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Abstract: Xing-Qi-Tong-Qiao Decoction (XQTQ) is a traditional Chinese prescription that embodies the homology of
medicine and food. It is recognized for its effects in alleviating stasis, dispersing phlegm and nodules, activating blood
circulation, relieving pain. However, its efficacy and mechanisms in alleviating paclitaxel-induced peripheral neuropathic
pain (PIPNP) remain unclear. In this study, we investigate the analgesic effects of XQTQ and explore the potential
mechanism using plasma metabolomics. The characteristic chromatogram of XQTQ was established using HPLC. A total of
36 SD rats were divided into 6 groups: control, model, positive drug, and three XQTQ combined groups. All rats, except
those in control group, were induced with diseases features via intraperitoneal administration of paclitaxel. The pregabalin
and XQTQ combined groups were administered orally once a day for 14 days. The paw withdrawal threshold (PWT) and
paw withdrawal latency (PWL) were measured. Rat plasma was collected for the detection of pain cytokines and the
analysis of endogenous metabolite. Rats in the XQTQ combined groups exhibited a significant increase in PWT and PWL
values, alongside a decrease in the levels of tumor necrosis factor-alpha (TNF-a, 14.82%), interleukin-6 (IL-6, 13.69%),
interleukin-1 beta (IL-1B8, 19.34%), nerve growth factor (NGF, 11.40%), prostaglandin E2 (PGE 2, 12.74%), and
5-hydroxytryptamine (5-HT, 13.51%) compared to the model group (P < 0.01). Plasma metabolomics revealed 12 potential
biomarkers associated with the model rats, which were significantly reversed by XQTQ. The main pathways involved
included glycerophospholipid metabolism, linoleic acid (LA) metabolism, and alpha-linolenic acid (ALA) metabolism. XQTQ
demonstrated significant analgesic effects and improved metabolism in the context of PIPNP. This research provides a
reliable theoretical basis and novel research directions for clinical applications.
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drugs or health supplements in modern medicine for alleviating
cancer-related pain, aside from opioids, which carry a risk of
addiction. The three-step pain relief plan recommended by the

1 Introduction

Globally, the cancer burden is projected to reach 28.4 million

cases by 2040, representing a 47% increase from 2020 It is
estimated that 70% of cancer patients experience severe pain at
some point during the course of their disease. Paclitaxel (PTX),
which is widely used in clinic settings, is a first-line drug for the
chemotherapy of digestive system tumor, lung cancer, and head
and neck tumors. However, the use of PTX can lead to side effects,
including pain, known as paclitaxel-induced peripheral
neuropathic pain (PIPNP). The incidence of PIPNP is as high as
87%>4. Symptoms of sensory neuropathy typically present as
paresthesia, numbness, and pain, significantly impacting the
patient’s quality of life. Currently, there are no effective therapeutic

World Health Organization is still in use; however, the effects of
treatment are often unsatisfactory. Therefore, there is an urgent
need to identify a safe and effective drug for the treatment of
PIPNP.

The integration of traditional Chinese medicine (TCM) and
Western medicine has been proposed as a promising therapeutic
strategy for enhancing anti-neoplastic effects and alleviating
associated side effects™. Food and medicine homology is a
significant aspect of TCM, possessing both health preventive and
therapeutic effects. Its origins and historical development can be
traced back to ancient texts such as the “Huangdi Neijing” and the
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“Dietetic Materia Medica””. In contemporary society, as
individuals seek to adopt healthier lifestyles, the concept of
substances that are both medicinal and edible is receiving growing
attention. Xing-Qi-Tong-Qiao Decoction (XQTQ) is a traditional
Chinese prescription formulated by physicians based on the
homology of medicine and food. The XQTQ formula
incorporates Ginseng Radix et Rhizoma and Rosae Rugosae Flos
as novel foods, while the other TCM ingredients are sourced from
the catalog of medicinal and edible substances established by the
National Health Commission of China. It is known for its effects
in removing stasis, dispersing phlegm and nodules, activating
blood circulation, relieving pain, soothing the liver and
tranquilizing the mind. By integrating principles of modern
formulation, it can be concluded that Eckloniae Thallu serves as
the monarch herb, possessing effects that dissipate phlegm and
nodules, diuretic properties, and swelling reduction. Rosae
Rugosae Flos, Perillae Folium, Allii Macrostemonis Bulbus and
Crataegifructus function as ministerial drugs that help ease the
liver, relieve depression, activate Yang, dissipate nodules, and
relieve pain. Additionally, Ostreae Concha, Poria, and Coicis
Semen contribute to calming the heart and mind, as well as
promoting water regulation and osmotic balance. The
combination of these various herbs achieves effects such as
activating blood circulation, dispersing nodules, relieving pain and
tranquilizing the mind.

