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Traditional Chinese medicine (TCM) is widely studied for antitumor drug
development, but its decoctions (DECs) are limited by poor solubility and low
bioavailability. Although TCM-derived carbon dots (CDs) show promising potential
for tumor therapy, no studies have systematically compared whether CDs exhibit
superior antitumor efficacy to DECs. In this study, four TCM-derived CDs were
systematically compared with their corresponding DECs for antitumor activity both
in vitro and in vivo. The results showed that the CDs effectively inhibited the
proliferation and migration of CMT-U27 canine mammary tumor cells in vitro, and
their inhibitory effect was generally better than those of the corresponding DECs. In
vivo mouse assays further indicated that all four CDs effectively inhibited tumor
growth with favourable safety profile. However, their antitumor effect was not
significantly different from that of the DECs in vivo, which may be due to their
small size, leading to rapid clearance from the bloodstream. Therefore, simple bare
CDs synthesis may be insufficient to improve the efficacy of TCM against canine
mammary cancer, and additional functionalization is required.
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INTRODUCTION

Canine mammary tumor, with a malignancy of up to
80%, is the most prevalent spontaneous tumor in female
dogs and remains a serious threat to dogs live (Ferreira
et al., 2026; Vu et al., 2026). At present, although
surgical resection remains the main clinical treatment for
canine mammary tumor, drug therapy can effectively
reduce the metastasis and recurrence rates of the tumor,
and is recognized as a crucial adjunctive therapy for
mammary tumor (Beaudu-Lange and Lange, 2024).
Modern studies have shown that many traditional
Chinese medicines (TCM), such as Hedyotis diffusa (Ma
et al, 2019), Scutellaria barbata D.Don (Liu et al.,

2022), Forsythia suspensa (Huang et al, 2020) and
Agrimonia Pilosa (Yu and Gai, 2023), can inhibit tumor
cell proliferation by regulating tumor-related signaling
pathways, inducing apoptosis and autophagy, and
causing cell cycle arrest, indicating promising potential
in tumor therapy. However, TCM mainly relies on
traditional processing methods, such as decocting raw
medicinal materials with water to prepare decoctions
(DECs) (Wu et al., 2025). These methods have several
limitations, including poor water solubility, inadequate
biodistribution, low bioavailability, and inconsistent
quality, which hinder the full utilization of their
medicinal value and restrict the modernization of TCM
(Tian et al, 2025; Yu et al., 2026). Therefore, the

1573


mailto:jiahao_lin@cau.edu.cn
mailto:chenwen@301hospital.com.cn
http://dx.doi.org/10.29261/pakvetj/2026.149

1574

development and application of novel technologies are
essential to overcome its inherent limitations.

The study found that the efficacy of TCM is not
entirely attributed to the chemical composition of the
drug. The physical state is also an important factor
affecting its effect (Yan ef al.,, 2019). When TCM size is
reduced to the nanoscale, it can more easily pass through
the biofilm by diffusion or osmosis and exert better
efficacy (Xie et al, 2025). Carbon dots (CDs) are
nanoscale materials with particle size typically below 10
nm, which have good water solubility and
biocompatibility (Cohen et al., 2020; Seo et al, 2026).
TCM, as a natural product, has gradually become one of
the ideal precursors for the synthesis of green CDs (Luo et
al, 2021). The ancient Chinese book “Leigong Paozhi
Lun”, notes that the gap around the container holding
TCM was sealed with mud to create a high-temperature,
anoxic environment for preparing charcoal medicine,
which is similar to one of the synthesis methods of CDs
(high-temperature pyrolysis). Furthermore, traditional
medical texts such as Xin Xiu Ben Cao and Xiaoer
Weisheng Zongwei Lun Fang document the use of
charcoal medicines in the treatment of tumors. Modern
studies have reported that CDs derived from ginger could
significantly inhibit the proliferation of human
hepatocellular carcinoma HepG2 cells while exhibiting
minimal toxicity towards non-cancerous MCF-10A
mammary epithelial cells and FL83B mouse hepatocytes
(Li et al, 2014). In addition, Yao et al. found that
ginsenoside Re-based CDs could reduce tumor cell
proliferation while inducing apoptotic cell death via a
caspase-3-mediated pathway (Yao et al, 2018).
Therefore, preparing CDs from TCM is expected to be a
promising strategy to enhance its antitumor activity.

