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Background:Ovarian cancer, the deadliest gynecologicmalignancy, ismarked by
high recurrence and poor prognosis. Exosome-like nanovesicles (ELNVs) derived
from decocted traditional Chinese medicine (TCM) formulas encapsulate key
bioactive components, and show promising therapeutic efficacy with good
biocompatibility and targeting ability. However, research on ELNV extraction
methodologies remains limited. Yiqi Huoxue Jiedu Decoction (YQHXJDD), an
empirically validated TCM formula for ovarian cancer, lacks systematic
investigation into its ELNV isolation protocols and therapeutic mechanisms.
This study took YQHXJDD as the research subject, with a focus on extracting
ELNVs from this TCM formula and validating their anti-ovarian cancer activity.
Methods: YQHXJDD was extracted using varied decoction protocols. ELNVs
were enriched by gradient and ultracentrifugation, resuspended in phosphate-
buffered saline, and were characterized by size and concentration using
transmission electron microscopy (TEM) and nanoparticle tracking analysis
(NTA). The number of ELNVs enriched per dose of YQHXJDD was calculated
to screen the decoction method that maximized ELNV yield and aligned with
clinical medication practices. The colloidal stability of YQHXJDD ELNVs was
evaluated via zeta potential measurement, and the bioactive components of
YQHXJDD ELNVs were identified using untargeted metabolomics and RNA
sequencing. An ID8-Luc peritoneal tumor-bearing mouse model was
established and randomized into three groups: model, YQHXJDD, and
YQHXJDD ELNVs. Mice received oral gavage for 3 consecutive weeks. Tumor
burden was monitored via in vivo small animal imaging. Immunofluorescence
was used to quantify CD86, CD206, CD4, and CD8 fluorescence in omental
tumors. Luminex xMAP® Multiplex Assay was used to detect 36 cytokines/
chemokines in serum, and flow cytometry was used to analyze splenic
immune cell proportions and activity.
Results: The creation efficiency of ELNVs formed during decoction is the highest
with the optimal protocol, which is identified for maximizing YQHXJDD ELNV
yield and involves 40min of high-heat treatment followed by an additional 30min
of low-heat treatment. Zetaview-based zeta potential analysis demonstrated that
YQHXJDD ELNVs by this protocol had an average zeta potential of −35.52 mV,
indicating favorable colloidal stability. Untargeted metabolomics analysis
revealed “Lipids and lipid-like molecules” as the most abundant metabolite
superclass (34.98% of total metabolites), while “Carboxylic acids and
derivatives” represented the dominant subclass (11.66%). Regarding small
RNAs, those enriched in YQHXJDD ELNVs were confirmed to be typical,
functionally active small RNAs. Notably, miR8783 and other miRNAs exhibited
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significantly high expression, along with high conservation and abundance across
samples, suggesting theymight act as core regulators of YQHXJDDELNV biological
functions. In in vivo assessments, compared with the model group, YQHXJDD
ELNVs significantly inhibited ovarian cancer growth and metastasis, increased
tumor necrosis factor-α (TNF-α) levels in mouse peripheral blood, and positively
regulated the M1/M2 macrophage ratio and CD4+/CD8+ T cell ratio in omental
tissues (all P < 0.05). However, YQHXJDD ELNVs had no significant effect on the
proportions of splenic effector T cells, natural killer (NK) cells, activated CD8+

T cells, and activated NK cells (all P ≥ 0.05).
Conclusion: The decoction ELNVs isolated from YQHXJDD can inhibit the growth
and dissemination of ovarian cancer. The miRNAs and lipid components
encapsulated in these ELNVs are presumed to be the critical mediators of these
anti-ovarian cancer effects.

KEYWORDS

Chinese medicine compound, exosome-like nanovesicles (ELNVs), decoction conditions,
isolate, ovarian cancer

1 Introduction

Cancer is a leading cause of death in developed nations and the
second most common cause of death in developing countries,
second only to cardiovascular diseases (Bray et al., 2018).
Ovarian cancer stands as the most lethal gynecological
malignancy: data from the National Cancer Center (2024)
indicate that approximately 61,000 new cases are diagnosed
annually in China, with around 32,000 associated deaths (Han
et al., 2024). Characterized by an insidious onset, approximately
70% of ovarian cancer patients present with peritoneal metastasis at
diagnosis. Even after achieving complete tumor remission via
surgery and platinum-based chemotherapy, over half of patients
experience relapse within 3 years, exacerbating treatment
complexity and further reducing survival rates (Hurwitz et al.,
2021). Targeting the metastatic microenvironment of ovarian
cancer is therefore critical for inhibiting metastasis, preventing
recurrence, and lowering mortality.

Yiqi Huoxue Jiedu Decoction (YQHXJDD), a therapeutic
prescription for ovarian cancer, functions by dredging the qi
movement of the triple burner, harmonizing zang-fu organ qi
and blood, and clearing latent toxins. The YQHXJDD is a
Traditional Chinese Medicine (TCM) prescription specifically
designed for ovarian cancer of the qi deficiency and blood stasis
type. Its formulation is derived from two classical TCM formulas,
namely, Lichong Decoction (developed by Zhang Xichun, a
renowned modern TCM physician, for the treatment of
gynecological tumors) and Guizhi Fuling Pill (formulated by
Zhang Zhongjing, an outstanding TCM master of the Eastern
Han Dynasty, for managing gynecological disorders), with
subsequent modifications and adjustments based on these two
foundational formulas (Weng and Lu, 2020). Previous

randomized controlled clinical trials have confirmed its ability to
prolong progression-free survival in patients with advanced ovarian
cancer (Li et al., 2020), with its antitumor efficacy further validated
by both in vivo and in vitro experiments (Li et al., 2018; Wu, 2025).
Traditional Chinese medicine formulations are plagued by
drawbacks including complex compositions, time-consuming
decoction procedures, and an unpleasant bitter taste. Notably,
decoction of TCM formulations generates plant-derived
exosome-like nanovesicles (ELNVs) can encapsulate the primary
active components of the formulations and have been demonstrated
to exert superior therapeutic effects (Cao et al., 2024; WenJing
et al., 2022).

ELNVs are biological nanostructures ranging from 30 to
300 nm in size, characterized by a bilayer phospholipid
architecture and a typical “cup-shaped” morphology (Feng
et al., 2025). Their bilayer phospholipid vesicular microstructure
enables effective drug encapsulation, facilitating absorption by
enterocytes into the bloodstream, and thereby enhancing drug
release efficiency and stability (Junyan et al., 2023). ELNVs are
enriched in bioactive lipids, proteins, RNA, DNA, and various
other biologically active molecules. They exhibit favorable stability
and biocompatibility (Yi et al., 2025), with no toxicity being
observed upon oral administration, thus serving as natural
nanocarriers for drugs and exerting therapeutic effects through
tumor cell targeting (Dad et al., 2021; Zhang et al., 2021; Cao
et al., 2019).