Metabolomics encompasses a set of powerful tools for
detecting, identifying, and quantifying the endogenous metabolites
involved in metabolic processes, thereby facilitating the
interpretation of biological changes in the internal environment'®.
It has become increasingly prevalent focused on exploring the
mechanisms of diseases or treatments, as it offers comprehensive
metabolic information about organisms®*".

In our study, we utilized a PTX-induced rat model to evaluate
the analgesic effects of XQTQ on behavioral tests and plasma
cytokine levels. Additionally, we aimed to elucidate the
mechanisms by which XQTQ alleviates PIPNP through the
identification of potential endogenous metabolite biomarkers and
the prediction of relevant pathways using Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis.
Consequently, this study provides a reliable theoretical basis for
the clinical application of XQTQ.

2.1 Medicinal materials

The medicinal slices, Ginseng Radix et Rhizom (Panax ginseng
C.AMey.), Jujubae Fructus (Ziziphus jujuba Mill), Eckloniae
Thallu (Ecklomia kurome Okam.), Ostreae Concha (Ostrea gigas
Thunberg), Poria (Poria cocos (Schw.)), Zingiberis Rhizome
(Zingiber officinale Rosc.), Coicis Semen (Coix lacryma-jobi L. var.
mayuen (Roman.)Stapf), Crataegifructus (Crataegus pinnatifida
Bge.), Dioscoreae Rhizoma (Dioscorea opposite Thunb.),
Chaenomelis Fructus (Chaenomeles speciosa (Sweet) Nakai),
Cinnamomi Cortex (Cinnamomum cassia Presl), Cannabis
Fructus (Cannabis sativa L.), Allii Macrostemonis Bulbus (Allium
chinense G.Don), Perillae Folium (Perilla frutescent (L.) Britt), Citri
Fructus (Citrus medica L.), Rosae Rugosae Flos (Rosa rugosa
Thunb.). All medicinal slices were purchased in Bozhou City,
China. Voucher specimens were deposited at the laboratory of the
marine TCM platform, Marine Biomedical Research Institute of
Qingdao (Qingdao, China).
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2.2 Reagents

Guanosine (L/N:  111977-202202), protocatechuic acid
(L/N:110809-202207), ellagic acid (L/N: 111959-201903),
scutellarin (L/N: 110842-202010), rosmarinic acid (L/N: 111871-
202408), 6-gingerol (L/N: 111833-202007) were purchased from
China Institute for Food and Drug Control. PTX (2 mg/kg,
Jiangsu Hengrui Pharmaceutical Co., Ltd., Jiangsu, China), and
pregabalin  were purchased from Pfizer Manufacturing
Deutschland GmbH (Freiburg, USA). Rat ELISA kit tumor
necrosis factor a (TNF-a, L/N: 23100139H), interleukin 6 (IL-6,
L/N: 23100141H), interleukin 1B (IL-1f, L/N: 23100172H), nerve
growth factor (NGF, L/N: 23100169H), prostaglandin E2 (PGE 2,
L/N: 23100152H), 5-hydroxytryptamine (5-HT, L/N: 23100102H).
All these kits were purchased from FANKEW (Shanghai, China).

