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Alzheimer’s disease (AD) is a severely debilitating condition that significantly hampers inde-
pendent living, with no effective treatments currently available. Traditional Chinese medicine
(TCM) has shown substantial promise in both preventing and alleviating AD symptoms. The
medicinal properties—specifically hot, warm, cool, and cold—serve as a critical link between
TCM theory and clinical application. However, the majority of research has concentrated on
individual herbs for AD, with relatively few comprehensive studies exploring the biological
mechanisms through which these herbs exert their medicinal properties. In this context, data
mining, network pharmacology, and multi-omics approaches, including metabolomics, gut
microbiota analysis, and proteomics, were employed to elucidate the effects and mechanisms
of action of three hot/warm property herbs (THPH) and three cold/cool property herbs
(TCPH) in the treatment of AD. Findings indicated that the herbs effective against AD primar-
ily possess warm properties. THPH demonstrated a significant enhancement in cognitive,
learning, and memory functions in AD rat models when compared to TCPH, potentially
achieving therapeutic effects by boosting the synthesis of the neurotransmitter acetylcholine.
Furthermore, THPH modulated energy metabolism, corrected metabolic imbalances in both
brain and serum within AD rat models, inhibited oxidative stress, restored synaptic plasticity-
related proteins and signaling pathways, and maintained intestinal microbiota homeostasis.
Consequently, this study offers valuable insights into the therapeutic implications of the hot

(warm) and cold (cool) properties of TCM in the management of Alzheimer’s disease.

1. Introduction

The ongoing modernization of Traditional Chinese Medicine
(TCM) research continually reveals the scientific foundations un-
derlying TCM theories and clinical practices. Central to this ex-
ploration is the concept of "medicinal property"”, including classi-
fications such as hot, warm, cool, and cold, which serve as a vital
connection between TCM theory and its clinical applications.
These properties are believed to elicit specific physiological re-
sponses that are utilized in the treatment of various diseases '
For instance, Coptis chinensis Franch. has demonstrated the abil-
ity to alleviate thirst in diabetic patients, a symptom frequently
associated with fever °. Bacillary dysentery, a classic representa-
tion of heat syndrome (fever) in TCM, showsa favorable re-
sponse to cold-natured herbs such as Rheum officinale, Phelloden-
dron chinense, and Coptis chinensis Franch °. Furthermore, cold-
natured herbs like Scutellaria baicalensis Georgi, Coptis chinensis
Franch., Gardenia jasminoides ].Ellis, and Rheum palmatum L.
have proven effective in alleviating hyperthyroidism, a condition
categorized as heat syndrome. Their mechanisms of action
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include the inhibition of energy metabolism, suppression of
thyroid hormone synthesis, and the exertion of anti-inflammat-
ory and antioxidant effects *. In contrast, hot-natured herbs such
as Aconitum carmichaelii Debx., Zingiber officinale Rosc., Cin-
namomum cassia Presl, and Euodia rutaecarpa (Juss.) Benth. have
been shown to enhance hypothyroidism (cold syndrome) by
stimulating energy metabolism and increasing thyroid hormone
levels .

To date, no reports have explored the effects of hot (warm)
and cold (cool) properties of TCM on Alzheimer’s disease (AD).
AD is a chronic central nervous system (CNS) syndrome predom-
inantly affecting the elderly, clinically characterized by the pro-
gressive deterioration of cognitive function and memory °. In AD,
neuronal energy metabolism is impaired, leading to a reduction
in overall metabolic capacity °. Furthermore, the cholinergic sys-
tem—essential for brain homeostasis, plasticity, and learning/
memory functions—becomes disrupted, with abnormally elev-
ated acetylcholinesterase (AChE) activity . Herbal properties
influence the body’s energy metabolism through various path-
ways °. Hot (warm) TCMs can elevate the basal metabolic rate
and stimulate the CNS, while cold (cool) TCMs appear to reverse
this process °. Prior studies conducted by our research group re-
vealed that hot (warm) TCMs inhibit AChE activity, whereas cold
(cool) TCMs exhibit the opposite effect. Based on key risk factors

Copyright © 2026, China Pharmaceutical University. Published by Elsevier B.V. All rights are reserved.
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for AD and the biological effect patterns identified in earlier
work, it is reasonable to speculate that the hot (warm) proper-
ties of TCM may exert more therapeutic effects on AD than the
cold (cool) properties. Additionally, TCM theory commonly asso-
ciates AD with kidney deficiency and marrow depletion, phlegm
turbidity, and blood stasis. However, the theoretical alignment of
these pathological mechanisms with the therapeutic effects of
"warm/hot" medicinal properties—such as tonification, warm-
ing unblocking, and cold dispersing—remains unclear.

Data mining offers a level of scientific rigor that facilitates the
rapid screening and extraction of complex, multidimensional
TCM data across various levels and dimensions ". This capability
renders TCM information more intuitive, thus enhancing the reli-
ability of clinical diagnoses and the development of new drugs.
Metabolomics, 16S rDNA sequencing, and proteomics capture al-
terations in metabolism, gut microbiota, and proteins within the
body. Their holistic focus aligns well with TCM’s comprehensive
effects, making these tools particularly suitable for studying
medicinal properties. To validate the aforementioned hypothesis,
an experimental protocol was designed for this study. Initially,
data mining methods were employed to investigate medication
patterns of TCM treatments for AD. Subsequently, three hot/
warm property herbs (THPH) and three cold/cool property herbs
(TCPH), not clinically utilized for AD (to focus on the pure regu-
latory effects of medicinal properties themselves and minimize
the confounding effects of inherent anti-AD components and clin-
ical application experience associated with commonly used anti-
AD herbs), were selected. Network pharmacology was utilized to
explore the potential targets of THPH and TCPH for AD. A multidi-
mensional evaluation strategy was then applied to comprehens-
ively analyze their effects on AD, focusing on changes in risk
factors, endogenous metabolites, differential protein levels, and
gut microbiota composition and relative abundance, along with
their interconnections. The findings from this study aim to
provide valuable insights into the clinical application of TCM
property theories and support the development of targeted
therapeutic strategies for AD.

2. Materials and methods

2.1. Literature data mining

A comprehensive literature search was conducted across
both Chinese (CNKI, VIP, Wan Fang Database) and English
(PubMed, ScienceDirect) databases utilizing combinatorial search
terms, inclusion criteria, and exclusion criteria. The publication
timeline spanned from January 2000 to December 2025. Follow-
ing the removal of duplicates and standardization of herb names,
the analysis focused on the frequency of use, characteristics, and
meridian classifications of potential herbs. Additionally, core
herb combinations were established. Detailed methods and bibli-
ographic references are provided in the supplementary materials
(Supplementary File 1: Methods).

