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INTRODUCTION:

Chemotherapy continues to play a fundamental role in 

the  management  of  acute  lymphoblastic  leukemia 

(ALL) and various other hematological malignancies. 

However, conventional small-molecule chemothera-

peutic  agents  are frequently associated with inade-

quate  tumor selectivity,  rapid elimination from the 

systemic  circulation,  and  substantial  toxicity  to 

healthy tissues. Vincristine (VCR), a vinca alkaloid 

that  exerts  its  anticancer activity primarily through 

disruption of microtubule dynamics, is an important 

component  of  therapy  for  lymphoid  leukemias.[1] 

Despite its therapeutic efficacy, the clinical applica-

tion of VCR is restricted by dose-related neurotoxic-

ity, pharmacokinetic variability, and drug resistance 

mechanisms involving efflux transporters such as P-

glycoprotein (P-gp). In recent years, nanotechnology-

based drug delivery systems, particularly polymeric 

nanoparticles, have attracted considerable interest as 

a means of addressing these limitations. Such systems 

can  alter  the  biodistribution  of  therapeutic  agents, 

provide  controlled  and sustained  drug release,  and 

permit  surface modification for  targeted delivery.[2] 

Among biodegradable polymers, poly (lactic-co-gly-

colic  acid)  (PLGA)  has  been  extensively  explored 

because of its favorable biocompatibility, biodegrad-

ability, and established regulatory acceptance. These 

properties make PLGA a suitable carrier for the de-

livery of anticancer drugs, including vincristine. Ac-

cordingly, this review examines VCR-loaded PLGA 

nanoparticles as a promising drug-delivery approach 

for improving leukemia therapy,  with emphasis  on 

formulation strategies, pharmacological mechanisms, 

and key translational considerations.[3]

Leukemia: overview  

What is Leukemia?

Leukemia comprises a group of hematological ma-

lignancies characterized by the uncontrolled prolifer-

ation  of  abnormal  white  blood  cells  in  the  bone 
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marrow and peripheral blood. It is classified into acute 

forms, such as acute lymphoblastic leukemia (ALL) 

and  acute  myeloid  leukemia  (AML),  and  chronic 

forms,  including  chronic  lymphocytic  leukemia 

(CLL) and chronic myeloid leukemia (CML). ALL, 

the most common leukemia in children, involves the 

accumulation  of  immature  lymphoid  cells  (lym-

phoblasts) and generally requires intensive combina-

tion chemotherapy.[1,8]

Figure 1: Skin Condition in Leukemia

Key Features of Leukemia

 Bone  Marrow  Infiltration: Leukemic  blasts 

accumulate in the bone marrow, suppressing nor-

mal hematopoiesis and leading to anemia, throm-

bocytopenia, and neutropenia.

 Circulating Malignant Cells: Unlike solid tu-

mors, leukemic cells circulate in peripheral blood 

and  infiltrate  bone  marrow  and  other  tissues, 

complicating selective drug delivery.

 Multidrug Resistance (MDR): Overexpression 

of efflux transporters, such as P-glycoprotein (P-

gp),  reduces  intracellular  vincristine  accumula-

tion and may contribute to treatment failure.

 Relapse  and  Minimal  Residual  Disease 

(MRD): Residual leukemic cells persisting after 

treatment may cause relapse, necessitating further 

therapy and,  in  some cases,  prolonged mainte-

nance treatment.

 Treatment-Related  Toxicity: Conventional 

chemotherapy, including vincristine, may cause 

neurotoxicity  and  myelosuppression,  limiting 

treatment  intensity  and  adversely  affecting  pa-

tients’ quality of life.[1,8]

Drug profile:

1. General Information

• Drug name: Vincristine sulfate (VCR)

• Chemical name: 22-Oxovincaleukoblastine sulfate

• Molecular formula: C₄₆H₅₆N₄O₁₀·H₂SO₄

• Molecular weight: ~923 g/mol (as sulfate salt)

• Class: Vinca alkaloid, antineoplastic agent (micro-

tubule inhibitor)

• Indications: Acute lymphoblastic leukemia (ALL), 

non-Hodgkin  lymphoma,  Hodgkin  lymphoma, 

and selected malignancies as part of combination 

chemotherapy

• Route: Intravenous (IV) only; vesicant (avoid ex-

travasation).

•  Key  toxicities: Vincristine  causes  dose-limiting 

peripheral and autonomic neuropathy, constipa-

tion, and myelosuppression (generally less pro-

nounced  than  with  vinblastine).  Its  vesicant 

properties can also cause tissue injury if extrava-

sation occurs.[1]

Figure 2: Vincristine Derived from Catharanthus 

Roseus
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Figure 3: Structure of Vincristine

2. Biological Source

 Plant source: Catharanthus roseus (syn.  Vinca 

rosea),  commonly  known  as  Madagascar  peri-

winkle. 