In traditional Chinese herbal compound decoction, the bioactive
components obtained from the co-decoction of multiple herbs differ
from those derived from mixing of individual herbal decoctions
(Wang et al., 2021). Furthermore, in clinical practice, the application
of TCM formulations is more consistent with the clinical medication
model guided by the TCM formula theory of “sovereign, minister,
assistant, and guide” (Li et al., 2025). Therefore, ELNVs derived
from Chinese herbal compound decoction integrate the holistic
regulatory effects of the latter with the intercellular communication
functions of exosomes, along with favorable active targeting
properties (Wei et al., 2025; Peng et al., 2025; Zhang et al., 2024).
This provides novel insights for the development of modern drug
delivery systems for TCM, holding promise for enhancing the
therapeutic efficacy of TCM.

Abbreviations: TNF-α, tumor necrosis factor-α; IL, interleukin; M-CSF,
macrophage colony-stimulating factor; MIP, macrophage inflammatory
protein; IFN-γ, interferon-γ; IFN-α, interferon-α; GM-CSF, granulocyte-
macrophage colony-stimulating factor; IP-10, interferon-γ-induced protein
10; G-CSF, granulocyte colony-stimulating factor; LIF, leukemia inhibitory
factor; CCL, C-C motif chemokine ligand; CXCL, C-X-C motif chemokine
ligand; ENA-78, epithelial neutrophil-activating peptide-78.
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Currently, differential centrifugation followed by
ultracentrifugation for impurity removal is the widely accepted
method for isolating and purifying high-purity ELNVs (Rutter
and Innes, 2017; Zhao et al., 2024). However, existing literature
predominantly focuses on ELNVs derived from single herbs, and
research on optimal decoction processes for ELNVs derived from
traditional Chinese herbal compound decoctions remains scarce
(Du et al., 2019; Yu et al., 2020). In this study, YQHXJDD was used
as the research object to explore the decoction process for ELNVs for
ELNVs from this TCM compound decoction, with concurrent
validation of its corresponding anti-ovarian cancer
pharmacodynamics.

2 Experimental materials

2.1 Experimental cells and animals

ID8-Luc cells were obtained from Shanghai Fuheng
Biotechnology Co., Ltd., with passage ranging from 10 to 12.
Female C57BL/6 mice (6–8 weeks old, weighing 20 ± 2 g) of
specific pathogen-free (SPF) grade were purchased from SPF
Bioscience Co., Ltd. (Animal Production License No.: SCXK
(Jing) 2024-0001).

2.2 Experimental medicines and reagents

Chinese herbal decoction pieces of YQHXJDD consisted of
Huangqi (Astragalus membranaceus (Fisch.) Bunge, Fabaceae,
30 g, raw herb), Gouqizi (Lycium barbarum L., Solanaceae, 15 g,
raw herb), Baizhu (Atractylodes macrocephala Koidz., Asteraceae,
15 g, raw herb), Ezhu (Curcuma zedoaria (Christm.) Roscoe,
Zingiberaceae, 9 g, raw herb), Dannanxing (Arisaema erubescens
(Wall.) Schott, Araceae, 12 g, raw herb), Haizao (Sargassum
pallidum (Turner) C. Agardh, Sargassaceae, 15 g, raw herb),
Qingpi (Citrus reticulata Blanco, Rutaceae, 6 g, raw herb), Wuyao
(Lindera aggregata (Sims) Kosterm., Lauraceae, 6 g, raw herb),
Rougui (Cinnamomum cassia (L.) J. Presl, Lauraceae, 6 g, raw
herb), Cuobiejia (Trionyx sinensis Wiegmann, Trionychidae,
12 g, raw herb), Quanxie (Buthus martensii Karsch, Buthidae,
5 g, raw herb), Baihuasheshecao (Hedyotis diffusa Willd.,
Rubiaceae, 15 g, raw herb), Qinghao (Artemisia annua L.,
Asteraceae, 12 g, raw herb), Maozhaocao (Ranunculus ternatus
Thunb., Ranunculaceae, 15 g, raw herb), Shancigu (Tulipa edulis
(Miq.) Baker, Liliaceae, 12 g, raw herb). All herbs were obtained
from Hebei Zhijia Pharmaceutical Co., Ltd. Phosphate-buffered
saline (PBS) was purchased from Sangon Biotech (Cat. No.:
E607008). 0.45 μm filter membrane was purchased from JieTe
(Cat. No.: FPV403030). Fluorescein potassium salt was purchased
from Fubaike (Cat. No.: DCM9513). Uranyl acetate was purchased
from Zhongjing Keyi (Cat. No.: 1722586). Citrate buffer (pH 6.0)
was purchased from Zhongshan Jinqiao (Cat. No.: ZLI-9064). DAPI
was purchased from Beyotime (Cat. No.: EPX360-26092-901). Anti-
fluorescence quenching mounting medium was purchased from
MDL (Cat. No.: 30093360).

Cytokine and Chemokine 36-Plex Mouse ProcartaPlex™ Panel
1A was purchased from Thermo Fisher Scientific (Cat. No.: C1005).

Antibody diluent was purchased from Boster (Cat. No.: AR1016).
Reagents and antibodies used in flow cytometry included Stain
Buffer (BD, Cat. No.: 554657), Zombie (Biolegend, Cat. No.:
423102), membrane-breaking agent (eBioscience, Cat. No.: 00-
5523-00), RPMI-1640 (Procell, Cat. No.: PM150110B), Leukocyte
Activation Cocktail (BD, Cat. No.: 550583), Mouse CD45 APC-CY7
(BD, Cat. No.: 557659), Mouse CD49b APC (BD, Cat. No.: 560628),
Mouse Granzyme B PE-CY7 (Biolegend, Cat. No.: 372214), Mouse
IFN-r PE (Biolegend, Cat. No.: 505808), Mouse CD163 BV421
(Biolegend, Cat. No.: 155309), Mouse F4/80 APC (Biolegend,
Cat. No.: 123116), Mouse CD86 PE-CF594 (Biolegend, Cat. No.:
105042), Mouse CD8 PercP (BD, Cat. No.: 553036), Mouse
CD25 PE (BD, Cat. No.: 554866), Mouse CD4 FITC (Biolegend,
Cat. No.: 100510), Mouse CD11b BV605 (Biolegend, Cat.
No.: 101257).

2.3 Experimental equipment

The experimental equipment included pipettes (Eppendorf, Cat.
No.: Research Plus), a small refrigerated centrifuge (Beckman, Cat.
No.: Microfuge 20R), a refrigerated centrifuge (Heal Force, Cat. No.:
Neofuge1600R), an ultra-low temperature freezer (Thermo Fisher
Scientific, Cat. No.: 905), an ultracentrifuge tube (Beckman Coulter,
Cat. No.: 355618), an ultracentrifuge (Hitachi, Cat. No.: CP100MX,
rotor: Type 70Ti), a transmission electron microscope (Hitachi, Cat.
No.: HT-7700), a nanoparticle size analyzer (NanoFCM, Cat. No.:
N30E), a dehydrator (Kehai, Cat. No.: KH-TK), an embedding
machine (Wuhan Junjie, Cat. No.: JB-L5), a paraffin microtome
(Leica, Cat. No.: RM2235), a fluorescence microscope (Nikon, Cat.
No.: ECLIPSE-CI), a small animal in vivo imaging system (VISQUE,
Cat. No.: Invivo Smart-LF), BD Fortessa flow cytometer (BD,
LSRFortessa) and Luminex™ 200™ Instrument System (Thermo
Fisher Scientific, Cat. No.: APX10031), 20 μL–300 μL multichannel
pipette (Eppendorf, Cat. No.: 3123000306), 2 μL–1000 μL single-
channel pipette (Eppendorf, Cat. No.: 3123000268), Hand-Held
Magnetic Plate (Thermo Fisher Scientific, Cat. No.: EPX-55555-
000), Vortex mixer (ZX4 Advanced IR, VELP Scientifica Srl, Cat.
No.: SA202A0280), Microplate shaker (capable of reaching a
rotation speed of 500 rpm) (Kylin-Bell lab Instruments, Cat. No.:
QBQ-9001), Refrigerated centrifuge suitable for 1.5–2 mL centrifuge
tubes (Xiangyi, Cat. No.: H1750R), Nanoparticle tracking analyzer
(PARTICLE METRIX, Cat. No.: PMX120), Small Benchtop
Refrigerated Centrifuge (Beckman, Cat. No.: Microfuge 20R).