2.3 Preparation of XQTQ

The preparation of XQTQ was decocted following the
traditional method. In brief, mixed medicinal slices (Ginseng
Radix et Rhizom, Jujubae Fructus, Eckloniae Thallu, Ostreae
Concha, Poria, Zingiberis rhizoma, Coicis Semen, Crataegifructus,
Dioscoreae Rhizoma, Chaenomelis Fructus, Cinnamomi Cortex,
Cannabis Fructus, Allii Macrostemonis Bulbus, Perillae Folium,
Citri Fructus, Rosae Rugosae Flos, 3:6:6:30:6:3:6:3:6:9:1:6:5:5:5:3)
were soaked in 10 times its weight of water for 20 min, then
decocted at 100 °C for 1h and repeated once. The combined water
extracts were immediately centrifuged at 4,000 r/min for 10 min
and then concentrated followed by freeze-drying to obtain a
powder for use. The extracted dried powder (1 g) was equivalent
t0 9.68 g of material herbs.

24 HPLC analysis

The XQTQ extract (2.12 g) was dissolved in 10 mL of Milli-Q
water and then extracted three times with 10 mL of water
saturated n-butanol on each occasion. The combined n-butanol
extracts were collected and evaporated to dryness. The residue was
dissolved in 5 mL of ethanol. Standard stock solutions of
guanosine, protocatechuic acid, ellagic acid, scutellarin, rosmarinic
acid, 6-gingerol (each approximately 1 mg/mL) were separately
prepared in 70% methanol and stored at 4 °C. A mixed reference
standard solution was prepared by combining and diluting the 6
standard stock solutions with 70% methanol to achieve a
concentration of approximately 0.10 mg/mL for each compound.
The solution was filtered through a 0.45 um PTEE filter prior to
HPLC analysis. All samples were similarly filtered through a
0.45 pum PTEFE filter before HPLC analysis.

The profile of XQTQ was analyzed using a Thermo Fisher
Ultimate 3000 RSLC instrument equipped with a diode array
detector. The chromatography conditions were as follows:
ZORBAX SB-C3 column (250 mm x 4.6 mm, 5 pm) maintained
at 30 °C. A gradient elution using solvent A (Milli-Q water
contains 0.1% phosphoric acid) and solvent B (acetonitrile) was
applied as follows: 0—40 min, 2%—-14% B; 40—60 min, 14%-19% B;
60-90 min, 19%-25% B; 90-100 min, 25%-30% B; 100-110 min,
30%—-36% B; 110-140 min, 36%-37% B. The flow rate was
1 mL/min, the injection volume was 10 uL and the detector
wavelengths were 280 and 210 nm.

25 Model establishment and grouping

Male Sprague-Dawley rats weighing between 160-200 g were
purchased from Jinan Pengyue experimental animal breeding
Co., Ltd. (Jinan, Shangdong, China). All rats were housed under
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automatically controlled environmental conditions, maintaining a
12 h light-dark cycle with free access to food and water. After
1 week of acclimatization, the rats were randomly divided into
6 groups according to body weight: control group (Control,
n = 6), model group (Model, n = 6), pregabalin group (30 mg/kg,
n = 6), low dose of XQTQ group (0.53 g/kg, n = 6), medium dose
of XQTQ group (1.06 g/kg, n = 6), and high dose of XQTQ group
(2.12 g/kg,n=6).

Animals in the model, pregabalin, and XQTQ combined
groups were intraperitoneally (i.p.) injected with PTX (2 mg/kg)
on days 1, 3, 5, and 7. Starting from day 1, animals in the
pregabalin and XQTQ combined groups were administrated oral
pregabalin at a dosage of 30 mg/kg once daily for 14 days, while
the XQTQ combined groups were administrated orally XQTQ,
simultaneously. The control and model groups received an
equivalent volume of saline or water. Animal procedures were
approved by the Institutional Animal Care and Use Committee of
the Yantai University (YTU23WT-P11).

2.6 Behavioral test

Paw withdrawal threshold (PWT) was measured before, during,
and after PTX treatment (on days 1, 3, 5, 7, and 14) by an
experimenter blinded to treatment groups. Rats were placed in
elevated Plexiglas chambers upon a wire mesh floor and allowed
to acclimate for 20 min before measuring the PWT. PWT was
tested using calibrated von Frey filaments according to the “up
and down” method™. First, an intermediate filament (2.0 g) was
applied perpendicularly to the toes of the hind-paw surface. If a
positive response was observed, the next weaker filament (1.4 g)
was used. Conversely, if a negative response was elicited, the next
stronger filament (4.0 g) was employed. If a positive response
occurs at 2.0 g for the first time, it is recorded as “X”, and a total of
6 trials are counted from 2.0 g. If a negative response occurs at
2.0 g for the first time, it is recorded as “O”, and a total of 5 times
are counted.

