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ABSTRACT

Background: Cyclophosphamide (Cy) is widely used in oncology and immunology for treating
cancers and severe autoimmune diseases. However, its clinical utility is limited by adverse effects
such asimmunosuppression, hematological alterations, oxidative stress, inflammation, and body
weight reduction. Therefore, identifying agents that can mitigate these toxicities is essential.
Objectives: To evaluate the protective and immunomodulatory effects of Pomiferin against
Cy-induced immunosuppression in male Swiss albino mice. Materials and Methods: Male Swiss
albino mice were divided into four groups: normal control, Cy-treated, and two pomiferin-treated
groups (5 mg/kg and 10 mg/kg). Cy was administered to induce immunosuppression. Parameters
assessed included spleen and thymus indices, hematological markers (RBC, WBC, platelet
counts), cytokine levels, immunoglobulins, oxidative stress markers, and antioxidant enzyme
activities. Results: Pomiferin treatment significantly restored spleen and thymus indices and
normalized hematological parameters. It reduced pro-inflammatory cytokines (TNF-a, IL-1(,
IL-6) while enhancing anti-inflammatory cytokine IL-12. Immunoglobulin levels (IgA, 19G, IgM)
were markedly improved. Additionally, pomiferin decreased oxidative stress markers (MDA,
NO) and enhanced antioxidant defences (CAT, SOD, GSH). Conclusion: Pomiferin demonstrates
significant protective effects against Cy-induced immunosuppression by modulating immune
responses and reducing oxidative stress. These findings suggest its potential as a therapeutic
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agent for improving immune tolerance and minimizing chemotherapy-induced toxicities.
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INTRODUCTION

The immune system refers to a collection of various cells,
chemicals, and processes that act as defense mechanisms to
protect the skin, respiratory tract, intestinal tract, and other
areas from foreign antigens, such as microbes, viruses, cancer
cells, and toxins.! To disrupt homeostasis, pathogens encounter
harsh environments within the host immune system.? Therefore,
immunomodulation of immune response could provide a new
approach to treating inflammatory and autoimmune diseases
associated with immunodeficiency, with ongoing collaboration
between clinics and basic research for a better understanding of
the complexity among individual immune system components
to identify potential new targets for more specific therapeutic
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interventions.’ Our immune system is composed of an interrelated
framework of lymphoid organs, cells, humoral factors, and
cytokines, to achieve immunological surveillance, defense from
outside threats, and regulatory functions, as well as to maintain
homeostasis in the body, as a protective factor.*

Cy is a well-known chemotherapeutic agent for the treatment
of numerous forms of cancers and autoimmune diseases
due to its potent immunosuppressive ability.’ Cy-induced
immunosuppression raises the risk of infections by thwarting the
development of the immune system.® Cy is a common cytostatic
agent used in malignant lymphoma (WBC become cancerous),
multiple myeloma (plasma cells become cancerous), breast
cancer, small cell lung cancer, etc., as well as in non-malignant
diseases, for example, rheumatoid arthritis and systemic
erythema for the treatment of lupus. Cy is commonly used as a
chemotherapeutic drug that leads to immunosuppression (bone
marrow suppression), leucopenia, and oxidative stress.”

There are synthetic drugs used for immunomodulatory effects,
but these drugs can harm patients and cause severe allergic
reactions, liver damage, and kidney failure. They can also interact
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with other medications, leading to serious side effects. Therefore,
promising drugs with minimal side effects should be investigated
for immunomodulatory effects. The immunomodulatory effects
of various natural compounds and plant extracts have been
meticulously examined in Cy-treated mice.® These agents have
demonstrated favourable outcomes to achieve homeostasis by
restoring the balance of immune cells and cytokines, thereby
optimizing the overall immune function and reducing the side
effects of Cy treatment.