3 Methods

3.1 Exploration of the extraction process of
YQHXJDD ELNVs

The research strategy of this study was as follows: Initially,
various decoction protocols for YQHXJDD were established to
explore the optimal extraction process for maximizing the yielded
of YQHXJDD-derived ELNVs. Subsequently, the extracted ELNVs
underwent purification and precipitation via differential
centrifugation and ultracentrifugation. Following resuspension in
PBS, the resultant preparation was administered to mice through
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gavage, aiming to investigate the underlying pharmacodynamic
mechanisms. A schematic overview of the experimental workflow
is provided in Figure 1.

3.1.1 Preparation for YQHXJDD
Chinese herbal decoction pieces of YQHXJDD were soaked in

deionized water for 40 min. Subsequently, six different decoction
schemes were employed, as shown in Table 1.

3.1.2 Centrifugation of YQHXJDD ELNVs
The herbal medicine solution was processed using gradient

centrifugation and ultracentrifugation with the following steps:

1. Thawed the sample at 37 °C with gentle agitation.
2. Transferred the sample to a new centrifuge tube and

centrifuged at 2,000 × g for 30 min at 4 °C.

3. Transferred the supernatant to a fresh tube and recentrifuged
at 10,000 × g for 45 min at 4 °C to remove larger vesicles.

4. Collected the supernatant and filtered through 0.45-μm
membranes to obtain the filtrate.

5. Transferred the filtrate to an ultracentrifuge tube. Using an
appropriate rotor, ultracentrifuged at 100,000 × g for 70 min
at 4 °C.

6. Discard the supernatant, resuspend the pellet in 10 mL of pre-
cooled 1× PBS, and recentrifuge at 100,000 × g for 70 min at
4 °C using the same rotor.

7. Discarded the supernatant, resuspended the pellet in 10 mL of
pre-cooled 1× PBS.

Aliquot 20 μL for TEM analysis, 10 μL for particle size
determination, and store the remaining exosome-enriched
fraction at −80 °C.

FIGURE 1
Experimental procedure.

TABLE 1 Chinese herbal decoction protocols.

Decoction scheme Volume of deionized
water (L)

Boiling time on high
heat (min)

Simmering time on low
heat (min)

Scheme 1 1 40 10

Scheme 2 1 40 20

Scheme 3 1 40 30

Scheme 4 1 40 35

Scheme 5 1.2 40 40

Scheme 6 1.2 40 45
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3.1.3 Transmission electron microscopy (TEM)
observation of YQHXJDD ELNVs

YQHXJDD ELNVs were visualized using transmission electron
microscopy (TEM) following the protocol below:

1. A 10 μL aliquot of the YQHXJDD ELNV sample was dropped
onto a copper grid and allowed to settle for 1 min.

2. Excess liquid was blotted off with filter paper.
3. The copper grid was stained with 10 μL of 2% uranyl acetate

(w/v) for 1 min.
4. Residual stain was removed with filter paper, and the grid was

air-dried at room temperature for 5–10 min.
5. TEM imaging was performed at an accelerating voltage of

80 kV to acquire micrographs.

3.1.4 Particle size and concentration analysis of
YQHXJDD ELNVs

The particle size and concentration of YQHXJDD ELNVs
were determined using a nanoparticle size analyzer (NanoFCM,
Cat. No.: N30E), with results validated by nanoparticle tracking
analysis (NTA). A 10 μL aliquot of ELNVs isolated from
YQHXJDD was diluted to at a ratio of 500:1 with phosphate-
buffered saline (PBS) (pH 7.4). Prior to sample analysis, the
instrument was calibrated with a standard 100 nm polystyrene
standard beads to confirm its performance. Gradient dilution
was conducted to prevent clogging of the injection needle.
Following sample analysis, data on the particle size
distribution and concentration of the ELNVs were generated
via the instrument.

FIGURE 2
Morphology of YQHXJDD ELNVs by transmission electron microscopy.

TABLE 2 Particle size and concentration detection.

Sample PBS
volume

Average particle
size (nm)

Concentration
(Particles/mL)

Number of ELNVs per dose of
YQHXJDD

Protocol 1 500 μL 73.3 1.02*1011 5.1*1012

Protocol 2 400 μL 72.0 2.77*1011 1.108*1013

Protocol 3 560 μL 71.1 1.34*1012 7.504*1013

Protocol 4 500 μL 71.3 7.34*1011 3.67*1013

Protocol 5 500 μL 78.8 9.31*1010 4.655*1012

Protocol 6 500 μL 73.5 4.65*1010 2.325*1012
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3.1.5 Zeta potential measurement
YQHXJDD ELNV samples were diluted at a ratio of 1:

250,000 using ultrapure water. Environmental Parameters: Sensed
temperature of 25.64 °C, adjusted pH of 7.0 (maintained constant
during detection), and subsequently analyzed for zeta potential
using a NTA. The instrument model was ZetaVIEW (Serial
Number: 20–602), equipped with ZetaView software (Version
8.05.14 SP7). The optical parameters employed included a laser
with a wavelength of 520 nm, complemented by a scatter filter for
efficient signal collection. All experiments strictly adhered to the
standard operating procedure (SOP) designated as “ZP_EV”,
wherein 11 specific positions were selected for comprehensive
profile scanning to ensure representative data acquisition. For
particle screening, stringent criteria were applied: particles with a
maximum area of 1,000, minimum area of 5, and minimum
brightness of 20 were retained, effectively eliminating background
noise and irregular particles to guarantee the quality and reliability
of the analyzed particle population.

