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Background: The present study aimed to investigate the protective effect of icaritin (ICT) on ENU-induced leukemia in male mice.
Methods: The mice received intraperitoneal injections of 80 mg/kg ENU twice a week for three months for induction of leukemia. 
Blood smears from these mice showed blast cells, confirming the presence of leukemia. After confirming leukemia, mice were divided 
into control, ENU-induced leukemia, and leukemia groups (10 mg/kg bw and 20 mg/kg bw) were treated with ICT for 35 days. Blood, 
spleen, and liver samples were collected for analysis. The expression of IL-6, JAK2, STAT3, as well as inflammatory, pro-apoptotic 
(Bax), and anti-apoptotic (Bcl-2) proteins were evaluated using qPCR, immunohistochemistry, and immunofluorescence techniques.
Results: The study found that ICT inhibited inflammation and the IL-6/JAK2/STAT3 pathway in ENU-induced mice. ICT treatment 
induced apoptosis in the spleen and liver by activating Bax and downregulating Bcl-2. The findings provide novel evidence that ICT 
acts as a dual inhibitor of IL-6/JAK2/STAT3 signaling, promoting apoptosis and playing an essential role in anti-leukemic activity.
Conclusion: These results suggest that ICT has potential as a therapeutic target for treating leukemia, offering a novel approach to 
leukemia treatment through inhibiting the IL-6/JAK2/STAT3 pathway and induction of apoptosis.
Keywords: N-ethyl-n-nitrosourea, leukaemia, ICT, IL-6/JAK2/STAT3, inflammation, apoptosis

Introduction
Leukemia is characterized by the accumulation of immature leukocytes, also known as blast cells, in organs and blood. 
Blast cells are early-stage blood cells that have not fully matured into their specific types (such as red blood cells, white 
blood cells, or platelets). The presence of blast cells in leukemia can disrupt normal blood cell functions and increase the 
risk of infection.1 Chronic lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), and acute myeloid leukemia 
(AML) are all included.2 The differentiation of leukemia types is often associated with abnormalities in neutrophil 
counts, which are a type of white blood cell. In acute leukemia patients, there is a characteristic decrease in neutrophil 
counts in the blood. On the other hand, CML patients may exhibit irregular neutrophils, indicating alterations in the 
appearance or function of these cells.3

Teratogenic N-ethyl-N-nitrosourea (ENU) can potentially cause congenital disabilities or abnormalities in developing 
organisms, including humans. ENU specifically is known to cause central nervous system (CNS) tumors and genetic 
disorders.4 ENU administration in these models can help simulate and study tumor development, including leukemia.5 

Studies have shown that intravenous administration of ENU during pregnancy, at doses ranging from 40 to 80 mg/kg, 
increases the risk of CNS malignancies.6 Notably, the administration of ENU through transplacental injections during 
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the second-to-last week of gestation (E15 to E21) or the first week of postnatal development (PN7) has been found to 
lead to the development of cancer in most children.7 In experiments with pregnant Sprague Dawley rats, a dose of 80 mg/ 
kg ENU was administered on embryonic day 15, resulting in the induction of gliomas and schwannomas.8 It is important 
to consider that the specific dosage, frequency of administration, and treatment technique employed can significantly 
influence leukemia induction and impact the target cell and affected organ.9

