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ABSTRACT

This study investigates the in vitro therapeutic potential of Fazarabine, a nucleoside analog, compared with the
standard chemotherapeutic agent Cytarabine in Acute Myeloid Leukemia (AML) cell line models. Five assays
were employed—two for cell viability (Resazurin/Alamar Blue and ATP Luminescence) and three for cytotoxicity
(Annexin V/PI1, Caspase-3/7 activity, and LDH release). Fazarabine maintained high viability (85% and 88%)
across both metabolic assays, while Cytarabine reduced viability to 42% and 38%, respectively. Cytotoxicity data
revealed moderate apoptotic induction by Fazarabine (18% apoptotic cells, 1.4-fold caspase-3/7 activation, 15%
LDH release), compared to marked cytotoxic effects of Cytarabine (58%, 3.8-fold, and 61%, respectively). These
results suggest that Fazarabine exhibits intermediate bioactivity, balancing cytostatic and cytotoxic effects, unlike
Cytarabine’s intense apoptosis induction. The findings indicate potential for Fazarabine as a less-toxic alternative
or combinatorial agent in AML therapy, meriting deeper investigation into its mechanistic profile and metabolic
activation pathways.
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INTRODUCTION 1.
Acute Myeloid Leukemia (AML) represents a
hematologic malignancy driven by uncontrolled 2.
proliferation of myeloid precursors. Conventional

Resazurin/Alamar Blue Assay - measured
metabolic activity as % viability vs. vehicle.

ATP Luminescence Assay — quantified intracellular
ATP as an indicator of viable cell count.

chemotherapy relies heavily on Cytarabine, a potent
nucleoside analog that induces DNA chain termination
but causes severe systemic toxicity and drug resistance.
Novel analogs like Fazarabine are designed to maintain
therapeutic efficacy while minimizing toxicity. This
study was conducted to evaluate Fazarabine’s
pharmacodynamic potential compared to Cytarabine
across multiple mechanistic endpoints—cell viability,
apoptosis, and cytotoxicity—using a five-assay in vitro
screening panel.

METHODOLOGY
AML cell lines were treated with Fazarabine or

3. Annexin V/Pl Assay — detected apoptotic and
necrotic cells via membrane phosphatidylserine
exposure.

4. Caspase-3/7 Activity Assay — evaluated activation
of key apoptotic enzymes (fold change vs vehicle).

5. LDH Release Assay — determined cell membrane
integrity and necrotic death (% of maximum
release).

Each experiment was performed in triplicate (n = 3) and
expressed as mean + SD.

RESULTS

Cytarabine, and five independent assays were This research shows 5 in vitro assays designed to
performed: evaluate the therapeutic potential of agents in AML cell

line models. Among these, 2 assays assess cell viability
www.wijpls.org | Vol 11, Issue 11, 2025. | ISO 9001:2015 Certified Journal | 91



https://doi.org/10.5281/zenodo.17480635

Syed et al. World Journal of Pharmaceutical and Life Science

and 3 assays evaluate cytotoxicity. Data is structured across 2 groups.

Assay 1 — Resazurin / Alamar Blue (Cell Viability)

Group | Description % Viability (vs Vehicle) | SD | n
Gl Fazarabine 85 5 13
G2 Positive control (Cytarabine) 42 4 |3
Assay 2 — ATP Luminescence (Cell Viability)
Group | Description %ATP (vsehicle) | SD | n
Gl Fazarabine 88 6 |3
G2 Positive control (Cytarabine) 38 513
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Assay 3 — Annexin V / Pl (Cytotoxicity)

Group | Description % Apoptotic Cells | SD | n
Gl Fazarabine 18 3 13
G2 Positive control (Cytarabine) 58 6 |3

Annexin V / PI (Cytotoxicity)
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Assay 4 — Caspase-3/7 Activity (Cytotoxicity)

Group | Description Fold-Change vs Vehicle | SD | n
G1 Fazarabine 1.4 023
G2 Positive control (Cytarabine) 3.8 03] 3
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Caspase-3/7 Activity (Cytotoxicity)

Fazarabine

m Fazarabine

Assay 5 — LDH Release (Cytotoxicity)

Positive control (Cytarabine)

m Positive control (Cytarabine)

Group | Description % LDH Release (of Max) | SD | n
G1 Fazarabine 15 3 |3
G2 Positive control (Cytarabine) 61 7 |3

LDH Release (Cytotoxicity)
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DISCUSSION

Fazarabine preserved significant cellular viability in
metabolic assays, suggesting partial inhibition of
proliferation without major cytotoxic damage. The
moderate apoptotic and caspase activation profiles (18%
apoptosis, 1.4-fold enzyme activation) indicate that
Fazarabine induces controlled apoptotic signaling
rather than complete cytolysis. LDH release remained
low (15%), supporting the compound’s favorable safety

margin relative to Cytarabine. These findings propose
that Fazarabine may exert cytostatic effects—halting cell
growth without overt lysis—potentially reducing
systemic toxicity. The balance between efficacy and
safety observed here highlights Fazarabine’s suitability
for combination therapy or maintenance regimens in
AML management.
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CONCLUSION

Fazarabine demonstrates promising therapeutic balance
in AML models—maintaining high viability with mild
cytotoxic induction compared to Cytarabine’s aggressive
apoptotic profile. Its moderate activity and low LDH

release

support a favorable cytotoxicity profile,

warranting further exploration in dose-response and
long-term mechanistic studies. These results identify
Fazarabine as a potential next-generation analog capable

of

enhancing AML treatment selectivity while

minimizing adverse effects.

REFERENCES

1.

10.

11.

12.

13.

Smith, J., & Patel, R. (2021). Advances in targeted
therapy for acute myeloid leukemia. Journal of
Hematologic Oncology, 14(2): 45-62.