3.1.6 Untargeted metabolomics analysis
A total of 6 YQHXJDD samples were used for untargeted

metabolomics analysis. Samples were slowly thawed at 4 °C, and
metabolites were extracted by adding pre-cooled methanol/
acetonitrile/water (2:2:1, v/v/v). After vortex mixing, the mixture
was subjected to low-temperature sonication for 30 min and then
incubated at −20 °C for 10 min. Following centrifugation at 14,000 ×
g for 20 min at 4 °C, the supernatant was collected and vacuum-
dried. For mass spectrometry (MS) analysis, the dried residue was
reconstituted with 100 μL of acetonitrile/water (1:1, v/v), vortexed
thoroughly, and centrifuged again at 14,000 × g for 15 min at 4 °C.
The resulting supernatant was collected for injection.
Chromatographic separation was performed on an Agilent
1,290 Infinity Liquid Chromatography (LC) system and a
Thermo Scientific Vanquish Ultra-High Performance Liquid
Chromatography (UHPLC) system, both equipped with a Waters
ACQUITY UPLC BEH Amide column (2.1 mm × 100 mm, 1.7 μm)
maintained at 25 °C. The mobile phase consisted of Phase A (water

containing 25 mM ammonium acetate and 25 mM ammonia) and
Phase B (acetonitrile), with a flow rate of 0.5 mL/min and an
injection volume of 2 μL. The gradient elution program was set
as follows: 95% Phase B from 0 to 0.5 min; linear decrease of Phase B
to 65% from 0.5 to 7 min; further decrease to 40% from 7 to 8 min;
maintenance at 40% from 8 to 9 min; linear increase back to 95%
from 9 to 9.1 min; and maintenance at 95% from 9.1 to 12 min.
Samples were stored in a 4 °C autosampler, and all analyses were
conducted in a random order. Quality Control (QC) samples,
prepared by mixing equal volumes of all sample extracts, were
inserted to monitor the stability of the analytical system. MS
detection was carried out using an AB Sciex Triple TOF
6600 mass spectrometer operated in both positive and negative
electrospray ionization (ESI) modes. ESI source parameters:
Nebulizer/auxiliary heater gas 1 (Gas1) = 60; auxiliary heater gas
2 (Gas2) = 60; curtain gas (CUR) = 30 psi; ion source temperature =
600 °C; spray voltage (ISVF) = ±5500 V (for positive and negative
modes, respectively). Mass scanning parameters: Primary mass-to-
charge ratio (m/z) detection range = 60–1,000 Da with a scan
accumulation time of 0.20 s/spectra; secondary product ion m/z
detection range = 25–1,000 Da with a scan accumulation time of
0.05 s/spectra. Secondary MS acquisition settings: Data were
acquired via data-dependent acquisition (IDA) mode with peak
intensity screening. Declustering potential (DP) = ±60 V (for
positive and negative modes, respectively); collision energy =
35 ± 15 eV. For IDA, the dynamic exclusion range for isotope
ions was 4 Da, and 10 fragment spectra were collected per scan. Raw
data were converted to mzXML format using ProteoWizard
software, followed by peak alignment, retention time correction,
and peak area extraction using XCMS software. Data preprocessing
included three sequential steps: (1) filtering out ions with >50%
missing values; (2) imputing missing values for the remaining
features using the k-Nearest Neighbors (KNN) algorithm; (3)
removing features with a Relative Standard Deviation (RSD) >
50%. Subsequently, metabolite identification was performed by
matching with an in-house database, with the matching criteria
of mass error <10 ppm, consistent retention time (RT), and matched
tandem mass spectrometry (MS/MS) spectra.

3.1.7 RNA sequencing for YQHXJDD ELNVs
miRNA library construction was performed using the QIAseq®

miRNA Library Kit (Qiagen, Cat. No. 331505) following the
manufacturer’s instructions with minor modifications. All
operations were conducted in a Heal Force biosafety cabinet
(Model: HFsafe-1500LC) to prevent contamination, and
Eppendorf Research Plus single-channel pipettes were used for
accurate reagent dispensing. For 3′ adapter ligation, a 20 μL
reaction mixture was prepared in a PCR tube, containing 10 ng
of input RNA, Nuclease-Free Water (Invitrogen, Cat. No. AM9930),
QIAseq 3′ Adapter, QIAseq RI, QIAseq 3′ Ligase, QIAseq 3′ Buffer,
and 2× miRNA Ligation Activator. The mixture was incubated in a
Thermo ProFlex PCR System at 28 °C for 60 min, followed by 65 °C
for 20 min, and finally held at 4 °C for 5 min. The reaction product
was immediately used for the next step without storage.
Subsequently, 5′ adapter ligation was performed by adding
Nuclease-Free Water, QIAseq 5′ Buffer, QIAseq RI, QIAseq 5′
Ligase, and QIAseq 5′ Adapter to the 3′ ligation product, with
the total volume adjusted to 40 μL. The reaction was carried out in

FIGURE 3
Zeta potential variation with stationary layer position in
YQHXJDD ELNVs.
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the PCR System at 28 °C for 30 min, 65 °C for 20 min, and then held
at 4 °C. For cDNA synthesis, QIAseq miRNA NGS RT Initiator was
first added to the 5′ ligation product (total volume 42 μL), followed
by a gradient temperature program: 75 °C for 2 min, 70 °C for 2 min,
65 °C for 2 min, 60 °C for 2 min, 55 °C for 2 min, 37 °C for 5 min,
25 °C for 5 min, and finally held at 4 °C. Thereafter, QIAseq miRNA
NGS RT Primer, Nuclease-Free Water, QIAseq miRNA NGS RT
Buffer, QIAseq miRNA NGS RI, and QIAseq miRNA NGS RT
Enzyme were added to adjust the system volume to 60 μL. The
mixture was incubated at 50 °C for 60 min, 70 °C for 15 min, and 4 °C
for 5 min cDNA purification was performed using QMN Beads:
143 μL of beads was added to the reverse transcription product,
vortexed, and incubated at room temperature for 5 min. The
mixture was then placed on a magnetic stand to remove the
supernatant. The beads were washed twice with 200 μL of freshly
prepared 80% ethanol, dried for 10 min, and eluted with 17 μL of
NF-Water. A total of 15 μL of the eluate was collected as purified
cDNA and stored at −20 °C if not used immediately. Library

amplification was conducted in an 80 μL system containing
purified cDNA, Nuclease-Free Water, QIAseq miRNA NGS
Library Buffer, HotStarTaq DNA Polymerase, Forward Primer,
and Index Primer. The PCR program was set as follows: initial
denaturation at 95 °C for 15 min; followed by cycles of denaturation
at 95 °C for 15 s, annealing at 60 °C for 30 s, and extension at 72 °C for
15 s (the number of cycles was adjusted based on RNA input,
typically 15–20 cycles); and a final extension at 72 °C for 2 min, then
held at 4 °C. Library sorting was performed using QMNBeads: 75 μL
of beads was mixed with 75 μL of the amplification product,
incubated, and the supernatant was transferred to a new tube.
Then, 130 μL of beads was added to the supernatant, followed by
incubation, magnetic separation, ethanol washing, drying, and
elution with 17 μL of NF-Water. A total of 15 μL of the eluate
was collected as the final miRNA library.