Inflammatory reactions and leukemia both include the IL-6/JAK2/STAT3 signaling pathway, which has recently 
become prominent.10 The IL-6 cytokine activates the JAK2 kinase, which, phosphorylates and activates STAT3. 
Translocating to the nucleus upon activation, STAT3 controls the transcription of genes involved in cellular proliferation, 
survival, and immune response.11 Dysregulation of this pathway can contribute to leukemogenesis and provide potential 
targets for therapeutic interventions.12 This pathway is particularly active in multiple myeloma (MM).13 Bone marrow 
contains cytokines that are necessary for the survival and multiplication of MM cells. Interleukin-6 (IL-6), insulin-like 
growth factor 1, and tumor necrosis factor-alpha are examples of cytokines that promote MM cell survival and 
proliferation.14 Leukemia treatments encompass various approaches, such as radiation, bone marrow transplants, and 
surgery.15 However, while rapid restorative therapies, such as targeted molecular therapies or immune-based treatments, 
can lead to near-complete remission, they may also result in disease recurrence, resistance, progression, and ultimately 
death. Radiation and chemotherapy, commonly employed in leukemia treatment, carry risks, including potential side 
effects such as bone marrow suppression, increased susceptibility to infections, hair loss, fatigue, and gastrointestinal 
disturbances.16 Consequently, there is a growing interest in natural medicine therapies. Cutting-edge cancer treatments 
incorporate natural compounds like lycopene, curcumin, epigallocatechin gallate (EGCG), and resveratrol. These natural 
compounds have shown a potential to inhibit cancer cell growth, promote apoptosis, and modulate signaling pathways 
involved in tumor development and progression (Lüthi et al, 2021). Recent studies have shown that these natural 
compounds can influence various cellular processes involved in cancer, such as receptor binding, growth signaling, and 
the pro-apoptosis pathway, without significantly harming normal cells. For instance, curcumin has been found to 
modulate the activation of growth factor receptors (eg, EGFR), inhibit the PI3K/Akt signaling pathway, and promote 
apoptosis through mechanisms involving caspase activation.17,18 Traditional Chinese medicine has also contributed to the 
development of modern anticancer drugs. For instance, Chansu and Huachansu injections have been used in China for 
many years as anticancer treatments.19

Icaritin (ICT), derived from the traditional Chinese herbal medicine icariin, exhibits various beneficial effects in 
different biological systems. Studies have investigated the impact of ICT in cancer cells, immune modulation, bone health, 
and hormonal regulation, among other areas of research,20 promote neuronal growth,21 and facilitate cardiac differentiation 
in mouse embryonic stem cells.22 Moreover, ICT has been shown to induce apoptosis in human endometrial cancer cells by 
modulating apoptotic proteins and inhibiting specific signaling pathways, such as the PI3K/Akt and MAPK pathways.23 

Additionally, in vitro and in vivo studies have demonstrated that ICT can suppress leukemia’s MAPK, AKT, and JAK2/ 
STAT3 signaling pathways.24 Although previous studies have explored the effects of ICT in various biological systems and 
its potential as a therapeutic agent for leukemia, there is a lack of research specifically focusing on the efficacy of ICT in 
ENU-induced leukemia and its relationship with the IL-6/JAK2/STAT3 signaling pathway. Therefore, the objective of the 
present study was to comprehensively evaluate the therapeutic benefits of ICT against ENU-induced leukemia, including 
assessing its effects on leukemia cell survival, proliferation, and apoptosis. Additionally, the study aimed to investigate the 
underlying mechanism associated with the IL-6/JAK2/STAT3 signaling pathway, with the hypothesis that ICT exerts its 
anti-leukemic effects, at least in part, by modulating this pathway. By elucidating the specific objectives and hypotheses, 
this study aims to contribute to understanding ICT as a potential therapeutic agent for ENU-induced leukemia and provide 
valuable insights into its molecular mechanisms of action.

Materials and Methods
Cayman Chemical supplied the Icaritin (ICT; cat. no. Cay20236-500, Purity > 98%), and Sigma Aldrich supplied the 
N-ethyl-N’-nitrosourea (ENU; St. Louis, MO, USA).
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Maintenance of Animals
The Zhejiang University Animal Center in China provided Swiss albino male mice weighing 18–20 g. These mice were 
6–8 weeks old. The mice lived under sterile settings at Zhengzhou University’s First Affiliated Hospital. The temperature 
in the housing was kept at 25°C ± 2°C, the humidity at 45 ± 5%, and the day/night cycle was held at 12 hours. The mice 
could eat and drink as much as they wanted.

The Induction of Leukemia
Leukemia was induced intraperitoneally administering ENU twice a week for three months to the mice at a dosage of 
80 mg/kg body weight via the intraperitoneal route.25 One gram of ENU was first dissolved in 10 mL of 95% ethanol to 
make the solution. Prior to injection, this solution was diluted with 90 mL of phosphate citrate buffer (0.2 M Na2HPO4, 
0.1 M citric acid, pH 5.0). After three months, blood smears were examined for blast cells to confirm leukemia induction. 
Splenomegaly and a significant presence of blast cells were observed as hallmarks of leukemic animals.