 Family: Apocynaceae.

 Part used:  Leaves (primary source of vinca al-

kaloids).

 Geographical origin: Native to Madagascar and 

cultivated  in  India,  Africa,  and  other  tropical 

regions for alkaloid production.

 Other alkaloids from same plant: Vinblastine, 

vincristine,  vinleurosine,  vinrosidine,  and  aj-

malicine.[1]

3. Phytoconstituents of Catharanthus roseus 

Catharanthus  roseus  contains  more  than  130  alka-

loids, among which vincristine and vinblastine are the 

most clinically significant.

 Vincristine (VCR): An antimitotic vinca alka-

loid used to treat leukemia and lymphoma.

 Vinblastine (VLB): An anticancer alkaloid used 

in  Hodgkin  lymphoma,  testicular  cancer,  and 

other malignancies.

 Vindesine and vinorelbine: Vinca alkaloid de-

rivatives with anticancer activity against various 

malignancies.

 Ajmalicine: An indole alkaloid with vasodilatory 

and antihypertensive properties.

 Catharanthine and vindoline: Precursor  alka-

loids involved in the biosynthesis of vincristine 

and vinblastine.

 Other compounds: Flavonoids, terpenoids, and 

phenolic acids, which may contribute to antioxi-

dant and anti-inflammatory activities.[1]

4. Biotechnological Approaches

 Plant cell culture: In vitro cultures of C. roseus 

can produce vinca alkaloids, although yields are 

often limited.

 Metabolic engineering: Genetic modification of 

biosynthetic  pathways  may  enhance  catharan-

thine and vindoline production.

 Microbial production: Engineered yeast or bac-

teria expressing key biosynthetic enzymes offer a 

potential  alternative  for  vinca  alkaloid  produc-

tion.[1]

5. Pharmacological Action of Vincristine

Vincristine (VCR) exerts its antineoplastic effect by 

binding to the β-subunit of tubulin at the vinca-bind-

ing site, thereby inhibiting microtubule polymeriza-

tion  and  mitotic  spindle  formation.  This  leads  to 

metaphase arrest and apoptosis, particularly in rapidly 

dividing leukemic cells. VCR may also disrupt mi-

crotubule-dependent  intracellular  transport  and sig-

naling.  However,  P-glycoprotein  (P-gp/ABCB1)-

mediated drug efflux can reduce intracellular VCR 

levels and contribute to multidrug resistance (MDR). 

PLGA nanoparticles may help overcome these limi-

tations by enhancing cellular uptake, protecting VCR 

from premature degradation, and enabling co-delivery 

of P-gp modulators.[1,3]

Pharmacological activities of vincristine:

1. Antimitotic / Anticancer Activity

 Primary mechanism: Vincristine binds to the β-

subunit of tubulin at the vinca-binding site, in-

hibiting tubulin polymerization and microtubule 

assembly.

 Cell-cycle effect: Disruption of microtubule for-

mation prevents mitotic spindle assembly, result-

ing in metaphase (M-phase) arrest.

 Outcome: Prolonged mitotic  arrest  can induce 

apoptosis,  particularly  in  rapidly  proliferating 

malignant cells.

 Clinical  relevance: This  mechanism  supports 

vincristine use in combination chemotherapy for 
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leukemia  and  lymphoma,  including  induction 

regimens and selected maintenance protocols.[1]

2. Antileukemic Activity

 Target  cells: Primarily  lymphoblasts  in  ALL; 

vincristine  is  also  used  in  selected  AML regi-

mens.

 Effect: Promotes apoptosis and may reduce the 

percentage of leukemic blasts in bone marrow.

 Combination synergy: Enhances treatment effi-

cacy  when  combined  with  corticosteroids,  an-

thracyclines,  and  asparaginase  in  multi-agent 

regimens.

 Nanomedicine relevance: PLGA-based delivery 

systems aim to increase intracellular VCR con-

centrations  in  leukemic cells  while  minimizing 

systemic toxicity.[1]

3. Antilymphoma Activity

 Hodgkin lymphoma: Vincristine may be used in 

selected  alternative  or  salvage  treatment  regi-

mens.

 Non-Hodgkin lymphoma (NHL): It  is  an im-

portant component of combination regimens such 

as CHOP and R-CHOP.

 Mechanism: Vincristine  disrupts  microtubule 

formation, causing mitotic arrest and promoting 

apoptosis in malignant lymphocytes.

 Clinical outcome: In combination therapy, vin-

cristine  contributes  to  treatment  response  and 

remission.[1]

4. Antimitotic Activity in Solid Tumors

 Pediatric  solid tumors: Vincristine  is  used in 

combination  regimens  for  Wilms’  tumor,  neu-

roblastoma, rhabdomyosarcoma, and Ewing sar-

coma.