The concentration of the library was determined using a
Promega Quantus Fluorometer (Model: E6150), and the fragment
size was analyzed with a Bioptic Qsep100 Automatic Nucleic Acid

FIGURE 4
Untargeted Metabolomics Analysis of YQHXJDD ELNVs. (A) Overlaid Total Ion Chromatograms (TICs) of QC samples in positive ion mode; (B)
Principal Component Analysis (PCA) score plot of all samples in positive ion mode; (C) Overlaid Total Ion Chromatograms (TICs) of QC samples in
negative ion mode; (D) Principal Component Analysis (PCA) score plot of all samples in negative ion mode; (E) Class classification of metabolites from
YQHXJDD ELNVs; (F) SuperClass classification of metabolites from YQHXJDD ELNVs.
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and Protein Analysis System. The libraries were stored at −20 °C
before sequencing. The adapter sequence of the miRNA library
was 5′-AACTGTAGGCACCATCAATNNNNNNNNNNNNAGAT
CGGAAGAGCACACGTCTGAACTCCAGTCAC-3′, which contained
a UniqueMolecular Index (UMI) for subsequent data analysis. After
library construction, the small RNA sequencing library was
sequenced using the paired-end 150 (PE150) sequencing strategy.
FastQC software was first used to evaluate the quality of the
sequencing library and assess the overall sequencing data quality.
Then, fastp software was employed for raw sequence preprocessing,
including the removal of N bases at both ends of the sequences,
filtering of sequences with a Phred quality score (Q) below 20, and
excision of residual adapter sequences to obtain clean reads. For
further data refinement, the clean reads were aligned to the Rfam
database using the Bowtie short-read alignment tool to filter out
non-coding RNAs (ncRNAs) such as ribosomal RNA (rRNA) and
transfer RNA (tRNA). Finally, the remaining reads were aligned to
the reference genome using Bowtie for subsequent miRNA
identification and analysis.

3.2 Pharmacological evaluation of
YQHXJDD ELNVs

3.2.1 Experimental materials
YQHXJDD herbal pieces were decocted using Protocol 3: soaked in

deionizedwater for 40min, decocted over high heat for 40min then low
heat for 30 min, yielding ~250 mL of decoction. Post-decoction,
ultracentrifugation was performed; the precipitate was resuspended
in PBS to a YQHXJDD ELNVs concentration of 7.5 × 1010

particles·mL-1.

3.2.2 Animal grouping and tumor model
establishment

Mice were randomly assigned to three groups: control tumor-
bearing (model group), YQHXJDD, and YQHXJDD ELNVs. Sample
size calculation was performed based on the effect size derived from
the pilot study. ID8-Luc cells in logarithmic growth phase were
harvested, resuspended in sterile phosphate-buffered saline (PBS,
pH 7.4) at 1 × 107 cells·mL-1, and maintained on ice. Following a 7-

FIGURE 5
miRNA Sequencing Analysis of YQHXJDD ELNVs. (A) Statistical analysis of miRNA length distribution; (B) Analysis of co-expressed miRNAs among
samples; (C) Expression profiles of the top 20 most abundant miRNAs in YQHXJDD ELNVs.
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day acclimatization period, each mouse received an intraperitoneal
injection of 500 μL ID8-Luc cell suspension (5 × 106 cells) to induce
peritoneal dissemination of epithelial ovarian cancer.

The Ethic Committee of China Academy of Chinese Medical
Sciences Guang’anmen Hospital has approved the ethical and
scientific application of all animal experiments in our study. The
study was strictly conducted in accordance with “Guide for the care
and use of Laboratory animals” published by the National Institute
of Health.

3.2.3 Treatment administration
Two weeks post-modeling, mice were randomized into three

groups (n = 6 per group, ear-tagged) and treatments were
administered via oral gavage for 21 consecutive days at a dosage
of 20 μL/g body weight. The model control group was given PBS by
gavage at a dose of 20 μL/g body weight, once daily for
21 consecutive days. The YQHXJDD ELNVs group received
exosomes extracted by Decoction Protocol 3 and resuspended in
PBS via gavage at a dose of 20 μL/g body weight, once daily for
21 consecutive days. The YQHXJDD group was administered the
herbal decoction prepared from YQHXJDD by gavage at a dose of
20 μL/g body weight, once daily for 21 consecutive days.

3.2.4 Tumor burden assessment via
luminescence imaging

Tumor burden was evaluated based on luminescence of the ID8-
luc cells detected by an in vivo small animal imaging system. Each
mouse was intraperitoneally injected with 100 μL of luciferin
substrate (20 mg/mL). After injection, the mice were allowed to
move freely for 5 min to facilitate substrate distribution.
Subsequently, the animals were placed in a closed chamber and

anesthetized with 3% isoflurane in oxygen at a flow rate of 0.5 L/min.
At 10 min post-luciferin administration, once a stable anesthetic
state was confirmed (evidenced by the absence of corneal reflex and
muscle relaxation), the mice were transferred to the temperature-
controlled stage of the in vivo imaging system. Anesthesia was
maintained with 1%–2% isoflurane delivered via a nasal cone
throughout the imaging process, and bioluminescent signals
emitted by ID8-Luc cells were continuously monitored
and recorded.

Mice in each group were subjected to observation of tumor
tissue growth on the day before administration, as well as on days 7,
14, and 21 after the initiation of administration.

3.2.5 Immunofluorescence staining
Omental tumor tissues were processed through embedding,

sectioning, dewaxing, and staining procedures. Fluorescence
intensities of CD206, CD86, CD4, and CD8 were quantified
using a fluorescence microscope.

3.2.6 Flow cytometry analysis
Splenic cell subpopulations were analyzed by flow cytometry

across all groups. The evaluated parameters included: the percentage
of M1 macrophages within the total macrophage population, the
proportion of effector T cells among total T cells, the ratio of
activated natural killer (NK) cells in non-T immune cells, and
the expression of functional markers (Granzyme B and IFN-γ) in
both splenic CD8+ T cells and NK cells. The procedures were
as follows:

1. Mouse spleens were retrieved from the preservation medium
and transferred onto a 70 μm cell strainer placed over a 50 mL

FIGURE 6
Changes in Tumor Burden-Related Fluorescence Intensity in Mice Following 3 Weeks of Treatment, as Determined by In Vivo Imaging. (A) In vivo
imaging of mice; (B) Quantitative analysis of fluorescence intensity in murine tumor tissues; Compared with the model group: *P < 0.05.
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centrifuge tube. Tissues were gently disrupted using a pestle,
and the resulting cell suspension was rinsed and resuspended
in 5 mL of complete RPMI 1640 medium.

2. Cell counts were determined, and the cell concentration was
adjusted to 1 × 107 cells/mL.

3. A 100 μL aliquot of the cell suspension was dispensed into a test
tube, followed by the addition of Zombie dye (Biolegend, Cat.
No.: 423102) at the manufacturer-recommended volume. The
mixture was vortexed briefly to ensure homogeneity and
incubated for 15 min in the dark.

4. After incubation, 1 mL of PBS was added, and the suspension
was vortexed gently. Cells were pelleted by centrifugation at
1,500 rpm for 5 min, and the supernatant was carefully
aspirated to enrich the cell pellet.

5. The corresponding antibodies were added at their respective
recommended doses, and the mixture was vortexed gently
before being incubated for 15 min in the dark.

6. Subsequently, 1 mL of PBS was added, and the suspension was
vortexed gently. Cells were pelleted again by centrifugation at
1,500 rpm for 5 min, with the supernatant aspirated to further
enrich the cell pellet.

7. Finally, 200 μL of PBS was added to resuspend the cells via
gentle vortexing, and the samples were processed for flow
cytometric analysis.

Detection of intracellular Granzyme B and IFN-γwas performed
using the following protocol, which built upon the procedures
described in steps (1) and (2).

8. A 500-μL aliquot of the cell suspension was stimulated with a
PMA-containing cocktail (50 ng/mL PMA, 1 μg/mL
ionomycin, and 1× GolgiStop™) for 4 h.