Paw withdrawal latency (PWL) to noxious heat stimuli was
measured using an the IITC Hot Plate Analgesia test before,
during, and after PTX treatment (on days 2, 4, 6, 8, and 15). The
rat was placed in a Plexiglas chamber on a glass plate above a light
box. A radiant heat stimulus was applied by directing a beam of
light through a hole in the light box onto the heel of each hind
paw via the glass plate. The light beam was turned off when the rat
lifted its foot, allowing for the measurement of PWL, defined as
the time between when the light beam hit the foot and when the
foot was lifted. Each trial was conducted 5 times at 5 min intervals
with a cut-off time of 20 s imposed to prevent tissue injury.

2.7 Sample collection and preparation

After fasting for 12 h at the end of the experiment, the blood
was collected in the anticoagulant tube through the rat abdominal
aorta and centrifugated at 3,000 r/min for 15 min at 4 °C. The
supernatant plasma was separated, transferred into test tubes, and
stored at —70 °C for blood biochemical analysis and metabolomics
analysis. Plasma TNF-q, IL-6, IL-1P, NGF, PGE 2, and 5-HT were
detected using ELISA kits according to the instructions. The
absorbance of the solution was measured with a microplate reader
(Labsystems Multiskan MS, Finland) at 450 nm.

2.8 Plasma metabolomics analysis

2.8.1 Metabolomics sample pre-treatment
Plasma samples are typically treated with methanol and

acetonitrile to precipitate proteins. Acetonitrile is frequently
employed to dissolve samples and is well-suited for subsequent
liquid chromatography analysis. In this experiment, we utilized
methanol for protein precipitation and acetonitrile for sample
dissolution. A plasma sample of 200 puL was combined with
800 pL of methanol and vortexed for 30 s. After centrifugation at
12,000 r/min for 15 min (Centrifuge 5424 R, Eppendorf AG,
Germany) at 4 °C, the supernatant (800 pL) was dried using a
nitrogen stream and subsequently redissolved in 100 pL of
acetonitrile, followed by vortexing for 1 min. The supernatant was
obtained for analysis after centrifugation at 12,000 r/min for
15 min at 4 °C. The same amount of each sample was taken and
mixed well as a quality control sample for repeated injection
during sample analysis to detect the stability of the instrument.

2.8.2 UPLC-MS/MS conditions

Chromatographic experiments were performed on a column of
Acquity UPLC HSS T3 (100 mm x 2.1 mm, 1.8 um) using a
Thermo UltiMate 3000 UPLC system (Thermo Fisher Scientific,
USA). The column temperature was set at 35 °C with an injection
volume of 5 pL, and the mobile phase consisted of solvent A
(0.05% formic acid in water) and solvent B (0.05% formic acid in
acetonitrile) at a flow rate of 0.2 mL/min. The gradient elution
procedure was as follows: 0-2 min, 95%-90% A; 2—4 min,
90%—-60% A; 4-7 min, 60%-35% A; 7-12 min, 35%—-10% A;
12—-14 min, 10%—5% A; 14—16 min, 5% A.

Mass spectrometry was performed on a Q Exactive Orbitrap
(Thermo Fisher Scientific, USA). The instrument was operated
using a HESI source in positive and negative mode. The sheath
gas volume flow was set at 40 psi, and the auxiliary gas volume
flow was 10 psi. The spray voltage was 3.8 kV. The capillary
temperature was 350 °C, and the auxiliary gas temperature was
350 °C. The quality scanning range was m/z 100—1,500, and the
detection resolution was 7,000. The secondary mass spectrometry
adopted high energy collision-induced dissociation with 20, 30,
and 40 eV ionization energy and 17,500 resolutions.