 Adult solid tumors: It may be included in se-

lected treatment regimens for certain solid ma-

lignancies.

 Mechanism: Vincristine inhibits mitosis by dis-

rupting microtubule formation, resulting in cell-

cycle arrest and tumor cell death.

 Combination therapy: It is commonly adminis-

tered as part of multi-agent chemotherapy to im-

prove treatment efficacy and help overcome drug 

resistance.[1]

5.  Immunomodulatory  /  Anti-inflammatory  Ef-

fects (Indirect)

 Effect  on  immune  cells: Vincristine  targets 

rapidly  dividing  lymphocytes,  helping  reduce 

malignant  cell  burden  in  lymphoproliferative 

disorders.

 Secondary effect: It  may indirectly reduce tu-

mor-associated inflammation by decreasing the 

number of malignant cells.

 Note: These effects are secondary to its primary 

antimitotic mechanism.1

6. Neurotoxicity (Dose-Limiting Adverse Effect)

 Mechanism: Disruption of axonal microtubules 

impairs axoplasmic transport.

 Manifestations: Peripheral  neuropathy  (numb-

ness and tingling), autonomic neuropathy (con-

stipation and orthostatic hypotension), and cranial 

nerve dysfunction.

 Clinical significance: Neurotoxicity is dose-lim-

iting and requires  careful  monitoring and dose 

adjustment.

 Nanomedicine relevance: PLGA nanoparticles 

may  reduce  peak  plasma  VCR concentrations, 

potentially minimizing neurotoxicity.[1]

7. Myelosuppression (Lesser than Vinblastine)

 Effect: Vincristine  generally  causes  less  bone 

marrow suppression than vinblastine.

 Manifestations: Leukopenia  may  occur,  while 

thrombocytopenia is less common.

 Clinical relevance: Its relatively limited myelo-

suppressive  effect  supports  its  use in  intensive 

combination chemotherapy regimens.[1]

8. Vesicant Activity

 Mechanism: Vincristine  causes  direct  tissue 

damage if extravasation occurs.

 Clinical  significance: Careful  intravenous  ad-

ministration and prompt management of extrava-

sation are essential.
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 Nanomedicine relevance: PLGA encapsulation 

may reduce exposure to free VCR and potentially 

minimize vesicant-related tissue injury.[1]

Therapeutic  applications  of  vincristine  in 

leukemia:

 Acute  lymphoblastic  leukemia  (ALL): Vin-

cristine  is  a  key  component  of  multi-agent 

chemotherapy regimens  for  pediatric  and adult 

ALL.

 Mechanism in ALL: It inhibits microtubule for-

mation, causing metaphase arrest and promoting 

apoptosis in leukemic lymphoblasts.

 Combination  regimens: Vincristine  is  com-

monly combined with corticosteroids (prednisone 

or  dexamethasone),  anthracyclines  (daunoru-

bicin), L-asparaginase, and methotrexate.

 Liposomal vincristine (Marqibo): This formu-

lation has been FDA-approved for selected adults 

with relapsed or refractory Philadelphia chromo-

some-negative ALL. It alters vincristine pharma-

cokinetics, although reduced neurotoxicity is not 

guaranteed.

 Role  in  nanoparticle  delivery: PLGA-based 

VCR nanoparticles are being investigated to im-

prove bone marrow delivery, address P-gp-medi-

ated resistance, and potentially reduce systemic 

toxicity.[1]

Nanoparticles: definition and key properties:

What are Nanoparticles?

Nanoparticles are nanoscale carriers, generally rang-

ing from 1 to 100 nm, that can encapsulate, protect, 

and deliver therapeutic agents, including chemother-

apeutic drugs. In cancer therapy, they may improve 

drug solubility, extend circulation time, enhance tu-

mor  accumulation,  and  minimize  systemic  toxicity 

compared  with  conventional  formulations.  Among 

various  nanocarriers,  poly  (lactic-co-glycolic  acid) 

(PLGA)  nanoparticles  are  widely  investigated  be-

cause of their biocompatibility, biodegradability, and 

capacity for controlled drug release.[2,4]

Key Properties of Nanoparticles

 Particle size: Typically ranges from 10–200 nm 

in  drug  delivery  systems  and  may  influence 

biodistribution and tumor accumulation through 

the enhanced permeability and retention (EPR) 

effect.

 Surface  charge  (zeta  potential): Affects 

nanoparticle stability, cellular uptake, and inter-

actions with biological membranes.

 Drug loading and entrapment efficiency: De-

termine the quantity of drug incorporated into the 

nanoparticle matrix and the efficiency of encap-

sulation.

 Release kinetics: Drug release can be tailored to 

achieve initial burst release or sustained delivery 

by modifying polymer composition and formula-

tion parameters.