9. Following centrifugation at 1,500 rpm for 5 min, the supernatant
was discarded, and the cell pellet was resuspended in 100 μL of
staining buffer. Zombie dye was added at the manufacturer’s
recommended concentration, and the mixture was incubated for
15 min in the dark with gentle vortexing.

10. Cells were washed with 1 mL of PBS, centrifuged at 1,500 rpm
for 5 min, and the supernatant was discarded.

11. Fluorochrome-conjugated antibodies against CD45, CD3,
CD49b, and CD8 were added at optimized dilutions,
followed by a 15-min incubation in the dark.

FIGURE 7
Immunofluorescence Analysis of Omental Tumor Tissues. (A) Immunofluorescence micrographs of CD4 and CD8 in murine omental tumor tissues
(×400 magnification); (B) Immunofluorescence micrographs of CD206 and CD86 in murine omental tumor tissues (×400 magnification); (C)
Quantitative analysis of CD4 fluorescence intensity in murine omental tumor tissues; (D) Quantitative analysis of CD8 fluorescence intensity in murine
omental tumor tissues; (E) CD4/CD8 fluorescence intensity ratio; (F)Quantitative analysis of CD86 fluorescence intensity in murine omental tumor
tissues; (G) Quantitative analysis of CD206 fluorescence intensity in murine omental tumor tissues; (H) CD86/CD206 fluorescence intensity ratio;
Compared with the model group: *P < 0.05, **P < 0.01.
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12. Cells were fixed and permeabilized using 1 mL of 1× Fixation/
Permeabilization Buffer for 15 min in the dark.

13. After washing with 1 mL of 1× Permeabilization Buffer,
cells were pelleted by centrifugation at 1,500 rpm
for 5 min.

14. Intracellular staining was performed by incubating cells with
antibodies against Granzyme B and IFN-γ at recommended
concentrations for 30 min in the dark.

15. Cells were washed once more with Buffer, centrifuged, and
resuspended in an appropriate volume for flow
cytometric analysis.

3.2.7 Luminex xMAP® Multiplex Cytokine Assay
A high-throughput liquid protein chip analysis method was used to

detect 36 cytokines in mouse peripheral blood. The procedures were as
follows: reconstitution of standards, 4-fold serial dilution of standards,
washing of microspheres, addition of samples for incubation, plate
washing, addition of detection antibodies, plate washing, addition of
streptavidin-phycoerythrin, plate washing, and on-machine detection.

3.2.8 Statistical analysis
Data were analyzed using SPSS 25.0 statistical software. All results

were presented as mean ± standard deviation (x�± s). Comparisons

FIGURE 8
Group Differences in 36 Cytokines and Chemokines. (A) Differences in 8 cytokines and 1 chemokine (interleukin-13 [IL-13], interleukin-28 [IL-28],
macrophage colony-stimulating factor [M-CSF], interleukin-4 [IL-4], interleukin-17A [IL-17A], macrophage inflammatory protein-1β [MIP-1β], interferon-
γ [IFN-γ], interleukin-1β [IL-1β]) in murine peripheral blood; (B) Differences in 7 cytokines and 2 chemokines (interleukin-1α [IL-1α], interleukin-12p70 [IL-
12p70], interleukin-15 [IL-15], interleukin-27 [IL-27], interleukin-31 [IL-31], interferon-α [IFN-α], granulocyte-macrophage colony-stimulating factor
[GM-CSF], macrophage inflammatory protein-1α [MIP-1α], macrophage inflammatory protein-2 [MIP-2]) in murine peripheral blood; (C) Differences in
7 cytokines and 2 chemokines (tumor necrosis factor-α [TNF-α], interleukin-2 [IL-2], interleukin-5 [IL-5], interleukin-6 [IL-6], interleukin-9 [IL-9],
interferon-γ-induced protein 10 [IP-10], granulocyte colony-stimulating factor [G-CSF], leukemia inhibitory factor [LIF], C-C motif chemokine ligand
2 [CCL2]) in murine peripheral blood; (D) Differences in 4 cytokines and 3 chemokines (C-X-C motif chemokine ligand 1 [CXCL1], C-C motif chemokine
ligand 5 [CCL5], C-C motif chemokine ligand 7 [CCL7], interleukin-10 [IL-10], interleukin-18 [IL-18], interleukin-22 [IL-22], interleukin-23 [IL-23]) in
murine peripheral blood; (E) Differences in 2 chemokines (epithelial neutrophil-activating peptide-78 [ENA-78], eotaxin) in murine peripheral blood;
Compared with the model group: *P < 0.05.
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among the three groups were performed using one-way analysis of
variance (ANOVA). If ANOVA indicated a significant overall
difference (P < 0.05), Tukey’s Honestly Significant Difference (HSD)
post-hoc test was further used for pairwise comparisons. A
p-value <0.05 was considered statistically significant. For the
Luminex xMAP® Multiplex Cytokine Assay, a five-parameter
nonlinear regression method was used to fit the standard curve, and
the concentration values were calculated accordingly.

4 Results

4.1 Transmission electron microscopy
results of YQHXJDD ELNVs

ELNVs isolated from YQHXJDD via all six decoction protocols
exhibited the characteristic “cup-shaped” morphology (Figure 2).

4.2 Volume and concentration of
YQHXJDD ELNVs

The six decoction protocols yielded varying volumes of YQHXJDD.
Each decoction was thoroughly mixed, and aliquots were subjected to

ultracentrifugation to collect YQHXJDDELNVpellets. The pellets were
resuspended in PBS, and 10 μL of the resuspension was used for particle
size and concentration analysis. The total number of ELNVs per dose of
herbal material was calculated as follows: ELNV concentration (from
resuspended pellets) × PBS resuspension volume (Table 2), normalized
to the decoction yield per dose of herbal material. Results indicated that
Decoction Protocol 3 yielded the highest total number of ELNVs after
ultracentrifugation, with 7.504 × 1013 ELNVs per dose of
herbal material.

4.3 Zeta potential characteristics

The corrected zeta potential of the samples at 25 °C was −35.52 ±
1.13 mV (mean ± SD), calculated using the Smoluchowski model (ZP
factor = 12.6). Regarding the zeta potential distribution, its central value
was consistent with the aforementioned corrected zeta potential
(−35.52 mV), and the full width at half maximum (FWHM) was
measured as 3.57 mV (Figure 3). This narrow FWHM value indicates a
uniform surface charge distribution across the nanoparticle population,
which is a key indicator of nanoparticle colloidal stability. For stationary
layer (SL) potentials: SL1 (position 0.149 mm) was −36.112 mV, SL2
(position 0.851mm) was −34.666mV, with a potential difference (ΔSL)
of 1.45 mV. This small ΔSL indicates stable detection system

FIGURE 9
Splenic immune cell subsets. (A) Representative flow cytometry plots of M1-like and M2-like macrophages in different groups; (B,D,F,H,J,L,N):
Quantified percentages of CD86+ macrophages, effector T cells, NK cells, Granzyme B+CD8+ T cells, IFN-γ+CD8+ T cells, Granzyme B+ NK cells, and IFN-
γ+ NK cells (n = 5); (C,E,G,I,K,M): Representative flow cytometry plots of effector T cells, NK cells, Granzyme B+CD8+ T cells, IFN-γ+CD8+ T cells,
Granzyme B+ NK cells, and IFN-γ+ NK cells in different groups.
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performance, excluding systematic errors in zeta potential
measurements. The nanoparticles’ electrophoretic mobility
was −2.81 ± 0.09 μm/s/V/cm, corrected to −2.77 μm/s/V/cm at
25 °C. This corrected value provides a more accurate reference for
correlating with zeta potential and evaluating nanoparticle
electrophoretic behavior in aqueous environments.

