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ABSTRACT 

Objective: Delivery of anticancer molecule to the liver remains a “holy grail” in molecular medicine and nanobiotechnology with conventional therapy, 
as conventional cancer chemotherapy does not prove effective as drug molecule does not reach to the target site at therapeutic concentration. Tumor 
vasculature differs from the vasculature of normal tissue both in morphology and biochemistry. Most of these differences appear too related to 
angiogenesis (formation of new blood vessels from pre-existing ones). For the present study nanoparticles (NPs) were chosen as a delivery system, 
because they have many advantages, e. g. they can pass through the smallest capillary vessels because of their ultra-tiny volume, can penetrate cells and 
tissue gap to arrive at, pH, ion and/or temperature sensitivity of materials, can improve the utility of drugs and reduce toxic side effects.  

Methods: PLGA (poly lactide co glycolic acid) was used for the preparation of NPs because of its biodegradability and biocompatibility. It degrades 
by hydrolysis of ester linkages in the presence of water in to two monomers lactic acid and glycolic acid. There are a number  of ligands available for 
hepatic delivery, among them lactobionic acid (containing galactose moiety) was selected for present work. Preparation of plain nanoparticles was 
carried out using emulsification–diffusion method. Optimization of the polymer concentration is the first step during the study and it was 
performed by varying the polymer concentration where as keeping other variables constant. The prepared formulation was optimized on the basis 
of particle size and polydispersity index. Amount of drug was optimized on the basis of particle size and percentage entrapment efficiency.  

Results: Particle size and zeta potential of the nanoparticle were determined by zetasizer showed that particles are in nano range (blow 200 nm) 
and have acceptable range of zeta potential. Shape and surface morphology were determined by TEM and SEM analysis. The conjugation of 
lactobionic acid with PLGA polymer was proved by FTIR. The in vitro release profiles of entrapped drug from formulations were determined using 
dialysis membrane. For stability studies, the LDNPs (conjugated NPs) are stored at the temperatures 4±1 °C and room temperature. Human 
hepatoma cell line HepG2 by SRB assay was selected and it clearly suggests a dose dependent cytotoxicity response i.e. decrease in cell survival 
fraction with increasing concentration of drug. The in vivo study are important in evaluating the targeting efficacy of designed dosage form and also 
helps in establishing the correlation between the results obtained from in vitro experimentation to that from in vivo studies. The formulations were 
administered by tail vein to mice of four groups Group I: PBS 7.4 (control); Group II: 5-FU solution; Group III: DNPs; Group IV: LDNPs.  

Conclusion: The proposed targeting strategy is expected to enhance the therapeutic index of conventional anticancer drug as well as reduce its 
cytotoxic effects to normal cells. 
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INTRODUCTION 

Cancer can start within the liver (primary liver cancer or 
hepatocellular cancer) or spread to the liver (metastatic liver 
cancer) from other sites, such as the colon. Cancer that starts in the 
liver is simply called as liver cancer. Liver cancer is the fifth most 
common cancer in the world. A deadly cancer, liver cancer will kill 
almost all patients who have it within a year. In 2008, the World 
Health Organization estimated that there were about 830,000 new 
cases of liver cancer worldwide, and a similar number of patients 
died as a result of this disease [1-5]. About three quarters of the 
cases of liver cancer are found in Southeast Asia (China, Hong Kong, 
Taiwan, Korea, and Japan). Liver cancer is also very common in sub-
Saharan Africa (Mozambique and South Africa). The frequency of 
liver cancer in South-East Asia and sub-Saharan Africa is greater 
than 30 cases per 100,000 populations. In contrast, the frequency of 
liver cancer in North America and Western Europe is much lower, 
less than 8 cases per 100,000 populations. However, the frequency 
of liver cancer among native Alaskans is comparable to that seen in 
Southeast Asia. Moreover, recent data show that the frequency of 
liver cancer in the U. S. overall is rising [6-8].  

Nanoparticles are subnanosized colloidal carrier system composed 
of synthetic, semisynthetic or natural polymers in the size range of 
about 10-1000 nm [9]. 

Two types of nanoparticulate systems are possible;  

 Matrix type-drug is dispersed homogenously into the 
entanglement of oligomers or polymeric units. 

Ex. Nanospheres 

 Reservoir type–oily core of drug is surrounded by the embryonic 
polymeric shell. 

Ex. Nanocapsules  

Hepatocellular carcinoma (HCC) is third cause of cancer related 
death. In Asia and Africa, high incidence rates of HCC have been 
associated with high endemic hepatitis B carrier and with mycotoxin 
contamination of food stuffs, stored grains, drinking water and soil 
[10-13].  