Pomiferin is a prenylated isoflavone, a chemical obtained from
ethyl acetate extract from fruits of the plant named Maclura
pomifera, which is a member of the Moraceae family.” Pomiferin
has been demonstrated to have selective cytotoxicity towards
cancer cells.” Pomiferin possesses potent antioxidant properties,
enabling it to be an effective free radical scavenger. Pomiferin
has antioxidant and anti-inflammatory effects' and is a potential
natural substance for circumventing multi-drugresistance cancers.
Such immunomodulating agents act as immunostimulants to
enhance the ability to fight against immunosuppressants like
Cy to prevent the damage. However, immunomodulators act as
either stimulants or suppressants of the immune response.

Regardless of pomiferin's therapeutic action, its effects on
Cy-induced immunosuppression have not been thoroughly
studied. This study aims to fill this research area by analyzing
pomiferin's immunomodulatory and antioxidant effects in a
Cy-induced immunosuppressed mouse model. Specifically in the
mitigation of the immunosuppressive effects of Cy by restoring
immune organ function, enhancing hematopoiesis, modulating
cytokine profiles, and boosting antioxidant defenses. However,
this investigation suggests new insights into the therapeutic use
of pomiferin as a complementary treatment to alleviate the side
effects of Cy, thereby improving the possible outcomes for patients
undergoing chemotherapy. This design was intentionally selected
to mimic a clinically relevant scenario, where treatment is given
after the onset of drug-induced immunotoxicity rather than as a
preventive measure. Therefore, the observed effects of pomiferin
reflect its therapeutic potential in reversing Cy-induced immune
and inflammatory disturbances.

MATERIALS AND METHODOS

Chemicals

Cy and pomiferin (298%) were procured from MSW Pharma,
India. TNF-a (MBS9501927), IL-1p (MBS824958), IL-4
(MBS2504956), IL-6 (MBS730957), and immunoglobulin G
(IgG-MBS9135944), IgA (MBS2018930), and IgM (MBS9135874)
were quantified using an ELISA kit obtained from MyBioSource,
Inc., USA.

Animals

The male Swiss albino mice (20-25 g) were randomly separated
into four groups; each kept individually in polypropylene
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cages. The temperature in the animal facility was maintained
at 22+0.5°C. The food and water were provided ad libitum to
the mice during the entire experiment. The whole process was
carried out as per the protocol approved by the Institutional
Animal Ethics Committee (IAEC) and the ARRIVE animal
research standard.

Acute Toxicity Study

The acute oral toxicity (LD,) of pomiferin was assessed
in accordance with OECD Test 423.2 The compound was
administered to rats via oral gavage at doses of 5 and 10 mg/kg
body weight, following standard protocols for toxicity studies.”
The pharmacokinetic properties and ADMET profile of pomiferin
were subsequently predicted using the pkCSM computational
framework."*

Experimental Design

Mice were randomly assigned to 4 groups, with 6 mice per
group (i.e., n=6 per group). Group I was assigned as the normal
control, receiving oral saline solution daily from days 1 to 10.
Group II(Cy-treated) was the immunosuppression model group,
receiving intraperitoneal Cy at 80 mg/kg body weight on days 1
to 3 to induce immunosuppression.'> Groups III and IV were
the drug-treated groups, receiving co-administration of Cy (80
mg/kg intraperitoneal) (i.e., Cy + Pomiferin 5 mg/kg and Cy +
Pomiferin 10 mg/kg, respectively) on days 1 to 3, followed by
oral administration of the pomiferin at 5 mg/kg (Group III)
or 10 mg/kg (Group IV) daily from days 4 to 10."* On the 11™*
day of the experiment, all mice were sacrificed and euthanized
by the cervical dislocation method (Figure 1). Their spleens and
thymuses were promptly excised, collected and preserved for
further analysis to determine the immunomodulatory potential
of the drug against Cy-induced immunosuppression.