2.8.3 Data analysis strategy

Raw data were uploaded to Progenesis QI Version 2.0 software
(Waters, USA) for baseline filtering, peak identification, peak
alignment, and normalization to obtain a two-dimensional data
matrix composed of retention time, #/z, and ionic intensity of
metabolite. The processed data matrix was imported into
Simca 13.0 for multivariate statistical analysis. Firstly,
unsupervised principal component analysis (PCA) was used to
observe the sample separation and eliminate abnormal samples.
The supervised orthogonal partial least squares discrimination
analysis (OPLS-DA) was conducted. OPLS-DA was also used to
predict the components with variable importance in the project
(VIP) greater than 1 between control and model groups, and the
components with VIP > 1 and P < 0.05 of ¢-test were screened and
putatively identified through the database (KEGG, Human
Metabolome Database (HMDB), LIPID MAPS Structure Database
(LMSD), etc.). The screened potential biomarkers were introduced
into the metabolic pathway analysis online platform (https://
www.metaboanalyst.ca/MetaboAnalyst/home.xhtml) for seeking
metabolic pathways related to PTX rats. Based on this, the
regulatory effect of XQTQ on PTX rats was evaluated.

2.9 Statistical analysis

The experimental data were expressed with standard deviation.
The difference between groups was compared using One-way

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


https://www.metaboanalyst.ca/MetaboAnalyst/home.xhtml
https://www.metaboanalyst.ca/MetaboAnalyst/home.xhtml
https://www.sciopen.com
https://mc03.manuscriptcentral.com/fmh

ANOVA with the Bonferroni method, and P < 0.05 was
considered a significant difference.

3.1 HPLC characteristic chromatogram of XQTQ for
quality control

A method of the characteristic chromatogram was established
of XQTQ, a total of 8 common peaks were characterized, and
6 chemical components were identified as guanosine (peak 1),
protocatechuic acid (peak 2), ellagic acid (peak 4), scutellarin
(peak 6), rosmarinic acid (peak 7), 6-gingerol (peak 8) were
determined by reference substances using HPLC analysis (Fig. 1).
The method is accurate and reproducible, and suitable for
evaluating the quality of XQTQ.

3.2 Effects of XQTQ on PWT, PWL and the level of
plasma cytokines

Compared with the control group, the value of PWT decreased
significantly in the model group (P < 0.01), which proved the
successful establishment of the model. Compared with the model
group, pregabalin could slightly alleviated PWT decrease,
statistical differences had been shown in the 14 days only. XQTQ
combined with pregabalin alleviated PWT decrease in varying
degrees. Statistical differences between the model and high dose of
XQTQ combined group had been shown in the 1, 3, 5, 7, 14 days,
medium and low doses had been shown in the 3, 7, 14 days and 1,
5, 14 days separately (Fig. 2). The effects of high, medium, and low
doses were dose-dependent at 3 and 14 days.

Compared with the control group, the value of PWL decreased
significantly in the model group (P < 0.05), which proved the
successful establishment of the model. Compared with the model
group, pregabalin could significantly increase the value of PWL in
the 8 days (P < 0.05), the high dose of XQTQ combined group
could significantly increase the value of PWL in the 2, 8 days (P <
0.05).

Compared with the control group, the model group exhibited
significantly higher expression in the level of 5-HT, IL-1f, IL-6,
PGE 2, NGF, and TNF-a (P < 0.01) (Fig. 3). Compared with the
model group, the pregabalin and different doses of XQTQ
combined group can significantly decrease the level of TNF-a

Food & Medicine Homology 2027, 4: 9420147

(14.82%), IL-6 (13.69%), IL-1p (19.34%), NGF (11.40%), PGE 2
(12.74%), and 5-HT (13.51%) (P < 0.01). XQTQ combined group
reduced more than pregabalin in the level of IL-6, NGF, and
TNF-a.

3.3 Metabonomics analysis

3.3.1 Identification of potential biomarkers in PTX rats and the
metabolic pathway analysis

OPLS-DA was applied to explore potential biomarkers in
model rats compared with control rats. As shown in Figs. 4A, B,
the metabolites in the control and model groups were located in
two different communities, which hinted the PTX rats model was
established successfully. R°Y was used to assess fitness and Q* was
used to indicate the prediction ability of the model. The
parameters were R°Y = 0.993 and * = 0.932 in the positive ion
mode, R°Y = 0.998 and Q* = 0.872 in the negative ion mode,
suggesting that the model group had apparent changes compared
with the control group in the level of endogenous metabolites.