Several strategies including surgery, percutaneous/intravenous/ 
ablations, radiation and chemotherapy and other newer therapy 
including gene therapy, either alone or in combination are used for 
the treatment of HCC. In early age, surgical resection and liver 
transplantation had been used but it was possible only in 30% cases 
with those diagnosed with small tumour burden. Moreover, chances 
of recurrence are very high. Therefore, over the years, research in 
drug delivery systems has been focused on development of novel 
and target specific drug delivery systems for effective localization of 
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active drug moiety in to vicinity of preidentified target in therapeutic 
concentration while restricting its access to non target normal 
tissues. This strategy minimizes the toxic effects and maximizes the 
therapeutic index [14-17]. 

In present paper, lactobiotin anchored PLGA nanoparticles bearing 
anticancer drug shall be designed and developed for liver tumour 
specific delivery of anticancer drug. The lactobiotin molecule shall 
be recognized by the liver associated surface receptors i.e. 
asialoglycoprotien receptor (galactose receptor) which are 
appended at the surface of nanoparticle. The galactose moiety of the 
lactobionic acid targets to the tumour cells in the liver. Nanoparticles 
offer additional advantages as drug carrier for cancer targeting due 
to their nano-metric size range and high drug loading propensity. 
The proposed targeting strategy is expected to enhance the 
therapeutic index of conventional anticancer drug as well as reduce 
its cytotoxic effects to normal cells [18, 19].  

PLGA (poly lactide co glycolic acid) was used for the preparation of 
NPs because of its biodegradability and biocompatibility. It degrades 
by hydrolysis of ester linkages in the presence of water in to two 
monomers lactic acid and glycolic acid which under normal 
physiological condition, are by-products of various metabolic 
pathways in the body. PLGA with 50: 50 monomers and molecular 
weight 17000 was used in this work. It has very good mechanical 
properties and long shelf-life. For this study uncapped PLGA was 
used, having free carboxylic acid group (COOH) for the conjugation 
[20-24]. 

Preparation, optimization and characterization of nanoparticles 

MATERIALS AND METHODS 

PLGA Poly (d,l–lactide–co–glycolide) and 5-FU were obtained as a gift 
sample from Sun Pharma (Vadodra) and Biochem Pharmaceuticals 
industries ltd., Daman, respectively. Pluronic F-68 (PF-68), Triton X-
100, dialysis membrane (MWCO 6,000–7,000 Da) were purchased 
from Himedia, Mumbai, India. Lactobionic acid is purchased from 
Sigma-Aldrich Chemicals Pvt. Limited, Banglore. All other reagents and 
solvents used were of analytical grade unless stated otherwise double 
distilled water was used throughout the study. 

Preparation of nanoparticles 

 Preparation and optimization of plain and drug loaded PLGA 
nanoparticle 

 Preparation and optimization of drug loaded lactobionic acid-
PLGA nanoparticle 

Preparation of PLGA nanoparticle  

The nanoparticle was prepared using the emulsification-diffusion 
method [25]. 

Procedure  

According to this method, the organic phase (PLGA in ethyl acetate) 
was added into an aqueous phase (Pluoronic F-68 in distilled water 
or PBS 7.4 or drug). After mutual saturation, the mixture was 
emulsified with a probe sonicator. In order to allow diffusion of the 
organic solvent in to water, a constant volume of water was 
subsequently added to the o/w emulsion under magnetic stirring, 
leading to the formation of PLGA nanoparticles [26, 27]. 

Optimization 

There are various formulation and process variable, which could 
affect the preparation and properties of nanoparticles. These 
formulation variables were identified and optimized to get uniform 
preparation with highest encapsulation efficiency. Formulation 
variables include amount of drug, polymer concentration and 
stabilizer concentration and process variables include stirring speed, 
stirring time and sonication time. All these parameter were 
optimized by taking the effect of variable on particle size, 
polydispersity index and encapsulation efficiency [28-30]. 

Effect of polymer concentration 

Polymer (PLGA) concentration was optimized using their different 
concentration of PLGA (0.5%, 1.0%, 1.5%) while other parameters 
remained constant and the optimum value was identified on the 
basis of average particle size and polydispersity index (PDI) of 
nanoparticles, which were determined using Malvern Zetasizer [31]. 
Results are shown in table 1. 

Effect of stabilizer concentration  

For the optimization of stabilizer concentration, nanoparticle 
formulation NP-2 was selected and different nanoparticle 
formulations were prepared with varying concentration of stabilizer 
pluoronic F-68 (viz. 0.5%. 1.0%, 1.5%, 2.0%) keeping the other 
parameters constant. Optimization was done on the basis of average 
particle size of nanoparticles [32, 33]. Results are shown in table 2. 