2.2. Network pharmacology target prediction

Active ingredients from THPH and TCPH herbal categories
were screened from drug databases based on parameters of oral
bioavailability (OB = 30%) and drug-likeness (DL > 0.18). Poten-
tial biological targets for these ingredients were predicted using
TCMSP, SwissTargetPrediction, and PharmMapper, with stand-
ard gene symbols obtained via UniProt. AD-related genes were
gathered from OMIM, DrugBank, TTD, and GeneCards. Common
targets among THPH, TCPH, and AD were identified by intersect-
ing compound-related and disease-related genes. Shared targets
were analyzed using STRING to construct protein-protein interac-
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tion (PPI) networks, and compound-target networks were visual-
ized using Cytoscape 3.7.2. Gene Ontology (GO) and Kyoto Encyc-
lopedia of Genes and Genomes (KEGG) enrichment analyses were
carried out through Metascape.

2.3. Chemicals and reagents

The three warm TCMs—Arisaema heterophyllum Blume.
(TNX, batch number: 20230316), Curcuma longa L. (JH, batch
number: 20230911), and Allium macrostemon Bunge. (XB, batch
number: 20231010)—were sourced alongside the three cold
TCMs—Curcuma aromatica Salisb. (Y], batch number:
20230807), Artemisia caruifolia Buch.-Ham. ex Roxb. (QH, batch
number: 20231105), and Prunella vulgaris L. (XKC, batch num-
ber: 20231207)—from Beijing Tongrentang Co., Ltd. (Beijing,
China). Verification of plant names was conducted through
http://www.theplantlist.org and authenticated by Professor
Zhenyue Wang (Heilongjiang University of Chinese Medicine,
Harbin, China). All voucher specimens were deposited in the
Herbarium of Heilongjiang University of Chinese Medicine.

The selected herbs were weighed appropriately for decoc-
tion preparation. TNX, JH, XB, and Y] were decocted with water at
ratios of 10:1 and 8:1 for two cycles of two hours each. QH and
XKC were decocted similarly, using water ratios of 10:1 and 8:1
for durations of one hour and one and a half hours, respectively.
Subsequently, the decoctions were combined, concentrated, and
dried under vacuum to yield the TNX/JH/XB/Y]J/QH/XKC ex-
tracts, which were stored in the Chinese Medicine Chemistry Spe-
cimen Room of Heilongjiang University of Chinese Medicine
(voucher specimen number: 20230830).

2.4. Animals

The Wistar rats (body weight = 200 + 20 g, male) utilized in
this study were procured from Beijing Vital River Laboratory An-
imal Technology Co., Ltd. (Beijing, China), under license No.
SCXK(Beijing)2016-0006. The animals were kept in a controlled
environment with unrestricted access to food and water, stand-
ard ventilation, a temperature maintained at 20 + 3 °C, and relat-
ive humidity set at 55% * 5%. A 12-hour light/dark cycle was im-
plemented. All animal procedures were conducted in accordance
with the ethical guidelines for animal experiments in China and
received approval from the Ethics Committee for Experimental
Animals at Heilongjiang University of Chinese Medicine, with the
approval number 2023051903.

Following a week of acclimatization, the rats were randomly
assigned to nine groups: a blank control group (K, n = 8), an AD
model group (M, n = 8), a positive drug group (Y, n = 8), and three
treatment groups corresponding to the warm TCMs (TNX,
n=8;JH, n = 8; XB, n = 8), as well as three control groups corres-
ponding to the cold TCMs (Y], n = 8; QH, n = 8; XKC, n = 8). Except
for the blank control group, all rats were induced with AD
through intraperitoneal injection of D-galactose (D-gal, 60
mg-kg'-d™") and oral administration of aluminum chloride (AICl;,
200 mg-kg'-d™) for 70 consecutive days ''. The positive drug
group received donepezil (3 mg-kg'-d™") orally. Treatment and
control groups were administered the corresponding herbal ex-
tracts (TNX at 4.7 gkg'-d™", JH at 2.8 gkg-d”, XB at 4.7
gkg-d", Y] at 4.7 gkg'-d", QH at 5.6 gkg'-d", XKC at 7
g'kg"-d™) for a duration of 35 days. Dosages for each herb were
derived from the adult oral dosages specified in the Chinese Phar-
macopoeia and converted to rat equivalents using the standard
body surface area method. Variations in dosages among the six
herbs were based on their official dose ranges, medicinal po-
tency, toxicity, and inherent properties. All administered doses
fell within a safe and effective range to prevent toxic interference
and ensure experimental comparability.


http://www.theplantlist.org

M. Zhu et al.

2.5. Behavioral tests

The spatial learning and memory capabilities of the rats were
assessed using the Novel Object Recognition Test (NORT) '* and
the Morris Water Maze (MWM) " protocols. On day 62 of the
drug administration timeline, a two-day NORT was performed.
Commencing on day 64, the MWM assessment was conducted
over six days, with the first five days devoted to training and the
final day dedicated to a memory test. During the MWM test, the
frequency with which the rats engaged with, traversed, or
entered the escape platform area within a 60-second interval was
recorded.

2.6. Sample collection and preparation

Following the completion of the behavioral tests, rats were
weighed and anesthetized, after which blood was collected via
the abdominal aorta. The samples were allowed to stand at room
temperature for 2 h before being centrifuged at 3500 r-min™" for
10 min. The supernatant was aliquoted and stored at -80 °C for
subsequent analyses. After blood collection, euthanasia was con-
ducted via cervical dislocation. The brains were quickly removed
under sterile conditions, weighed, and the whole brains of three
rats from each group were fixed in 4% paraformaldehyde solu-
tion for pathological examination. Remaining brain tissues were
separated, and both the cortex and hippocampus were isolated in
an ice bath and preserved at —80 °C. A portion of the hippocam-
pal tissue was immersed in a 2.5% glutaraldehyde solution for
transmission electron microscopy (TEM) analysis. Fresh fecal
samples (1-2 pieces) from the colon were collected and frozen at
-80 °C for DNA extraction to analyze gut microbiota.

2.7. Biochemical and pathological analyses

For histological examination, brain tissue fixed in 4% para-
formaldehyde was processed into paraffin sections and subjected
to hematoxylin and eosin (H&E) and Nissl staining to evaluate
neuron morphology in the hippocampus and cortex. A 1 mm®
block of fresh hippocampal tissue was fixed in glutaraldehyde at
room temperature in the dark for 2 h and subsequently stored at
4 °C for transport. TEM was utilized to assess mitochondrial mor-
phology, nuclear structure in the hippocampus, integrity of the
myelin sheath, and architecture of synaptic complexes. Enzyme-
linked immunosorbent assay (ELISA) kits were employed to
quantify the levels of AChE, choline acetyltransferase (ChAT), su-
peroxide dismutase (SOD), catalase (CAT), malondialdehyde
(MDA), and glutathione peroxidase (GSH-Px) in hippocampal tis-
sue.