Twelve differential metabolites in plasma between PTX rats and
normal rats were obtained and identified by Progenesis QI
software (VIP > 1, P < 0.05), as well as KEGG, HMDB, and
LMSD. According to KEGG (Table 1), these potential biomarkers
were related to 7 pathways of glycerophospholipid metabolism,
Linoleic acid metabolism (LA metabolism), alpha-Linolenic acid
metabolism (ALA metabolism), Glycosylphosphatidylinositol-
anchor biosynthesis (GPI-anchor biosynthesis), pentose and
glucuronate interconversions, arachidonic acid metabolism and
pyrimidine metabolism (Fig. 5).

3.3.2 Screening of potential biomarkers for XQTQ alleviates
neuropathic pain effects

The plasma metabolite data from the high dose XQTQ
combined group were used to investigate its mechanism in
alleviating cancer pain. PCA manifested PTX induced obvious
metabolic disturbances (Fig. 6). The PCA plots demonstrated clear
discrimination between control and model groups, indicating that
the model was successfully duplicated and our analytical method.
The results of OPLS-DA indicated that different groups clustered
in different areas. The pregabalin and XQTQ combined groups
were located between the control and model groups and had a
visual movement trend from the model to the control, indicating

280 nm

0 10 20 30 40 50 60 70

80 20 100 110 120 130 140
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Figure1 Chemical profile of XQTQ extract. 1. Guanosine, 2. protocatechuic acid, 4. ellagic acid, 6. scutellarin, 7. rosmarinic acid, 8. 6-gingerol.
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Figure2 Behavioral test by measuring PWT and PWL in each time point. (A) PWT, (B) PWL. P < 0.05 and "P < 0.01 when compared with the control group,

*P <0.05 and **P < 0.01 when compared to the model group. The same below.

that both groups were effective. XQTQ combined was closer to
the control group than pregabalin use only on PTX rats (Figs. 4C,
D), indicating that integrated therapy is more effective than
pregabalin alone. As shown in Table 1, 10 metabolites were
down-regulated in PTX, whereas the other 2 metabolites were
up-regulated. XQTQ treatment rebalanced the alteration of
metabolites which were disturbed by PTX. The expression of
12 disturbed metabolites appeared to be rebalanced.

PIPNP is a common clinical symptom in patients undergoing
treatment with PTX. Due to the unclear mechanisms involved,
effective agents for prevention or treatment are scarce. In this
study, the analgesic effect of XQTQ was comprehensively
evaluated in PIPNP rats. It was observed that high dose XQTQ
combined group exhibited a significant increase in the PWT
values on days 1, 3, 5, 7, and 14 days, indicating a strong analgesic
effect. Clinical reports suggest that the combination of TCM with
Western medicine yields significant therapeutic benefits">'*. The
PWT values in the high and medium dose of XQTQ group
combined with pregabalin were higher than those in the
pregabalin only group on days 3, 5, and 14. Additionally, the PWL
for the high dose XQTQ group combined with pregabalin was
greater than that of the pregabalin only group on days 2 and 8.

These results suggest that the combination of XQTQ with
conventional Western medicine may provide enhanced
therapeutic effects on PNPNP.

PGE 2, 5-HT!*"], NGF" are well-known pain mediators
that play a pivotal role in development and maintenance of
neuropathic pain. Moreover, an increasing body of evidence
indicates that inflammation influences every facet of tumor
development and progression™, IL-1B, IL-6, and TNF-a are
significant proinflammatory cytokines. Additionally, pathways
that activate cytokines, such as TNF-a, IL-1B, and monocyte
chemoattractant protein-1 (MCP-1), are implicated in PIPNP as
well®™. PGE 2, 5-HT, NGF, IL-1p, IL-6, and TNF-a play crucial
roles in the development of pain and hyperalgesia. In this study,
the levels of these cytokines significantly rise in the model group,
and the results support the notion that cytokines are implicated in
the pathophysiology of PIPNP. After administration, the levels of
these cytokines dramatically reduced to near-normal levels,
indicating that the treatment group exhibited a significant
regulatory effect on PIPNP. Compared to the pregabalin group,
the XQTQ combined group exhibited a tendency to decrease the
levels of IL-6, NGF, and TNF-a. However, there is no significant
difference between the pregabalin and XQTQ combined group,
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Figure4 OPLS-DA scores of plasma samples of control group, model group, pregabalin and XQTQ combined group. (A) Control vs. Model in positive ion mode;
(B) Control vs. Model in negative ion mode; (C) Control vs. Model vs. Pregabalin vs. XQTQ+pregabalin in positive ion mode; (D) Control vs. Model vs. Pregabalin vs.