 

 

Scheme 1: Preparation of PLGA nanoparticles 
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Table 1: Effect of polymer concentration 

S. No. Formulation code Polymer concentration Particle size (nm) PDI 
1. NP-1 0.5% 101.34±2.3 0.518 
2. NP-2 1.0% 106.24±2.1 0.361 
3. NP-3 1.5% 142.38±2.2 0.486 

Values represent mean±SD n= 3 

 

Table 2: Effect of stabilizer concentration 

S. No. Formulation code Stabilizer concentration Particle size (nm) PDI 
1. NP2S-1 0.5% 120.98±1.6 0.378 
2. NP2S-2 1.0% 112.36±2.1 0.321 
3. NP2S-3 1.5% 121.89±1.5 0.474 
4. NP2S-4 2.0% 125.67±2.4 0.585 

Values represent mean±SD n= 3 

 

Optimization of concentration of drug 

Encapsulation efficiency is the major parameter for nanoparticle 
formulation so it was optimized by varying the drug concentration 
(5, 10 and 15 mg) in the above selected formulation NP2S2 and 
keeping the other parameters constant. Optimization was done on 
the basis of average particle size of nanoparticle and percent drug 
entrapment [34]. Results are shown in table 3. 

Optimization of stirring speed 

The size of nanoparticles depend on the stirring speed and it is 
optimized by preparing different formulation with varying 
stirring speed (2000, 3000 and 4000 rpm.) [35] Results are 
shown in table 4. 

Optimization of stirring time 

Stirring time optimization for selected formulation (NP2S2D2S-2) 
was performed by varying stirring time, during formulations. 
Further the particle size and percent drug entrapment were 
determined [36]. Results shown in table 5. 

Optimization of sonication time 

Particle size reduction to nanometric size and their uniformity is 
very important parameter for nanocarrier and it can be achieved by 
sonication process, their size reduction depend on the time of 
sonication. It is optimized by varying sonication time (30, 60, 90 
sec.) during formulation. Further the particle size and percent drug 
entrapment were determined [37]. 

 

Table 3: Optimization of concentration of drug 

S. No. Formulation code Concentration of drug (mg) Particle size (nm) % Entrapment efficiency 
1. NP2S2D-1 5 108.63±2.5 50.46±1.7 
2. NP2S2D-2 10 110.45±5.4 64.67±2.2 
3. NP2S2D-3 15 115.23±2.3 64.63±2.5 

 Values represent mean±SD n= 3 

 

Table 4: Optimization of stirring speed 

S. No. Formulation code Stirring speed (rpm) Particle size (nm) %Entrapment efficiency 
1. NP2S2D2S-1 2000 125.42±2.1 62.89±2.3 
2. NP2S2D2S-2 3000 111.71±3.4 63.67±2.4 
3. NP2S2D2S-3 4000 117.15±2.3 64.98±1.9 

Values represent mean±SD n= 3 

 

Table 5: Optimization of stirring time 

S. No. Formulation code Stirring time (h) Particle Size (nm) %Entrapment Efficiency 

1. NP2S2D2St-1 2 128.78±2.1 61.89±2.5 
2. NP2S2D2St-2 3 114.34±2.3 64.67±1.6 
3. NP2S2D2St-3 4 116.67±2.5 67.78±2.1 

Values represent mean±SD n= 3 

 

Table 6: Optimization of sonication time 

S. No. Formulation code Sonication time (sec.) Particle size (nm) %Entrapment efficiency 
1. NP2S2D2S2S-1 30 134.56±2.3 64.23±2.4 
2. NP2S2D2S2S-2 60 115.73±2.1 62.38±2.3 
3. NP2S2D2S2S-3 90 125.37±2.6 53.36±2.1 

Values represent mean±SD n= 3 
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Preparation and characterization of lactobionic acid conjugated 
PLGA nanoparticle  

Preparation 

The conjugation of lactobionic acid to the PLGA was done in three 
steps 

 Introduction of amine terminal to the PLGA via conjugation of 
ethylene diamine  

 Activation of carboxylic group of lactobionic acid 

 Carboxylic group of lactobionic acid was conjugated to free 
amine group of amine terminated PLGA  

Introduction of amine terminal to the PLGA via conjugation of 
ethylene diamine  

PLGA (100 mg) was dispersed in 5 ml of distilled water and placed it in 
an ice bath. Further ethylene diamine EDA (80 µl) was added then 
aqueous solution of 1-ethyl-3 dimethylamino propyl carbodiimide 
hydrochloride (EDC) 250 mg/2 ml was added and adjusted to pH 5 

using 1N HCL. The solution slowly stirred for overnight than dialysed 
against distilled water for 24 h using dialysis membrane (6-7KD). 