 Surface modification: PEGylation, ligand con-

jugation, and biomimetic membrane coating may 

enhance targeting, improve circulation time, and 

reduce immune-mediated clearance

PLGA nanoparticles: definition and key proper-

ties:

What are PLGA Nanoparticles?

Poly (lactic-co-glycolic acid) (PLGA) nanoparticles 

are biodegradable polymeric carriers widely investi-

gated for delivering anticancer agents, including vin-

cristine.  PLGA  is  valued  for  its  biocompatibility, 

biodegradability,  and  hydrolytic  degradation  into 

lactic and glycolic acids, which can be metabolized by 

the body. PLGA has a long history of use in FDA-

approved drug delivery products, although approval 

applies to specific formulations rather than all PLGA 

nanoparticles.  These carriers can encapsulate drugs 

with different solubility properties, protect them from 

degradation, and enable controlled or sustained drug 

release over an extended period.[2,3]

Figure 4: PLGA Nanoparticles

Key Properties of PLGA Nanoparticles 
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 Biodegradability: PLGA degrades through hy-

drolysis of its ester bonds, with the degradation 

rate influenced by the lactide-to-glycolide ratio 

and polymer molecular weight. 

 Biocompatibility: Its degradation products, lac-

tic acid and glycolic acid, enter normal metabolic 

pathways,  supporting  its  favorable  biocompati-

bility profile. 

 Tunable release kinetics: Drug release can be 

tailored  by  modifying  the  lactide-to-glycolide 

ratio (e.g., 50:50 or 75:25), molecular weight, and 

particle size, enabling release over periods rang-

ing from days to weeks. 

 Surface modifiability: PLGA nanoparticles can 

be functionalized with polyethylene glycol (PEG) 

to reduce immune recognition, targeting ligands 

to  enhance  selective  cellular  uptake,  or 

biomimetic coatings to potentially improve im-

mune evasion.[2,3] 

Rationale  for  Vincristine  Nano-encapsulation  in 

Leukemia:

 Vincristine exerts its anticancer activity by bind-

ing to β-tubulin and inhibiting microtubule poly-

merization, resulting in metaphase arrest during 

mitosis  and  ultimately  inducing  apoptotic  cell 

death.[1]

 Despite  its  established  efficacy  in  acute  lym-

phoblastic leukemia (ALL) and other hematolog-

ical  malignancies,  conventional  vincristine 

therapy has several pharmacokinetic and safety 

limitations. These include low aqueous solubility, 

a large volume of distribution, extensive hepatic 

metabolism  primarily  mediated  by  CYP3A4/5, 

and P-glycoprotein (P-gp)-mediated efflux. Ad-

ditionally, cumulative exposure to vincristine can 

cause  dose-limiting  neurotoxicity,  restricting 

dose escalation and potentially limiting its thera-

peutic effectiveness.[1,2]

 Nanocarrier-based  drug  delivery  systems  may 

improve  the  solubility  of  poorly  water-soluble 

drugs, prolong systemic circulation, and enhance 

drug accumulation in tumor tissues through the 

enhanced permeability  and retention  (EPR)  ef-

fect. Additionally, co-encapsulation of P-glyco-

protein (P-gp) inhibitors, such as verapamil, may 

reduce drug efflux and help overcome multidrug 

resistance  (MDR),  potentially  improving  vin-

cristine delivery and therapeutic efficacy.[4]

Formulation  strategies  for  vincristine-loaded 

PLGA nanoparticles:

Various formulation techniques have been explored 

for  developing  vincristine  (VCR)-loaded  delivery 

systems.  The choice of  an  appropriate  method de-

pends on the drug’s physicochemical properties, par-

ticularly its  limited aqueous solubility and cationic 

nature, as well as the desired drug-release character-

istics.

Figure 5: Formulation Strategies for Vincristine-

loaded PLGA Nanoparticles

Common Preparation Methods 

 Emulsification–solvent evaporation (O/W): In 

this  method,  PLGA and  vincristine  (VCR) are 

dissolved or dispersed in a suitable organic sol-

vent,  such  as  dichloromethane  (DCM),  and 

emulsified in an aqueous phase containing a sta-

bilizer,  such  as  polyvinyl  alcohol  (PVA).  The 

organic  solvent  is  then  evaporated  to  facilitate 

nanoparticle formation. The resulting nanoparti-

cles are subsequently collected by centrifugation 

and purified.[1,5]

 Double-emulsion (W/O/W) method: This tech-

nique is suitable for encapsulating water-soluble 

vincristine  (VCR)  in  PLGA  nanoparticles.  An 

aqueous VCR solution is first  emulsified in an 

organic phase containing dissolved PLGA to form 

a  water-in-oil  (W/O)  emulsion.  This  primary 

emulsion is then dispersed into an external aque-

ous  phase  to  produce  a  water-in-oil-in-water 

(W/O/W) double emulsion. Subsequent removal 
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of  the  organic  solvent  facilitates  nanoparticle 

formation.[1]

 Nanoprecipitation  (solvent  displacement) 

method: In this technique, PLGA and vincristine 

(VCR) are dissolved or dispersed in a  suitable 

water-miscible organic solvent, such as acetone. 