Because the preparation of CDs involves high
pressure and high temperature processing conditions
(Fang et al, 2024), the original physicochemical
properties and active ingredients of TCM may change
during preparation, leading to uncertainty about the
pharmacodynamics of TCM CDs. However, there is a
lack of comparative studies on the antitumor activity of
TCM CDs and traditional DECs. It remains to be seen
whether the antitumor effect of CDs made from TCM is
enhanced. In this study, CDs synthesized from four
representative heat-clearing and detoxifying antitumor
TCM were used as the research subject to investigate their
antitumor effect in vitro and in vivo, and were compared
with the corresponding DECs to evaluate whether CDs
preparation enhances their antitumor activity.

MATERIALS AND METHODS

Reagents and materials: Hedyotis diffusa (HD),
Scutellaria barbata D.Don (SB), Forsythia suspensa (FS)
and Agrimonia Pilosa (AP) were purchased from Beijing
Tongrentang. Dulbecco's Modified Eagle's Medium
(DMEM), fetal bovine serum (FBS) and penicillin-
streptomycin were purchased from Gibco. The CCK-8 kit
was purchased from Mei5 Biotechnology Co., Ltd.
Capecitabine (CAP) was obtained from Macklin.

Preparation of CDs and DECs: CDs were prepared by
hydrothermal treatment. Briefly, 1.6 g of powdered herbs
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(60 mesh) were dispersed in 240 mL of ultrapure water
and heated at 160°C for 8 h in a 300 mL hydrothermal
autoclave reactor. After cooling, the supernatant was
collected by centrifugation (12,000xg, 30 min), filtered
(0.22 pm), and lyophilized to obtain HD-CDs, SB-CDs,
FS-CDs, and AP-CDs.

DECs were prepared by traditional boiling extraction.
Herbs were soaked in a 10-fold volume of water for 30 min,
and then decocted twice, with each decoction lasting for 30
min. The combined extracts were concentrated to 500
mg/mL crude drug equivalent, filtered, and freeze-dried to
obtain HD-DEC, SB-DEC, FS-DEC, and AP-DEC.

CDs and DECs characterization: Morphology was
characterized using TEM and HR-TEM. Functional
groups were analyzed by FTIR. The surface elemental
composition of CDs was determined by XPS. UV-vis
absorption and fluorescence spectra were recorded to
evaluate optical properties.

Cell culture and in vitro experiment: The canine
mammary tumor cells (CMT-U27) were cultured in DMEM
containing 10% FBS and 1% penicillin-streptomycin at 37
°C in a humidified incubator with 5% COs..

Cell viability was assessed using a CCK-8 assay.
CMT-U27 cells (1x10%well) were seeded in 96-well plates
and treated with CDs or DECs at different concentrations
for 24 or 48 h. CCK-8 solution (10%) was added for 30
min, and absorbance was measured at 450 nm.

For colony formation, cells (1x10%/well) were treated
with 0.25 or 0.5 mg/mL samples for 48 h, followed by
incubation in drug-free medium for 14 days. The resulting
colonies were subsequently fixed, stained with crystal
violet, and counted.

Cell migration was evaluated using a wound healing
assay. Confluent cell monolayers were mechanically
scratched and maintained in serum-free medium
containing different sample concentrations (0-0.5
mg/mL). Images were taken at 0, 12, and 24 h, and wound
closure was analyzed with ImagelJ, from which the wound
healing rate was determined using the following formula:
Wound closure (%) = (1- gap area after treatment/initial
gap area) x100%.

