
5 Acori Tatarinowii Rhizoma Radix Curcumae 19.05 90. 00
6 Acori Tatarinowii Rhizoma Prepared Rehmannia 18.10 84.21
7 Polygalae Radix Poria cum Radice Pini 18. 10 89.47
8 Acori Tatarinowii Rhizoma Fructus Corni 14.29 86. 67
9 Polygalae Radix Spina Date Seed 14.29 80. 00
10 Acori Tatarinowii Rhizoma Arisaema Cum Bile 14.29 80. 00
11 Polygalae Radix Rhizoma Coptidis 13.33 92. 86
12 Os Draconis Glossy Privet Fruit? 11.43 83.33
13 Polygalae Radix Schisandra 11.43 83.33
14 Polygalae Radix Codonopsts 10. 48 81.82
15 Acori Tatarinowii Rhizoma Codonopsis 10. 48 90. 91
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Table 4 Main active components of core herb pairs

Source MOL ID Active Ingredient OB (%) DL
Acori Tataninowii Rhizoma MOL003576 Eudesamin 52.35 0.62
MOL000422 kaempferol 41. 88 0.24
MOL003578 Cycloartenol 38. 69 0.78
MOL003542 8 — Isopentenyl — kaempferol 38.04 0.39
Polygalae Radix MOL003370 Onjixanthone 1 79. 16 0.30
MOL002140 Perlolyrine 65.95 0.27
MOL000354 Isorhamnetin 49. 60 0.31
MOL004718 « — spinasterol 42.98 0.76
DB kA= 9y FHEE s DL 2254
GLOT  PKN1 MYLK *\CSNKZM |HDAGS - AKR1C3 |DUSPS
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Figure 4  Herb pair — component — target network diagram
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Table 5 Key components and key targets (Top 5)

Key Components Degree Key Targets Degree
Onjixanthone | 109 AKTI 38
Isorhamnetin 105 ESRI1 37
kaempferol 105 GSK3B 36
Eudesamin 101 APP 35
8 — Isopentenyl — kaempferol 87 EGFR 34

6 CHEFL PPI M

Figure 6  PPI network diagram of key targets
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Figure 7

GO enrichment analysis results
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Table 6 Molecular docking results of core components and core
targets of Acori Tataninowii Rhizoma — Polygalae Radix herb

pair

Binding Energy ( kcal/mol)

Key Components
AKT1 ESR1 GSK3B APP EGFR

-6.3 -7.3 -7.6 -6.5 -6.9

Onjixanthone 1

AKTI1- MOL000422

GSK3B MOL00003 54

-] bLOOO3 576

vy =%

Isorhamnetin -7.4 -8.2 -8.4 -7.3 -7.2 APP- M0L0000422 =
i -Y b P.
kaempferol -8.7 -81 -8.2 -7.1 -7.2 ! a0
™~ to®
Eudesamin -6.9 -7.0 -8.7 -7.0 -7.1 EGFR-MOL0003542 EGFR-MOL0000422 EGFR-MOL0003576
9 IrTAHERETR
8 — Isopentenyl — kaempferol -7.1 -8.2 -8.1 -6.6 -8.1
Figure 9  Molecular docking results
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Table 7 Commonalities, changes, and roles of inflammation — related factors in ASD and ADHD

Disease Factor Type Sample Type Observed Change Effect Reference
ASD, ADHD TNF -« Pro — inflammatory ASD Hippocampus, cerebellum, ser- il Neuroimmune imbalance, blood —  [73-76]
overlap factors cytokines um, mononuclear cells, prefrontal brain barrier disruption, and
cortex neuroinflammation induction.
ADHD  Hippocampus, serum, prefrontal [77-79]
cortex
IL-6 ASD Hippocampus, cerebellum, ser- Aberrant synaptic transmission [73-74.80]
um and cognitive impairment.
ADHD Serum, striatum [81-83]
IL-18 ASD Hippocampus, cerebellum, ser- Modulation of neuroinflamma- [73.75,80]
um tion, immune processes, and
ADHD  Serum, striatum synaptic morphology. (84,81
IL -8 ASD Serum Regulation of inflammation, neu- ~ [102]
roprotection, and
ADHD  Serum Immune cell recruitment/activa- (6]
tion.
GM - CSF  Secreted cytokines ASD Mononuclear  cells, prefrontal Immune response modulation and ~ [76.87]
cortex
ADHD  Brain Involvement in inflammation. (s8]
IFN -y Soluble dimeric ASD Plasma Microglia/immune cell activation —[89-9]
cytokines and
ADHD  Placenta, brain Neuroinflammation mediation. [91-92]
IL-10  Anti - inflammatory ASD Plasma | Neuroprotection and immune [93-9]
cytokines modulation.
ADHD Serum [82,92]
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