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Investigating the Immunomodulatory Effects of Tieu U Hoan
Herbal Preparation in a Murine Hepatocellular CarcinomaModel

Hung Truong Thanh Luu, Hai Song Nguyen*

ABSTRACT
Introduction: Traditional medicine treatments (TMT) are widely recognized as effective comple-
mentary therapies in cancer care, including hepatocellular carcinoma (HCC). Tieu u hoan (TUH), an
herbal formulationderived fromTMTprinciples and clinical expertise, has shownpromise in preclin-
ical and clinical studies as a supportive therapy for HCC. This study investigates the immunomodula-
tory effects of TUH in immunodeficient nude mice engrafted with human Hep3B liver cancer cells.
Methods: Immune responses were evaluated in Hep3B tumor-bearing nude mice treated with
TUH. Parameters included relative spleen weight, splenic histopathology (lymphoid follicle prolifer-
ation in white pulp), proportions of NK cells, dendritic cells (DCs), and macrophages in the spleen,
plasma concentrations of IL-2 and TNF-α , and leukocyte/lymphocyte counts in peripheral blood.
Results: Administration of TUH (3.53 g/kg) significantly increased relative spleen weight (p < 0.05),
enhanced lymphoid follicle proliferation in splenic white pulp, and elevated proportions of NK cells,
DCs, and macrophages (p < 0.05). TUH also raised plasma TNF-α and IL-2 levels (p < 0.05) and in-
creased peripheral leukocyte and lymphocyte counts (p < 0.05), suggesting potentiation of both
innate and adaptive immunity. Conclusion: TUH demonstrates significant immunoenhancing ef-
fects in a murine HCC model, providing a scientific basis for its use as a complementary therapy in
HCCmanagement. These findings underscore its potential to augment immune responses during
conventional cancer treatment.
Key words: Tieu u hoan, liver cancer, immune enhancement, liver disease, immunomodulatory.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common ma-
lignancy and a leading cause of cancer-related
mortality globally1. Vietnam ranks among coun-
tries with the highest HCC incidence, primarily at-
tributed to the high prevalence of chronic hepati-
tis B and C virus infections2–4. Current standard
therapies for HCC include surgical resection, liver
transplantation, transarterial chemoembolization
(TACE), radiofrequency ablation (RFA), chemother-
apy, and molecular-targeted agents1,5–7. While sur-
gical resection and transplantation are first-line op-
tions for early-stage HCC6,8,9 intermediate-stage
patients often receive locoregional therapies such as
microwave ablation (MWA), a thermal ablation tech-
nique analogous to RFA that induces tumor necrosis
via hyperthermia6,10. Despite these advances, post-
treatment recurrence remains a major clinical chal-
lenge. Repeated interventions risk further hepatic
functional decline, potentially culminating in liver
failure and mortality11. Consequently, strategies to
prevent HCC recurrence are critical for improving
long-term survival.

Traditional Medicine Therapy (TMT), particularly
traditional herbal medicines (THMs), has been
widely integrated into supportive cancer care, in-
cluding adjunctive HCCmanagement12–14. Preclin-
ical studies have identified several THMs with po-
tential to inhibit HCC progression and carcinogen-
esis15–17. Emerging evidence suggests that com-
bining modern therapies with TMT may synergis-
tically enhance immune function, reduce recurrence
and metastasis risk, and alleviate chemotherapy- or
radiation-induced toxicities, thereby improving clin-
ical outcomes18,19.
Tieu U Hoan (TUH), a multi-herbal formulation
comprising 12 clinically utilized botanicals, is rooted
in traditional medicinal principles. It is theorized
to exert detoxifying, anti-tumor, and circulation-
enhancing effects while supporting splenic and re-
nal function. While modern research has charac-
terized immunomodulatory properties of individual
TUH components, the formulation’s holistic effects
remain unexplored. This study investigates TUH’s
immune-enhancing potential in a Hep-3B human
HCC xenograft model using nude mice, aiming to
provide preclinical evidence for its role in integra-
tive liver cancer therapy.
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METHODS
Materials
TUH is a soft tablet weighing 8.5 g, containing 4.4 g
of active ingredients and 4.1 g of excipients (honey).
It is prepared at the Center for Research and Appli-
cation of Traditional Medicine Production under the
Military Traditional Medicine Institute, meeting ba-
sic quality standards. The ingredients of TUH in-
clude: Prunus persica, Carthamus tinctorius, Paeo-
nia lactiflora, Rheum palmatum, Prunus armeniaca,
Glycyrrhiza uralensis, Achyranthes bidentata, Whit-
mania pigra, Rehmannia glutinosa, Hedyotis diffusa,
Scutellaria barbata, and Astragalus propinquus.
Experimental Drug: Based on the traditional dosage
of 12 medicinal ingredients and the evaluation of ac-
tive ingredient content in the pills, the recommended
human dose of Tieu U Hoan is four pills per person
per day, equivalent to 4 × 8,500 mg = 34,000 mg per
person per day. For an average 60 kg adult, this cor-
responds to 567 mg/kg/day.
The conversion factor for human doses to nude mice
is 6.220. The equivalent dose for nude mice is cal-
culated as follows: ADE (mg/kg) = Human dose
(mg/kg) × Km ratio20. ADE = 0.57 × 6.2 = 3.53
g/kg. The experimental groups were organized as
follows: Group 2 was treated with the clinical dose
of 3.53 g/kg body weight, and Group 3 was treated
with three times the clinical dose, corresponding to
10.59 g/kg body weight.