Western blot analyses were conducted to determine the ex-
pression levels of brain-derived neurotrophic factor (BDNF) (AB-
clonal, A21176), sirtuin 1 (SIRT1) (Proteintech, 13161-1-AP),
postsynaptic density protein 95 (PSD95) (Proteintech, 20665-1-
AP), myelin-associated glycoprotein (MAG) (Proteintech, 14386-
1-AP), AMP-activated protein Kkinase (AMPK) (ABclonal,
AP1441), phosphorylated AMPK (p-AMPK) (ABclonal, A12718), -
actin (ABclonal, AC026), and glyceraldehyde-3-phosphate dehyd-
rogenase (GAPDH) (Proteintech, 10494-1-AP in hippocampal tis-
sue.

2.8. Untargeted plasma and brain metabolomic analysis

Non-targeted metabolomics analysis of rat plasma and hippo-
campal tissue was conducted utilizing the ACQUITY UPLC system
(Waters, Milford, USA) in conjunction with the Q-TOF Synapt G2-
SI mass spectrometer (Waters, Milford, USA). Detailed informa-
tion on detection methods is available in the supplementary ma-
terials (Supplementary File 1: Methods).
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2.9. 165 rRNA gene sequencing and analysis

Sterile fecal samples were collected for DNA extraction, fol-
lowed by 2% agarose gel electrophoresis. PCR was performed us-
ing Phusion® High-Fidelity PCR Master Mix with GC Buffer and a
high-fidelity enzyme. The PCR products were purified using mag-
netic beads, quantified through enzyme labeling, and then pro-
cessed with the TruSeq® DNA PCR-Free Sample Preparation Kit
for sequencing library construction. The library was sequenced
on the NovaSeq6000 platform. Raw sequencing reads underwent
filtering using Fastp (v0.22.0, https://github.com/OpenGene/
fastp), and chimeric sequences were removed via FLASH
(v1.2.11, http://ccb.jhu.edu/software/FLASH), resultingin a fi-
nal valid dataset. Filtered data were then subjected to various
classification analyses, including OTU clustering, ASV denoising,
and species annotation. Additional analyses encompassed sample
complexity evaluation, multi-sample comparisons, and function-
al annotation.

2.10. Quantitative proteomics analysis

Hippocampal tissue from rats was collected and promptly
stored in liquid nitrogen. Proteins were extracted for quantitat-
ive proteomic analysis, with detailed methodologies provided in
the supplementary materials (Supplementary File 1: Methods).

2.11. Analysis of the chemical composition of warm herbs

The identification of chemical components in warm-natured
herbs was conducted using Q-Orbitrap high-resolution liquid
chromatography-mass spectrometry. In brief, 100 pL of the ex-
tract was combined with 300 pL of methanol and vortexed for
10 min. The mixture was then centrifuged at 13 000 rmin" for
10 min, and the supernatant was collected for instrumental ana-
lysis. Compound names, molecular formulas, structural formulas,
and peak areas were analyzed using the Compound Discover 3.3,
mzCloud, and Progenesis QI databases. Specific chromatographic
conditions and chemical identification methods are detailed in
the supplementary materials (Supplementary File 1: Methods).

2.12. Statistical analysis

Statistical analysis was conducted using one-way and two-
way analysis of variance (ANOVA), with statistical significance es-
tablished at P < 0.05. All analyses were performed using Graph-
Pad Prism 9.5.1 software.

3. Results

3.1. Data mining and Network pharmacological analysis results

A total of 88 articles were ultimately selected, encompassing
94 prescriptions and 141 herbs. The findings indicate that warm-
natured herbs constituted a significant proportion of the poten-
tial herbal candidates. As illustrated in Fig. 1A, the core herbal
combination for AD treatment identified comprises Acorus
gramineus, Polygala tenuifolia Willd., and Ligusticum sinense
('Chuanxiong'), with all core drugs classified as warm/hot in
nature.The herbs utilized for the treatment of AD primarily exhib-
it bitter, pungent, and sweet flavor profiles, and are mainly asso-
ciated with the liver, kidney, and heart meridians (Fig. 1B).

After the removal of duplicates, a total of 25 bioactive com-
pounds were identified within THPH (Fig. 2A), leading to the pre-
diction of 545 unique targets. In TCPH, 47 bioactive compounds
were identified (Fig. 2G), resulting in 644 potential targets for
further analysis. A comprehensive collection of 1226 targets re-
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lated to AD was obtained from disease-associated databases.
Venn diagram analysis (Figs. 2B and 2H) identified 188 and 220
common targets among THPH, TCPH, and AD. These overlapping
targets were utilized to construct a PPI network, comprising 214
nodes and 692 edges for THPH, and 268 nodes and 1325 edges
for TCPH, thereby illustrating the interaction relationships
among these targets (Figs. 2C and 2I). Key targets were determ-
ined based on their node degree values and included TP53,
STAT3, AKT1, SIRT1, SRC, BDNF, HSP90AA1l, EGFR, TNF,
PIK3R1, and IL6. A separate PPI network for these key targets
was constructed to visualize their interactions (Figs. 2D and 2J).
KEGG pathway enrichment analysis of the common targets from
THPH and TCPH highlighted significant associations with AD and
various metabolic and signaling pathways, including lipid meta-
bolism, energy metabolism, synaptic function, and inflammatory
responses, such as the calcium signaling pathway, AMPK signal-
ing pathway, mTOR signaling pathway, arachidonic acid metabol-
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ism, cholinergic synapse, long-term potentiation, long-term de-
pression, sphingolipid signaling pathway, Toll-like receptor sig-
naling pathway, efferocytosis, autophagy, and the HIF-1 signal-
ing pathway (Figs. 2F and 2L). GO enrichment analysis further
identified key biological processes, including responses to xeno-
biotic stimuli, regulation of inflammatory responses, cognition,
regulation of synaptic plasticity, regulation of lipid metabolic pro-
cesses, and regulation of apoptotic signaling pathways (Figs. 2E
and 2K).

3.2. Effects of THPH and TCPH on memory loss in vivo

The short-term learning, spatial learning, memory capacity,
and therapeutic effects of THPH and TCPH on AD rats were evalu-
ated using NORT and MWM (Fig. 3A). As illustrated in Figs.
3H-3], the NORT results indicated a significant reduction in the
preference for novel objects (24 h) in the model group (P < 0.05