Animal Groups
The experiment consisted of four groups, six animals in each.

Group-1: Normal control
Group-2: Leukemic control
Group-3: Leukemic + 10 mg/kg bw ICT treatment
Group-4: Leukemic + 20 mg/kg bw ICT treatment

ICT Treatment and Sample Collection
Mice received ICT injections, i.p. once daily at 10 and 20 mg/kg body weight for 35 days. The DMSO was dissolved in 
corn oil.26 Following treatment, heart puncture samples of blood were taken to isolate the serum. The spleen and liver 
were removed and stored in 4% paraformaldehyde for histological exams and at −80°C for molecular study.

Organ Index Calculation
Following sacrifice, the spleen and liver were weighed, and tissue indices (TI) were calculated using the formula: TI = 
tissue weight (mg)/ mouse weight (g) × 100%.

Hematology Analysis
Blood samples were subjected to hematological analysis using an automated hematology analyzer (Mindray, Shenzhen, 
China) to determine red blood cell (RBC, x10^12 /L) count, white blood cell (WBC, x10^9 /L) count, platelet count 
(x10^9/L), and hemoglobin (Hb, g/dL) concentration.

Enzyme-Linked Immunosorbent Assays (ELISA)
Blood was centrifuged at 2000 rpm after 30 minutes at room temperature. Samples of serum were taken and kept cold at 
−80°C. The levels of NF-κB p65 (E-EL-M0838; Labscience Biotechnology Co., Ltd. Wuhan, Hubei, China), TNF-α (Cat 
No: 560478), IFN-γ (Cat No: 558258) and IL-1β (559603) (BD Biosciences, Franklin Lakes, New Jersey, USA) were 
measured in the serum using commercially available ELISA kits according to the manufacturer’s protocol.

Histopathology
To prepare the tissue samples for histopathological examination, small pieces of the spleen and liver were first sectioned 
and then preserved in a 10% formalin solution for a minimum of 48 hours. Following fixation, the tissue samples 
underwent a series of steps for processing and staining. An automatic tissue processor was used to dehydrate the tissues 
for embedding in paraffin wax. We sectioned the paraffin-embedded tissue blocks using a microtome into 5 µm thick 
sections. Using a hotplate, these pieces were delicately attached to glass slides. In that order, the mounted pieces were 
given a 2-minute soaking in solutions of 100%, 90%, and 70% ethanol. After 30 minutes at room temperature, blood was 
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centrifuged at 2000 rpm. To monitor and assess the tissue morphology, the stained tissue sections were seen at 400x 
magnification with a light microscope (Nikon, Chiyoda-ku, Tokyo, Japan).

Immunohistochemistry Staining
The 5µm thick tissue sections were first subjected to deparaffinization and rehydration for immunohistochemistry 
staining. Antigen retrieval was performed using citrate buffer at pH 6.0 to enhance the accessibility of the target 
antigens. After cooling, the sections were treated with hydrogen peroxide to block endogenous peroxidase activity. 
Subsequently, the sections were incubated overnight at 4°C with primary antibodies against NF-κB p65 and Bax (Cell 
Signaling Technology (CST), Danvers, Massachusetts, USA) at a dilution of 1:1000. The next day, the sections were 
washed and incubated with secondary antibodies conjugated to horseradish peroxidase (HRP) at room temperature for 
one hour. The presence of the target antigens was visualized by incubating the sections with 3.3’-diaminobenzidine 
(DAB, Vector Laboratories, USA) for 3–5 minutes, resulting in a brown color reaction. Finally, the sections were 
counterstained with hematoxylin to provide contrast. After dehydration and clearance, the sections were mounted with 
DPX mounting medium for preservation.

