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Abstract

Zwitterionic polymers have emerged as suitable candidates in drug Received: 2 February 2025
delivery systems due to their unique molecular structures, which feature Accepted: 9 June 2025
both positive and negative charges within monomers. The simultaneous Page Number: 96-112

presence of opposing charges in the repeating units results in an overall
neutral charge for the polymers while also enhancing their interactions
with biological systems. This reduces protein adsorption, minimizes
nonspecific interactions, prolongs drug circulation time, improves
therapeutic targeting, and enhances drug delivery efficacy making them
a promising alternative to traditional drug carriers. The unique structure
of zwitterionic polymers enables controlled release and targeted drug
delivery while facilitating the overcoming of physiological barriers that
typically hinder effective treatment. This article introduces zwitterionic
polymers and discusses their properties, such as responsiveness to
temperature, salt, pH, and antifouling properties. Furthermore,
the exceptional capabilities of these polymers as nanoscale drug carriers
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are examined, including reduced immune opsonization, inhibition of Keywords:
cellular uptake, prolonged in vivo circulation, improved stability, critical Zwitterionic Polymer,
micelle  concentration, and blood-brain  barrier  penetration. Drug Delivery,

The presented prospects highlight the tremendous potential of these Carboxybetaine,
materials in this field. This review article offers a comprehensive Sulfobetaine,
perspective to researchers in the field, to develop and commercialize such Phosphobetaine

technologies for the benefit of the medical community.
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1. Zwitterionic Polymer
5. Blood-Brain Barrier

2. Immune Opsonization
6. Carboxybetaine

3. Cellular Uptake
7. Sulfobetaine

4. Critical Micelle Concentration (CMC)
8. Phosphobetaine
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4. Polyampholyte

1. Inner Salt
2. Mixed-Charge Polymers
3. Dimethyl Amino Oxide (DMAO)
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Table 1. Chemical structure of zwitterionic polymers.
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Figure 1. (a) Zwitterionic polymers, particularly polybetaines,
(b) Polyampholytes, (¢) Structural arrangement
of zwitterionic polymers.
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2. Phosphorylcholine

1. Dimethylsulfonio Propionate (DMSP)
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Figure 2. Schematic representation of the charge on zwitterionic polymers at different pH levels.
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3. Dynamic Light Scattering (DLS)
4. Superhydrophilicity

1. Upper Critical Solution Temperature (UCST)
2. Lower Critical Solution Temperature (LCST)
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3. Phagocytosis

4. Mononuclear Phagocyte System
5. Reticuloendothelial

6. Phagosome

7. Liposome

8. Serum
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1. Microorganism
2. Poly(Ethylene Glycohol)
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6. Resuspension

7. Polydispersity Index (PDI)
8. Amphiphilic

9. Mucus

10. Epithelial

1. 1,2-Distearoyl-Sn-Glycero-3-Phosphoethanolamine (DSPE)
2. Docetaxel

3. Fetal Bovine Serum

4. Polysorbate80-Taxotere

5. Cross-Linking Densities
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4. Proton-Assisted Amino Acid Transporter 1
5. Central Nervous System

1. Bioavailability
2. Capsid
3. Mean Squared Displacement
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7. Bioaccumulation
8. Poly(Glutamine Methacrylate) (pGInMA)
9. Poly(Polyethylene Glycol Methacrylate) (-PEGMA)

1. Poly(2-Methacryloyloxyethyl Phosphorylcholine)
2. Nicotinic Acetylcholine Receptors

3. Rituximab(RTX)

4. y-Amino Butyric Acid

5. Cylindrical Polymer Brushes

6. Doxorubicin
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7. Hydration Shell
8. Complement System
9. Zotarolimus

1. (2-((2-
(Methacryloyloxy)Ethyl)Dimethylammonio)Acetyl)(Phenylsulfonyl)
Amide (MEDAPA)

2. Transferrin (TT)

3. Cytotoxicity

4. Macrophages

5. Stealth

6. Reactive Oxygen Species (ROS)
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Table 2. Properties of zwitterionic polymers for drug delivery applications.

Poly Poly Poly
S . . Poly (DMAO)
(carboxybetaine) (phosphobetaine) (sulfobetaine) -

Hydration Capacity High Most Very high Moderate
Biocompatibility Excellent Best Excellent Good
Antifouling High Very high Very high Moderate
pH-Responsiveness Yes No No No
Drug Loading High High High Moderate
Controlled release with pH With salt With salt and pH Limited
Stability in blood Good Moderate Excellent Week
Cell interaction Moderate Excellent Moderate Week
Degradability Good Excellent Good Excellent
1. Cytoplasm 2. Surfactant
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