Activation of carboxylic group of lactobionic acid 

Lactobionic acid, N,N’-dicyclohexyl carbodiimide (DCC), N-
hydroxysuccinimide (NHS) separately dissolved in dimethyl 
sulfoxide (DMSO). DCC/DMSO solution added to lactobionic acid 
solution and stirred for 30 min to activate carboxylic group of the 
lactobionic acid, then NHS/DMSO solution added to activated 
lactobionic acid solution and reaction is conducted at room 
temperature for 12 hour. In reaction mixture, dicyclohexylurea 
(DCU) was formed, which was filtered to remove DCU. By this 
procedure carboxylic group of lactobionic acid is activated. 

COOH group of lactobionic acid was conjugated to free amine 
group of amine terminated PLGA  

Activated lactobionic acid solution was slowly added to amine 
terminated PLGA solution and slowly stirred for two days. The 
resulting solution was extensively dialyzed using dialysis membrane 
(MWCO 6KD) [38-40]. 

 

 

Fig. 1: Strategy for ligand conjugation 

 

Characterization of PLGA-lactobionic conjugates 

By FT-IR 

Fourier transform infrared specterophotometry (FTIR spectrometer, 
BRURER IFS-55, Switzerland) was used to study the conjugation 

between PLGA and ethylene diamine and galactose moiety of 
lactobionic acid. The IR spectra of PLGA, PLGA-EDA and PLGA-EDA-
Lactobionic were taken using the KBr method, which are shown in 
fig. 4.8 to 4.10. The characteristic bands in IR spectrum are recorded 
in table 4.7 to 4.9. 
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Fig. 2: FT-IR of PLGA 

 

 

Fig. 3: FT-IR of PLGA-EDA 

 

 

Fig. 4: FT-IR of PLGA-EDA-lactobionic 
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Table 7: Optimized parameters for PLGA nanoparticles 

S. No. Parameter Optimized value 
1. Polymer concentration 1% 
2. Stabilizer concentration 1% 
3. Amount of drug 10 mg 
4. Stirring speed 3000rpm 
5. Stirring time 3 h 
6. Sonication time 60 sec 

  

Table 8: Characterization of optimized formulation 

S. No. Formulation code System Zeta potential (mv) % Entrapment efficiency Particle size (nm) PDI 
1. NPs NPs -15.34 ND 110±1.3 0.321 
2. DNPs FU-NPs -14.29 63.46±1.7 115±2.5 0.345 
3. LDNPs L-FU-NPs -13.87 60.23±1.3 117±1.8 0.368 

 ND= Not detected 

 

Optimized parameters 

The various optimization studies were performed during 
nanoparticle preparation and formulation code is designed as 
NP2S2D2S2S-2 and the different parameter used for the preparation 
of optimized formulation are shown in table. 

Optimized preparation 

For convenience, the formulation code of optimized formulation 
NP2S2D2S2S-2 was recorded as LDNPs 

Characterization of nanoparticles 

Particle size and surface charge measurement 

Average particle size and surface charge potential of NPs were 
determined using a Zetasizer (DTS ver. 4.10, Malvern Instruments, 
England). The particle size distribution is represented by the 
average size diameter. The surface charge of nanoparticle was 
determined by measurement of zeta potential (Ɛ) of the nanoparticle 
and calculated according to Helmholtz–Smouluchwsky from their 
electrophoretic mobility. 

Particle morphology 

Transmission electron microscopy (TEM)  

Transmission electron microscopy was performed using a Philips 
CM 10 electron microscope, with an accelerating voltage of 100 kv. A 
drop of the sample was placed on a carbon coated copper grid to 

leave a thin film on the grid. Before the film dried on the grid, the 
film was negatively stained with 1% phosphotungstic acid (PTA). A 
drop of the staining solutions was added on to the film and the 
excess of the solution was drained off with a filter paper. The grid 
was allowed to air dry thoroughly and samples were viewed under a 
transmission electron microscope and photographs were taken at 
suitable magnification (Photomicrograph 1)  

Surface morphology (SEM)  

Surface morphology was determined by Scanning Electron 
Microscope (SEM) at AIIMS, New Delhi. The samples for SEM were 
prepared by lightly sprinkling the SLN powder on a double adhesive 
tape, which was stuck on an aluminium stub. The stubs were then 
coated with gold to a thickness of about 300 °A by using a sputter 
coater. All samples were examined under a scanning electron 
microscope (LEO 435 VP, Eindhoven Netherlands) at an acceleration 
voltage of 30 kV, and photomicrographs were taken at suitable 
magnification, which are shown in (Photomicrograph 2) 

Encapsulation efficiency 

Entrapment efficiency of the drug 5-fluorouracil in NPs was determined 
by using Sephadex G–50 mini column. To prepare Sephadex G–50 mini 
column, firstly 500 mg of Sephadex G–50 was allowed to swell in 0.9 % 
NaCl aqueous solution for 8 h and then the hydrated gel was filled in the 
barrel of 2 ml disposable syringe plugged with filter pad and glass wool. 
The barrel was centrifuged at 2000rpm for 2 min to remove excess of 
saline solution from the Sephadex column. 