Animals
In this study, twenty-four immunodeficient BALB/c
(nude) mice, aged 6–8 weeks with an average weight
of 18–30 g, regardless of sex, were provided by
Life Science Development Company Limited and im-
ported from Taiwan. The mice were transplanted
with Hep-3B hepatocellular carcinoma cells and
housed in a positive-pressure laboratory at the Ex-
perimental Animal Research Center, Vietnam Mili-
tary Medical University. The room temperature was
maintained at 26± 0.5◦C, with humidity at 55± 5%.
The lighting system was automatically controlled,
with lights on from 07:00 to 19:00. Food (Zeigler,
USA) and sterilized water were provided. Each cage
was housed on an individually ventilated rack with
a filter to ensure pathogen isolation.

Methods
Firstly, HCC cell (Hep-3B) culture and proliferation
were performed. The cell lines were cultured in
10-cm dishes containing RPMI-1640 medium sup-
plemented with 10% fetal bovine serum (FBS) and

1% penicillin-streptomycin. The cells adhered uni-
formly to the surface of the culture dishes. The cul-
ture medium was replaced every three days until
cell coverage exceeded 80% of the dish area. After-
ward, the cells were detached using 0.04% Trypsin-
EDTA and transferred to a new culture dish. This
cycle was repeated until a sufficient number of cells
were obtained for experiments. The cancer cells
were preserved in complete culture medium supple-
mented with 5% DMSO and stored in a liquid nitro-
gen tank. Finally, the cells were collected by cen-
trifugation after Trypsin-EDTA treatment and resus-
pended evenly in fresh RPMI-1640 medium. Cell
density was determined using a Neubauer counting
chamber and a microscope.
Secondly, inoculating cancer cells into mice: The
cancer cells were injected into the subcutaneous
thigh region of each mouse at a concentration of 2
× 106 cells/mouse (1 × 106 cells per thigh) under
sterile conditions. Tumor formation was evaluated
by monitoring growth at the injection site twice a
week through visual observation, palpation, and pre-
cisemeasurements using anNSK (Japan) caliper. Tu-
mor dimensions were recorded twice weekly along
two axes: length (D) and width (R). Tumor volume
(V) was calculated using the following formula: V
= D × R2 × 0.5, where V is the tumor volume, D is
the tumor length, and R is the tumor width21. When
transplanting human liver cancer cells from theHep-
3B line, the tumor incidence rate reached 87.5% and
was observed 7 days post-transplantation. No tu-
mor regression was observed (0%). The average tu-
mor volume measured 35 days post-transplantation
was 774.8 mm3. No nude mice died due to procedu-
ral complications. Throughout the experiment, the
pathological features of the tumors were similar to
those observed in human tumors.
After implanting Hep-3B tumor cells, 24 mice were
randomly divided into three treatment groups (8
mice per group) and administered different doses
orally: Group 1 (Control group): Distilled water at
0.1 mL per 10 g of body weight for 30 days; Group
2 (Dose 1): TUH at 3.53 g/kg/day (equivalent to the
clinical dose) for 30 days; Group 3 (Dose 2): TUH at
10.59 g/kg/day (three times the clinical dose) for 30
days. The TUH was dissolved in water and adminis-
tered orally via gavage using a blunt-tipped needle.
After the 30-day treatment period, blood and spleen
samples were collected from the mice for immune
stimulation assessment.
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Evaluation criteria, Location and duration
of the research
To evaluate the immunomodulatory effects of TUH
preparation, various parameters were evaluated, in-
cluding relative spleen weight, spleen histopathol-
ogy, the proportion of NK cells, DC cells, and
macrophages in the spleen, as well as plasma IL-2
and TNF-α concentrations and peripheral blood cell
counts.
To evaluate the immunomodulatory effects of TUH,
the following parameters were assessed: Relative
spleen weight; spleen histopathology; proportions
and immunophenotypes of NK cells, DCs, and
macrophages in the spleen; plasma concentrations
of IL-2 and TNF-α ; peripheral blood cell counts.
The spleen was examined histopathologically at the
Department of Pathology, Military Hospital 103,
Vietnam Military Medical University. Quantifica-
tion of IL-2, TNF-α , and peripheral blood cells was
conducted at the Laboratory of Applied Molecular
Biology, Institute of Microbiology and Biotechnol-
ogy, Vietnam National University, Hanoi. IL-2 and
TNF-α were quantified using kits provided by In-
vitrogen Corporation, a part of Thermo Fisher Sci-
entific, USA. The proportions of NK cells, DCs, and
macrophages in the spleens of nudemice were deter-
mined at the Department of Pathophysiology, Viet-
nam Military Medical University. Hematological
tests were conducted at the Department of Paraclin-
ical Pathology, Le Huu Trac National Burn Hospital,
VietnamMilitary Medical University. The study was
conducted from March to August 2022.