M. Zhu et al., Chinese Journal of Natural Medicines 24 (2026) 1221-1236

Prostaglandin B1 A THPH
2R)2-{[[(2R)-2 3 Dis_target Drug_target PR —
‘n-Coumaroyltyramine B B Ie ok [
o _— / \ sroumerr L v OLBES oo
Oxynitidine % : 4
N\ 1038 188 357 sy Mom g | KB -
ICoumaroyltyramine " I\:l y
. e — \ ) TNX S J
[PGA(sup 1) ¥ Mot .
: Jiang Huang 2
[P—
—— | e R i e
L 4 sl 1 Bz BAX CASPI CASD FONI ADRAZASLOBAI FIAU WADS WADA FD AR PRARG F2 WP NOSI ACHE RELA
—]. 2 R NG ROEA O WL e 8 G 5 CORRA TS N A1 001 WP HEDA ST
\\ e I ¢ D HEBAS CRIEZ DX CVPMAA CYRIAZ CAVI MYC GIA AW P O0L2 GXGLO KSR ILIRA  THD SCRENEKORAY IAG
Gl BDNF . 4% A T M T Sl e ) i AR B oo At
i : MAPK3 W SR AT ARG AR ST AR R AL P DS RARA TS P OB G i
g0 i ’
NN g P =5 CACNATDAGRATEASNATBAGNAIO DRDZ  DRDI DRDA ORDS R WIRIG HIRZC WGEIR NORZ ESR2 BGHE GHRZ DNAYTIMTNRIA
N Th - S PPARCSTAT1 flip (B8 FTBSZ APP "o’ c.uc o oo car & e s e o e b i 5 o

STAT) ST TGBr GTHNSN G B DG GAR PTENN ARGE GEKSE CYRICI MRS AGE OBFe TBKI SBA PECA

- Xie Bai P p
sy, 2 o PIEFR SCMARISAGRGS RN CRINZA GRIND ABCE NOTCHISLCA! TERT WIRY. 1SONSY NAPT CYP2AS AGEY CYPRBe ALPL PEES
1 TGFB1MMPS ESR1
= s N

/
[Naringenin f

R Akt 8612 118 (L8 criircises 0

Bisdemethoxycurcumin '031 IFNG AXD
Stigmasterol E EGF PTEN
. CXCL8 RELA Lipid and atherosclerosis [ ]
ld‘-Sitds!:fn‘l = 25 HIF-1 signaling pathway C
= BP F Calcium signaling pathway ®
Quercetin 20 mCC Neuroactive ligand signaling [
B = MF PI3K-Akt signaling pathway | @ P-value
T 15 Pathways of neurodegeneration-multiple diseases J§ w100
Sl MAPK signaling pathway{ @ 0.75
20 10 Alzheimer disease { @ 0.50
! cAMP signaling pathway ) 0.25
Cholinergic synapse ° 0
FoxO signaling pathway ()
Toll-like receptor signaling pathway ® Count
Sphingolipid signaling pathway ° ® 10
Efferocytosis{ @ ® 20
Long-term potentiation . @30
AMPK signaling pathway| ® 4
4 ; Autophagy-animal Jo
¥ 5 #§ 4 Arachidonic acid metabolism .
mTOR signaling pathway {8
Long-term depression{ «
Biological process Cellular component  Molecular function 0'0813'01112 f(;bllgrO.ZO
Tamarixetin
Eupatin TCPH
Delphinidin G i
I Dis_target  Drug_target L e e
| Leucanthoside H 1 i W P,
Scopolamine \ i N i I I
roen o aeeeotom s, T el
Sitosterol \ Ty o e oot T e T o ™
WA e e Pra—. i
+ Atropine Yu Jin 424 | s o O B L e e
+ Naringenin D T e o T T o 1T
\ crma £ ] wouezis ar Cegiel
e -
Ellagic acid e aar wwe QH e e o
ocs As e o s weeaz
1(h)-Catechin . XiaKu Cao e T Sy e S T
) > o\ i b T S - S
o AN IGF1R, ™ : ol
b ) AR ] CXCL8 N i e g s
W\ = o e . REA o
e AL —— IL10  pikar1  EGF o b AD e e
PN N PIK3CA  MAPK1 ™ e et e e
| Kaempferol ‘ Qing Hao JAK2 CAV1 soras B s vame  wee
v P2 o s o Lol
(4aS164R 635 ,6bR 2R, 10R/12aR,14bS)-10-hydroxy-2,2,6a,6b.9.9 EG Q IL1B o T i XKC YJ by Y
———TP Myc L6 HIFIA = e "
Rhein ot e st i S
CTNNB1 RELA ' o T g
Stigmasterol INS Qa . @ BCL2 - W‘m g mmﬁ"“,‘.vmk"“ u;m“wp
- J s Toeaa
psiosenl NFKB1 HSPSOAA1 MAPK3 It I RN
PTPN - FN1 sl I RinpmacaoaD1 AT waon  ME
| Luteolin K il wPRKAC}ILRA - W‘m:: IR :‘: T
PIK3CD ERBB2 Vi g e S
Quercetin
IFNG Gskap SMAD3 L B )
Lipid and atherosclerosis{ [)
2 = BP PI3K-Akt sfgnaling pathway- [ ]
= HIF-1 signaling pathway L |
< = CC FoxO signaling pathwa; °
S = MF e P-value
= zheimer disease{ @ 1.00
T MAPK signaling pathway{ @ | | 0'75
Pathways of neurodegeneration-multiple discases i) .
Neurotrophin signaling pathway [ ] 0.50
Neuroactive ligand signaling| @ I 0.25
Serotonergic synapse L ] 0
AMPK signaling pathway L ] Count
Sphingolipid signaling pathway: [ ] ° 10
Cholinergic synapse- o ® 20
mTOR signaling pathway{ ® @ 30
Efferocytosis{ @ @® 40
5 $ Inflammatory mediator regulation of TRP channels{ ] @50
2 £ & F Autophagy-animal { @
& 4 Long-term potentiation .
Long-term depression{ e
Biological process Cellular component Molecular function Arachidonic acid metabolism{_

0.100.150.200.25
Rich factor
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and P < 0.01), demonstrating impaired learning and memory cap- deficits in the rats, while TCPH did not produce notable improve-
abilities, thereby confirming successful model establishment. ments.
Treatment with THPH significantly alleviated short-term memory During the MWM spatial learning task, the escape latency
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progressively decreased across all groups as the training period
progressed. As shown in Figs. 3B-3G, beginning on day 3 of the
MWM test, rats in the model group displayed a significantly
longer escape latency compared to the control group, character-
ized by aimless and confused swimming paths, further support-
ing the successful modeling. In the spatial exploration assess-
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ment, time spent in the target quadrant, the number of cross-
ings in the effective area, and the number of platform crossings
were significantly decreased in the model group compared to
controls. THPH treatment markedly ameliorated these deficits,
whereas TCPH did not demonstrate significant therapeutic ef-
fects.
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3.3. The effect of THPH and TCPH on the morphology of neurons

HE and Nissl staining of the hippocampal CA1 regions re-
vealed well-preserved hippocampal neurons in the blank control
group, characterized by cellular alignment and intact cellular
structures. In contrast, the neurons in the AD model group dis-
played damage, including a thinner CA1 pyramidal cell layer, a re-
duced number of neurons, and numerous cells exhibiting
shrunken cytoplasm, condensed nuclei, and deep staining. Rats
treated with THPH experienced significantly less neuronal loss,
with cells appearing more compact and exhibiting fewer patholo-
gical alterations than those in the model group or TCPH (Figs. 3K
and 4A).