XQTQ+pregabalin in negative ion mode.

suggesting that the combination maintained a stable, lower
ultimate level after treatment with pregabalin.

Meanwhile, a simple, reproducible, stable and accurate
characteristic chromatogram had been modified to reflect the
multi-components characteristics of the compound formula,
resulting in the identification of 6 chemical components.
Protocatechuic acid exhibited neuroprotective effects by exerting
antioxidant properties and promoting the proliferation, induction,

(8 i#% 4 mar | Sci@pen

and differentiation of neural stem cells in vitro?*2. Protocatechuic

acid can also inhibit the secretion of inflammatory cytokines,
including TNF-q, IL-1B and IL-6, which have therapeutic effects
on most inflammatory diseases™™. Ellagic acid primarily exhibits
pharmacological actions such as anti-inflammatory effects™,
anti-tumor properties, protection of the myocardium and nervous
system™), and immune regulation. Scutellarin demonstrated a
significant analgesic effect®. Rosmarinic acid is a polyphenolic
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Table1 Identification and change trend of potential biomarkers

Retention

Observed

Model vs. PH vs.

Analyst HMDB ID time (min) Formula m/z Error (ppm)  Adduction Control  Model VIP KEGG
Phosphatidylethanolamine (PE)
(20:4(52,82,11Z,147)/P- HMDB0009413  16.62 C,H,NO,P 788.498 -1.519,18 [M+K]* 1 1 1.82 C00350
18:1(112))
Vitamin D, 3-glucuronide HMDB0010344  14.59 C;H;,0;,  573.381 4.348,05 [M+H]* ! 1 1.82 NA
Phosphatidylcholine (PC) +
. CsoHggNOgP . -2. M+K .
(18:4(62,92.122,152)/24:1(152) HMDB0008257 14.19  CsHgoNOGP  902.601 2.827,48 [M+K] 1 1 1.42 C00157
Glycochenodeoxycholic acid .
30l : HMDB0002579  6.89  Cy,H,NO,, 626351 —-3.462,1 [M+H] i 1 1.07 C03033
-glucuronide
PC(14:0/20:4(5Z,82,112,14Z)) HMDB0007883 14.64 C,H,(NOP 771.568  4.049,277 [M+NH,]* ! 1 1.07 C00157
Traumatin HMDBO0037326 7.26 C,H,,0; 257.139  -0.775,67 [M+FA-H]" l 1 1.91 Cl16309
M-H,0-H]J,
3-Hydroxydodecanedioic acid HMDB0000413 7.29 C,H,,0O;  246.146  -1.630,97 ( [MiH]’ ] l 1 1.77 NA
3-Hydroxytetradecanedioic acid HMDB0000394  9.28 C,HyOs  273.171  -0.521,77 [M-H]" l 1 1.66 NA
Asparaginyl-Threonine HMDB0028741  6.63 CgH;sN;05  465.197 4.824,5 [2M-H]" 1 l 137 NA
6-Keto-prostaglandin Fla HMDBO0002886  12.50 CyoH3,06  369.228  —0.894,89 [M-H]~ ! 1 1.23 C05961
5,6-Dihydrouridine HMDB0000497 7.33 CHN,O4 291.082 -3.854,16 [M+FA-H]” l 1 1.2 NA
5-Thymidylic acid HMDB0001227  7.33  C,0HsN,O¢P 303.038 -1.421,62 [M-H,0-H] ! 1 1.1 C00364

Note: The levels of potential biomarkers were labeled with (|) down-regulated and (1) up-regulated.

compound known for its significant anti-inflammatory®”,

antitumor™ and neuroprotective effects™. These ingredients can
serve as a core representative compound for further

Metabolomics has been utilized as an important technique for
elucidating the pharmacological mechanisms of TCM formulae
under the framework of systematic theory™ ", Indeed, there has

pharmacological and mechanism studies.