Isolation and determination of Immune
cell proportions from mouse spleen
The mice were surgically dissected to collect their
spleens, which were thoroughly washed with PBS
solution. Forceps were gently used to compress the
tissue to release the inner cells. The isolated cells
were incubated with red blood cell lysis buffer for
6–8 minutes. The cell populations were analyzed us-
ing a FACS Canto II flow cytometer (BD Biosciences)
to determine the proportions of different cell types.
The cells were classified based on size (FSC) and com-
plexity (SSC). Subsequently, they were further cate-
gorized by fluorescence intensity (FITC and PE). The
proportions of cells were analyzed using BD Canto
Diva software22.

Trypan Blue Staining
Cell viability was evaluated using a Trypan Blue
staining solution. Cell Sample Collection: Lyse red

blood cells (repeat twice) and collect single cells. Di-
lute Trypan Blue at a 1:1 ratio with the cell sample.
Incubate at room temperature for 3–5 minutes. Ex-
amine the sample under a microscope to assess the
live/dead cell ratio. Removal of Trypan Blue: Cen-
trifuge and wash the cells with PBS.

Specific Antibody Staining
Four tubes of 106 cells obtained from each mouse
by the procedure mentioned above were prepared.
Each tube was stained separately with specific an-
tibodies: anti-CD49b antibodies were labeled with
FITC (specific for NK cell identification)23, anti-
CD11b antibodies were labeled with APC (specific
for macrophage identification)24, anti-CD197 anti-
bodies labeled with PerCP-Cy5-5 (specific for mDC
identification)25, and anti-CD11c antibodies labeled
with FITC (specific for DC identification)25.

Data analysis
The collected data were processed using appropri-
atemedical statistical methodswith IBM SPSS Statis-
tics version 20.0 software. Results were presented as
the mean (X) ± standard deviation (SD), and statis-
tical significance was assessed using the Wilcoxon
signed-rank test with a significance level of p < 0.05.

RESULTS
Relative spleen weight and spleen
histopathology images
To evaluate immune stimulation, spleen samples
were collected from both control and treatment
groups at the end of the experiment. Relative spleen
weight (g/10 g body weight) was calculated as spleen
weight (g) divided by mouse body weight (g), multi-
plied by 10. Among the treatment groups, mice re-
ceiving Dose 1 (3.53 g/kg TUH) exhibited the high-
est relative spleen weight (0.12 g/10 g), followed by
the Dose 2 group (10.59 g/kg TUH) with 0.11 g/10 g.
In contrast, the control group had the lowest rela-
tive spleen weight (0.08 g/10 g). Both TUH-treated
groups showed an increase in relative spleen weight
compared to the control group. However, a statis-
tically significant difference (p < 0.05) was observed
only in the Dose 1 group. No significant difference
was detected between the Dose 2 and control groups.
These findings suggest that the lower dose of TUH
may exert a more pronounced immunostimulatory
effect on spleen development (Figure 1).
The control group displayed a normal histological
architecture with well-defined white pulp areas. In
contrast, spleens from TUH-treated mice exhibited
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Figure 1: Effect of different doses on relative spleenweight. Bar graphs illustrate relative spleen weight (g/10)
in three experimental groups: Control, Dose 1, and Dose 2. The Control group (blue) represents untreated subjects,
while the Dose 1 (green) and Dose 2 (red) groups received increasing doses of the tested compound. The y-axis
represents relative spleen weight (g/10). The values inside the bars represent the mean relative spleen weight for
each group. Error bars represent standard deviation (SD).

