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A B S T R A C T

Gelatin based nanocarriers have major limitation of shorter circulation half-life (t1/2). Present study addressed
this issue by conjugating gelatin with folate followed by nanoprecipitation in presence of polysorbate 80 to form
folate attached gelatin nanoparticles (GNP-F). The folic acid was conjugated with gelatin through the formation
of amide linkage with a maximum conjugation yield of ~69%. Cryo-SEM analysis indicated that unconjugated
gelatin nanoparticles (GNP) and GNP-F were spherical of nearly identical size of ~200 nm. The irinotecan (IRI)-
loading efficiency estimated for IRI-GNP and IRI-GNP-F was 6.6 ± 0.42% and 11.2 ± 0.73% respectively and
both formulations showed faster release of IRI at acidic pH (~5) than at physiological pH (~7). Further IRI-GNP-
F demonstrated significantly higher cytotoxicity in folate receptor (FR)-positive HeLa cells than the un-
conjugated IRI-GNP nanoparticles confirming active targeting. Subsequently the antitumor activity of above
formulations in FR-positive fibrosarcoma (syngeneic) tumor-bearing mice followed the order of IRI-GNP-
F > IRI-GNP > free IRI. The pharmacokinetic evaluation of IRI-GNP and IRI-GNP-F revealed that en-
capsulation of IRI within GNP without folate improved its plasma maximum concentration (Cmax). However,
folate conjugation of GNP remarkably improved the t1/2 of IRI. Taken together, folate as a targeting ligand
modulates the pharmacokinetic property of IRI loaded GNP to favor active verses passive targeting.

1. Introduction

The objective of cancer treatment is to achieve maximum ther-
apeutic efficacy of chemotherapeutic drugs with minimum side effects
(Sui and Shen, 2011; Herrero and Medarde, 2015). However, it is
possible only if chemotherapeutic drugs are selectively delivered within
tumor cells. Unfortunately, none of the chemotherapeutic drug avail-
able in market is cancer cell specific and this underlines the need of a
drug delivery system (Dasari and Tchounwou, 2014; Fujita et al., 2015).
Nanotechnology has contributed immensely in the development of drug
delivery systems that not only selectively deliver chemotherapeutic
drugs to cancer cells but can also improve their solubility as well as
biological half-life (Akhter et al., 2013; Din et al., 2017; Iqbal et al.,
2018). Initial studies were focused to design nanomaterials which can
exploit enhanced permeability and retention (EPR) arising due to leaky
vasculatures surrounding tumor tissue to selectively deliver

chemotherapeutic drugs into cancer cells. This method of achieving
tumor selectively was referred as passive targeting (Greish, 2010;
Prabhakar et al., 2013; Golombek et al., 2018). In the last two decades,
a considerable progress has been made towards understanding the
physiochemical parameters such as shape, surface charge and size of
nanomaterials facilitating EPR and this has paved the way for the
successful translation of a number of drug delivery system based on
passive targeting approach into clinics (Natfji et al., 2017; Das et al.,
2019). As of today, around 15 such nano-formulations have been ap-
proved by FDA for clinical use (Ventola, 2017). However recent clinical
studies have revealed that EPR is a heterogeneous process as tumor
microenvironment controlling EPR such as vascular volume, perfusion,
permeability, penetration, and retention vary significantly not only
from patient to patient but also between tumors of different tissue
origins within the same patient (Zhang et al., 2017; Park et al., 2019;
Maeda et al., 2009). Further, it is found that rapidly growing and highly

https://doi.org/10.1016/j.ijpharm.2020.119522
Received 4 April 2020; Received in revised form 5 June 2020; Accepted 6 June 2020

⁎ Corresponding authors at: Radiation & Photochemistry Division, Bhabha Atomic Research Centre, Mumbai 400085, India.
E-mail addresses: beenam@barc.gov.in (B.G. Singh), kamit@barc.gov.in (A. Kunwar).

International Journal of Pharmaceutics 586 (2020) 119522

Available online 10 June 2020
0378-5173/ © 2020 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03785173
https://www.elsevier.com/locate/ijpharm
https://doi.org/10.1016/j.ijpharm.2020.119522
https://doi.org/10.1016/j.ijpharm.2020.119522
mailto:beenam@barc.gov.in
mailto:kamit@barc.gov.in
https://doi.org/10.1016/j.ijpharm.2020.119522
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijpharm.2020.119522&domain=pdf

	Tuning the pharmacokinetics and efficacy of irinotecan (IRI) loaded gelatin nanoparticles through folate conjugation
	Introduction
	Material and methods
	Chemicals
	Conjugation of folic acid with gelatin
	Synthesis of IRI loaded nanoparticles
	Characterization of bare and IRI loaded gelatin nanoparticles
	In vitro release
	Cell lines and animals
	In vitro cytotoxicity assay
	Pharmacokinetic and bio-distribution study
	HPLC method for the estimation of IRI and SN-38
	In vivo efficacy study
	Statistical analysis

	Results
	Synthesis of folate conjugated gelatin
	Synthesis and characterization of gelatin nanoparticles
	Loading of IRI into gelatin nanoparticles
	In vitro cytotoxicity of IRI loaded gelatin nanoparticles in cancer cells
	In vitro release study
	In vivo pharmacokinetic study
	In vivo anti-cancer efficacy
	In vivo toxicity study

	Discussion
	Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Supplementary data
	References