Immune Organ Index estimation

Following the established protocol, the spleen and the thymus
were dissected, then weighed separately. The immune organs
index was determined by using the formula as follows:

Spleen index or Thymus index= weight of spleen or thymus +
body weight

Biochemical Estimation
Hematological Analysis

The hematological indices, including total counts of RBC, WBC,
Haematocrit (HCT), Haemoglobin (Hb), and Platelets (PLT) as
key components of the immune system were investigated using
an automated hematology analyzer. Wright's staining technique
was employed to facilitate differential cell counting to further
determine the WBC population.
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Determination of oxidative and antioxidant enzyme
parameters

The
phosphate-buffered

tissue specimen was homogenized in 50 mL of
saline (PBS, pH 7.4).

homogenate was centrifuged at 12,000 rpm for 10 min at 4°C. The

The resulting

supernatant collected at this step was used to quantify SOD, CAT,
reduced GSH, and MDA levels. All biochemical parameters were
determined using assays with procedures conducted in strict
accordance with the manufacturer’s protocols."

Determination of Nitric Oxide (NO)

Serum NO levels were measured using a colorimetric nitric oxide
assay kit according to the manufacturer's instructions. Standards,
a sample blank, and 85 uL of each serum sample were added to
a microtiter plate. The assay had two steps. First, 5 uL of nitrate
reductase and cofactor were added to the sample and standard
wells, and the mixture was incubated for 60 min to convert nitrate
to nitrite. After adding 5 pL of enhancer, the plate was incubated
for 10 min. Second, 50 pL of Griess reagent was added to produce
a purple compound from nitrite. Absorbance was read at 450

nm."

Cytokine and immunoglobulin estimation

ELISA was employed to measure the serum levels of TNF-a,
IL-1B, IL-6, IL-12, IgA, IgG, and IgM. The Mouse ELISA Kit
facilitated the quantitative analysis of these markers in serum
samples, following the manufacturer’s instructions. Detection

Days 1 2 3 4
] ] I 1 ]

involved a solid-phase sandwich immunoassay, with specific
antibodies pre-coated on microwells that captured the target
proteins for measurement. Results are expressed in pg/mL.*®

Statistical Analysis

The data acquired from various parameters, such as cytokine
levels, hematological indices, as well as immunological organ
indices, were examined using an ideal statistical approach.
Tukey’s post hoc test was used to compare the groups, while
a one-way ANOVA was used with post hoc tests to discover
group differences. A p-value <0.05 suggests that the observed
differences were not random but rather significant. This verified
the immunomodulatory effects of the medication in the setting of
Cy-induced immunosuppression.

RESULTS

Acute toxicity study

Pomiferin demonstrates a significant capacity to mitigate
Cy-induced organ damage in mice by suppressing oxidative stress
and lipid peroxidation. Its high predicted intestinal absorption
of 96.6% ensures systemic availability, while its lack of inherent
hepatotoxicity makes it a suitable candidate for counteracting
chemotherapy-induced injury. Given its low acute toxicity and
high LD, value, pomiferin provides a broad therapeutic window
for cytoprotection. These properties support its role in preserving
tissue architecture and enhancing antioxidant defenses against
the toxic side effects of Cy (Table 1).

6 7 8 9 10 dead
1 1 1 1 1 L

Saline solution

Cyclophosphamide
80 mg/keg

Pomiferin 5 mg/kg +
Cy 80 mg/kg

Pomifern 10 me/ke + - g

Cy 80 mg/kg

[ | Blank

Mormal oral saline

[ | Intraperitoneal Cyclophosphamide 80 mg/kg

B Pomiferin 5 mg/kg per oral administration

[ | Pomiferin 10 mg/kg per oral administration

Figure 1: Experimental Design.
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Effect of pomiferin on immune organ indices

Cy is a chemotherapeutic drug that exhibits immunosuppressive
effects, including reduced body weight and impaired immune
organ indices in animal models (Figures 2A, 2B). Compared to
the control group, Cy administration significantly reduced both
thymus and spleen indices (organ weight/body weight). The body
weight of mice in pomiferin-induced therapy was higher than that
of Cy-induced mice. Therefore, these findings show a restoration
from weight loss in the Cy-induced immunosuppressed mice.

Notably, treatment with pomiferin at 5 and 10 mg/kg significantly

increased both the spleen [F (3,20)=5.318, p=0.0011] and thymus
indices [F (3, 20)= 10.71, p<0.0001].