As shown in Fig. 4E, TEM analysis further revealed severe de-
generation of hippocampal nuclei in the AD model and TCPH
groups, including nucleolar disruption, nuclear membrane distor-
tion, and chromatin material degeneration. Conversely, the hip-
pocampal nuclei in the blank control, positive drug, and THPH
groups displayed intact or nearly normal nucleoli and nuclear
membranes, with homogeneous chromatin distribution. These
results suggest that THPH exerts a protective effect on hippocam-
pal neurons and can reverse dementia-associated morphological
changes in the hippocampus, while TCPH demonstrates limited
therapeutic effects.

3.4. Effects of THPH and TCPH on cholinergic metabolism, oxidat-
ive damage, and mitochondrial morphology

Disturbances in the cholinergic system and oxidative stress
are critical factors in the neuropathological progression of AD .
To evaluate these aspects, cholinergic factors (AchE and ChAT)
and oxidative stress markers (GSH-Px, CAT, MDA, and SOD) were
measured in the brain tissues of rats from the blank control, AD
model, and treatment groups. As illustrated in Figs. 4B-4D, there
was a significant increase in AchE activity and a decrease in ChAT
levels in the brain tissues of AD rats, indicating cholinergic
impairment. Conversely, treatment with THPH resulted in a signi-
ficant increase in ChAT activity and a decrease in AchE activity
compared to the AD group. In contrast, TCPH did not produce sig-
nificant alterations in ChAT or AchE levels. Furthermore, expos-
ure to D-galactose and AlCl; induced a marked oxidative stress
response, as evidenced by significant reductions in CAT, GSH-Px,
and SOD levels, along with a notable increase in MDA levels in the
AD group. These oxidative disturbances were reversed following
THPH administration (Figs. 4F-41). Notably, while XB exhibited
no significant effect on MDA levels, there was a tendency toward
reduction. Among the TCPH treatments, QH increased GSH-Px
activity, while Y] enhanced SOD levels, although these effects
were less pronounced compared to those observed with THPH.

Mitochondria, which are central to bioenergetics and oxidat-
ive stress, play a pivotal role in cellular function and survival ",
As shown in Fig. 4], TEM analysis revealed that healthy mitochon-
dria typically displayed an ovoid or round shape, with a dense
and homogeneous matrix, intact double membranes, and well-
structured cristae. In contrast, mitochondria in AD rats exhibited
significant damage, including ruptured double membranes, dis-
rupted cristae, and mitochondrial collapse, indicating severe mi-
tochondrial dysfunction. Treatment with THPH mitigated these
mitochondrial abnormalities. However, in rats treated with
TCPH, mitochondrial damage remained evident, characterized by
abnormal vacuolated mitochondria (Y] group), rupture of the
double membrane (QH group), degenerated mitochondria (XKC
group), and disruption of cristae (observed in the Y], QH, and XKC
groups). These results suggest that THPH exerts a more pro-
nounced effect on modulating cholinergic dysfunction, maintain-
ing oxidative balance, and protecting mitochondrial integrity and
function in AD model rats when compared to TCPH.
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3.5. Effects of THPH and TCPH on myelin and synaptic plasticity
damage

Synaptic plasticity impairments and demyelination repres-
ent early pathological features of AD '°. TEM analysis was conduc-
ted to examine the ultrastructure of the myelin sheath (Fig. 5B).
The hippocampus of the blank control group displayed intact and
densely packed myelin sheaths. In contrast, the AD model group
exhibited significant myelin degeneration, disintegration, and
dispersion of the dense layer, along with thinning of the lamellar
structure and axonal atrophy. Following THPH administration, a
noticeable reduction in myelin loss was observed, with axonal at-
rophy exhibiting relatively less severity. However, treatment with
TCPH did not yield significant improvements in these morpholo-
gical changes. These findings suggest that THPH promotes my-
elin repair and has the potential to alleviate axonal damage.

Further analysis of hippocampal synapse ultrastructure (Fig.
5A) revealed that blank control rats had a higher number of well-
defined, structurally intact synapses. In contrast, AD rats demon-
strated a marked decrease in synapse quantity, with many con-
nections appearing irregular and synaptic outlines blurred due to
the dissolution of synaptic structures. THPH treatment resulted
in significant restoration of synaptic integrity, evidenced by an in-
creased number of synapses and mitochondria.

3.6. THPH improved dysregulation of brain and serum metabolites
in AD rats

Peripheral and central metabolic disturbances are critical as-
pects of AD pathophysiology . Principal component analysis
(PCA) score plots indicated a clear separation between THPH and
both the normal and model groups (Fig. 5C). THPH was closest to
the K group, suggesting that D-galactose and AlCl; disrupted the
brain and serum metabolic profiles of rats, and that THPH treat-
ment improved these disturbances. Based on the combined res-
ults from behavioral tests, biochemical indices in brain tissues,
histopathological examinations, and Metabolic profile, THPH ex-
hibited a significantly greater therapeutic effect on AD symptoms
compared to TCPH. Hence, THPH was selected for further invest-
igation.

Additionally, orthogonal partial least squares discriminant
analysis (OPLS-DA) was employed to identify differential meta-
bolites related to pathological features and working mechanisms,
following predefined criteria (VIP > 1; P < 0.05). The OPLS-DA
score plots revealed significant differences between the K group
and each individual THPH treatment compared to the M model
(Supplementary File 3: Figures). This study identified a total of 21
specific brain metabolic biomarkers and 24 specific serum meta-
bolic biomarkers (Figs. 5D-5E) associated with both AD models
and THPH treatment, including Arachidonic Acid, Leukotriene
A4, Phytosphingosine, Isocitric acid, LysoPC(16:0), sn-glycero-3-
Phosphoethanolamine, Glutathione, Linoleic acid, Raffinose, myo-
Inositol, Thiamine, Bilirubin, Cholic acid, etc. Metabolic function
and pathway alterations in AD rats, as well as those treated with
the warm herbs, were further analyzed using the KEGG database
and Metabo-Analyst. A total of 21 pathways were enriched in
brain metabolomics (Fig. 5F) and 24 pathways in serum meta-
bolomics (Fig. 5G). Among these, THPH significantly regulated
five metabolic pathways, including arachidonic acid metabolism,
sphingolipid metabolism, the tricarboxylic acid (TCA) cycle, ster-
oid hormone metabolism, and retinol metabolism (Fig. 5H).