Figure 2: Histopathology images of the mouse spleen of the control group and the treatment groups (HE
x 400). (1) Lympho cell.
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prominent lymphoid follicle proliferation within the
white pulp, indicating increased lymphoid activity.
These histological changes suggest enhanced im-
mune activation in the treatment groups (Figure 2).

Immune phenotype and proportion of NK
cells, DC cells, and macrophages in mouse
spleen
Innate immune cells, including macrophages, den-
dritic cells (DCs), and natural killer (NK) cells,
play a pivotal role in antitumor immunity by di-
rectly inducing cytotoxicity or inhibiting tumor
growth without prior sensitization26. In this study,
BD Canto Diva flow cytometry (FCM) was em-
ployed to characterize the immunophenotype and
quantify the proportions of these cell populations
in mouse spleens. Fluorescently labeled antibod-
ies were used to distinguish immune cell sub-
sets: FITC-conjugated anti-CD49b antibodies for NK
cells and APC-conjugated anti-CD11b antibodies for
macrophages.
Representative flow cytometry profiles from 24
spleen samples across the three study groups are
shown in Figure 3 and Figure 4. Differences in
immune cell distribution were observed among the
groups, highlighting the impact of TUH administra-
tion on splenic immune cell composition.
Specifically, macrophage proportions were highest
in the Dose 1 group (4.58%), followed by Dose 2
(3.60%) and the control group (3.28%), indicating
an increase in macrophage representation in TUH-
treated mice. Dendritic cell proportions exhibited a
similar trend, with 18.67% in Dose 1, 14.32% in Dose
2, and 8.32% in the control group. NK cell frequen-
cies were also elevated in the treated groups, reach-
ing 2.96% in Dose 1, 1.89% in Dose 2, and 1.74% in
the control group. Although increases in all three
immune cell types were observed in both treatment
groups, statistically significant differences (p < 0.05)
compared to the control group were detected only in
the Dose 1 group (3.53 g/kg TUH). Notably, the NK
cell proportion in the Dose 1 group was significantly
higher than in the Dose 2 group, suggesting a dose-
dependent immunomodulatory effect of TUH on NK
cell expansion (Figure 5). These findings suggest
that TUH, particularly at the lower dose, may more
effectively stimulate the innate immune system by
enhancingmacrophage, DC, andNK cell populations
in the spleen.

Peripheral blood cell counts
White blood cell (WBC) counts were higher in the
TUH-treated groups compared to the control group,

indicating a potential stimulatory effect on systemic
immunity. Specifically, theWBC count in the Dose 1
group (3.53 g/kg TUH) was 10.35 × 109/L, markedly
higher than that observed in the Dose 2 group (10.49
g/kg TUH), which was 4.83 × 109/L, and the con-
trol group, which showed the lowest count at 3.91
× 109/L. A statistically significant difference (p <
0.05) was observed between the Dose 1 and control
groups. Furthermore, the WBC count in the Dose
1 group was significantly higher than in the Dose
2 group (p < 0.05), suggesting that the lower dose
of TUH may be more effective in enhancing leuko-
cyte production or mobilization. No significant dif-
ferences were observed in red blood cell (RBC) or
platelet counts across the three groups (Figure 6).
Lymphocyte counts were highest in mice treated
with Dose 1 (3.53 g/kg TUH), reaching 4.73 × 109/L,
followed by the Dose 2 group (1.49 × 109/L), while
the control group exhibited the lowest value (1.19 ×
109/L). A statistically significant increase (p < 0.05)
was observed in the Dose 1 group compared to both
the control and Dose 2 groups, indicating that the
lower dose of TUH significantly enhanced lympho-
cyte proliferation or mobilization. Neutrophil (N)
counts were also elevated in TUH-treated mice com-
pared to controls; however, these differences did not
reach statistical significance (p > 0.05). Similarly,
monocyte counts were higher in the Dose 1 group
than in the control group, but the difference was
not statistically significant (p > 0.05). These results
suggest that TUH, particularly at the lower dose,
has a pronounced effect on lymphocyte populations,
while its influence on neutrophils and monocytes
appears less substantial under the conditions tested
(Figure 7).