Hematological parameters

Treatment with pomiferin exhibited promising improvements
in various hematological parameters, including WBC, RBC,
HCT, Hb, and PLT in a mice model of Cy-administered
immunosuppression (Figures 3A-3E). In comparison with the
normal control group, Cy administration significantly reduced
the WBC, RBC, HCT, Hb, and PLT, this reduction caused severe
immunosuppression. Notably, pomiferin treatment at both doses

Table 1: Acute oral toxicity study observations after treatment with an oral dose of pomiferin.

Model Name
Water solubility

Property
Absorption
Caco2 permeability

Intestinal absorption (human)
Skin Permeability
P-glycoprotein substrate
P-glycoprotein I inhibitor
P-glycoprotein II inhibitor
VDss (human)

Fraction unbound (human)

Distribution

BBB permeability

CNS permeability

CYP2D6 substrate

CYP3A4 substrate

CYP1A2 inhibitor

CYP2C19 inhibitor

CYP2C9 inhibitor

CYP2D6 inhibitor

CYP3A4 inhibitor

Total Clearance

Renal OCT?2 substrate

AMES toxicity

Max. tolerated dose (human)
hERG I inhibitor

hERG II inhibitor

Oral Rat Acute Toxicity (LD,,)
Oral Rat Chronic Toxicity (LOAEL)
Hepatotoxicity

Metabolism

Excretion

Toxicity

Skin Sensitisation
T. pyriformis toxicity

Minnow toxicity

Predicted Value Unit

-3.67 Numeric (log mol/L)
0.655 Numeric

(log Papp in 10°° cm/s)
96.598 Numeric (% Absorbed)
-2.735 Numeric (log Kp)
Yes Categorical (Yes/No)
Yes Categorical (Yes/No)
Yes Categorical (Yes/No)
0.358 Numeric (log L/kg)
0 Numeric (Fu)
-1.159 Numeric (log BB)
-1.831 Numeric (log PS)
No Categorical (Yes/No)
Yes Categorical (Yes/No)
Yes Categorical (Yes/No)
Yes Categorical (Yes/No)
Yes Categorical (Yes/No)
No Categorical (Yes/No)
No Categorical (Yes/No)
0.11 Numeric (log ml/min/kg)
No Categorical (Yes/No)
No Categorical (Yes/No)
0.232 Numeric (log mg/kg/day)
No Categorical (Yes/No)
Yes Categorical (Yes/No)
2.452 Numeric (mol/kg)
1.72 Numeric (log mg/kg bw/day)
No Categorical (Yes/No)
No Categorical (Yes/No)
0.314 Numeric (log ug/L)
0.974 Numeric (log mM)

ADMET, absorption, distribution, metabolism, excretion, and toxicity; BBB, blood-brain barrier; CNS, central nervous system; CYP, cytochrome; hERG, human
ether-a-go-go gene; LDso, lethal dose 50; OCT?2, organic cation transporter 2; VDss, volume of distribution.
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Figure 2: A-B: Effect of pomiferin on bodyweight and immune organs index (A) Spleen index (mg/kg) and (B) Thymus index (mg/kg) in Cy-induced
immunosuppressive mice.One ANOVA followed by Tukey's test post hoc (n=6). #p<0.001 vs. normal control, * p<0.05, ** p<0.001 Vs 3-Cyclophosphamide

significantly reversed these declines, leading to remarkable
increases in WBC [F (3, 20)= 10.10, p=0.0003], RBC [F (3, 20)=
9.142, p=0.0005] counts, Hb [F (3, 20)= 6.663, p=0.0027], PLT [F
(3, 20)= 8.780, p=0.0006] and HCT [F (3, 20)= 11.69, p=0.0001]
than the Cy group.