Glycerophospholipid metabolism ‘

been an increasing number of studies on TCM applying
metabonomics®™*%, In our plasma metabolomics study, XQTQ
treatment rebalanced the alteration of most metabolites that were
disturbed by PTX. The expression of 12 disturbed metabolites
appeared to be rebalanced. As shown in the pathway analysis
results (Fig. 5), glycerophospholipid metabolism, LA metabolism,
ALA metabolism, GPI-anchor biosynthesis were the significantly
altered metabolic pathway.

Glycerophospholipid, LA and ALA metabolism were the most
significantly altered metabolic pathway. Glycerophospholipids and
their metabolites play a significant role in the pathogenesis of
neuropathic pain®*. LA and ALA are involved in the regulation
of inflammation and the nervous system™*. In our investigation
of the metabolic profiles of PIPNP rats, we observed significant
changes in the levels of specific metabolites. Three metabolites exhi-
bited significant decreases: PE(20:4(5Z,8Z,117,147)/P-18:1(11Z7)),
PC(14:0/20:4(52,82,11Z,147)), and traumatin. In contrast, we
observed an increase in the metabolite PC(18:4(6Z,92,127,157)/
24:1(15Z)) in PIPNP rats. Importantly, treatment with XQTQ
exhibited a significant capacity to reverse the levels of these
metabolites, suggesting a potential therapeutic role for XQTQ in

25
|
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—lgP

1 ALA metabolism
b GPI-anchor biosynthesis

15

Pentose and glucuronate interconversions

Arachidonic acid metabolism

1.0

Pyrimidine metabolism
I T T T 1

000 008 010 018 e addressing metabolic dysregulation associated with PIPNP.
Pathway impact Phosphatidylcholine and phosphatidyl ethanolamine serve
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Figure6 PCA scores of plasma samples of control group, model group, pregabalin and XQTQ combined group. (A) Control vs. Model vs. Pregabalin vs.
XQTQ+pregabalin in positive ion mode; (B) Control vs. Model vs. Pregabalin vs. XQTQ+pregabalin in negative ion mode.
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and permeability, as well as reducing blood viscosity. XQTQ has
the effects of reducing blood viscosity, promoting bold circulation
and removing blood stasis, which are closely related to the
regulation of these metabolic pathways. Arachidonic acid
metabolism is well-known for its association with inflammatory
processes'™. Additionally, 6-keto-prostaglandin Fla plays a critical
role in inhibiting platelet aggregation™”. XQTQ can significantly
reverse the level of 6-keto-prostaglandin Fla, indicating that
XQTQ had a beneficial regulatory effect on arachidonic acid
metabolism. In addition, the metabolic pathway of GPI-anchored
protein biosynthesis was affected, indicating that PTX-induced
neuropathic pain can disorder GPI-anchored protein biosynthesis
and remodeling.

In these metabolic pathways, the levels of biomarkers were
markedly higher or lower in the model group compared to the
control group. With XQTQ treatment, the levels of biomarkers
approached near-normal levels, indicating that XQTQ could
reverse these changes. Studies have reported metabolic
disturbances in the pathways of glycerophospholipid metabolism,
LA metabolism, ALA metabolism, GPI-anchor biosynthesis
metabolism, and arachidonic acid metabolism in PIPNP*"*,
which was consistent with the results of this experiment.

On the whole, XQTQ exhibited effective analgesic effects in rats
with PIPNP. The underlying mechanism may be related to
improvement in glycerophospholipid, LA metabolism, ALA
metabolism. There is no doubt that this represents a potential link,
and further research is warranted to explore the underlying
molecular mechanisms in the future. Additionally, there is a
limitation in our study. The potential biomarkers were putatively
identified using various commercial databases, necessitating
further experimental verification.

This study demonstrated that the combination of XQTQ and
pregabalin significantly alleviates PIPNP and modulates pain and
inflammatory cytokines. The underlying mechanism of XQTQ
may be associated with improvements in glycerophospholipid
metabolism, LA metabolism, ALA metabolism. These findings
enhance our understanding of the specific mechanisms by which
XQTQ exerts its effects in PIPNP rats and provide an
experimental basis for its clinical application.
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