The organic phase is gradually added to an aque-

ous phase containing a stabilizer. Rapid solvent 

diffusion into the aqueous medium reduces poly-

mer solubility, leading to PLGA precipitation and 

the formation of VCR-loaded nanoparticles.[1,2]

 Salting-out/reverse  salting-out  method: This 

technique  involves  preparing  an  acetone-based 

emulsion in the presence of a salting-out agent, 

such as magnesium chloride (MgCl₂). The emul-

sion is subsequently diluted with an appropriate 

aqueous  medium,  reducing  solvent  miscibility 

and  promoting  polymer  precipitation  to  form 

nanoparticles.  This  method  may  improve  drug 

entrapment efficiency, depending on the formu-

lation composition and processing conditions.[1,2]

 Combined methods: Hybrid formulation strate-

gies combine techniques such as salting-out and 

emulsion–solvent  evaporation  to  optimize 

nanoparticle properties. These approaches aim to 

improve vincristine (VCR) entrapment efficiency 

and control particle size, depending on the for-

mulation composition and processing conditions.
[5,6]

Evaluation parameters:

1. Organoleptic / Physical Appearance

 Visual observation: The nanoparticle suspension 

is  examined  for  color,  homogeneity,  and  the 

presence of aggregates or precipitation.

 Expected  result: A  uniform,  milky-white  or 

slightly  opalescent  suspension  without  visible 

aggregates or phase separation.

 Purpose: Provides an initial assessment of for-

mulation uniformity, physical stability, and suc-

cessful nanoparticle formation.[2,9]

2. Particle Size and Size Distribution

 Technique: Dynamic light scattering (DLS), also 

known as photon correlation spectroscopy (PCS).

 Parameters measured: Mean particle diameter 

(nm) and polydispersity index (PDI).

 Target values: A particle size of 80–200 nm and 

a  low  PDI,  preferably  below 0.2,  indicating  a 

relatively uniform size distribution.

 Significance: Particle size and distribution influ-

ence  nanoparticle  stability,  circulation,  cellular 

uptake,  and biodistribution.  However,  effective 

tumor or bone marrow accumulation depends on 

additional factors, and the enhanced permeability 

and retention (EPR) effect may be variable, par-

ticularly in hematological malignancies.[2,3]

3. Zeta Potential

 Parameter  measured: Surface  charge  of 

nanoparticles, expressed as zeta potential (mV).

 Target values: A mildly negative zeta potential 

(−10  to  −30  mV)  may  be  suitable  for  PLGA 

nanoparticles, depending on formulation compo-

sition and dispersion conditions. Highly positive 

surface charges may enhance cellular uptake but 

can  also  increase  cytotoxicity  and  nonspecific 

interactions.

 Significance: Zeta  potential  helps  assess  col-

loidal stability. Higher absolute values generally 

promote electrostatic repulsion between particles, 

reducing  aggregation;  however,  stability  also 

depends on factors such as pH, ionic strength, and 

stabilizer composition.[2,3]

 4. In Vitro Drug Release Study

 Technique: In vitro drug release is  commonly 

evaluated using the dialysis bag method; a Franz 

diffusion cell may be used when appropriate for 

the formulation and study design.

 Release media: Phosphate-buffered saline (PBS, 

pH 7.4) to represent physiological conditions and 

acetate buffer (pH 5.5) to investigate release un-

der mildly acidic conditions.

 Experimental conditions: Typically maintained 

at 37 ± 0.5°C with gentle stirring, with samples 

collected at predetermined time intervals and the 

withdrawn volume replaced with fresh medium.

 Parameters measured: Cumulative percentage 

of drug released over time and release kinetics 

assessed  using  zero-order,  first-order,  Higuchi, 

and Korsmeyer–Peppas models, as appropriate.

 Expected profile: A biphasic pattern may occur, 

with an initial burst release followed by sustained 
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release over 48–72 hours or longer, depending on 

the formulation.

 Significance: Evaluates the drug-release behav-

ior of VCR-loaded PLGA nanoparticles and pro-

vides  preliminary  information  for  formulation 

optimization. In vitro release results alone cannot 

reliably predict in vivo performance.[2,9]

5. Morphological Analysis

 Techniques: Transmission electron microscopy 

(TEM) and scanning electron microscopy (SEM).

 Parameters observed: Particle shape (spherical 

or  irregular),  surface  morphology  (smooth  or 

rough), and aggregation.