Tumor-bearing mouse model and treatment: BALB/c
nude mice (4-week-old) were subcutaneously injected
with 5 x 10 CMT-U27 cells. Treatment began when
tumors reached ~50 mm?®. Mice were divided into 10
groups (n=5): control, CAP (100 mg/kg), and eight
CD/DEC groups (500 mg/kg). All treatments were
administered by oral gavage once daily for 14 days.
Tumor volume and body weight were monitored every 2
days. The whole animal experiment was conducted
strictly in accordance with the relevant regulations of
China Agricultural University and was approved by the
Experimental Animal Welfare and Animal Experiment
Ethics Review Committee of China Agricultural
University. The approval number was AW32303202-2-2.

Histopathological evaluation: The tumor, heart, liver,
spleen, lung and kidney were fixed in 4%
paraformaldehyde solution. Terminal deoxynucleoitidyl
transferase-mediated dUTP nick end labeling (TUNEL)
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staining was performed in tumor tissues. Besides, the
oxygens were stained with hematoxylin and eosin (H&E)
for histological analysis.

Statistical analysis: Data are presented as mean =+
standard deviation (SD). Statistical significance was
determined using GraphPad Prism 8.0. For multiple
comparisons, one-way ANOVA followed by Tukey’s
post-hoc test was applied. Two-group comparisons were
evaluated wusing the unpaired t-test. P<0.05 was
considered significant.

RESULTS

Characterization of CDs: TEM and HR-TEM revealed
that all four TCM-derived CDs exhibited spherical
morphology and a uniform size distribution (1-5 nm).
Clear lattice fringes were observed with a consistent
spacing of ~0.315 nm, corresponding to the (002) plane of
graphitic carbon, indicating the presence of graphitized
structures (Fig. 1).

The FTIR spectra of the CDs showed similar infrared
absorption peaks, with bands near 1636 cm™ and 3270
cm! attributed to the stretching vibrations of C=0, O-H
and N-H bonds, respectively (Fig. 2A, D, G and J). These
features indicate the presence of electron-rich groups such
as carbonyl, hydroxyl and amino groups, on the CDs.
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UV-vis spectra showed strong absorption in the 200-
300 nm region, with a peak near 275 nm, suggesting n—n*
transitions of aromatic C=C/C=N and confirming the
formation of a graphitic core (Fig. 2B, E, H and K). The
aqueous solution of the CDs was yellow under natural
light and emitted blue or blue-green light under UV at 365
nm (inset in Fig. 2B, E, H and K). Photoluminescence
(PL) spectra showed that the emission peaks of the four
CDs gradually shifted with increasing excitation
wavelength (Fig. 2C, F, I and L), indicating that they all
exhibit excitation-dependent fluorescence, which is
similar to previous studies.

To further determine the composition and structure of
the four CDs, XPS was used to detect the three elements
C, N and O in the CDs, and their contents were calculated
from the integral area. The results show that the C content
in the four CDs was the highest, and the N content was the
lowest, at about 60% and 2%, respectively. Furthermore,
high-resolution XPS spectra clearly showed that these
four CDs have similar structures. The Cls spectra
revealed peaks corresponding to C=C, C-O/C-N, and
C=0 bonds (Fig. 3B, F, J and N). The high-resolution
XPS spectra of N1s showed two fitting bands, assigned to
N-H or C-N and C=N (Fig. 3C, G, K and O). The Ols
spectra showed two bands corresponding to the C=O and
C-O bonds (Fig. 3D, H, L and P).
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Fig. I: Morphological characterization of four CDs. TEM images of HD-CDs (A), SB-CDs (E), FS-CDs (l) and AP-CDs (M). HR-TEM images of HD-
CDs (B), SB-CDs (F), FS-CDs (J) and AP-CDs (N). Lattice spacing measurement of HD-CDs (C), SB-CDs (G), FS-CDs (K) and AP-CDs (O). Size

distribution of HD-CDs (D), SB-CDs (H), FS-CDs (L) and AP-CDs (P).
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Fig. 2: Spectroscopic characterization of four CDs. FTIR spectra of HD-CDs (A), SB-CDs (D), FS-CDs (G) and AP-CDs (J). UV-vis absorption spectra of
HD-CDs (B), SB-CDs (E), FS-CDs (H) and AP-CDs (K). Fluorescence emission spectra of HD-CDs (C), SB-CDs (F), FS-CDs (I) and AP-CDs (L).