Evaluation of interleukin-2 and tumor
necrosis factor-alpha concentrations
As you know, IL-2 and TNF-α are two cytokines
that play an important role in the immune response
against cancer cells (10). Serum interleukin-2 (IL-2)
levels were elevated in TUH-treated mice compared
to the control group (p < 0.05), indicating enhanced
immune activation. Specifically, IL-2 levels reached
66.93 pg/mL in the Dose 1 group and 58.46 pg/mL in
the Dose 2 group, while the control group showed a
lower concentration of 53.99 pg/mL (Figure 8).
Tumor necrosis factor-alpha (TNF-α) concentra-
tions were elevated in both TUH-treated groups
compared to the control group. Specifically, TNF-
α levels were 88.87 pg/mL in the Dose 1 group and
108.54 pg/mL in the Dose 2 group, whereas the con-
trol group exhibited a markedly lower level of 20.95
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Figure 3: Flow Cytometry Analysis of NK Cells and Macrophages in the Spleen of Mice. Flow cytometry
was performed to analyze immune cell populations in the spleens of 24 mice. Representative images from different
experimental groups are shown: (A) Control group (mice 6), (B) Dose 1 group (mice 2), and (C) Dose 2 group (mice
7). Gating strategy for immune cell subpopulation identification. Forward scatter (FSC-A) and side scatter (SSC-A)
were used to define the overall cell population, followed by singlet selection and gating of viable cells to exclude
debris and dead cells. Contour plots illustrating NK cell and macrophage marker expression. The y-axis (SSC-A)
represents cell granularity and complexity, while the x-axis (FITC-A for NK cells and APC-A for macrophages)
indicates fluorescence intensity. Quantitative comparison of immune cell populations. The proportions of NK cells
and macrophages were assessed in each group. A vertical threshold line was applied to distinguish negative (Neg)
and positive (Pos) cell populations. Contour lines indicate event density, with higher-density regions represented by
multiple contours. These findings reveal differences in immune cell distribution across treatment groups, providing
insights into the effects of drug administration on NK cell and macrophage populations in the spleen.
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Figure 4: Flow Cytometry Analysis of DC Cells in the Spleen of Mice. Flow cytometry was performed to
analyze immune cell populations in the spleens of 24 mice. Representative images from different experimental
groups are shown: (A) Control group (mice 1), (B) Dose 1 group (mice 1), and (C) Dose 2 group (mice 1). Gating
strategy for dendritic cell identification. Forward scatter (FSC-A) and side scatter (SSC-A) were used to define the
overall cell population, followed by singlet selection and gating of viable cells to exclude debris and dead cells. DCs
were identified based on fluorescence-labeled surface markers. Contour plots illustrating DC marker expression.
Fluorescently conjugated antibodies were used to distinguish DCs from other immune cell populations. The y-
axis (SSC-A) represents cell granularity and complexity, while the x-axis (FITC-A) indicates fluorescence intensity.
Quantitative comparison of dendritic cell populations. The proportion of DCs (CD11b+) was assessed across dif-
ferent experimental groups. A vertical threshold line was applied to separate negative (Neg) and positive (Pos) cell
populations. Contour lines indicate event density, with higher-density regions represented by multiple contours.
These findings highlight the differences in DC distribution between control and treated groups, providing insights
into the effects of experimental conditions on DC populations in the spleen.
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Figure 5: Percentage of NK cells, dendritic cells (DCs), andmacrophages in mouse spleens. This bar graph
illustrates the percentage of natural killer (NK) cells, dendritic cells (DCs), and macrophages in the spleens of mice
from three experimental groups: Control, Dose 1, and Dose 2. The y-axis represents the percentage of each cell type
in the spleen. Orange bars represent DCs, blue bars represent NK cells, and green bars represent macrophages.
Error bars denote standard deviations.

Figure 6: Number of Cell Types in Mice Blood Samples. The bar chart illustrates the mean (± SD) counts of
three blood cell types—White Blood Cells (WBC), Red Blood Cells (RBC), and Platelets (PLT)—in three groups of
mice: Group 1 (Control), Group 2 (Dose 1), and Group 3 (Dose 2). Mean values are displayed above each bar, and
error bars represent standard deviations (SD).
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Figure 7: Number of White Blood Cell Types in Mice Blood Samples. The bar chart shows the mean ±
standard deviation (X ± SD) of neutrophils, lymphocytes, and monocytes in the blood samples of nude mice from
three experimental groups: Control (Group 1), Dose 1 (Group 2), and Dose 2 (Group 3) (n = 8 per group). Error bars
represent the standard deviation.

pg/mL. Despite the numerical increase in both treat-
ment groups, a statistically significant difference (p
< 0.05) was observed only in the Dose 1 group (3.53
g/kg TUH) compared to the control. These findings
suggest that TUH may enhance TNF-α production,
particularly at the lower dose, contributing to its
potential immunostimulatory or antitumor effects
(Figure 9).