 

 

Photomicrograph 1: TEM of PLGA nanoparticle 
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Photomicrograph 2: SEM of PLGA nanoparticle 

 

To separate free drug from NPs formulation 2 ml of NPs dispersion 
was applied drop wise on the top of the Sephadex column and then 
centrifuged at 2000 rpm for 2 min., to expel and remove void volume 
containing NPs. This eluted NPs dispersion was collected and lyses by 
disrupting with 0.1% Triton X-100 and then the amount of entrapped 
drugs was analyzed using spectrophotometric method. The amount of 
drugs entrapped in conjugated NPs was determined employing similar 
procedure as reported for drugs loaded nanoparticles.  

 

Cumulative percent drug release 

The in vitro drug release of entrapped drug from NPs formulation was 
determined using dialysis tube method. The NPs formulation was first 
separated from free drug by passing through Sephadex column and 
then subjected to centrifugation. Separated NPs formulation (5 ml) 
was taken in to the dialysis tube (molecular weight cut off 13 KDa, Hi-
media, India) and placed in a beaker containing 100 ml of PBS (pH 
7.4). The beaker was placed over a magnetic stirrer and the 
temperature was maintained at 37±1 °C throughout the procedure. 
Samples were withdrawn at definite time intervals and replaced with 
same volume of fresh phosphate buffer solution pH 7.4. It was then 
analyzed for drug content spectrophotometrically. 

The rate of drug release in PBS (pH7.4) was observed as controlled 
release pattern, due to ability of degradative nature of polymer. The 
release rate from LDNPs was found to decrease because of steric 
hindrance. 

 

 

Fig. 5: Cumulative percent drug release 

Stability 

The significance of stability testing in the development of 
pharmaceutical dosage forms is well recognized in the 
pharmaceutical field. The purpose of stability testing is to provide 
evidence on how the quality of a drug substance or drug product 
varies with time, under the influence of a variety of environment 
factors such as temperature, humidity and light and to establish a re-
test period for the drug substance or a shelf life for the drug product 
and recommended storage condition. 

The stability of a dosage form is usually defined as the capacity of 
the formulation to remain within defined limits over a 
predetermined period of time and is known as shelf life of the 
product. Stability of a formulation may also be defined as the 
capability of a particular formulation packaged in a specific 
container to remain within its physical, chemical, microbiological, 
therapeutic and toxicological specifications. A stable drug delivery 
system should maintain its integrity and morphology, and at the 
same time should preserve various characteristics such as nature of 
the entrapped drug, drug content and release rate etc. In most of the 
stability studies, the major emphasis has been directed towards the 
accelerated stability studies but the stability studies of aged 
products have been of greater pharmaceutical significance  

The stability of the drug-loaded nanoparticles during storage is 
undoubtedly another important prerequisite for its successful 
clinical application. Degradation is likely to occur under topical 
prepared nanoparticles were subjected to accelerated stability 
testing (41). 

Effect of storage on particle size 

Size of the NPs was determined at 10 d interval up to 60 d at 4±1 °c 
and room temperature (about 25 °C) by quasielastic laser light 
scattering using a Zetasizer DTS Ver. 4.10 (Malvern Instruments, 
UK). Effect of storage on the size of the particle has been shown in 
(table 5.1, 5.2 and fig. 5.1, 5.2). 