The effect of four CDs on tumor cell proliferation
inhibition: Both CDs and DECs could inhibit the
proliferation of CMT-U27 canine mammary tumor cells
(Fig. 4). However, the survival rate of CMT-U27 cells
treated with CDs at different concentrations was
consistently lower than that of cells treated with the
corresponding DECs at the same concentrations at both 24
h and 48 h. At 48 h, the ICso of all CDs was significantly
lower than that of the corresponding DECs (P<0.05).

These results indicated that CDs are more effective than
DECs in inhibiting the proliferation of canine mammary
tumor cells.

The effect of four CDs on tumor cell clonogenicity
repression: To further compare the effects of CDs and
DEC:s on the proliferation and clonogenic ability of single
tumor cells, CMT-U27 cells were treated with CDs and
DECs at 0.25 mg/mL and 0.5 mg/mL for 48 h, respectively,
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Fig. 3: The XPS spectrum of four CDs. Full XPS spectrum of HD-CDs (A), SB-CDs (E), FS-CDs (l) and AP-CDs (M). The high-resolution Cls XPS
spectrum of HD-CDs (B), SB-CDs (F), FS-CDs (J) and AP-CDs (N). Nls XPS spectrum of HD-CDs (C), SB-CDs (G), FS-CDs (K) and AP-CDs (O).
Ol's high-resolution XPS spectra of HD-CDs (D), SB-CDs (H), FS-CDs (L) and AP-CDs (P).

and then cultured in fresh medium without drug for 14
days to assess colony formation. The results showed that
CDs and DECs significantly diminished the colony
formation rate of CMT-U27 cells (Fig. 5). Compared with
the DECs group, the group treated with CDs showed a
significant reduction in colony formation rate, which is
consistent with the CCK-8 results.

The impact of four CDs on tumor cell migration
inhibition: To compare the effect of CDs and DECs on
the migration of mammary tumor cells, CMT-U27 cells
were treated with CDs and DECs at different
concentrations in serum-free medium. After 0 h, 12 h
and 24 h, the migration of CMT-U27 cells was
evaluated by measuring the area and width of the gap.
The results showed that CDs and DECs treatment
significantly inhibited cell migration during 24 h and
48 h (Fig. 6). Notably, only HD-CDs and FS-CDs
exhibited superior inhibitory effects on CMT-U27
migration compared to their corresponding DECs,
whereas SB-CDs and AP-CDs did not show similar
advantages, revealing a subtle inconsistency with the
cell proliferation study.

The antitumor ability of four CDs in vive: To further
investigate the antitumor activity of CDs in vivo, the
xenograft tumor model was established using BALB/c
nude mice. After 14 days of continuous oral gavage
administration, the tumor growth inhibition of CDs and
DECs was compared. The tumor growth curves and tumor
weights indicated that CDs displayed antitumor effects in
vivo, with efficacy comparable to that of the
chemotherapeutic drug CAP, but not significantly
different from that of DECs (Fig. 7).

The TUNEL assay was also performed to evaluate the
pro-apoptotic efficacy of CDs and DECs in this study.
The results showed that there were no statistically
significant differences between the CDs and DECs groups
in terms of TUNEL-positive cell expression levels,
indicating comparable levels of apoptosis induction
between the two treatments (Fig. 8). The body weight and
histopathological sections of mice were further analyzed
to assess the in vivo safety of CDs. It was found that no
obvious abnormalities were observed in the mice from the
CDs groups compared with the saline control group (Fig.
9 and 10). The results indicated that CDs have good
biocompatibility and low toxicity.
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Fig. 4: Comparison of the inhibitory effect of CDs and DECs on canine mammary tumor cell CMT-U27 proliferation. CCK-8 was used to detect the
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Structure and chemical composition of DECs: The
TEM images shown that individual nanoparticles cannot
be clearly observed from the DECs, but instead tended to
cluster together to form distinct aggregated structures
(Fig. 11). Some structures even closely resembled the raw
medicinal materials, such as the HD-DEC (Fig. 11A). The
FTIR spectra revealed that CDs and DECs exhibited
similar infrared absorption peaks (Fig. 2 and 11). This
similarity indicates that the CDs might retain certain
functional groups derived from the TCM precursors
during the high-temperature synthesis, presenting a surface
chemical profile partially consistent with that of the
traditional DECs.