DISCUSSION
The spleen, which is composed of red pulp and
white pulp, is the largest blood-filtering organ in
the body. It plays vital immunological roles, in-
cluding hematopoiesis and red blood cell clearance.
Moreover, its unique structure is critical for filter-
ing blood-borne pathogens and antigens26. In addi-
tion to filtering and storing blood, the spleen also
serves as a site for antigen concentration, partic-
ularly when antigens enter the bloodstream. Af-
ter entering the bloodstream, antigens are processed
by macrophages, which initially fix them in the red
pulp and subsequently transport them to the white
pulp. In the white pulp, lymphoid follicles, which
are rich in lymphocytes, stimulate their differentia-
tion into plasma cells27. In this study, the relative

spleen weight of mice treated with TUH was higher
than that of the control group. However, statisti-
cally significant differences were observed only in
the group treated with 3.53 g/kg TUH (p < 0.05). The
results of spleen histopathology further illustrate in-
creased lymphoid follicle proliferation in the white
pulp of TUH-treated mice, providing evidence for
the observed differences in spleen weight among the
groups. In the treatment groups, areas of the white
pulp with proliferative lymphoid follicles were ob-
served, suggesting that immune responses against
tumors may lead to an expansion of the T-cell zone.
NK cells play a critical role in innate immune re-
sponses and exhibit natural cytotoxicity against
various targets, including cancer cells and virus-
infected cells, without requiring antigen specificity.
A reduction in NK cell counts correlates with dis-
ease progression26,28,29. Dendritic cells (DCs) are
present in lymphoid organs, blood, lymph fluid, and
some non-lymphoid tissues, and they function as
antigen-presenting cells for T lymphocytes30,31. Af-
ter capturing antigens in tissues, DCs migrate to
lymphoid organs, where they present these antigens
to lymphocytes.
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Figure 8: IL-2 Concentration in Mice Blood. This bar graph displays IL-2 concentrations in three groups of
mice—Group 1 (Control), Group 2 (Dose 1), and Group 3 (Dose 2)—after 30 days of treatment. Error bars represent
the standard deviation (SD).

The results presented in Figures 3 and 4 and Fig-
ure 5 indicate that Dose 1-treated groups exhibit an
increased number of NK cells and DC cells in the
spleen compared to the control group. The rise in
dendritic cell numbers in the treated groups suggests
the presence of antigens, while the increase in NK
cell numbers reflects the body’s enhanced immune
response against cancer.
Macrophages also play a crucial role in anticancer
immune responses by facilitating the activation and
potent lysis of cancer cells. They express receptors
that enable them to engage cancer cells opsonized by
antibodies, and through enzymatic processes within
lysosomes, macrophages effectively eliminate can-
cer cells via oxidative reactions and other chemical
mechanisms32–34. Figure 3 and Figure 5 show that
the number of macrophages in the spleens of Dose
1-treated mice is higher than in the control group,
indicating a greater capacity for cancer cell elimina-
tion in the treated groups.
The results in Figure 6 indicate that mice treated
with TUH showed no significant differences in red
blood cell (RBC) and platelet counts compared to the
control group. Thus, TUH does not affect RBC and

platelet levels in mice with Hep-3B tumors. In con-
trast, the number of white blood cells (WBCs) in pe-
ripheral blood reflects both innate and adaptive im-
mune responses. Regularmonitoring ofWBC counts
is a crucial hematological parameter for cancer pa-
tients undergoing drug or radiation therapy28,29. In
this research, the group receiving Dose 1 showed a
higher WBC count than the control group, and this
difference was statistically significant (p < 0.05).
Various types of peripheral blood leukocytes play es-
sential roles in antigen recognition and contribute
significantly to immune responses. Monitoring
changes in these cell populations allows for a par-
tial evaluation of the body’s immune status, as each
leukocyte type has distinct functions. For exam-
ple, neutrophils constitute a substantial proportion
of peripheral blood leukocytes and primarily func-
tion in phagocytosis and innate immune responses.
Their numbers often increase during acute infec-
tions, as they are mobilized to sites of infection
to recognize, attack, and destroy invading bacte-
ria and viruses26,30–32. Lymphocytes are essential
components of adaptive immune responses. Based
on differences in morphology, function, and surface
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Figure 9: TNF-α Concentrations in Mice Blood. The bar graph illustrates the mean TNF-α concentrations in
Group 1 (Control), Group 2 (Dose 1), and Group 3 (Dose 2). Error bars represent standard deviations (SD).