Effect of storage on residual drug content  

Entrapment efficiency of stored NPs dispersion was determined after 
10, 20, 30, 45 and 60 d, and percent residual drug content was 
calculated. The entrapment efficiency was determined after separation 
of the unentrapped drug by the use of the dialysis membrane tubing 
(MWCO 6-8 kDa, Sigma, USA), thus only the free form of the drug was 
released through the membrane into the dissolution medium, and the 
drug within the NPs was retained within the dialysis membrane 
tubing. The amount of free drug was determined using 
spectrophotometric technique (table 5.3, 5.4 and fig. 5.3, 5.4). 
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Table 9: Effect of storage on the particle size of LDNPs at 4±1 °C 

Formulation code Particle size (nm) after storage for 
Initial 10 d 20 d 30 d 45 d 60 d 

NP2S2D2S2S-2 117±1.8 118±1.3 121±1.2 124±1.5 126±1.4 128±1.4 

SD±mean (n=3) 
 

Table 10: Effect of storage on the particle size of LDNPs at room temperature 

Formulation code Particle size (nm) after storage for 
Initial 10 d 20 d 30 d 45 d 60 d 

NP2S2D2S2S-2 117±1.8 121±1.2 130±1.5 133±1.3 138±1.8 141±1.2 

SD±mean (n=3) 

 

Table 11: Effect of storage on the residual drug content of LDNPs at 4±1 °C 

Formulation code Residual drug content after 
10 d 20 d 30 d 45 d 60 d 

NP2S2D2S2S-2 99.12±1.4 98.29±1.2 97.50±0.7 96.47±1.6 95.33±1.3 

SD±mean (n=3) 

 

Table 12: Effect of storage on the residual drug content of LDNPs at room temperature 

Formulation code Residual drug content after 
10 d 20 d 30 d 45 d 60 d 

NP2S2D2S2S-2 97.22±1.2 96.46±0.2 94.29±1.1 91.17±1.4 88.92±0.4 

SD±mean (n=3) 

 

In vivo studies  

The in vivo studies are important in evaluating the efficacy of 
designing dosage form. The in vivo performance is the preliminary 
step for clinical evaluation of a drug. There are many ways to assess 
the in vivo performance i.e. measuring the intact drug or metabolite 
level in the blood or urine assessing the physiological and biological 
response in laboratories animals or by measuring tissues or organs 
distribution of drug. It is difficult to predict the behavior of a dosage 
form on the basis of in vitro studies. Hence in–vivo studies in animal 
or human volunteers are most important before the product is 
introduced into the market. On the basis of optimization and in vitro 
characterization of the formulations DNPs (unconjugated NPs) and 
LDNPs (conjugated NPs) were selected for in vivo evaluation.  

Selection of animals 

Balb/c mice of either sex were used for the present in vivo studies. 
The mice were maintained on standard diet and water. Healthy mice 
of uniform body weight (18-22 g) with no prior drug treatment were 
used for these studies. The protocol was duly approved by the 
Institutional Animal Ethical Committee of Dr. H. S. Gour Central 
University, Sagar, M. P. (Protocol No: Animal Eths. Comm./11/10). 

The prepared drug delivery system was administered intravenously 
(i. v.) in equivalent amount of Drug (5-FU) to mice and performed 
the comparison between drug plasma concentration profile and 
tissue distribution time profile with data obtained from 
administration of plain drug solution to albino mice. 

Study design 

Balb/c mice were divided into four groups, in which the first group 
having one mice served as a control, the other three groups having 
three mice in each group. In which the second group received free 
drug solution, third and fourth groups received unconjugated and 
conjugated formulations, respectively. They were fasted overnight 
before administration of dose. The dose of the drug administered by 
intravenous route through tail vein in mice was 12 mg/kg body 
weight. Unconjugated and lactobionic acid conjugated nanoparticles 
were administered to each mice of third and fourth group, 
respectively. After administration of formulation, one rat from each 
group was sacrificed after 2 h, 8 h and 24 hour. Blood samples were 

collected through cardiac puncture. Different organs i.e. kidney, 
liver, spleen and brain were isolated and dried with tissue paper and 
weighed. The organs were excised and homogenized in 0.4% ortho 
phosphoric acid in methanol, PBS pH 7.4 mixture. The organic 
extracts were separated by centrifugation at 1200rpm for 10 min, 
filtered and dissolved in mobile phase (Potassium dihydrogen 
phosphate). One ml of this solution was filtered through 0.45 µm 
membrane filter. The amount of drug presents in each organs and 
blood samples were determined using HPLC method. 

Estimation of drug in serum 

Blood sample was collected through cardiac puncture in a centrifuge 
tube which contains heparin (anticoagulant) and centrifuged at 
5000 rpm for 10 min. Supernatant was collected, then added 2 ml of 
0.4% ortho–phosphoric acid and was deprotenized with equal 
amount of acetonitrile for half an hour to precipitate proteins. The 
precipitated proteins were separated by centrifugation at 5000rpm 
for 10 min and supernatant was collected and filtered through 0.45 
µm membrane filter. Same procedure was followed for unconjugated 
and conjugated NPs administered mice. The filtrate (25 µl) was 
injected into a C18 (mu) HPLC column and the eluents were 
monitored at 260 nm with a flow rate 1 ml/min. The peak area of 
drugs was recorded, the regression of plasma serum concentration 
of the drug over its peak areas were calculated using the least square 
method of analysis. 