DISCUSSION

The results demonstrated that the four TCM-derived
CDs possessed uniform nanoscale structures (1-5 nm) and

analogous graphitic cores. The presence of abundant
surface functional groups contributes to their excellent
hydrophilicity and observed biological activities (Zhou et
al, 2010; Kumar et al, 2012), aligning with previous
findings on biomass-derived CDs (Javed and O'carroll,
2021). The structure and optical properties of the four
CDs were similar, which may be largely related to the fact
that their synthetic precursors are plant biomass materials
and all of them were prepared by hydrothermal method,
suggesting that CDs with specific microstructure can be
prepared by controlling raw materials and synthesis
methods.

HD, SB, FS and AP are all antitumor TCM with heat-
clearing and detoxifying properties (Bao et al., 2016; Lv
et al., 2021; Jiao et al., 2026). This study found that the
antitumor activity of CDs derived from these four herbs
was largely associated with the activity of the
corresponding raw materials. Among the DECs, FS-DEC
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with the corresponding DEC group, *P<0.05, **P<0.01, **P<0.001.
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Fig. 6: Comparison of effect of CDs and DECs on inhibiting migration of canine mammary tumor cells CMT-U27. Representative pictures of CMT-U27
cells cultured with the different concentration of HD-CDs and HD-DEC (A), SB-CDs and SB-DEC (C), FS-CDs and FS-DEC (E) and AP-CDs and AP-DEC
(G) after 24 h and 48 h, scale bar: 200 pm. The rate of wound closure and migration distance of boundary of CMT-U27 cultured with HD-CDs and HD-
DEC (B), SB-CDs and SB-DEC (D), FS-CDs and FS-DEC (F) and AP-CDs and AP-DEC (H) at different concentrations after 12 h and 24 h. Compared with
the Control group, *P<0.05, **P<0.01, ***P<0.001, ***P<0.0001; compared with the corresponding DEC group, *P<0.05, *P<0.01, ##P<0.001.
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Fig. 7: Comparison of antitumor ability of CDs and DECs in vivo. Tumor growth curves of mice treated with HD-CDs and HD-DEC (A), SB-CDs
and SB-DEC (C), FS-CDs and FS-DEC (E) and AP-CDs and AP-DEC (G); (C) Tumor weight of mice treated with HD-CDs and HD-DEC (B), SB-CDs
and SB-DEC (D), FS-CDs and FS-DEC (F) and AP-CDs and AP-DEC (H). Compared with the Control group, *P<0.05, **P<0.01, ***P<0.001.
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Fig. 8: TUNEL analyses of tumor sections. (A) Confocal images showing nuclei stained with DAPI in blue and TUNEL-positive nuclei stained in green.
The scale bar represents 20 pm. (B) Quantification of relative fluorescence of TUNEL staining intensity (fold of Control).

exhibited the strongest inhibitory effect on CMT-U27 cell
proliferation, while SB-DEC showed the weakest effect.
Among the four CDs, FS-CDs showed the strongest
proliferation inhibitory effect, whereas SB-CDs exhibited
the weakest, which was in agreement with the results
observed for the DECs. In addition, the results of cell
migration assay were generally consistent with this trend,
suggesting that CDs with stronger antitumor activity can
be obtained by selecting precursor TCM with superior
intrinsic antitumor effects. To ensure a fair comparison,
both formulations were normalized by the lyophilized dry
weight of the final products, allowing for a weight-for-
weight evaluation of the therapeutic advantages gained
from the 'nano-state' transformation. Admittedly, while
serum-free conditions were used to limit proliferation, the
observed scratch closure inhibition likely reflects a

combined effect of reduced cell motility and inherent
cytotoxicity. Furthermore, this study focused on
preliminary comparative efficacy, with the absence of
detailed mechanistic investigations remaining a limitation
for the current biological interpretation.