4.4 Untargeted metabolomics analysis in
YQHXJDD ELNVs

In the untargeted metabolomics analysis, multivariate statistical
analysis was first employed to construct the metabolic profiles of the
study samples. Total Ion Chromatograms (TICs) demonstrated good
chromatographic separation for QC samples. Notably, the overlaid
TICs of different QC samples showed high consistency in response
intensity and retention time, indicating reliable stability of the
chromatographic system (Figures 4A,C). Subsequently, the Principal
Component Analysis (PCA) score plots of the samples in the dataset
were analyzed. Under both positive and negative ion modes, all QC
samples exhibited obvious clustering (Figures 4B,D), which clearly
confirmed the stability and reproducibility of the analytical system.
Finally, all metabolites identified in this study (combining those
identified in positive and negative ion modes) were statistically
classified based on their Chemical Taxonomy assignment
information. Figures 4E,F showed the proportion of metabolite
quantities in the SuperClass and Class classifications of YQHXJDD
ELNVs metabolites, respectively. In the SuperClass classification,
“Lipids and lipid-like molecules” accounted for the largest
proportion (34.98%), while in the Class classification, “Carboxylic
acids and derivatives” had the highest proportion (11.66%).

4.5 Small RNA sequencing and expression in
YQHXJDD ELNVs

The length distribution of small RNAs in three YQHXJDD
ELNVs samples was analyzed (Figure 5A). The sequencing lengths
of small RNAs in all three samples were predominantly
concentrated within the range of 20–22 nt, which is consistent
with the typical length characteristic of miRNAs. A Venn diagram
(Figure 5B) was constructed to illustrate the co-expressed small
RNAs among the three YQHXJDD ELNVs samples. A total of
514 small RNAs were co-expressed across all three samples, while
each sample also exhibited unique small RNA expression patterns.
The top 20 co-expressed small RNAs (miRNAs) in YQHXJDD
ELNVs were listed in Figure 5C, providing detailed information
including miRNA name, total counts, counts in each sample, length,
and sequence. Notably, miRNAs such as miR8783 showed relatively
high expression levels across the samples, with total counts
reaching 14098.

4.6 Pharmacodynamics results

4.6.1 In Vivo imaging
Tumor burden was assessed by fluorescence intensity via in vivo

imaging. Following 21 days of intervention, the YQHXJDD ELNVs

group exhibited a significant inhibition of tumor growth compared
with the model group (P < 0.05) (Figure 6).

4.6.2 Omentum immunefluorescence intensity
Omental tissues were sectioned, and the fluorescence intensities

of CD4, CD8, CD206, and CD86 were evaluated (Figure 7).
Compared with the model group, both the YQHXJDD ELNVs
and YQHXJDD groups exhibited significantly higher
CD86 expression (P < 0.05 and P < 0.01, respectively), markedly
reduced CD206 fluorescence intensity (P < 0.01 for both groups).
The YQHXJDD ELNVs group showed a significantly higher CD4/
CD8 fluorescence intensity ratio compared with both the model
group and the YQHXJDD group (P < 0.05).

4.6.3 Cytokine and Chemokine analysis
Group differences in 36 cytokines and chemokines were

presented in Figure 8. The level of tumor necrosis factor-α (TNF-
α) in the YQHXJDD ELNVs group was significantly higher than that
in themodel group (P < 0.05). The level of Eotaxin in the YQHXJDD
group was significantly lower than that in the model
group (P < 0.05).

4.6.4 Flow cytometric analysis of splenic immune
cell subsets

The splenic immune cell subsets detected by flow cytometry
were shown in Figure 9. Compared with both the YQHXJDD group
and the model group, the YQHXJDD ELNVs group had no
significant effect on the proportion of M1 macrophages
(CD86+CD163−CD45+F4/80+) within the total macrophage
population (CD45+F4/80+), effector T cells (CD25+CD3+CD45+)
among total T cells (CD45+CD3+), and natural killer (NK) cells
(CD49b+CD3−CD45+) within the CD3−CD45+ cell population.
Additionally, relative to the model group, the YQHXJDD
ELNVs-treated mice had no significant effect on the percentage
of Granzyme B+CD8+ T cells among total CD8+ T cells, IFN-γ+CD8+
T cells among total CD8+ T cells, Granzyme B+ NK cells within the
total NK cell population, and IFN-γ+ NK cells within the total NK
cell population.

5 Discussion

Traditional Chinese medicines (TCMs) are diverse in types and
medicinal parts, including dried aerial parts, roots, stems, leaves,
seeds, barks, flowers, fruits, and beyond. In consideration of their
physical properties, fresh plant-derived TCMs, characterized by
high moisture content, allow for the extraction of bioactive
constituents via techniques such as juicing and pulverization
(Cao et al., 2019; Zhao et al., 2024). Conversely, dried medicinal
materials necessitate processes like decoction to facilitate the
dissolution and release of their active ingredients (Junyan et al.,
2023; Du et al., 2019). Research on the extraction protocols for
ELNVs has predominantly focused on single herbs, with relatively
limited investigations into ELNV extraction from TCM compound
formulations (Yu et al., 2020). The pharmaceutical ingredients of
YQHXJDD are primarily dried medicinal materials, excluding fresh
herbs and TCMs with high volatile oil content. Consequently,
methods such as juicing, pulverization, or delayed addition (a
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technique where certain herbs are added later during decoction) are
not utilized in the decoction process of YQHXJDD.