Estimation of drug in various organs 

The HPLC method was used for quantification of drug in different 
organs of balb/c mice. Balb/c mice were sacrificed after specified 
time intervals and organs were isolated, dried using tissue paper 
(liver, spleen, kidney and lung). The organs were excised, weighed 
and minced into small pieces. One gram of each organ was 
homogenized with 2.0 ml of 0.4% ortho phosphoric acid in 
methanol, PBS pH 7.4 mixture. If the organs weighing less than one 
gram then whole organ was used. In the tissue homogenate 2.0 ml of 
acetonitrile was added and kept aside for 30 min then resultant 
suspension was centrifuged for 30 min at 3000 rpm and filtered 
through 0.45μm membrane filter. Supernatant of tissue 
homogenates were analyzed for drug content similarly as described 
in drug estimation in serum. 
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Fig. 6: Drug serum profile in various time intervals 

 

 

Fig. 7: Biodistribution of formulations in various organs of mice 

 

Fluorescence microscopy 

Imaging modalities that are non-invasive and in vivo have become 
especially important to study animal models longitudinally. Broadly, 
these imaging systems can be categorized into primarily 
morphological/anatomical and primarily molecular imaging 
techniques. Techniques such as high-frequency micro-ultrasound, 
magnetic resonance imaging (MRI) and computed tomography (CT) 
are usually used for anatomical imaging, while optical imaging 
(fluorescence and bioluminescence), positron emission tomography 
(PET), and single photon emission computed tomography (SPECT) 
are usually used for molecular visualizations [42, 43].  

The fluorescence microscopy was performed in order to confirm the 
drug uptake by the different organs from the plain solution, 
unconjugated and conjugated nanoparticles to help in qualitative 
assessment of formulation to reach the liver comparative to other 
organs. FITC (Fluorescein isothiocyanate) was used as fluorophore, 
which was encapsulated into the unconjugated DNPs and conjugated 
LDNPs nanoparticles in place of drug and the formulations were 
administered to balb/c mice intravenously through tail vein. Mice 
were sacrificed after 4hr and different parts i.e. Liver, kidney, lung 
and spleen, were excised from these animals and isolated. They were 
cut into small pieces and washed in Ringer’s solution with 
subsequent drying using tissue paper. Dried pieces of various organs 
were fixed in Carnay’s fluid (absolute alcohol: chloroform: glacial 
acetic acid, 3.5: 1: 0.5). 

Dehydration of liver and other tissues 

The dried organ pieces were transferred from Carnay’s fluid to the 
absolute alcohol for dehydration. Procedure was repeated thrice 
after each 30 min interval. 

Paraffin infiltration and embedding 

After dehydration, the tissues were transferred to a mixture of 
alcohol: xylene (1:1) for 1 hour, after which they were kept in xylene 
for 2 hr. Then wax scrapings were added to xylene up to the 
saturation level and kept undisturbed for 12 h. The molten matured 
wax, free of any suspended particles was kept in first infiltration pan 
kept in the incubator at 62-64 °C for one day. The tissue was then 
transferred to molten matured wax in first infiltration pan kept in 
incubator at 62-64 °C. The tissue was then transferred to the second 
and third infiltration pans each after 30 min maintained at 62-64C. 

Preparation of block and microtomy 

The blocks were prepared using the lid of Cuffling’s jar. Filtered 
melted wax was poured in the lid up to 4/5th of its total height. The 
tissues were removed from the infiltration pans and placed gently 
into the lid. They were allowed to stand at room temperature till 
solidified. The lid was placed in the tray containing water. They were 
kept as such, till the blocks separated and blocks floated in water. 
The blocks were cut and trimmed to remove the excess wax. Then 
microtomy was done with the help of microtome and ribbons of the 

http://en.wikipedia.org/wiki/High-frequency_micro-ultrasound
http://en.wikipedia.org/wiki/Magnetic_resonance_imaging
http://en.wikipedia.org/wiki/Computed_tomography
http://en.wikipedia.org/wiki/Fluorescence
http://en.wikipedia.org/wiki/Bioluminescence
http://en.wikipedia.org/wiki/Positron_emission_tomography
http://en.wikipedia.org/wiki/Single_photon_emission_computed_tomography
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sections obtained were fixed on the slides using egg albumin 
solutions as fixative [44]. The sections were viewed under 

fluorescence microscope and photomicrographs were taken and 
shown as (photomicrographs 7.1) 

 

Plain solution DNPs LDNPs 

1. Liver 

   

2. Lung 

   

3. Kidney 

   

4. Spleen 

   

Photomicrograph 3: Fluorescent images of different organs of mice after 4 h administration 

 

Ex-vivo cell cytotoxicity 

In science, ex-vivo refers to experimentation done in or on living 
tissue in an artificial environment outside the organism. Cell line 
studies were performed in a view to explore the target ability of the 
prepared formulation against human cancer cell line HepG2. 