Immunofluorescence Experiments
To perform immunofluorescence experiments, the 5µm thick tissue sections were incubated with primary antibodies 
against JAK2, p-JAK2, STAT3, p-STAT3 (Cell Signaling Technology (CST), Danvers, Massachusetts, USA) at a dilution 
of 1:1000 for one hour at room temperature. After washing with PBS, the sections were incubated with fluorescently 
labeled secondary antibodies, such as FITC (fluorescein isothiocyanate) or PE (phycoerythrin), at a dilution of 1:200. 
This allowed for the specific visualization of the target antigens using fluorescence microscopy. The sections were 
counterstained with DAPI (4’,6-diamidino-2-phenylindole), a blue fluorescent dye that binds to DNA to visualize the 
nuclei. The sections were then examined and imaged using confocal microscopy, which provides high-resolution three- 
dimensional images of the labeled antigens and cellular structures.

Real-Time qPCR Analysis
To analyze mRNA expression levels, RNA was isolated from the spleen and liver tissues using Trizol (Tiangen, Beijing, China), 
a commonly used reagent for RNA extraction. Subsequently, cDNA synthesis was performed using the iScript cDNA Synthesis 
kit (Cat No. 170-8891; Bio-Rad, USA). The cDNA served as a real-time quantitative PCR (qPCR) analysis template. The mRNA 
expression levels of target genes, such as Il-6, Jak2, Stat3, Bcl-2, and Bax, were determined using an SYBR Green kit (Tiangen, 
Beijing, China). The 2−ΔΔCT method was employed for data analysis, with GAPDH serving as an internal control. The primer 
sequences used for amplification of the target genes were as follows: IL-6 forward ACCTTCCAGGATGAGGACATGA, reverse 
CTAATGGGAACGTCACACACCA; Jak2 forward AGGCGACGGGAACAAGATG, reverse TTCAGAACATTGGCC 
TTCGC; STAT3 forward GAAGCCGACCCAGGTAGTG, reverse CTGCAGGTCGTTGGTGTCA, Bcl-2 forward 
GCTACCGTCGTGACTTCGCA, reverse CATCCCAGCCTCCGTTATCC; BAX forward GCCTTTTTGCTACAGGGT 
TTCAT, reverse TATTGCTGTCCAGTTCATCTCCA; actin forward TGCCTTCGGGTTTGCATTTG, reverse AAGATCAC 
CCCCAAGATGACAC.

Statistical Analysis
Mean and standard deviation were used to summarize the experimental results. One-way ANOVA and Student’s t-tests 
were used for statistical analyses, and a p-value ≤ 0.05 was considered statistically significant.

Results
Effects of ICT on Blast Cells and Splenic Enlargement
The study examined the effects of ICT on blast cells and splenic enlargement. Blast cell count in peripheral blood is an important 
factor in diagnosing and monitoring leukemia, as well as assessing the efficacy of anti-leukemia treatments. The results showed 
that ENU-injected mice experienced significant weight loss compared to normal control mice. Still, this weight loss was 
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prevented in leukemic groups treated with ICT (Figure 1A). Leukemic mice had significantly larger liver (Figure 1B) and spleen 
(Figure 1C) sizes than control mice. In contrast, ICT-treated leukemic animals had significantly smaller spleens. Blood smears 
revealed that the leukemic control group had significantly more circulating blast cells than the normal control group. Conversely, 
ICT-treated leukemic groups had significantly fewer blast cells than the leukemic control group. These findings suggest that ICT 
treatment prevented weight loss, reduced splenic enlargement, and decreased blast cell count in leukemic mice. (Figure 1D).

Effects of ICT on Blood Parameters
The effects of ICT on blood parameters, histopathological changes, and hematopoietic cytokines were investigated. The 
leukemic control group’s total white blood cell counts considerably increased, whereas hemoglobin concentration, 
platelet count, and total red blood cell count dropped. In ICT-treated leukemic mice, RBC count, platelet count, and 
Hb concentration rose while WBC count dropped. This indicates that ICT treatment improved these blood parameters in 
leukemic mice (Figure 2A–D).

Effects of ICT on Histopathological Changes
Histopathological changes were observed in the spleen and liver. The untreated control group exhibited normal cells, 
while the leukemic control group showed an abundance of irregularly shaped cancerous cells in the spleen, leading to the 
disappearance of sinusoids. However, mice treated with ICT displayed fewer cancer cells in their spleen compared to the 
untreated group (Figure 3A). In the liver, the leukemic control mice had pale bone marrow, swollen liver, and spleen 
filled with lymphoblasts. Additionally, their livers exhibited signs of damage, including disrupted hepatic cords, 
increased cell spaces, inflammation, red blood cell infiltration, and fat accumulation. These liver abnormalities were 
less severe in the ICT-treated group, indicating improvement with treatment (Figure 3B).