 Significance: TEM  and  SEM  provide  visual 

confirmation  of  nanoparticle  morphology  and 

structural  characteristics,  complementing  parti-

cle-size  measurements  obtained  using  dynamic 

light scattering (DLS).[2,3]

6.  Fourier  Transform  Infrared  Spectroscopy 

(FTIR)

 Technique: Fourier-transform  infrared  (FTIR) 

spectroscopy  in  absorbance  or  transmittance 

mode.

 Purpose: To assess drug–polymer compatibility 

and identify potential  chemical interactions be-

tween vincristine (VCR) and PLGA.

 Key  observations: Shifts,  broadening,  or 

changes in the characteristic absorption bands of 

VCR and PLGA may indicate molecular interac-

tions  within  the  formulation.  However,  these 

changes  alone  do  not  confirm successful  drug 

encapsulation.

 Significance: FTIR analysis helps evaluate drug–

polymer  compatibility  and  identify  potential 

chemical interactions that may affect formulation 

stability.[2,3]

7. Differential Scanning Calorimetry (DSC) and X-

Ray Diffraction (XRD)

 Differential  scanning  calorimetry  (DSC): 

Evaluates  thermal  transitions,  including  glass 

transition, melting, and crystallization. The dis-

appearance or reduction of the characteristic vin-

cristine  (VCR)  melting  peak  may  suggest  its 

amorphous or molecularly dispersed state within 

the PLGA matrix.

 X-ray diffraction (XRD): Determines the crys-

talline or amorphous nature of the drug within 

nanoparticles. The absence or reduction of char-

acteristic crystalline diffraction peaks may indi-

cate  reduced  drug  crystallinity  or  molecular 

dispersion.

 Significance: DSC and XRD complement each 

other in characterizing the physical state of VCR 

within  PLGA  nanoparticles,  providing  insights 

into drug release behavior and formulation sta-

bility.[2,3]

8. Stability Studies

 Storage conditions: Refrigerated (2–8°C), room 

temperature (25 ± 2°C), and accelerated condi-

tions (40 ± 2°C/75 ± 5% relative humidity), as 

appropriate for the formulation and study proto-

col.

 Duration: Samples may be evaluated at 0, 1, 2, 3, 

and 6 months, with longer-term testing conducted 

as required by applicable stability guidelines.

 Parameters monitored: Particle size and poly-

dispersity index (PDI), zeta potential, entrapment 

efficiency (EE), drug loading (DL), in vitro drug-

release profile, and visual appearance.

 Significance: Stability studies assess changes in 

the physicochemical properties and drug-release 

behavior  of  VCR-loaded  PLGA  nanoparticles, 

helping establish formulation stability and sup-

port shelf-life determination.[2,3]

9. Hemocompatibility Studies

 Technique: Hemolysis  assay  using  human  or 

animal red blood cells (RBCs).

 Procedure: Incubate  the  nanoparticle  formula-

tion with an RBC suspension and measure hemo-

globin  release  spectrophotometrically  at 

approximately 540 nm.

 Acceptance criterion: Hemolysis below 5% is 

commonly  considered  an  indication  of  low 
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hemolytic  activity,  although  acceptance  limits 

depend on the applicable protocol and intended 

use.

 Significance: Evaluates the blood compatibility 

of  VCR-loaded PLGA nanoparticles  and helps 

assess their  suitability for intravenous adminis-

tration  by  identifying  potential  red  blood  cell 

damage.[2]

10. In Vitro Cytotoxicity and Cellular Uptake

 Cell lines: Leukemia cell lines, including Jurkat 

(T-cell  acute  lymphoblastic  leukemia,  T-ALL), 

Nalm-6  and  REH  (B-cell  acute  lymphoblastic 

leukemia,  B-ALL),  along with  multidrug-resis-

tant variants.

 Assays: MTT or resazurin assays to assess cell 

viability; flow cytometry using Annexin V/pro-

pidium iodide (PI) staining to quantify apoptosis; 

and PI-based cell-cycle analysis.

 Parameters measured: Half-maximal inhibitory 

concentration  (IC₅₀),  percentage  of  apoptotic 

cells, and cellular uptake efficiency.