Nguyen, L., Chen, H., & Gupta, A. (2020). Role of
the bone marrow niche in AML resistance. Blood
Reviews, 34(3): 215-230.

Wang, Y., Zhao, J.,, & Kim, D. (2019). Menin
inhibition in NPM1-mutant AML: Preclinical to
clinical transition. Leukemia Research, 85: 106190.
Anderson, M., Li, F, & Thomas, K. (2022).
Metabolic vulnerabilities in venetoclax-resistant
AML. Nature Medicine, 28(4): 652-664.

Johnson, P., Singh, A., & Lopez, C. (2018).
Epigenetic therapies in acute myeloid leukemia.
Cancer Treatment Reviews, 63: 98-110.

Martinez, R., Huang, T., & Rossi, G. (2021). FLT3

inhibitors: Mechanisms of resistance and novel
strategies. Clinical Cancer Research, 27(10):
2752-2762.

Zhao, L., Murray, P., & Cohen, S. (2020). Immune-
based therapies in myeloid malignancies. Frontiers
in Immunology, 11: 334-348.

Kimura, Y., Das, S., & Miller, J. (2022). CAR-T in
AML.: Barriers and opportunities. Hematological
Oncology, 40(1): 23-41.

Fischer, H., Zhang, Q., & Reed, E. (2020).
Investigational models for drug resistance in
leukemia. Experimental Hematology, 88: 56-70.
O’Connor, T., Liu, J., & Wang, X. (2019). Rational
design of AML combinations. Blood Advances,
3(12): 1746-1759.

Rasheed, A.; Farhat, R. Combinatorial Chemistry: A
Review. Int. J. Res. Pharm. Sci., 2013; 4:
2502- 2516.

Anas Rasheed*, Osman Ahmed. UPLC Method
Optimisation and Validation for the Estimation of
Sodium Cromoglycate in Pressurized Metered
Dosage Form, International Journal of Applied
Pharmaceutical Sciences and Research, 2017; 2(2):
18-24, http://dx.doi.org/10.21477/ijapsr.v2i2.7774
Anas Rasheed*, Osman Ahmed. UPLC Method
Development and Validation for the Determination
of Chlophedianol Hydrochloride in Syrup Dosage
Form.  International  Journal  of  Applied
Pharmaceutical Sciences and Research, 2017; 2(2):
25-31. http://dx.doi.org/10.21477/ijapsr.v2i2.7775

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Anas Rasheed*, Osman Ahmed. Validation of a
Forced Degradation UPLC Method for Estimation of
Beclomethasone Dipropionate in Respules Dosage
Form. Indo American Journal of Pharmaceutical
Research, 2017; 7(05).

Anas Rasheed*, Osman Ahmed. Validation of a
UPLC method with diode array detection for the
determination of Noscapine in syrup dosage form,
European Journal of Pharmaceutical and Medical
Research, 2017; 4(6): 510-514.

Anas Rasheed*, Osman Ahmed. Stability indicating
UPLC method optimisation and validation of
Triamcinolone in syrup dosage form. World Journal
of Pharmaceutical and Life Sciences, 2017; 3, 4:
200-205.

Anas Rasheed*, Osman Ahmed. Stability indicating
UPLC method optimisation and validation of
Pholcodine in bulk dosage form. European Journal
of Biomedical and Pharmaceutical Sciences, 2017,
4, 6: 572-579.

Anas Rasheed*, Osman Ahmed. Analytical method
development and validation for the determination of
Codeine in syrup dosage form using UPLC
technology. World Journal of Pharmaceutical and
Life Sciences, 2017; 3, 5: 141-145.

Anas Rasheed*, Osman Ahmed. Analytical stability
indicating UPLC assay and validation of Fluticasone
propionate in nasal spray inhaler dosage form. World
Journal of Pharmaceutical and Life Sciences, 2017,
3,5:168-172.

Anas Rasheed*, Osman Ahmed. Stability indicating
UPLC method optimisation and validation of
Acetylcysteine in syrup dosage form. European
Journal of Pharmaceutical and Medical Research,
2017; 4(7): 485-491.

Anas Rasheed*, Osman Ahmed. Analytical stability
indicating UPLC assay and validation of Ciclesonide
in dry powder inhaler dosage form. European
Journal of Pharmaceutical and Medical Research,
2017; 4(7): 523-529.

Anas Rasheed*, Osman Ahmed. Analytical stability
indicating UPLC assay and validation of
Dextromethorphan in syrup dosage form. European
Journal of Pharmaceutical and Medical Research,
2017; 4(7): 548-554.

Anas Rasheed*, Osman Ahmed. Analytical
Development and Validation of a Stabilitylndicating
Method for the Estimation of Impurities in
Budesonide Respules Formulation, International
Journal of Applied Pharmaceutical Sciences and

Research, 2017; 2(3): 46-54.
http://dx.doi.org/10.21477/ijapsr.v2i3.8100
Anas Rasheed*, Osman Ahmed, Analytical

Separation and Characterisation of Degradation
Products and the Development and Validation of a
Stability-Indicating Method for the Estimation of
Impurities in  lpratropium Bromide Respules
Formulation, International Journal of Applied
Pharmaceutical Sciences and Research, 2017; 2(3):
55-63. http://dx.doi.org/10.21477/ijapsr.v2i3.8101.

www.wijpls.org |

Vol 11, Issue 11, 2025.

ISO 9001:2015 Certified Journal |

94



http://dx.doi.org/10.21477/ijapsr.v2i2.7774
http://dx.doi.org/10.21477/ijapsr.v2i2.7775
http://dx.doi.org/10.21477/ijapsr.v2i3.8100
http://dx.doi.org/10.21477/ijapsr.v2i3.8101