Effects of ICT on Hematopoietic Cytokines
Hematopoietic cytokines, including NF-κB p65, TNF-α, IL-1β, and IFN-γ, were measured in the spleen and liver tissue 
homogenate. The leukemic control group showed significantly higher levels of NF-κB p65, TNF-α, and IL-1β than the 
normal control group. However, leukemic mice treated with ICT exhibited lower levels of NF-κB p65 (Figure 4A), TNF- 

Figure 1 Effect of ICT on ENU-induced leukemia in (A) Body weight; (B) Spleen and liver index; (C) Photographs of the spleen; (D) Images of peripheral blood smears of 
the experimental group. The red arrow indicates leukemic blast cells. Data are mean ± SD (n = 6). Scale bar= 50 µm, Magnification= 400 ×, *P < 0.01 vs normal control, 
#P < 0.01 vs Leukemic group.
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α (Figure 4B), and IL-1β (Figure 4C) after treatment. The level of IFN-γ was significantly lower in the leukemic control 
group but significantly higher in the ICT-treated leukemic group (Figure 4D). Immunohistochemistry analysis showed 
higher levels of NF-κB p65 expression in the liver and spleen of leukemic control mice compared to normal control mice. 
Still, ICT treatment reduced NF-κB p65 expression in these tissues. (Figure 5A and B)

Effects of ICT on the IL-6/JAK2/STAT3 Pathway in the Spleen and Liver
The effects of ICT on the IL-6/JAK2/STAT3 pathway in the spleen and liver were investigated. In the leukemic group, 
the mRNA levels of IL-6 were increased in both spleen and liver tissues. However, in the ICT-treated leukemic group, the 
expression of IL-6 was decreased (Figure 6A). The mRNA levels of JAK2 (Figure 6B) and STAT3 (Figure 6C), which 
are transcription factors associated with the IL-6 pathway, were significantly increased in the spleen and liver of the 
leukemic group. In contrast, the ICT-treated leukemic group showed a significant decrease in JAK2 and STAT3 mRNA 
levels compared to the leukemic group. Immunofluorescence results confirmed that the expression levels of JAK2, 
p-JAK2 (phosphorylated JAK2), STAT3, and p-STAT3 were higher in the spleen of the leukemic group but decreased in 
the ICT-treated leukemic group. (Figure 7A and B)

Effects of ICT on Cell Apoptosis and Autophagy
The impacts of ICT on cell apoptosis and autophagy were also examined. Levels of the anti-apoptotic protein Bcl2 in 

the spleen and liver were considerably greater in the leukemic group. In contrast, the ICT-treated leukemic group showed 
significantly lower Bcl2 mRNA levels (Figure 8A). On the other hand, the mRNA levels of the pro-apoptotic marker Bax 
(Figure 8B) were significantly lower in the spleen and liver of the leukemic group but significantly higher in the ICT- 
treated leukemic group. Immunohistochemical results confirmed that the distribution of Bax protein was lower in the 
spleen and liver of the leukemic group but increased in the ICT-treated leukemic group.

Figure 2 Effect of ICT on haematological parameters in ENU-induced leukemic mice (A) RBC; (B) WBC; (C) Hb; (D) Platelet count. “Data are mean ± SD (n = 6). 
*P < 0.01 vs normal control, #P < 0.01 vs Leukemic group.
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The findings suggest that ICT modulates the IL-6/JAK2/STAT3 pathway, leading to decreased IL-6 expression and 
reduced activation of JAK2 and STAT3 in the spleen and liver. Moreover, ICT influences cell apoptosis by altering the 
expression of Bcl2 and Bax, promoting pro-apoptotic markers and inhibiting anti-apoptotic markers (Figure 8C and D).