 Significance: Evaluates the cytotoxicity, cellular 

uptake, and mechanism of action of VCR-loaded 

PLGA nanoparticles in leukemia-relevant mod-

els,  including their  potential  to overcome mul-

tidrug resistance.[2]

Advantages of vincristine-loaded PLGA nanopar-

ticles:

1.  Improved Solubility and Stability: PLGA en-

capsulation may protect vincristine (VCR) from 

degradation and improve its apparent solubility, 

supporting its formulation for parenteral admin-

istration.[1]

2.  Controlled  and  Sustained  Release: PLGA 

degradation facilitates gradual VCR release, po-

tentially prolonging drug exposure and reducing 

high peak concentrations associated with toxicity.
[2]

3.  Improved  Pharmacokinetic  Profile: PLGA 

nanoparticles  may  increase  the  area  under  the 

concentration–time curve (AUC), prolong circu-

lation, and modify tissue distribution compared 

with free VCR.[1]

4.  Modulation  of  Multidrug  Resistance: Co-en-

capsulation of  P-glycoprotein (P-gp)  inhibitors, 

such  as  verapamil,  or  suitable  surfactants  may 

reduce drug efflux and improve VCR sensitivity 

in resistant leukemic cells.[4]

5.  Flexible Targeting Strategies: PEGylation may 

improve  nanoparticle  circulation  by  reducing 

nonspecific clearance, while ligands such as fo-

late or antibodies may facilitate targeted delivery 

to leukemic cells in bone marrow and lymphoid 

tissues.[1,3]

Limitations  and  challenges  of  vincristine-loaded 

PLGA nanoparticles:

1. Scalability and Reproducibility of Manufactur-

ing

Emulsion–solvent evaporation, double-emulsion, and 

salting-out  techniques  are  sensitive  to  processing 

conditions,  potentially  resulting  in  batch-to-batch 

variations in particle size, drug entrapment efficiency, 

and  release  profiles.  Ensuring  consistent  critical 

quality attributes during scale-up remains a signifi-

cant  challenge  for  the  industrial  manufacturing  of 

VCR-loaded PLGA nanoparticles.[2,3,9]

2.  Burst  Release  and  Controlled  Release  Opti-

mization

Many  PLGA  nanoparticle  formulations  exhibit  an 

initial burst release due to vincristine (VCR) present 

near the particle surface or weakly entrapped within 

the polymer matrix. This rapid release may tempo-

rarily increase plasma drug concentrations and po-

tentially elevate the risk of neurotoxicity. Therefore, 

optimizing polymer composition, molecular weight, 

lactide-to-glycolide ratio, and formulation conditions 

is  essential  to  balance the initial  therapeutic  effect 

with sustained drug release.[2,3,9]

3. Sterilization and Long-Term Stability

Terminal sterilization techniques, such as autoclaving 

and gamma irradiation, may compromise nanoparticle 

integrity, cause aggregation, or degrade VCR, thereby 

affecting  product  quality.  Lyophilization  with  cry-

oprotectants,  such as  trehalose or  sucrose,  may be 

necessary to improve long-term stability. However, 

this additional step increases formulation complexity 

and may influence the reconstitution properties of the 

nanoparticles.[2,9]

4. Regulatory and CMC Complexity
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Although PLGA is a well-characterized polymer with 

established regulatory  precedent,  each VCR-loaded 

PLGA  formulation  requires  comprehensive  chem-

istry, manufacturing, and controls (CMC) documen-

tation.  This  includes  the  systematic  evaluation  of 

critical quality attributes, such as particle size distri-

bution,  zeta  potential,  drug  loading,  encapsulation 

efficiency, and in vitro drug-release profiles, to ensure 

product quality, consistency, and reproducibility.[2,9]

5. Limited Passive Targeting in Liquid Tumors

The enhanced permeability and retention (EPR) ef-

fect,  which facilitates  nanoparticle  accumulation in 

solid tumors, may be less applicable to hematological 

malignancies  such  as  leukemia.  As  leukemic  cells 

circulate in the bloodstream and reside within bone 

marrow niches, they lack the same tumor-associated 

vascular characteristics commonly observed in solid 

tumors. Consequently, passive targeting may be less 

effective, emphasizing the need for active targeting 

strategies,  including  ligand  conjugation  and 

biomimetic surface coatings, to enhance nanoparticle 

delivery to leukemic cells.[10]

6. Multidrug Resistance and Efflux Transporters

Co-encapsulation of P-glycoprotein (P-gp) inhibitors, 

such  as  verapamil,  may  help  overcome  multidrug 

resistance (MDR) in vitro. However, clinical transla-

tion may be limited by potential  drug interactions, 

altered  pharmacokinetics,  and  increased  toxicity. 

Additionally,  other  efflux  transporters,  including 

multidrug resistance-associated protein 1 (MRP1) and 

breast  cancer  resistance protein (BCRP),  may con-

tribute to reduced therapeutic efficacy and should be 

considered during VCR-loaded PLGA nanoparticle 

development.[2]

7. Bone Marrow Penetration and Biodistribution

Achieving therapeutic vincristine (VCR) concentra-

tions in the bone marrow remains challenging due to 

physiological  barriers  and rapid nanoparticle  clear-

ance by the mononuclear phagocyte system (MPS). 