Estimation of oxidative and antioxidant enzyme
parameters

Cy is both a therapeutic agent and a source of oxidative stress
leading to cellular damage. Cy administration led to an oxidative
injury characterized by a rise in MDA and a subsequent drop in
antioxidant enzyme values (CAT, SOD, and GSH) on comparing
with the control normal group. The pomiferin treatment at both
doses (5 and 10 mg/kg) in the Cy-induced group significantly
reduced the MDA level [F (3, 20)= 26.02, p<0.0001], while GSH
[F (3, 20)= 6.919, p=0.0022] CAT [F (3, 20)= 5.936, p=0.0046],
and SOD [F (3, 20)= 10.05, p=0.0003] were greatly boosted,
compared with the Cy-induced group (Figures 4A-4D).

NO estimation

Figure 5 illustrates the impact of pomiferin on NO levels. Spleens
from Cy-injected mice exhibited significantly elevated NO levels
compared to the control group. Remarkably, pomiferin treatment
at both doses (5 and 10 mg/kg) reversed this effect, leading to a
substantial reduction in NO levels which effectively counteracted
oxidative stress [F (3, 20)= 13.76, p<0.0001].

Effect on cytokines levels

Cy treatment significantly altered the expression of various
cytokines, including TNF-a, IL-1B, IL-6, and IL-12, in the animals

1610

group.

(Figures 6A-6D). Notably, administration of pomiferin at both
doses (5 and 10 mg/kg) significantly inhibited the levels of those
cytokines to levels comparable to the control group: TNF-a [F (3,
20)= 14.87, p<0.0001], IL-1B [F (3, 20)=18.24, p<0.0001], IL-6 [F
(3, 20)= 16.21, p<0.0001] and IL-12 [F (3, 20)= 30.73, p<0.0001].

Effect on immunoglobulin levels

Figures 7A-7C demonstrates the effect of Cy on immunoglobulin
IgA, IgG, and IgM antibody levels in the immunosuppressed
animal model. Cy treatment significantly reduced IgA, IgG, and
IgM levels in comparison with the control group. However, the
administration of pomiferin led to a substantial recovery of those
antibodies at both doses (5 and 10 mg/kg), resulting in a marked
increase in IgA [F (3, 20)= 13.04, p<0.0001], IgG [F (3, 20)=9.709,
p=0.0004] and IgM levels [F (4, 25)= 6.802, p=0.0008] compared
to the Cy group.

DISCUSSION

To study the immune system is of great importance for the
development of new drugs.” Nevertheless, there is limited
research associated with its effectiveness in immunosuppressive
conditions. Cy is an immunosuppressive alkylating compound
commonly employed as an anticancer drug, shown to have
cytotoxic effects resulting in oxidative stress.” Our work
therapeutic  effect
and pomiferin dosage under conditions of Cy-induced

demonstrated a correlation between
immunosuppression in mice. The immunomodulatory effects of
pomiferin in Cy-treated mice highlight its ability to mitigate the
adverse effects of Cy-induced immunosuppression. In line with
existing literature, Cy treatment resulted in a marked reduction
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Figure 3: A-E: Effect of pomiferin on hematological parameters (A) WBCs, (B) RBCs, (C) Hb, (D) platelets and (E) HCT, in all experimental groups of Cy-induced mice.
One ANOVA followed by Tukey's test post hoc (n=6). # p<0.001 vs. normal control, * p<0.05, ** p<0.001 Vs 3-Cyclophosphamide group.
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Figure 4: A-D: (A) MDA level, (B) GSH activity (C) CAT level and (D) SOD activity in different experimental groups on treatment with pomiferin in Cy-induced
immunosuppressed mice compared with normal. One ANOVA followed by Tukey's test post hoc (n=6). # p<0.001 vs. normal control, * p<0.05, ** p<0.001, **
*p<0.0001 Vs 3-Cyclophosphamide group.

in immune organ indices, particularly affecting the spleen and
thymus, both of which play crucial roles in immune response and
overall health.