Discussion
Leukemia is a medical condition characterized by an abnormal increase in the number of immature leukocytes, which 
compromises immune function and makes individuals more susceptible to infections.27 The exact causes of leukemia are 
still not fully understood, although exposure to alkylating agents, toxins, and ionizing radiation has been identified as 
potential contributors.28 These agents can cause DNA damage and chromosome abnormalities, leading to the develop-
ment of leukemia.29 Specifically, nitrosoureas like n-ethyl-n-nitrosourea (ENU) have been found to induce leukemia by 
alkylating nucleobases, disrupting DNA, and resulting in bone marrow suppression and the formation of leukemic 
cells.30,31 ENU has also been observed to generate malignant cells in the brain and reproductive system in animal 

Figure 3 Effect of ICT on histopathological changes in ENU-induced leukemic mice. Representative H&E-stained (A) Spleen and (B) liver tissue section images. Scale bar= 50 
µm, Magnification= 400 ×.
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models.4,32 Any disruption in the signaling cascade that regulates differentiation and proliferation can lead to hemato-
logical abnormalities, resulting in a buildup of cancerous cells in the bone marrow and blood.

In the present study involved mice, the administration of ENU led to a persistent decrease in body weight gain, 
indicating that the chemical or leukemia burden affected the animals’ appetite or metabolism. Additionally, ENU-treated 
mice exhibited increased spleen and liver weights, possibly due to leukemic cell infiltration or metastasis.33 This finding 
aligns with a previous study that reported increased liver and spleen weights in ENU-treated SD rats.25 Moreover, Total 
leukocyte counts were more significant in the ENU group, whereas RBC counts, platelet counts, and hemoglobin levels 
were lower.34 Immature precursors accumulated because hematopoietic stem cells failed to differentiate properly, 
hampered hemopoiesis normal progression. According to Abou Elazab, Elbaiomy, Ahmed, Alsharif, Dahran, 
Elmahallawy and Mokhbatly35 study on leukemic rats exposed to benzene also reported higher white blood cell 
(WBC) counts than controls. Consistent with our research, Aliyu, Shaari, Ahmad Sayuti, Reduan, Sithambaram, 
Noordin, Shaari and Hamzah25 found that ENU-treated mice had more blast cells in peripheral blood smears, indicating 
active leukemia. However, the administration of ICT, a potential therapeutic agent, reduced blast and WBC cells, 
suggesting anti-leukemic action.24 Leukemic cells produce cytokines that promote their growth and survival in the 
bone marrow while inhibiting normal hematopoiesis.36 Imbalanced cytokine expression can lead to increased WBC 
production, decreased RBC production, and the development of leukemia. After ICT therapy, several hematopoietic 
growth factors and cytokines were suppressed in the ENU-induced leukemic mouse model, potentially counteracting the 
abnormal cytokine production.

There were increased IL-1β, IL-6, and TNF-α levels in leukemic mice.37 Abnormal production of these cytokines, 
resulting from genetic flaws or signaling errors, can promote leukemia development.38 IL-1β, for instance, induces the 
synthesis of GM-CSF, facilitating the development of leukemic cell colonies.39 Leukemic cells also produce high 
amounts of IL-6, which inhibits lymphoid tissue and promotes chronic myeloid leukemia.40 Similarly, ICT treatment 
has been shown to reduce proinflammatory cytokine levels in other animal models, such as transgenic adenocarcinoma 

Figure 4 Effect of ICT on inflammatory markers in ENU-induced leukemic mice (A) NF-κB p65; (B) TNF-α; (C) IL-1β; (D) IFN-γ in spleen and liver. Data are mean ± SD 
(n = 6). *P < 0.01 vs normal control, #P < 0.01 vs Leukemic group.
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Figure 5 Immunohistochemistry results show protein distribution of NF-κB p65 in the (A) spleen and (B) liver of ENU-induced leukemic mice. Scale bar= 50 µm, 
Magnification= 400 ×.