Currently, there is no unified standard for the decoction
duration of dried Chinese herbal medicines, which require
decoction to dissolve out their active substances, and the
decoction time of most protocols is less than 1 h (Du et al.,
2019). During the boiling step of TCM decoction, endogenous
vesicles initially present in TCM raw materials first undergo
disruption, followed by spontaneous reassembly to form novel
vesicular structures (Yu et al., 2020). Notably, while a residual
vesicle population persists post-boiling (a core procedural step in
TCM decoction), these post-boiling vesicles are distinct from both
the endogenous native vesicles inherently present in plant tissues
and natural vesicles derived from other biological sources (Yu et al.,
2020). Consequently, the boiling-induced transformation of herbal
materials during decoction is indispensable for the biogenesis of
these novel vesicles. Studies (Zhang et al., 2024; Li X. et al., 2019)
have confirmed that ELNVs extracted from Chinese herbal
decoctions after boiling exhibit good stability, and their bioactive
components (e.g., lipids, small-molecule peptides) can still retain
biological activity. Additionally, the newly formed bioactive
substances generated during the decoction process are also
crucial bioactive components of the TCM compound decoction
and serve as the key to its therapeutic effects (Li T. et al., 2019). Our
experimental findings also confirm that these boiling-derived
vesicles exhibit favorable bioactive properties and exert potent
therapeutic efficacy in relevant biological contexts. In optimizing
the decoction parameters for extracting ELNVs from YQHXJDD,
our approach was guided by two primary considerations: A) the risk
of ELNV degradation induced by prolonged decoction; and B) the
insufficiency of short-duration decoction to achieve complete
extraction of bioactive components. To maximize alignment with
clinical administration practices and thereby ensure therapeutic
efficacy, we adjusted the decoction durations under high and low
heat by both shortening and extending them, building upon
commonly used clinical decoction methods. Ultracentrifugation
subsequent to decoction represented the most widely applicable
method for extracting ELNVs from Chinese herbal medicines, with
the added advantage of yielding higher purity (Mu et al., 2023).
Transmission electron microscopy (TEM) results demonstrated that
ELNVs extracted via six different decoction protocols all maintained
their typical “cup-shaped” morphology, with no obvious rupture or
aggregation. And the NTA results showed that the particle size
distribution remained stable, which is consistent with the structural
characteristics of ELNVs. These observations demonstrated
favorable morphological characteristics of ELNVs. Through
particle size and concentration analysis, we calculated the
maximum yield of ELNVs extractable from each dose of
YQHXJDD. Protocol 3 yields significantly more ELNVs,
indicating that the creation efficiency of ELNVs formed during
decoction (using Protocol 3) is the highest. In contrast, ELNV yields
from Protocols 4–6 decreased progressively. Besides, zeta potential
analysis showed that YQHXJDD ELNVs isolated by Protocol 3 had
an average zeta potential of −35.52 mV. With an absolute value
exceeding 30 mV, this indicates strong inter-particle electrostatic
repulsion in YQHXJDD ELNVs, which inhibits aggregation and
ensures good colloidal stability. Therefore, by balancing extraction
efficiency and structural stability, Decoction Protocol 3 achieved the

highest ELNV yield (7.504 × 1013 particles per dose). Moreover,
Decoction Protocol 3 aligned with conventional clinical decoction
practices (Wang et al., 2025), endowing it with greater translational
value. Therefore, the ELNVs isolated using Decoction Protocol
3 were employed for zeta potential measurement, untargeted
metabolomics analysis, small RNA sequencing, and animal
administration experiments.

In the untargeted metabolomics analysis of YQHXJDD ELNVs,
metabolite classification results showed that within the SuperClass
category, “Lipids and lipid-like molecules” represented the most
abundant group, accounting for 34.98% of the total metabolites.
Under the more detailed Class category, “Carboxylic acids and
derivatives” was the dominant subgroup, with a proportion of
11.66%. Small RNAs in YQHXJDD ELNVs were predominantly
20–22 nt, consistent with the canonical features of miRNAs (a major
class of small RNAs). This confirms they are functionally active,
typical small RNAs, excluding non-specific nucleic acid fragment
interference. Notably, miR8783 and other miRNAs showed distinct
high expression with high conservation and abundance across
samples, supporting their role as core regulators of YQHXJDD
ELNVs’ biological functions and prioritizing them for subsequent
functional validation.

Pharmacodynamic evaluations in animal models revealed that
YQHXJDD ELNVs exerted a significant inhibitory effect on tumor
growth in murine ovarian cancer models, while YQHXJDD did not.
These results indicate that efficacy becomes more prominent after
extraction into ELNVs, yet this finding warrants validation in larger
sample sizes. The therapeutic efficacy of raw decoctions might be
unsatisfactory due to their complex composition and low
bioavailability (He and Pu, 2022). In contrast, ELNVs enhanced
the therapeutic effect by enriching active ingredients (Zhao
et al., 2024).

Immunofluorescence analysis of omental tissues demonstrated
that the YQHXJDD ELNVs group exhibited higher
CD86 fluorescence intensity and lower CD206 fluorescence
intensity compared to the model group. These observations
indicate that YQHXJDD ELNVs can increase the proportion of
M1-polarized macrophages while reducing M2-polarized
macrophages in omental tissues, thereby potentiating the
antitumor activity of macrophages. It has been well-
documented that the infiltration levels of CD4+ and CD8+

T cells are typically elevated in tumor tissues relative to normal
tissues (Huang et al., 2015). However, in the present study, both
the YQHXJDD ELNVs and YQHXJDD groups showed weaker
fluorescence intensities for CD4 and CD8 compared to the model
group, which might be attributed to the more extensive omental
tumor infiltration observed in the model group. A reduced CD4/
CD8 ratio within tumor tissues is closely associated with tumor
progression and immune evasion, accompanied by a marked
enhancement of the immunosuppressive phenotype of the
tumor microenvironment. Such a reduction can result from
functional exhaustion of CD8+ T cells and an expansion of
regulatory T cells (Tregs) within the CD4+ T cell compartment
(Huang et al., 2015; Facciabene et al., 2012; Riazi Rad et al., 2015).
Notably, the YQHXJDD ELNVs group displayed the highest CD4/
CD8 ratio, suggesting that YQHXJDD ELNVs can alleviate the
immunosuppressive tumor microenvironment and enhance T cell-
mediated immune activity.
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Among the 36 cytokines and chemokines analyzed,
YQHXJDD ELNVs significantly upregulated the peripheral
blood level of TNF-α, thereby potentiating the cytotoxic
activity against malignant tumors. However, the YQHXJDD
group exhibited substantial reduction in Eotaxin. It is well-
documented that Eotaxin contributes to tumor progression by
recruiting eosinophils to remodel the tumor microenvironment,
with its elevated expression closely associated with adverse
clinical outcomes (Blank et al., 2017). These observations
suggest that YQHXJDD may ameliorate the tumor
microenvironment through the modulation of Eotaxin levels.
Flow cytometric analysis revealed that YQHXJDD ELNVs had no
significant effect on the proportions of splenic M1-polarized
macrophages (with pro-inflammatory and anti-tumor
properties), NK cells, and effector T cells, as well as the
expression of functional markers (Granzyme B, IFN-γ) in
effector T cells and NK cells (all P ≥ 0.05).

The decoction duration utilized in this study carries certain
reference significance. Nonetheless, due to variations in types and
physicochemical properties of traditional Chinese medicines
(TCMs), the extraction protocol for dried material-derived
YQHXJDD ELNVs may not be universally applicable. For
volatile oil-rich TCMs (e.g., Cinnamomi Cortex, Menthae
Herba), shorter decoction times are needed (Nie et al., 2018),
while fresh materials (e.g., Phragmitis Rhizoma) are better
processed via juicing. Compared to TCM decoctions, ELNVs
have a relatively simplified composition, and their active
ingredients are more amenable to identification. Consequently,
ELNVs are more suitable for high-concentration and precisely
targeted drug delivery.

Although YQHXJDD ELNVs and YQHXJDD both showed
no statistical difference in therapeutic efficacy when compared to
each other, YQHXJDD ELNVs exhibited statistically significant
superior efficacy versus the model group (whereas YQHXJDD
did not). The difference in therapeutic efficacy between
YQHXJDD and YQHXJDD ELNVs requires a larger sample
size to be confirmed, and this also constitutes a direction for
our future research.

6 Conclusion

The decoction YQHXJDD ELNVs isolated from YQHXJDD
constitute the key bioactive component underpinning the
therapeutic efficacy of YQHXJDD, as they exert potent inhibitory
activity against the growth and dissemination of ovarian cancer.
Importantly, the miRNAs and lipid components encapsulated
within YQHXJDD ELNVs are presumed to be the critical
mediators responsible for its therapeutic effects.
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