3.7. THPH regulated gut microbiota dysbiosis in AD rats
To investigate the composition of the gut microbiota in AD

rats and the effects of herbal treatments with warm properties,
16S rDNA sequencing was performed on fecal samples from
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groups K, M, Y, and those treated with the warm herbs TNX, JH,
and XB. a-Diversity (Figs. 6A-6D) index analysis indicated that
the Simpson, ACE, Shannon, and Chao1 indices were significantly
lower in the M group compared to the K group, reflecting re-
duced richness and diversity of the gut microbiota in the AD mod-
el. Following THPH intervention, the ACE, Shannon, Simpson, and
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Chaol indices were significantly elevated, suggesting a positive
effect of THPH on gut microbiota homogeneity and diversity. Ad-
ditionally, B-diversity analysis (Fig. 6E), incorporating NMDS and
PCoA, demonstrated significant divergence of the M group from
the K group, while the THPH group was separated from the M
group and clustered closer to the blank control group. After elim-
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inating background noise, the characteristic intestinal flora com- To further elucidate the impact of THPH on the gut microbio-
position for each group was determined, revealing a total of 942 me of AD rats, analyses of bacterial phylum classes, orders, famil-
operational taxonomic units (OTUs) across the six groups (K: ies, and genus structures were conducted. At the phylum level,
1965; M: 1925; Y: 1393; TNX: 995; JH: 812; XB: 872), as shown in the predominant microorganisms in groups K, M, Y, TNX, JH, and
Fig. 6F. This indicates that dysbiosis induced by D-galactose and XB were identified as Firmicutes, Bacteroidota, Proteobacteria,
AIC13 was partially restored by THPH. Desulfobacterota, and Verrucomicrobiota (Fig. 6H), with Firmi-
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Data were represented as mean + SD, n =

.'P<0.05, "P<0.01, 0r

“P <0.001 vs model group.

cutes, Bacteroidota, and Proteobacteria being the most dominant.
A reduced Bacteroidota/Firmicutes (B/F) ratio is widely recog-
nized as indicative of gut dysbiosis. As illustrated in Fig. 6G, the
B/F ratio decreased in AD rats, while THPH administration resul-
ted in an increased B/F ratio. In AD rats, Firmicutes levels were
elevated, whereas Desulfobacterota and Bacteroidota were signi-
ficantly reduced. Treatment with THPH effectively restored gut
microbiota diversity by decreasing the abundance of Firmicutes
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and increasing the levels of Desulfobacterota and Bacteroidota,
suggesting that THPH may alleviate cognitive and memory defi-
cits through the modulation of these bacterial taxa.

At the genus level, further analysis revealed changes in the
relative abundance of specific species. The stacked bar graph (Fig.
61) shows that D-gal and AlCl;-induced AD rats exhibited an in-
crease in the abundance of Rothia, Romboutsia, and Ligilactoba-
cillus, while Oscillibacter, Peptococcus, Colidextribacter, Acetati-
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factor, Bacteroides, and Anaerovorax were significantly reduced.
Administration of THPH reversed these changes, as depicted in
Fig. 6K. These results suggest that THPH can modulate D-gal- and
AlCl3-induced alterations at multiple taxonomic levels, improv-
ing gut microbial dysbiosis and potentially contributing to thera-
peutic effects in AD rats.

3.8. THPH altered the proteomics profile of AD rats

The qualitative and quantitative analysis of the protein indic-
ated that the result quality met the standards (Figs. 7A-7D and
7F). PCA of the identified proteins showed a distinct separation
between the AD group and the control group, with a degree of re-
versal in the protein expression pattern observed after THPH
treatment (Fig. 7E). Differentially expressed proteins (DEPs)
were identified using a threshold of fold change > 1.2 or < 0.83
with P < 0.05 (Figs. 7G-7K). This analysis revealed 88 upregu-
lated and 88 downregulated proteins. A comparison between the
AD and TNX groups identified a total of 124 proteins, with 62 up-
regulated and 62 downregulated. Between the AD and JH groups,
158 proteins were identified, including 92 that were upregulated
and 66 downregulated. The comparison of the AD and XB groups
yielded a total of 206 proteins, comprising 108 upregulated and
98 downregulated proteins. Overlaps of DEPs among the differ-
ent groups indicated 20 common DEPs in the control, AD, and
TNX groups; 25 common DEPs in the control, AD, and JH groups;
and 32 common DEPs in the control, AD, and XB groups (Fig. 7L).
The quantification of DEPs is depicted in Figs. 7M-70. Hierarchic-
al clustering analysis of these proteins revealed that THPH signi-
ficantly reversed the expression trends of most proteins com-
pared to the AD group, including Lpinl, Camk2d, Elovl2, SEL1L,
Sorbs1, Ankrd50, IL1RAP, Klhdc7a, Grik3, Smadl, Nubp1, Heph,
Staul, Gda, Marcksl1, Ccn3, Elacl, Fibp, Kiflc, Crhbp, Pggtlb.

GO enrichment analysis indicated that the proteins influ-
enced by THPH were primarily located in synapses (axons and
dendrites) and were significantly involved in neuronal protec-
tion (Fig. 8A and Supplementary File 3: Figures). KEGG analysis
further highlighted that the signaling pathways related to the dif-
ferential proteins between the model and THPH groups were pre-
dominantly associated with autophagy, energy metabolism-re-
lated pathways (AMPK), Efferocytosis, Calcium signaling path-
way, mTOR signaling pathway, Glycerophospholipid metabolism,
Glycerolipid metabolism, IL-17 signaling pathway, HIF-1 signal-
ing pathway, cAMP signaling pathway, and cholinergic synapses
(Fig. 8A and Supplementary File 3: Figures).

3.9. Correlations between risk factors, metabolites, and microor-
ganisms

To explore the potential relationships among risk factors,
metabolites, proteins, and gut microbiota, Spearman’s correla-
tion analysis was conducted to examine interactions between
fecal differential bacteria, risk factors, and differential metabol-
ites (Supplementary File 3: Figures). The analysis revealed that
brain metabolite-gut microbiota interactions were significantly
influenced by THPH treatment. Eleven microbial taxa exhibited
strong associations with specific differential metabolites, with
positive correlations observed for sphinganine, dihydroceramide,
isocitric acid, 12-keto-leukotriene B4, and glutathione (GSH).
Conversely, negative correlations were identified with raffinose,
19-oxotestosterone, androsterone glucuronide, acetylcholine
(ACh), and sn-glycero-3-phosphoethanolamine.

ChAT and antioxidant enzyme activities (CAT, GSH-Px, and
SOD) displayed significant positive correlations with various
brain metabolites, including arachidonic acid, prostaglandin G2,
12-keto-leukotriene B4, GSH, sphinganine, dihydroceramide,
and isocitric acid. In contrast, significant negative correlations
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were observed with lysoPA (0:0/18:2 (9Z,127)), lysoPA (20:3
(52,82,117)/0:0), cortisol, and androsterone glucuronide. More-
over, activities of ChAT and antioxidant enzymes (CAT, GSH-Px,
and SOD) correlated significantly with most intestinal microbiota,
whereas AChE and MDA exhibited opposite correlations with
these metabolites and gut flora. In conclusion, Spearman’s cor-
relation analysis suggests that THPH interventions improve
cognitive deficits in AD by modulating metabolic and gut flora im-
balances, thereby reducing cholinergic deficits and oxidative
stress.