The pharmacological effect of TCM is closely related
to its unique chemical composition and physical state (Wu
et al., 2020; D’aloia et al., 2022). It has been reported that
particles present in DECs play an important role and act
as key components that enhance the adsorption of active
constituents (Nie et al., 2024). The relatively large particle
size enables prolonged circulation of the drug particles in
vivo, which is crucial for achieving efficient tumor
accumulation. However, the ultra-small size of CDs may
make it easier for them to pass through cell membranes
and be taken up by cells (Li et al., 2023). The size of the
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Fig. 9: Body weight of mice treated with HD-CDs and HD-DEC (A), SB-CDs and SB-DEC (B), FS-CDs and FS-DEC (C) and AP-CDs and AP-DEC (D).
Compared with the Control group, *P<0.01.
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Fig. 10: Histopathological changes after HD-CDs and HD-DEC (A), SB-CDs and SB-DEC (B), FS-CDs and FS-DEC (C) and AP-CDs and AP-DEC (D)
treatment. Magnificationx 0. The scale bar represents 200 pm.
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Fig. 1 1: Characterization of TCM DECs. TEM images and FTIR spectra of HD-DEC (A), SB-DEC (B), FS-DEC (C) and AP-DEC (D).

CDs was only around 1-5 nm (Fig. 1), which may partly
explain why the CDs are more effective than the DECs in
vitro, but are likely limited by distinct biophysical
constraints in vivo. Specifically, although
pharmacokinetic data were not directly measured, this size
range sits below the established renal filtration threshold
(~5.5 nm), suggesting the CDs are physically predisposed
to rapid renal clearance (Choi et al., 2007). This provides
a plausible explanation for the current in vivo results, as
rapid excretion may limit sustained accumulation at the
target site. Beyond these biophysical constraints, the
structural clarity of the therapeutic agent is equally vital.
While DECs are the complex systems comprising small
molecules, particle aggregates, and precipitates, and their
exact composition remains unclear (Nie et al., 2024), CDs
possess a more defined and consistent chemical structure.
This  structural advantage may simplify the
standardization and optimization of TCM-derived
therapeutics. Nevertheless, as an exploratory investigation,

this study utilized a sample size (n=5) aligned with the
3Rs principle for preliminary screening, which may have
limited the statistical power to detect subtle differences
between the treatment groups.

Addressing the rapid renal clearance of ultra-small
CDs while maintaining their deep tissue penetration
remains a critical challenge, which may be potentially
resolved by integrating them into multistage cooperative
nanoplatforms. Hou et al. designed a transformable
honeycomb-like nanoassemblies based on CDs that
prevented rapid renal clearance to extend circulation,
while disassembling into small CDs for deep tumor
penetration and maximized therapeutic efficacy (Hou et
al., 2021). FTIR and XPS results revealed that CDs
possess abundant surface functional groups, such as
hydroxyl and amino groups, which could serve as reactive
sites for such functional modifications to potentially
enhance their in vivo antitumor efficacy in future studies.
In addition, while DECs are traditionally limited to oral
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administration, the small size and good biocompatibility
of CDs provide the technical possibility for systemic
administration, which warrants further investigation to
determine if it can improve bioavailability and therapeutic
outcomes compared to traditional forms.

Conclusions: In this work, four types of CDs (HD-CDs,
SB-CDs, FS-CDs and AP-CDs) were synthesized by a
one-step hydrothermal method using Chinese herbs HD,
SB, FS and AP as carbon sources. In vitro, these four CDs
effectively inhibited the proliferation and migration of
canine mammary tumor cells CMT-U27, and their effects
were generally superior to those of the corresponding
DECs. The in vivo results showed that the four CDs
effectively inhibited the growth of CMT-U27. Although
their antitumor effects were not significantly different
from those of DECs, they may still possess potential
advantages.
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