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On the material basis of Liuwei Dihuang Pill in treating autism spectrum
disorder with liver—kidney deficiency pattern based on TCM formula—
pattern metabolomics

PEI Fangyu™?, WU Ji!, HE Siyu', LEI Qian', ZHAO Sha’, ZHANG Di', ZHU Qinquan'*
1. The First Hospital of Hunan University of Chinese Medicine, Changsha, Hunan 410007, Ching; 2. Longgang District People’s
Hospital, Shenzhen, Guangdong 518000, China: 3. No. 922 Hospital of the PLA Joint Logistics Support Force, Hengyang,
Hunan 421002, China

(Abstract] Objective To investigate the pharmacodynamic material basis of Liuwei Dihuang Pill (LWDHP) on autism
spectrum disorder (ASD) with liver—kidney deficiency pattern based on the strategy of TCM pattern—related metabonomics. Methods
An ASD offspring rat model was established by intraperitoneal injection of sodium valproate (VPA) during pregnancy. Successfully
modeled offspring rats were randomly divided into model group (n=8) and LWDHP group (n=8), with additional blank control group
(=8) and blank medication control group (n=5). Every morning, the LWDHP and the blank medication groups were gavaged with LWDHP
suspension (3.4 g/kg), while the model and the blank control groups received an equal volume of distilled water. Every afternoon, the
model and the LWDHP groups were gavaged with levothyroxine sodium (150 pgkg, followed by a 5-minute tail clamp at approximately 2
cm from the tail tip as an emotional stimulation to establish a liver—kidney deficiency pattern. Both gavage and tail-clamp were
performed once daily for 14 consecutive days. After treatment, the three—chamber social test was used to evaluate social behavior of
offspring rats. HE staining and Nissl staining were performed to observe histopathological changes in the prefrontal cortex. Ultra
performance liquid chromatography —quadrupole —time of flight—tandem mass spectrometry (UPLC-Q-TOF -MS) combined with
multivariate statistical analysis was employed to identify differential metabolites, and pathway enrichment analysis was conducted
using the MetaboAnalyst 5.0 platform. UPLC-Q-TOF-MS combined with the extracted ion chromatogram (EIC) function and mass
spectrometry comparison was used to identify the brain—penetrating components of LWDHP. Molecular docking between the brain—
penetrating components of LWDHP and key enzymes of differential metabolites was performed using AutoDock Vina software.
Results The three—chamber social test results showed that in the sociability phase, compared with the blank control group, offspring
rats in the model group spent significantly less time interacting with stranger rat one (P<001); compared with the model group, the LWDHP
group spent more time interacting with stranger rat one (P<0.05). In the social novelty phase, compared with the blank control group,
the model group spent significantly less time interacting with stranger rat two (P<0.01); compared with the model group, the LWDHP
group spent more time interacting with stranger rat two (P<0.05). HE and Nissl staining results showed neuropathological damage in
the prefrontal cortex of the model group compared with the blank control group, while this damage in the LWDHP group was
alleviated compared to the model group. Metabolomic results indicated that the pathological state of ASD with liver —kidney
deficiency pattern significantly affected the in vivo metabolic processes of LWDHP. Multivariate statistical analysis identified a total
of 42 differential metabolites, among which purine, 2 —(2 —aminoethyl) pyridine, tetradecylamine, butenoylcarnitine, sphingosine,
pyridoxol (vitamin Bg), and a-linolenic acid were identified as key differential metabolites in the treatment of ASD with liver—kidney
deficiency pattern by LWDHP, involving sphingolipid metabolism, vitamin Bs metabolism, linolenic acid metabolism, and porphyrin
metabolic pathways. Analysis of brain—penetrating components identified nine components of LWDHP, including betaine, 2—furoic
acid, adenosine, paeonol, piperlonguminine, dioscin, oleanolic acid, linoleic acid, and palmitic acid. Molecular docking results
showed that key enzymes of the differential metabolites including adenylosuccinate lyase (ADSL), phosphoribosyl pyrophosphate
synthetase (PRPS), fatty acid amide hydrolase (FAAH), amidase (Acy), carnitine palmitoyltransferase 1 (CPT1), sphingosine kinase 2
(SphK2), pyridoxal kinase (PDXK), and fatty acid desaturase 2 (FADS2) exhibited the strongest binding energy with dioscin and
oleanolic acid. The binding energy of ADSL, Acy, CPT1, PDXK, and FADS2 with dioscin, and of CPT1 and PDXK with oleanolic
acid were all less than —10 kcal-mol”. Conclusion The mechanism of action of LWDHP on ASD with liver—kidney deficiency pattern
may be related to the regulation of sphingolipid metabolism, vitamin Bg metabolism, linolenic acid metabolism, and porphyrin
metabolism pathways. Its material basis may involve betaine, 2—furoic acid, adenosine, paeonol, piperlonguminine, dioscin, oleanolic

acid, linoleic acid, and palmitic acid. This study provides a theoretical foundation for optimizing the preparation process,
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establishing quality standards, and developing innovative drugs for LWDHP.

(Keywords] autism spectrum disorder; Liuwei Dihuang Pill; liver—kidney deficiency pattern; formula—pattern metabolomics;

molecular docking
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2H A BRI U A B R S, 4ot
S A2 A, P LK R R 2R T AR A [ 4 At T
PR T/ IMA LT 58 4T % 5 SRRIAT LR, 7S A
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Table 1 Comparison of social interaction time of offspring rats in different groups [M(P25, P75), n=8]

*EACRE IR B FEAS BB B
215 LULENE FEAE R /s L/LNS R A B 2/s
EEE| 16.66(2.56,28.37) 215.44(106.71,283.04) 25.02(11.69,38.46) 123.75(69.91,165.10)
HETRIZ 2.42(0,8.81) 0.16(0,2.10)** 11.45(1.07,80.10) 0.16(0,4.19)**
AR AL 11.13(0,39.12) 76.78(65.91,107.47)* 90(5.87,15.93) 56.34(44.08,68.72)

T 525 FALHEL, #+P<0.01; SBERIAL LEEL, "P<0.05,
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BRI
B2 EHFRATE R RALFIEFEMEE(x200)

Fig.2 Histopathological observation of prefrontal cortex tissue of offspring rats in different groups (x200)
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Table 2 Analysis of key serum differential metabolites of offspring rats in two groups

e RERE e AARESTE R RE 2R HMDB %% Rk log(FC) Pii VIP{Y
1 17214 121.051 120.044 CHN,  0.01 A HMDBO0001366 L 3.615 6 0.000 003 82 1.545
2 13.338 123.091 122.084 CHN, 497 2-Q-FHZHEL)NEBE HMDB0244915 i 3.090 3 0.000 000 87 1.571
3 16.855 170.082 169.074  CH,NO; -2.65 WEgEE (4% B,) HMDB0000239 R  -1.138 4 0.008 886 30 1.206
4 30997 214.253 213246 CyHyN  0.06 7Y 5% g HMDB0258887 ¥ 1.952 7 0.000 000 01 1.615
5 5.536 230.138 229.131  CyHNO, 4.60 TR PR B HMDB0249460  Ei  3.197 4  0.000 000 85 1.572
6 35774 279.231 278225  CyHy0, -0.28 oK HMDB0001388  [-¥H 1.963 3 0.001 826 90 1332
7 40919 300290 299282  CHyNO, -2.20 LiEERY HMDB0000252 34 1111 2 0.000 005 58 1.563
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Table 3 Analysis of brain—penetrating components of LWDHP

75 Rt/min LR S3 it 2 N2 %z RIS
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