Cy can contribute to atrophy, weight loss, and hematopoietic
impairment in experimental animals, which, in turn, results in
immunosuppression. As a result, the spleen and thymus indices

1612

are typically used as precursors of immune health indicators in
pursuit of an immune-enhancing medium. The spleen constitutes
one of the most significant lymphoid tissues in the body, and it
is a complex organ that is responsible for blood purification,
removing broken-down or damaged red blood cells,” while the

thymus provides immune surveillance and protection against
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pathogens, tumors, and tissue damage.?? The existing study
revealed that pomiferin treatment successfully restored immune
organ indices to near-normal levels, an effect likely attributed to its
antioxidant and anti-inflammatory properties,” which promotes
the structural integrity and functionality of immune tissues. The
administration of pomiferin, an immunomodulator, has enough
potential to augment the mass of these immune organs.

Cy treatment markedly reduced the count of hematological
parameters, RBC, WBC, Hb, and platelets,* indicating
bone marrow suppression and impaired immune function.
Hematological assessments in this study demonstrated that
pomiferin improved these parameters, facilitating hematopoietic
recovery. This recovery may be attributed to pomiferin's ability to
reduce oxidative stress and inflammation. The increase in WBC
counts, particularly lymphocytes, underscores pomiferin’s role in
enhancing the adaptive immune response, while its regulation of
neutrophil levels reflects a balanced innate immune response.

Meanwhile, Cy significantly declined the strength of antioxidants
(GSH) and enzymes (CAT and SOD), and a rise in MDA
compared to the control, indicating lipid peroxidation and
oxidative damage.”” The mice treated with pomiferin showed
reduced oxidative stress and restored endogenous antioxidant
levels after the introduction of Cy-induced treatment. This
pomiferin-induced restoration of antioxidant levels enhances
defense mechanisms against Cy-induced oxidative stress.
Therefore, pomiferin treatment reduced MDA levels and restored
the activities of key antioxidant enzymes such as CAT and SOD,

6

NO (umol/g)

thereby enhancing the body’s antioxidant defenses. Additionally,
the restoration of GSH levels further supports pomiferin's role
in maintaining redox homeostasis and protecting cells from
oxidative damage.

The study further explored the role of oxidative stress in
Cy-induced immunosuppression. Cy administration elevated
Nitric Oxide (NO) levels, signaling increased oxidative stress and
inflammation in the spleen. Nitric oxide is a gaseous free radical
substance that is formed in living cells during its synthesis, and
in higher concentrations, it can become cancerous and promote
tumor growth.”® Treatment with pomiferin reduced NO levels,
suggesting that its antioxidant properties mitigated oxidative
stress and protected immune organs from Cy-induced damage.

Cytokine molecules are essential regulators of immune
responses, released by inflammatory cells and involved in various
functions,”” and were significantly affected by Cy treatment, which
elevated pro-inflammatory cytokines (TNF-a, IL-1pB, and IL-6)
and reduced the anti-inflammatory cytokine IL-12, disrupting
immune regulation.”® Extreme activation of TNF-a signaling has
been linked to chronic inflammation and can eventually lead
to clinical repercussions, such as autoimmune diseases.”” IL-6
has multiple roles in host defense and in human disease, from
autoimmunity to cancer.” Dysregulation and elevated levels of
IL-6 have been found in severe infections, such as sepsis and
viral infections.”® Pomiferin at both doses effectively normalized
these cytokine levels by reducing pro-inflammatory markers
(TNF-q, IL-1f, and IL-6) and increasing IL-12, demonstrating

Figure 5: Effect of pomiferin on NO level in Cy-induced immunosuppressed mice compared with normal group. One ANOVA followed by Tukey's test post hoc
(n=6). #p<0.001 vs. normal control, * p<0.05, ** p<0.001 Vs 3-Cyclophosphamide group.
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Figure 6: A-D: Effect of pomiferin on (A) TNF-q, (B) IL-13, (C) IL-6, and (D) IL-12 levels in Cy-induced immunosuppressed mice compared with the normal group.
One ANOVA followed by Tukey's test post hoc (n=6). #p<0.001 vs. normal control, * p<0.05, ** p<0.001 Vs 3-Cyclophosphamide group.
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Figure 7: A-C: Effect of pomiferin on (A) IgA, (B) IgG, and (C) IgM levels in Cy-induced immunosuppressed mice compared with the normal group. One ANOVA
followed by Tukey's test post hoc (n=6). #p<0.001 vs. normal control, * p<0.05, ** p<0.001 Vs 3-Cyclophosphamide group.

its anti-inflammatory properties. This suggests that pomiferin
restores immune balance and helps alleviate inflammation

associated with Cy-induced immunosuppression.

