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Cyclophosphamide (CPA) is a widely used chemotherapeutic agent; 
however, its clinical utility is constrained by dose-dependent hepato-
toxicity. This study evaluated the hepatoprotective effects of dapagli-
flozin (DAPA), a sodium-glucose co-transporter 2 (SGLT2) inhibitor 
with known anti-inflammatory properties, in comparison to silymarin 
(SILY); a well-established hepatoprotective flavonoid. Fifty Wistar rats 
were randomly assigned to five groups: (i) negative control, (ii) vehicle 
control receiving 2% sodium carboxymethyl cellulose, (iii) CPA-treated 
(30 mg/kg/day), (iv) CPA + DAPA (3 mg/kg/day), and (v) CPA + SILY 
(200 mg/kg/day). All treatments were administered for ten consecutive 
days. CPA administration significantly elevated hepatic levels of tumor 
necrosis factor alpha (TNF-α; a pro-inflammatory cytokine), while re-
ducing interleukin-10 (IL-10; an anti-inflammatory mediator), thereby 
aggravating liver injury. DAPA was more effective than SILY in attenuat-
ing inflammation and restoring IL-10 levels. Furthermore, CPA marked-
ly increased expression of caspase-3 (a pro-apoptotic marker) and de-
creased B-cell lymphoma 2 (BCL-2; an anti-apoptotic protein), indicating 
enhanced apoptotic activity. Both DAPA and SILY ameliorated these ap-
optotic changes, with DAPA exerting a more pronounced anti-apoptot-
ic effect. In conclusion, DAPA demonstrated superior hepatoprotective 
efficacy compared to SILY, characterized by stronger anti-inflammatory 
and anti-apoptotic actions. These findings support the potential of DAPA 
as a therapeutic candidate for CPA-induced hepatotoxicity, warranting 
further investigation into its clinical applicability and possible synergis-
tic use in combination therapies.
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1. Introduction

Cyclophosphamide (CPA; an alkylating agent) is ex-
tensively employed in the treatment of various ma-
lignancies, including solid tumours, lymphomas, and 
leukaemia, as well as in non-neoplastic conditions 
such as rheumatoid arthritis and systemic lupus er-
ythematosus1. Despite its therapeutic efficacy, CPA’s 
clinical application is frequently limited by hepato-
toxicity associated with standard dosing regimens2. 
Evidence suggests that the CPA-induced liver inju-
ry is primarily mediated by oxidative stress, which 
contributes to mitochondrial damage and impaired 
cellular respiration. This cascade involves nucleic 
acid alterations, mitochondrial dysfunction, and ac-
tivation of multiple cytotoxic signalling pathways, 
ultimately provoking inflammatory responses3.

CPA undergoes hepatic metabolism to yield ac-
tive intermediates, including aldophosphamide and 
phosphoramide mustard. These metabolites inter-
act with DNA, inhibiting replication and promoting 
apoptosis4,5. Dapagliflozin (DAPA), a sodium-glucose 
co-transporter 2 (SGLT2) inhibitor, has been ap-
proved by the European Medicines Agency for the 
management of type 2 diabetes mellitus. Notably, 
DAPA confers nephroprotective effects against cyclo-
sporine A-induced renal toxicity in mice6. However, 
its potential hepatoprotective properties in rat mod-
els remain uninvestigated.

Milk thistle (Silybum marianum) seeds are a natural 
source of silymarin (SILY), a complex of flavonolig-
nans widely used in the treatment of both acute and 
chronic hepatic disorders. In several countries, SILY is 
also marketed as a dietary supplement. Its hepatopro-
tective activity is primarily attributed to antioxidant 
mechanisms, including free radical scavenging and 
iron chelation via phenolic hydroxyl groups. Numer-
ous studies have demonstrated that SILY effectively 
mitigates experimental liver injury induced by carbon 
tetrachloride, acetaminophen, ethanol, and CPA6–8.

This study was designed in order to examine the 
protective effects of DAPA and SILY against CPA-in-
duced hepatotoxicity in rats, with particular empha-
sis on biomarkers of inflammation, oxidative stress, 
and apoptosis.

2. Methodology

Adult male rats were procured from the animal fa-
cility of the College of Pharmacy of the University of 
Baghdad. Ethical approval for the study was grant-
ed by the College of Pharmacy (REC062463A / 2-3-
2024). Animals were randomly allocated into five 
experimental groups.

The negative control group received distilled water 
orally along with a standard diet. The vehicle control 
group was administered a 2% aqueous solution of 
sodium carboxymethylcellulose (Na+-CMC) via oral 
gavage for ten consecutive days, with dosage adjust-
ed according to body weight. The induction group 
received intraperitoneal (i.p.) injections of CPA at 
30 mg/kg/day for ten days. The DAPA-treated group 
received oral DAPA at 3 mg/kg/day, dissolved in Na+-
CMC, concurrently with CPA (30 mg/kg/day, i.p.) for 
ten days. The SILY-treated group received oral SILY 
at 200 mg/kg/day, also dissolved in Na+-CMC, along-
side CPA (30 mg/kg/day, i.p.) for ten days. All dosag-
es were adjusted based on individual body weight.