Figure 6 Effect of ICT on IL-6/JAK2/STAT3 in ENU-induced leukemic mice (A) IL-6; (B) JAK-2; (C) STAT 3 in spleen and liver. Data are mean ± SD (n = 6). *P < 0.01 vs 
normal control, #P < 0.01 vs Leukemic group.
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mouse prostate (TRAMP) mice.41 Increased levels of the transcription factor NF-κB were detected in the livers and 
spleens of leukemic control mice, supporting its role in leukemia development.42 However, ICT treatment suppressed 
NF-κB expression, reducing hematological and inflammatory cytokine levels. According to our findings, NF-κB 
suppression reduced hematological and inflammatory cytokines.43 However, in a social defeat paradigm in mice, ICT 
treatment lowers neuroinflammation by blocking NF-κB signaling in the hippocampus44 and inflammatory model using 
lipopolysaccharide and C57BL/6 J mice.44

The IL-6/JAK2/STAT3 pathway is critical in leukemia pathogenesis.45 This signaling cascade promotes the prolif-
eration and survival of plasma cells. In the present study, ICT modulated the JAK2/STAT3 pathway by reducing the 
expressions of JAK2, p-JAK2, STAT3, and p-STAT3 in spleen and liver tissues. Previous studies have also demonstrated 
that ICT impairs the Jak2/Stat3/Akt signal pathway and induces growth arrest in leukemia cells.46 ICT has shown 
promise as a potential treatment for renal cell cancer by reducing STAT3 activity.26

Figure 7 Immunofluorescence analysis of proteins in the JAK-STAT pathway in spleen sections from ENU-leukemia mice of (A) JAK2 (green) and p-JAK2 (red) staining, 
showing higher levels of JAK2 phosphorylation in ENU-leukemia mice compared to control mice., (B) STAT3 (green) and p-STAT3 (red) staining, indicating enhanced STAT3 
signaling in ENU-leukemia mice compared to control mice. Scale bar= 50 µm, Magnification= 400 ×.
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Leukemia can also alter the expression of Bcl-2 and Bax, which regulate mitochondrial function.47 ICT has been 
found to modulate the expression of these proteins, increasing Bax expression and decreasing Bcl-2 expression. This 
leads to a reduced Bcl-2/Bax ratio and may contribute to apoptosis induction. Similar effects have been observed in other 
cancer cell lines, such as endometrial cancer and breast cancer cells, where ICT treatment increased Bax expression and 
decreased Bcl-2 expression.48 In addition, ICT decreased Bcl-2 expression in MDA-MB-453 and MCF7 breast cancer 
cells.49 ICT has been found to modulate the expression of these proteins, increasing Bax expression and decreasing Bcl-2 
expression. This leads to a reduced Bcl-2/Bax ratio and may contribute to apoptosis induction. Similar effects have been 
observed in other cancer cell lines, such as endometrial and breast cancer cells, where ICT treatment increased Bax 
expression and decreased Bcl-2 expression.

Figure 8 Effect of ICT on apoptosis markers in ENU-induced leukemic mice (A) BCL-2; (B) BAX in spleen and liver. Immunohistochemistry results show protein distribution of 
Bax in (C) spleen and (D) liver. Data are mean ± SD (n = 6). *P < 0.01 vs normal control, #P < 0.01 vs Leukemic group. Scale bar= 50 µm, Magnification= 400 ×.
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Conclusion
In conclusion, the study investigated the effects of ICT in ENU-induced leukemic mice. ICT demonstrated anti- 
inflammatory effects at 10 and 20 mg/kg doses and exhibited potential therapeutic effects against leukemia by promoting 
apoptosis and inhibiting the IL-6/JAK2/STAT3 signaling cascades. Validation of the anti-inflammatory effects of ICT at 
these levels in leukemia patients requires more study. ICT, a compound isolated from the Epimedium genus, has 
demonstrated anticancer effects in several neoplasms, including hematological malignancies like leukemia, lymphoma, 
and multiple myeloma. It has cytotoxic effects by inducing apoptosis, stopping the cell cycle, blocking proliferation, 
encouraging differentiation, and reducing metastasis and infiltration. Critical cell signaling pathways, such as PI3K/Akt, 
JAK/STAT3, and MAPK/ERK/JNK, are involved in the underlying mechanisms. Icariin and its metabolite ICT have also 
demonstrated anti-inflammatory and immune-regulating effects, making them potential therapeutic agents for various 
diseases. Further research on drug delivery systems and treatment methods involving ICT and is warranted to explore 
their clinical applications.
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