3.10. Effects of THPH on protein levels related to energy metabol-
ism, oxidative stress, and synaptic plasticity

Western blot analysis indicated that induction with D-
galactose and AlCl; significantly reduced the expression levels of
p-AMPK, Nrf2, the myelin-associated protein MAG, the synaptic
protein SIRT1, BDNF, and PSD95 in the hippocampus of AD mod-
el rats, while AMPK protein levels remained unchanged. SIRT1,
PSD95, and BDNF have been recognized as key factors in syn-
aptic plasticity and memory formation '*. Following intervention
with THPH, the expression levels of p-AMPK, Nrf2, MAG, SIRT1,
BDNF, and PSD95 were significantly increased (P < 0.05, P < 0.01,
P < 0.001), as depicted in Figs. 8B-8C. These results suggest that
THPH can alleviate myelin loss and synaptic damage in AD to
varying extents, improving energy metabolism and mitigating ox-
idative stress through the AMPK/Nrf2 signaling pathway.

3.11. Chemical composition of THPH

Additionally, component analysis identified 103 components
in TNX, 81 components in JH, and 89 components in XB (Supple-
mentary File 2: Tables). The characteristic profiles of total ion
chromatography and decomposition pathways for TNX, JH, and
XB, in both positive and negative signal modes, are presented in
the supplementary materials (Supplementary File 3: Figures).

4. Discussion

Currently, limited literature has systematically applied stat-
istical methods to analyze the application patterns of TCM in the
treatment of AD. In light of this gap, core herbal properties and
drugs were identified through data mining technology. Our re-
search findings indicate that warm-natured herbs are the most
commonly utilized. Among these, three core medicines identified
(Acorus gramineus, Polygala tenuifolia Willd., and Ligusticum sin-
ense 'Chuanxiong') are warm-natured herbs. Network pharmaco-
logy analysis predicted 545 and 644 potential targets for THPH
and TCPH, respectively, with 188 and 220 overlapping with a set
of 1226 AD-related targets. Enrichment analysis suggested that
THPH and TCPH may exert their anti-AD effects primarily
through modulation of lipid metabolism, energy metabolism, syn-
aptic function, and inflammatory response signaling pathways, as
well as other associated pathways. These findings support fur-
ther investigation into the therapeutic mechanisms of warmth in
AD model rats (Fig. 9).

Although the brain constitutes only 2% of total body mass, it
consumes 20% of the body’s oxygen and 25% of its glucose, re-
flecting its high energy demands for functions such as learning,
memory, and motor control ¥ Mitochondria, as the central en-
ergy source of the CNS producing 95% of its energy *’, and cholin-
ergic synapses, critical for synaptic plasticity and long-term
memory >, are key components. The majority of brain energy
supports synaptic activity through mitochondrial ATP produc-
tion. AMPK serves as a vital regulator of energy metabolism, en-
hancing mitochondrial function and reducing neuronal oxidative
damage “*. As aging progresses, brain energy metabolism de-
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clines, resulting in reduced neuronal glucose uptake and mito-
chondrial dysfunction—particularly evident in AD **. This energy
imbalance accelerates synaptic loss, cognitive impairment, and
the pathological progression of AD **. Our research demonstrated
that AD model rats exhibited impaired mitochondrial morpho-
logy, compromised hippocampal myelin sheaths, and altered syn-
aptic structures, along with decreased levels of energy metabol-
ism biomarkers (e.g., isocitric acid, L-phenylalanine, sphinganine,
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thiamine, myo-inositol, D-galactose, sucrose, and alpha-D-gluc-
ose). Although total AMPK levels remained unchanged, p-AMPK
levels significantly decreased, confirming energy metabolism
dysfunction in the pathogenesis of AD. Treatment of AD model
rats with THPH resulted in improved integrity of mitochondria
and myelin sheaths, increased synapse counts, normalization of
energy metabolism biomarkers, activation of AMPK phosphoryla-
tion (thereby elevating p-AMPK), and upregulation of synapse-as-
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sociated proteins (including SIRT1, PSD-95, SYN, and BDNF).
These findings suggest that THPH alleviates energy metabolism
dysfunction related to AD and promotes synaptic plasticity.
Synapses serve as the primary sites of neuronal communica-
tion, facilitating the transfer of neurotransmitters from presyn-
aptic axon terminals to postsynaptic neurons. Among the various
neurotransmitters, ACh plays a critical role in memory; it is syn-
thesized by ChAT and degraded by AChE . Cholinergic dysfunc-
tion is considered a hallmark of AD. In AD, increased AChE activ-

ity accelerates the breakdown of ACh, impairing cholinergic

2
°. Con-

transmission and contributing to cognitive deficits
sequently, inhibiting AChE, enhancing ChAT activity, and restor-
ing synaptic function have emerged as key therapeutic strategies.
Administration of THPH effectively increased ACh concentra-
tions in the synaptic cleft by significantly reducing AChE activity
and enhancing ChAT levels, thereby improving cholinergic neuro-
transmission. Moreover, impaired synaptic plasticity and func-
tion contribute to oxidative stress in the brain. This oxidative
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stress results from an imbalance between antioxidants and pro-
oxidants and can even precede amyloid beta (AB) pathology .
Key antioxidants, such as SOD, GSH, and CAT, scavenge free rad-
icals and reflect the extent of lipid peroxidation. Excessive react-
ive oxygen species (ROS) induced by oxidative stress lead to mi-
tochondrial damage, deplete GSH, elevate MDA levels, and accel-
erate lipid peroxidation, all while disrupting glucose transport-
ers and impairing glucose utilization ***°. In our study, AD rats
exhibited significantly decreased levels of GSH, as well as re-
duced activities of GSH-Px, CAT, and SOD, along with increased
MDA levels, indicating weakened antioxidant capacity. Addition-
ally, ceramide accumulation amplified oxidative stress, decreas-
ing levels of dihydroceramide, which was significantly reduced in
AD rats *. Lowered antioxidant metabolites, including bilirubin *'
and isocitric acid **, further indicated impaired antioxidant capa-
city. Abnormal metabolism of tyrosine *, arachidonic acid **, and
linoleic acid ** exacerbated inflammation and oxidative stress.
Treatment with THPH restored levels of dihydroceramide, biliru-
bin, and isocitric acid, reversed metabolic disorders, lowered
MDA levels, enhanced antioxidant enzyme activities, and re-
stored redox balance, suggesting that THPH can effectively sup-
press oxidative stress induced by D-galactose and AlCl;.
Conversely, treatment with TCPH failed to ameliorate cognit-
ive impairment in AD model rats, exhibiting a counteractive
therapeutic effect compared to THPH and even leading to more
severe cognitive deficits (Fig. 2G). This lack of efficacy may be
primarily attributed to the inability of TCPH to alleviate D-
galactose and AlClz-induced damage to the hippocampal nuclei,
neurons, and mitochondria. Furthermore, relative to the model
group, the TCPH group displayed more pronounced axonal at-
rophy and damage within the myelin sheath (Fig. 5A), accompan-
ied by no observable increase in the number of synapses (Fig.
5B). Additionally, TCPH did not significantly reverse the aberrant
expression of cholinergic factors (AChE, ChAT) or oxidative stress
markers (SOD, GSH, CAT, MDA), leading to persistent cholinergic
dysfunction (the abnormal expression of AchE and ChAT leads to

TNX JH g
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acetyl-SCoA
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ChAT J
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*) and unresolved oxid-

the disorder of Ach synthesis and release
ative damage in AD rats. Given that Alzheimer’s disease is a multi-
dimensional, pathologically heterogeneous disorder, these etiolo-
gical factors may act synergistically, promoting and causally rein-
forcing one another to perpetuate a vicious cycle ¥/, thereby fur-
ther exacerbating memory deficits and cognitive impairment.