At 24 h after the final treatment (day 11), all ani-
mals were euthanized using diethyl ether and sacri-
ficed via cervical dislocation. The liver of each animal 
was promptly excised, rinsed with phosphate-buff-
ered saline (PBS; pH 7.4) at 4°C, and processed for 
subsequent analyses.

Inflammatory and anti-inflammatory cytokines, in-
cluding tumor necrosis factor alpha (TNF-α) and in-
terleukin-10 (IL-10), were quantified using quantita-
tive real-time reverse transcription polymerase chain 
reaction (qRT-PCR). Apoptotic and anti-apoptotic 
markers, specifically caspase-3 and B-cell lymphoma 
2 (BCL-2), were assessed via Western blot analysis.

Statistical analyses were performed using Graph-
Pad Prism version 8.3. Data are presented as mean 
± standard deviation (SD). One-way analysis of vari-
ance (ANOVA) followed by Tukey’s multiple compar-
ison test was applied. A p-value <0.05 was consid-
ered statistically significant.

3. Results and Discussion

CPA administration significantly elevated hepatic 
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TNF-α levels compared to both the negative con-
trol (4.316 ± 0.494 pg/mL vs. 1.649 ± 0.336 pg/mL; 
p<0.001) and the Na+-CMC-treated group (4.316 
± 0.494 pg/mL vs. 1.453 ± 0.248 pg/mL; p<0.001), 
indicating pronounced inflammation. Co-treatment 
with either DAPA or SILY significantly reduced TNF-α 
levels to 1.479 ± 0.120 pg/mL and 1.751 ± 0.249 pg/
mL, respectively (p<0.001), with no statistically sig-
nificant difference between the two interventions.

CPA exposure also led to a marked reduction in 
IL-10 levels relative to the negative control (0.18 ± 
0.069 pg/mL vs. 1.45 ± 0.417 pg/mL; p<0.001) and 
the Na+-CMC group (0.18 ± 0.069 pg/mL vs. 1.416 
± 0.391 pg/mL, p<0.001). DAPA treatment signifi-
cantly increased IL-10 levels to 2.41 ± 0.318 pg/mL 
(p<0.001), while SILY elevated them to 1.869 ± 0.621 
pg/mL (p<0.001), with DAPA showing a significantly 
greater effect than SILY (p<0.05).

CPA administration resulted in a substantial in-
crease in caspase-3 levels compared to the negative 
control (9.123 ± 0.791 ng/mL vs. 2.5 ± 0.577 ng/mL, 
p<0.001), indicating enhanced apoptotic activity. 
Both DAPA and SILY significantly reduced caspase-3 
levels to 1.31 ± 0.546 ng/mL and 1.44 ± 0.309 ng/
mL, respectively (p<0.001), with no significant dif-
ference between the two treatments or relative to 
the negative control (DAPA: 1.31 ± 0.546 ng/mL vs. 
2.5 ± 0.577 ng/mL; SILY: 1.44 ± 0.309 ng/mL vs. 2.5 
± 0.577 ng/mL).

Moreover, CPA exposure significantly decreased 
BCL-2 levels compared to the negative control (0.4 
± 0.058 ng/mL vs. 2.5 ± 0.577 ng/mL, p<0.01), sug-
gesting increased susceptibility to apoptosis. DAPA 
and SILY treatments restored BCL-2 levels to 3.825 
± 0.848 ng/mL and 2.91 ± 0.933 ng/mL, respective-
ly (p<0.001). No significant difference was observed 
between the DAPA and SILY groups (3.825 ± 0.848 
ng/mL vs. 2.91 ± 0.933 ng/mL), nor when compared 
to the negative control (DAPA: 3.825 ± 0.848 ng/mL 
vs. 2.5 ± 0.577 ng/mL; SILY: 2.911 ± 0.933 ng/mL vs. 
2.5 ± 0.577 ng/mL).

These findings indicate that both SILY and DAPA 
possess substantial therapeutic potential in miti-
gating CPA-induced hepatotoxicity by modulating 
inflammatory responses, restoring cytokine equi-

librium, and inhibiting apoptosis. DAPA appears to 
confer slightly superior anti-inflammatory bene-
fits, particularly in enhancing IL-10 expression. Its 
hepatoprotective effects may be attributed to SGLT2 
inhibition and modulation of oxidative stress-relat-
ed pathways, contributing to both anti-inflammatory 
and anti-apoptotic outcomes9. In contrast, SILY likely 
exerts its protective effects through membrane sta-
bilization and potent antioxidant activity, thereby 
reducing hepatic inflammation and apoptosis10. Col-
lectively, these results suggest that both agents may 
serve as effective adjuvant therapies for chemother-
apy-associated liver injury, with potential applica-
tions extending beyond CPA-induced hepatotoxicity.

4. Conclusion

Silymarin and dapagliflozin exhibit promising ther-
apeutic efficacy in attenuating CPA-induced hepa-
totoxicity: both compounds reduce hepatic inflam-
mation, restore cytokine homeostasis, and protect 
hepatocytes from apoptotic damage. SILY primarily 
acts through antioxidant and membrane-stabilizing 
mechanisms, whereas DAPA demonstrates more 
pronounced anti-inflammatory effects, particularly 
in upregulating IL-10. The hepatoprotective benefits 
of DAPA may be linked to its regulation of oxidative 
stress and inhibition of SGLT2.
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