Surface  modifications,  such  as  PEGylation  and 

biomimetic  coatings,  may  prolong circulation  time 

and enhance marrow delivery. However, effective and 

selective targeting of leukemic cells remains an im-

portant area for further investigation.[10]

8. Cost and Accessibility

The production of GMP-grade PLGA nanoparticles 

may be more costly than conventional VCR formula-

tions,  potentially  limiting  their  accessibility  in  re-

source-constrained  settings.  Therefore,  developing 

cost-effective,  scalable,  and  reproducible  manufac-

turing processes is essential to facilitate the broader 

availability of advanced VCR delivery systems.[3,9]

Future  scope  of  vincristine-loaded  PLGA 

nanoparticles in leukemia therapy:

1. Active Targeting to Leukemic Cells and Bone 

Marrow

Future  research should  focus  on developing  VCR-

loaded PLGA nanoparticles functionalized with lig-

ands targeting leukemia-associated markers, such as 

CD19, CD22, CD33, and folate receptors, to enhance 

selective drug delivery. Antibody-, peptide-, and ap-

tamer-based surface modifications may improve cel-

lular  uptake  and  reduce  off-target  exposure, 

potentially minimizing systemic toxicity and neuro-

toxicity.[4,8]

2. Co-delivery of Chemosensitizers and Combina-

tion Regimens

Co-encapsulation of VCR with P-glycoprotein (P-gp) 

inhibitors, such as verapamil and tariquidar, or other 

anticancer agents may help overcome multidrug re-

sistance  and  enhance  antileukemic  activity.  Future 

studies should optimize drug ratios, release kinetics, 

and dosing regimens to improve therapeutic efficacy 

against drug-resistant leukemia.[8]

3. Stimuli-Responsive and Smart Release Systems

Developing pH-sensitive, redox-responsive, and en-

zyme-triggered PLGA nanoparticles may enable se-

lective VCR release within leukemic cells or specific 

microenvironments. Incorporating stimuli-responsive 

linkers or copolymers could further improve intracel-

lular drug delivery while minimizing systemic expo-

sure and associated toxicity.[1]

4. Biomimetic and Cell-Membrane-Cloaked 

Recent advances in biomimetic nanomedicine suggest 

that  coating  PLGA  nanoparticles  with  leukocyte, 

platelet, or cancer cell membranes may prolong cir-

culation,  facilitate  immune  evasion,  and  improve 

bone  marrow  targeting.  Thus,  membrane-coated 

VCR-loaded PLGA nanoparticles may exploit natural 

cellular interactions and tissue-homing properties to 



Vishal S. Madankar, Int. J. Sci. R. Tech., 2026 3(11), 400-411 | Review

  

              INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY 410 | P a g e

enhance antileukemic activity and improve targeted 

drug delivery.[4,8]

5. Personalized Nanomedicine and Theranostics

Advances in biomimetic nanomedicine suggest that 

coating PLGA nanoparticles with leukocyte, platelet, 

or cancer cell  membranes may prolong circulation, 

enhance immune evasion, and improve bone marrow 

targeting.  These  membrane-coated  VCR-loaded 

PLGA nanoparticles may utilize natural cellular in-

teractions  and tissue-homing properties  to  enhance 

targeted drug delivery and antileukemic activity.[4]
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CONCLUSION:

Vincristine-loaded  PLGA  nanoparticles  offer  a 

promising strategy for improving leukemia therapy by 

addressing  key  limitations  of  conventional  vin-

cristine, including poor solubility, rapid clearance, P-

glycoprotein (P-gp)-mediated efflux, and dose-limit-

ing neurotoxicity. The biodegradable and biocompat-

ible  PLGA matrix  enables  controlled  drug release, 

may improve pharmacokinetic properties, and allows 

surface modification for targeted delivery to leukemic 

cells in bone marrow and lymphoid tissues. Preclini-

cal studies indicate potential improvements in drug 

encapsulation and cellular uptake, while co-delivery 

of P-gp inhibitors, such as verapamil, may help over-

come multidrug resistance. However, further investi-

gation is necessary to establish the safety and efficacy 

of these formulations.

Despite  challenges  associated  with  scalable  manu-

facturing, initial burst release, sterilization, regulatory 

requirements, and limited passive targeting in hema-

tological malignancies, advances in formulation de-

sign, biomimetic coatings, ligand-mediated targeting, 

and  theranostic  approaches  may  facilitate  clinical 

translation. The clinical application of liposomal vin-

cristine  further  demonstrates  the  potential  of  nan-

otechnology-based  delivery  systems  in  leukemia 

treatment. Overall, VCR-loaded PLGA nanoparticles 

represent a promising next-generation drug-delivery 

platform, but their clinical potential will depend on 

formulation  optimization,  comprehensive  safety 

evaluation,  and  well-designed  clinical  studies  in 

leukemia.
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