The gut microbiota plays a pivotal role in maintaining brain
energy homeostasis via the gut-brain axis. Disruptions in the gut
microbiome can exacerbate synaptic damage and accelerate cog-
nitive decline **. In healthy individuals, Firmicutes and Bacteroid-
ota dominate the gut microbiome, supporting energy metabolism
and nutrient absorption. However, this composition is signific-
antly altered in AD *°. A higher B/F ratio is beneficial for main-
taining intestinal homeostasis and may slow AD progression. In
AD rats, an increase in Firmicutes and a decrease in Bacteroidota
resulted in a lowered B/F ratio; however, these dysbioses were
significantly reversed by THPH treatment, restoring the B/F ra-
tio. THPH treatment significantly increased the abundance of be-
neficial genera such as Oscillibacter, Peptococcus, Colidextribacter,
Acetatifactor, Bacteroides, and Anaerovorax, while reducing levels
of Rothia, Romboutsia, and Ligilactobacillus. Romboutsia and Os-
cillibacter are associated with inflammation, and regulating their
abundance can help improve inflammatory responses *>*'. Coli-
dextribacter promotes the production of short-chain fatty acids
(SCFAs), which alleviate intestinal inflammatory injury *’. Al-
though the function of Acetatifactor remains unclear, it is known
as a butyrate-producing bacterium “. Butyrate can cross the
blood-brain barrier, imparting anti-inflammatory, antioxidant,
and immune-enhancing effects in AD while regulating histone
acetylation to inhibit inflammation. Therefore, the potential
therapeutic role of Acetatifactor, as a beneficial gut microbe in
AD, warrants further investigation. SCFAs help maintain the in-
tegrity of the intestinal barrier and mitigate AD pathology, and
Anaerovorax, another SCFA-producing bacterium, contributes to
these protective effects **. These findings support the conclusion
that THPH can effectively regulate gut microbiota dysbiosis asso-
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Fig. 9 Schematic diagram of the molecular signal regulation mechanism of THPH to promote neurological function improvement after AD.
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ciated with AD.

AD, characterized by progressive memory decline and exec-
utive dysfunction, falls under the TCM classifications of "Dai
Bing" (dementia) and "Jian Wang" (amnesia) **. The primary TCM
pathological mechanisms involve kidney deficiency, brain-mar-
rows consumption, phlegm-turbidity obstruction, and blood stas-
is stagnation, which are clinically categorized as "Xu Han Zheng"
(deficiency-cold syndrome) or "Tan Yu Zheng" (phlegm-blood
stasis syndrome). TCM posits that a decline in Yang leads to
cerebral cold and mental dysfunction, resulting in amnesia; insuf-
ficient Yang impedes qi and blood circulation, causing phlegm
and blood stasis to obstruct cerebral orifices. Patients with AD
frequently exhibit lethargy, slow responses, and apathy, along-
side cold manifestations such as cold limbs and poor appetite.
Clinically, warm-natured herbs like Acorus gramineus *°, Polygala
tenuifolia Willd. */, and Panax ginseng C. A. Mey. *® are employed
to warm Yang-qi, rejuvenate the mind, replenish qi, and resolve
phlegm. This study observed energy metabolism disorders in AD
model rats, characterized by reduced biomarkers related to en-
ergy metabolism (e.g., isocitric acid, L-phenylalanine, sphingan-
ine, thiamine, myo-inositol, D-galactose, and sucrose) and de-
creased phosphorylated AMPK levels, consistent with the hypo-
metabolism, low heat production, and diminished energy utiliza-
tion seen in deficiency-cold syndrome, which THPH effectively re-
versed. Furthermore, TCM asserts that AD lesions primarily af-
fect the brain ("Sui Hai," the sea of brain marrow), relying on un-
obstructed collaterals to sustain mental function. Prolonged ill-
ness results in inadequate warming and nourishment of the brain
marrow, leading to insufficiency, damage, and depletion, aligning
with contemporary understanding of nerve myelin injury, demy-
elination, and remyelination disorders. Myelin injury, preceding
classical protein abnormalities, facilitates plaque formation *’; ac-
cumulated myelin debris promotes neuroinflammation, disrupts
neurotransmitter balance, damages synapses, inhibits myelin re-
generation and axonal growth, and ultimately leads to neural cir-
cuit failure *’—reflecting the TCM pathogenesis of "Tan Zhuo Zu
Qiao" (phlegm-turbidity blocking the brain orifices). THPH en-
hances synaptic count and upregulates synaptic-related proteins
(BDNF, PSD95, SIRT1, MAG), thereby boosting synaptic plasticity
and myelin integrity. This may lead to a reduction in brain debris
accumulation and protection of the neural microenvironment. In
conclusion, this study suggests that THPH can elevate basal meta-
bolism, safeguard mitochondria, mitigate synaptic and myelin
damage, rectify deficiency-cold pathology through energy meta-
bolism regulation, provide myelin protection, and improve condi-
tions associated with "Sui Han" (brain marrow cold) and "Tan Yu"
(phlegm and blood stasis).

5. Conclusion

In conclusion, this study employed an integrated approach
that combined data mining pharmacodynamics, network phar-
macology, metabolomics, proteomics, and gut microbiota analys-
is to investigate the effects of THPH (warm TCMs of this study)
and TCPH (cold TCMs of this study) on AD. The findings demon-
strate that THPH exerts neuroprotective effects by alleviating
cognitive and memory impairments induced by D-galactose and
AlCl3, showing superior neuroprotection compared to TCPH. The
potential mechanisms underlying THPH's effects involve the en-
hancement of mature neuron populations, mitigation of neuro-
pathological damage, reduction of oxidative stress, modulation of
the cholinergic system, improvement of energy metabolism, res-
toration of synaptic function, and normalization of gut microbi-
ota dysbiosis. This study provides a theoretical foundation for
further promoting the integration of medicinal property-based
approaches in clinical practice. However, other hot-acting and
cold-acting herbs not included in this study may exhibit different
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therapeutic effects on AD. Further research and validation are ne-
cessary.
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