markers, they are commonly classified into two ma-
jor types: T lymphocytes and B lymphocytes. B
lymphocytes primarily mediate humoral immunity,
whereas T lymphocytes are crucial for cell-mediated
immune responses33,34. In this study, the lympho-
cyte count increased in the group treated with TUH
at Dose 1, indicating an immunostimulatory effect of
TUH (Figure 7).
The immune system comprises immune organs, spe-
cialized immune cells, and cytokines, all of which
significantly influence the function of antigen-
activated cells. Among these cytokines, IL-2—
secreted by activated Th lymphocytes—plays a cen-
tral role. IL-2 stimulates specific T lymphocytes, in-
cluding both TCD4 and TCD8 cells. Additionally,
it promotes the development and differentiation of
B lymphocytes and enhances the activity of natu-
ral killer (NK) cells as well as lymphokine-activated
killer (LAK) cells. When antigens bind to T cell re-
ceptors (TCR), T cells release IL-2, which then in-
teracts with IL-2 receptors (IL-2R) to stimulate T-cell
growth, differentiation, and survival. Moreover, IL-
2 is essential for T-cell development in the thymus,
boosts overall immune responses, and can lead to in-
creased TCD4 cell counts11. IL-2 has demonstrated

high efficacy in treating a range of cancers, includ-
ing lung cancer, leukemia, ovarian cancer, breast
cancer, hematological malignancies, renal cell car-
cinoma, and malignant melanoma. Both preclinical
and clinical studies consistently emphasize its abil-
ity to stimulate and enhance immune cell functions,
leading to effective eradication of cancer cells35.
Tumor Necrosis Factor Alpha (TNF-α) is a multi-
functional cytokine involved in apoptosis, inflam-
mation, and immune responses, and it is primar-
ily synthesized by macrophages. Other cell types—
including natural killer (NK) cells, granulocytes, T
and B lymphocytes, adipocytes, fibroblasts, and en-
dothelial cells—also contribute to TNF-α production.
Its synthesis and secretion are chiefly stimulated by
antigenic encounters, and TNF-α mediates its effects
on target cells through specific receptors. Currently,
TNF-α is employed in the treatment of certain con-
nective tissue cancers, such as melanoma, primarily
by destroying tumor blood vessels35,36. Figure 8
and Figure 9 indicate that the group receiving a
TUH dose of 3.53 g/kg exhibited significantly higher
concentrations of both IL-2 and TNF-α compared to
the control group (p < 0.05). This statistically sig-
nificant difference suggests that TUH stimulates the
immune system by enhancing cytokine secretion.
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Significant differences were observed between the
two treatment groups. In mice treated with TUH at
3.53 g/kg, compared to the control group, there was a
notable increase in relative spleen weight, enhanced
lymphoid tissue proliferation within the white pulp,
and elevated total leukocyte and lymphocyte counts.
Additionally, serum concentrations of IL-2 and TNF-
α were significantly higher, and flow cytometric
analysis revealed significantly increased proportions
of NK cells, dendritic cells (DCs), and macrophages
in the spleen (p < 0.05). In contrast, the 10.59 g/kg
TUH group exhibited significant changes only in IL-
2 serum concentration and lymphoid tissue prolifer-
ation in the spleen. Furthermore, the 3.53 g/kg group
demonstrated significantly higher levels of NK cells,
total white blood cells, and lymphocytes compared
to the 10.59 g/kg group (p < 0.05). These findings sug-
gest that TUH at a dose of 3.53 g/kg elicits a more ro-
bust immunostimulatory response. This may be at-
tributed to the possibility that higher doses of TUH
induce excessive immune activation, potentially ex-
ceeding the host’s regulatory capacity and leading
to immunosuppressive effects. Therefore, the 3.53
g/kg dose appears to be more effective and may rep-
resent a more suitable candidate for clinical applica-
tion, as it achieves optimal immune activation at a
lower dose.
In traditional medicine, the treatment of liver cancer
is based on the principle of syndrome differentiation
and treatment, which involves combining various
groups of herbs with different therapeutic effects to
create a comprehensive approach. Instead of merely
focusing on tumor eradication, the herbal formula
also emphasizes enhancing the immune system, im-
proving liver function, and maintaining internal bal-
ance. This holistic strategy enables the body to build
sufficient resistance to fight cancer cells more effec-
tively and safely37,38.
Tieu U Hoan is skillfully formulated by combin-
ing multiple groups of medicinal herbs to establish
a comprehensive mechanism for treating liver can-
cer, including clearing heat and detoxifying (Hedy-
otis diffusa Willd, Scutellaria barbata), promoting
blood circulation and resolving stasis (Prunus per-
sica, Carthamus tinctorius, Achyranthes bidentata,
Hirudo), purging accumulation and resolving masses
(Rheum palmatum Baill), and nourishing Qi and
blood (Astragalus propinquus, Rehmannia glutinosa,
Paeonia lactiflora). This balanced combination of
herbs enhances immune modulation against cancer
through the following mechanisms:
• Activation and enhancement of immune cell func-
tions. Herbs such as Hedyotis diffusa, Scutellaria

