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Conventional treatment

Every 1 out of 8 women develop breast cancer 

In 2026, an estimated 
321,910 women are 

expected to be diagnosed 
with invasive breast cancer

Marketed formulation 
• Non-specific accumulation
• Toxicity concerns
• High-dose requirement

Monotherapy of PTX
• Rapid metabolism
• Suboptimal efficacy
• Increased resistance

Carrier-free 
combination 

therapy of PTX  PTX and Glycolytic Inhibitor 
(Betulinic acid/BtA)

✓ Synergistic action
✓ Improved efficacy
✓ Reduced dose

Paclitaxel (PTX)

INTRODUCTION & BACKGROUND

OBJECTIVE(S) & METHOD(S)

Objective 1: Synthesis of HA-BtA amphiphilic conjugate

Objective 2: Development and In-vitro characterization of HA-BtA-PTX NPs 

Objective 3: In-vitro/in-
vivo efficacy studies

Carbodiimide 
chemistry

EDC/NHS 
N,N-Diisopropyl 

ethylamine
24h, N2, RT

BtA

Betulinic 
acid (BtA)

Sodium 
hyaluronate

BtA-NH2

(Aminated BtA)

+
+

Ethylenediamine 
(linker)

DCC

NHS

Self-assembly 
in aqueous 

milieu

Encapsulation 
of PTX 

HA

FORMULATION DEVELOPMENT

Free PTX

HA-BtA-PTX NPs/pH 7.4

HA-BtA-PTX NPs/pH 5.5/HAase

PTX+ BtA 
Wt. Ratios

DRI Value

MDA-MB-231 4T1

PTX BtA PTX BtA

1:1 2.35 ± 0.16
4.78 ± 
0.31

2.59 ± 
0.13

5.60 ± 
0.27

1:2 2.68 ± 0.19
2.73 ± 
0.19 

3.12 ± 
0.11 

3.37 ± 
0.13 

1:3 2.96 ± 0.23
2.0 ± 
0.16 

3.22 ± 
0.28

2.32 ± 
0.19 

MDA-MB-231 4T1

RESULTS & DISCUSSION

Optimized 
Parameters

Quality attributes 

• HA: BtA: 1:1.5
• Sonication 

Amplitude: 30%
• % TDL: 10% w/w

Avg. size: 181.06±5.74 nm

PDI: 0.24±0.013

ZP: -18.49±1.69 mV

% EE: 82.67±3.32

%PDL: 8.28±0.33
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A)

HA: BtA 

molar ratio

DS (%)

1:0.5 4.29±0.38

1:1 7.18±1.23

1:1.5 9.86±0.73

1:2 10.65±1.62

PTX concentration in µg/mL

PTX concentration in µg/mL

MDA-MB-231 

4T1 Treatment

Pharmacokinetic Parameters

AUC0-∞ 
(ng/mL*h)

t1/2 (h) MRT (h)

Free PTX
7118.64±1

824.37
3.02±0.6

4 
4.27±0.9

2

HA-BtA-
PTX NPs

16238.52±
2607.55

9.13±1.6
9

11.20±1.
18

Control

PTX

BtA HA-BtA

PTX+ BtA HA-BtA-PTX NPs

Figure 1. panel depicts 1H NMR spectra of A) BtA-NH2 and B) HA-BtA conjugate, C) FT-
IR spectra of HA-BtA conjugate; D) Determination of degree of substitution, E) Critical 
aggregation concentration, F) Hydrolytic stability of HA-BtA

Figure 2. A) Formulation development B) Optimization of HA-BtA-PTX NPs C) Optimized parameters 
and quality attributes D) Morphological assessment E) Dilution study

Figure 7. A) Apoptosis assay and B) Mitochondrial membrane potential (JC-1) assay

Figure 4.  A) Determination of synergism and B) Qualitative cellular uptake in TNBC Cells

B) C)

D) E) F)

Figure 3. A) In-vitro release and B) Stability Evaluation of optimized HA-BtA-PTX NPs
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Probe sonication

(10 min; 30% amplitude; 

5 sec on/off cycle)

Dialysis against 

water for 24h
HA-BtA dissolved in 

water

PTX dissolved 

in ethanol

A)

C)
D) E)

A) B)

A)

B)

Figure 5.  Quantitative uptake Figure 6.  Cytotoxicity study and determination of IC50

B)

A)

Figure 8. Assessment of glycolytic inhibition A) ATP levels 
and B) Lactate levels 

A)

B)

Figure 9. Pharmacokinetic Profile

Figure 10. Anti-cancer efficacy study in 4T1-based TNBC Model

Figure 11. In-vitro and in-vivo toxicity study

Hyaluronic acid (HA) derived 
nanocarriers

✓ Biologically active carrier
✓ Dual targeting
✓ Stimuli-responsive release

CELL CULTURE STUDIES IN-VIVO ASSESSMENT

❖ Synergistic PTX–BtA combination enhanced anticancer efficacy

❖ Bioactive HA-BtA served as both carrier and therapeutic

❖ HA-BtA-PTX NPs displayed CD-44-based targeting and stimuli-responsive behaviour

❖ Carrier-free self-assembled nanoplatform reduced excipient burden

❖ Potential to improve the therapeutic index of chemotherapeutics and serve as a 

promising platform for translational cancer nanotherapy

Chaudhari et al. Drug Deliv Transl Res. 2023 Apr;13(4):1074-1087
Lee et al. Acta Biomater. 2017; 262-273
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MDA-MB-231 4T1

Preincubated HA+  

HA-BtA-PTX NPs

HA-BtA-

PTX NPs
Free PTX

HA-BtA-PTX 

NPs

Free PTX Preincubated HA+  

HA-BtA-PTX NPs

4T1

B)

Enzyme mediated 
cleavage

Cytosolic release of PTX and BtA

Amide 

I and II 

band 

-CONH peak

Disappearance of –COOH peak

44µg/mL

Enzyme-responsive release

Self-Assembly Approach

HA-BtA

MDA-MB-231 4T1

In-vitro characterization is reported in n=3, while in-vivo studies were conducted in n=5, where ****p<0.0001, ***p<0.001, **p<0.01, *p<0.05, and ns~p>0.05

Key Findings 

Self-assembled hyaluronic acid nanoparticles for targeted co-delivery of Betulinic acid and Paclitaxel in cancer
Sayali Dighe, and Sanyog Jain*
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