Immunoglobulins such as IgA, IgG, and IgM perform various
functions, determined by their structural variations. IgA is
present in many bodily secretions, such as respiratory, tears,
saliva, intestinal secretions, and colostrum.” IgG is majorly

present in blood and tissue fluids; it provides some extent of

Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 4, Oct-Dec, 2026

immunity to the fetus.”® IgM is particularly effective at attaching
to antigenic receptors placed on the outer membrane of bacteria
to agglutinate or clump the microorganism.* However, pomiferin
enhanced or regulated the production of immunoglobulins
(IgA, IgG, IgM). As pomiferin possesses strong antioxidant
and anti-inflammatory properties, it improves the condition by
balancing immune cells, reducing inflammation, and possibly
enhancing humoral immunity by producing antibodies such as
IgA, IgG, and IgM.
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Although Cy is widely used as an immunosuppressive and
chemotherapeutic agent, its side effects can be severe. The
immunoprotective effects of pomiferin against Cy-induced
suppression are mediated through the coordinated modulation
of cytokine signaling, antioxidant defense, and hematopoietic
recovery. By stabilizing spleen and thymus indices, pomiferin
preserves the structural integrity of primary and secondary
lymphoid organs, which are essential for immune cell maturation.
At the molecular level, pomiferin suppresses the overproduction
of pro-inflammatory cytokines, including TNF-a, IL-1p, and
IL-6, while simultaneously enhancing IL-12 expression. This
shift in the cytokine profile promotes a more balanced immune
environment and facilitates the recovery of immunoglobulin
levels, specifically IgA, IgG, and IgM, thereby restoring humoral
immunity.

Furthermore, pomiferin mitigates the oxidative damage inherent
to Cy metabolism. It significantly reduces the accumulation of
malondialdehyde and nitric oxide, markers associated with lipid
peroxidation and nitrosative stress. This reduction is accompanied
by upregulation of endogenous antioxidant enzymes, such as
superoxide dismutase and catalase, and by replenishment of
reduced glutathione. By neutralizing reactive oxygen species,
pomiferin protects hematopoietic precursors, as evidenced by
the normalization of red blood cell, white blood cell, and platelet
counts. These combined antioxidant and immunomodulatory
mechanisms underscore pomiferin's ability to enhance immune
tolerance and alleviate systemic toxicity associated with
chemotherapy. While these results are promising, the study has
certain limitations. To fully understand the signaling pathways
involved, future research will need to confirm these mechanisms
using different experimental models (e.g., transgenic or knockout
mice), genetic analyses (e.g., RT-qPCR for mRNA expression),
Western blot analysis, and histopathological examination.

The clinical utility of pomiferin stems from its ability to address the
dose-limiting toxicities of Cy, specifically myelosuppression and
systemic inflammation. By stabilizing hematological parameters
and restoringimmunoglobulin production, pomiferin may reduce
the risk of opportunistic infections and treatment interruptions in
patients undergoing chemotherapy. Ultimately, pomiferin offers a
strategic pathway for improving patient outcomes by balancing
the potent effects of immunosuppressive therapy with enhanced
physiological protection.

CONCLUSION

Pomiferin shows significant potential as a therapeutic agent to
mitigate Cy-induced immunosuppression and systemic toxicity.
Through its dual capacity to normalize cytokine profiles and
bolster endogenous antioxidant defenses, the compound
effectively restores lymphoid organ integrity and hematological
stability. The marked recovery of immunoglobulin levels and
the reduction of oxidative stress markers highlight its efficacy
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in maintaining immune homeostasis. Given its favorable safety
profile and low predicted acute toxicity.
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