barbata, Astragalus membranaceus, and Glycyrrhiza
uralensis enhance the activity of natural killer (NK)
cells, which effectively recognize and eliminate can-
cer cells. Scutellaria barbata and Astragalus mem-
branaceus stimulate the function of cytotoxic T cells,
increasing their cytotoxic activity against liver can-
cer cells. Additionally, Hedyotis diffusa, Astragalus
membranaceus, and Glycyrrhiza uralensis activate
macrophages, enhancing their phagocytic capacity
and promoting the secretion of anticancer cytokines
such as TNF-α , IL-2, and IL-6, which further aid in
the destruction of cancer cells37,39.
• Regulation of cytokines and immune factors. As-
tragalus membranaceus, Hedyotis diffusa, Scutellaria
barbata, and Glycyrrhiza uralensis stimulate the pro-
duction of cytokines such as IL-2, IL-6, and IFN-
α , thereby enhancing the immune response against
liver cancer cells. By promoting the activation of T
cells and NK cells, these herbs strengthen the body’s
anticancer immunity. Furthermore, Hedyotis diffusa
and Scutellaria barbata inhibit pro-inflammatory cy-
tokines such as IL-10, reducing immunosuppression
and allowing the immune system to function more
effectively in eliminating cancer cells37,40.
• Induction of apoptosis and inhibition of cancer cell
growth. Hedyotis diffusa and Scutellaria barbata in-
duce apoptosis in liver cancer cells, thereby reducing
tumor size and preventing cancer progression. By
activating intrinsic apoptosis pathways, these herbs
effectively halt the proliferation of cancer cells. Ad-
ditionally, Hedyotis diffusa and Scutellaria barbata
inhibit angiogenesis around the tumor, restricting
the supply of nutrients and oxygen to cancer cells,
which consequently slows tumor growth and metas-
tasis40,41.
Antioxidant effects and liver protection. Hedy-
otis diffusa, Scutellaria barbata, Astragalus mem-
branaceus, and Rehmannia glutinosa are rich in
flavonoids, phenolic compounds, and polysaccha-
rides, which provide strong antioxidant effects.
These bioactive compounds neutralize free radicals,
thereby protecting liver cells from oxidative stress
and damage. This antioxidant activity is crucial
for maintaining cellular integrity and preventing
the transformation of healthy cells into cancerous
ones42.
Immunomodulation and homeostatic balance. As-
tragalus membranaceus and Glycyrrhiza uralensis
regulate the immune system by balancing Th1/Th2
(T-helper cell type 1/T-helper cell type 2) responses,
thereby enhancing anticancer immunity without
causing immune overactivity. By maintaining this
balance, they optimize the body’s immune response,
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allowing it to effectively target cancer cells while
minimizing the risk of autoimmune reactions. Addi-
tionally, Astragalus membranaceus and Glycyrrhiza
uralensis boost the body’s overall resistance and
adaptability. They enhance stress resilience, helping
the body cope with the physiological and psycho-
logical stress associated with cancer and its treat-
ments, including chemotherapy and radiotherapy.
This adaptive capability not only supports immune
function but also improves the patient’s overall well-
being and recovery process37.
Synergistic immunomodulatory and anticancer ef-
fects. The herbal components work synergistically
to enhance immune function and directly inhibit
cancer cell growth, making them particularly effec-
tive in the treatment of liver cancer. This dual action
is achieved through a balanced combination that not
only stimulates the immune system but also targets
cancer cells with cytotoxic effects.
Therefore, Tieu U Hoan, with its harmonious com-
bination of herbs that clear heat and detoxify, pro-
mote blood circulation and resolve stasis, and nour-
ish Qi and blood, not only enhances immune func-
tion but also inhibits cancer cell growth, protects
the liver, and maintains homeostatic balance. This
comprehensive mechanism effectively strengthens
the body’s natural resistance, supporting liver can-
cer treatment in a safe and efficacious manner. By
integrating immune modulation, direct anticancer
effects, liver protection, and overall balance, Tieu
U Hoan provides a holistic and powerful approach
to combating liver cancer.

CONCLUSIONS
This study evaluated the immunomodulatory effects
of TUH in nude mice bearing human Hep-3B liver
cancer. Administration of TUH at a dose of 3.53
g/kg body weight significantly enhanced multiple
immunological parameters compared to controls.
Specifically, TUH treatment led to a marked increase
in relative spleen weight, enhanced proliferation of
lymphoid follicles in the splenic white pulp, and el-
evated proportions of NK cells, dendritic cells, and
macrophages. Furthermore, both peripheral blood
leukocyte and lymphocyte counts, as well as serum
levels of TNF-α and IL-2, were significantly higher
in the TUH-treated group (p < 0.05). Collectively,
these findings provide robust evidence supporting
the immunomodulatory activity of TUH and under-
score its potential for further investigation in cancer
immunotherapy.
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