Sulforhodamine blue (SRB) colorimetric assay for cytotoxicity 
screening 

The SRB assay is an indirect measure of cell growth, which uses total 
cellular protein as a surrogate for cell number. The assay counts on 
the ability of SRB to bind to protein components of cells that have 
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been fixed to tissue culture plates by trichloroacetic acid (TCA). SRB 
is a bright pink aminoxanthane dye with two sulfonic acid that bind 
to basic amino acid residues under mild acidic conditions. The 
amount of dye extracted from stained cells is directly proportional to 
cell mass.  

Experimental procedure for SRB assay 

The cell lines HepG2 were grown in RPMI 1640 medium containing 
10% fetal bovine serum and 2 mmol L-glutamine. For present 
screening experiment, cells were inoculated into 96 well microtiter 
plates in 100 µl at plating densities as shown in the study details 
above, depending on the doubling time of individual cell lines. After 
cell inoculation, the microtiter plates were incubated at 37 °C, 5% 
CO2, 95% air and 100% relative humidity for 24 h prior to addition 
of experimental drugs.  

After 24 h, one 96 well plate containing 5×103 cells/well was fixed in 
situ with TCA, to represent a measurement of the cell population at 
the time of drug addiction (Tz). Experimental drugs were initially 
solubilized in dimethyl sulfoxide at 100 mg/ml and diluted to 1 
mg/ml using water and stored frozen prior to use. At the time of 
drug addition, an aliquote of frozen concentrate (1 mg/ml) was 
thawed and diluted to 100 μg/ml, 200 μg/ml, 400 μg/ml and 800 
μg/ml with complete medium containing test article. Aliquots of 10 
µl of these different drug dilutions were added to the appropriate 
microtiter wells already containing 90 µl of medium, resulting in the 
required final drug concentrations i.e.10 μg/ml, 20 μg/ml, 40 μg/ml, 
80 μg/ml [45]. 

Endpoint measurement  

After compound addition, plates were incubated at standard 
conditions for 48 h and assay was terminated by the addition of cold 
TCA. Cells were fixed in situ by the gentle addition of 50 µl of cold 30 
% (w/v) TCA (final concentration, 10 % TCA) and incubated for 60 
min at 4 °C. The supernatant was discarded; the plates were washed 
five times with tap water and air dried. Sulforhodamine B (SRB) 

solution (50 µl) at 0.4 % (w/v) in 1 % acetic acid was added to each 
of the wells, and plates were incubated for 20 min at room 
temperature. After staining, unbound dye was recovered and the 
residual dye was removed by washing five times with 1 % acetic 
acid. The plates were air dried. Bound stain was subsequently eluted 
with 10 mmol trizma base, and the absorbance was read on a plate 
reader at a wavelength of 540 nm with 690 nm reference 
wavelength.  

Percent growth was calculated on a plate-by-plate basis for test 
wells relative to control wells. Percent Growth was expressed as the 
ratio of average absorbance of the test well to the average 
absorbance of the control wells 100.  

Using the six absorbance measurements [time zero (Tz), control 
growth (C), and test growth in the presence of drug at the four 
concentration levels (Ti)], the percentage growth was calculated at 
each of the drug concentration levels. Percentage growth inhibition 
was calculated as:  

[(Ti-Tz)/(C-Tz)]  100 for concentrations for which Ti>/=Tz (Ti-Tz) 
positive or zero, [(Ti-Tz)/Tz]  100 for concentrations for which 
Ti<Tz. (Ti-Tz) negative  

The dose response parameters were calculated for each test article. 
Growth inhibition of 50% (GI50) was calculated from [(Ti-Tz)/(C-
Tz)] x 100 = 50, which is the drug concentration resulting in a 50% 
reduction in the net protein increase (as measured by SRB staining) 
in control cells during the drug incubation. The drug concentration 
resulting in total growth inhibition (TGI) was calculated from Ti = 
Tz. The LC50 (concentration of drug resulting in a 50% reduction in 
the measured protein at the end of the drug treatment as compared 
to that at the beginning) indicating a net loss of cells following 
treatment was calculated from [(Ti-Tz)/Tz] x 100 =-50. Values were 
calculated for each of these three parameters if the level of activity 
was reached; however, if the effect was not reached or was 
exceeded, the values for that parameter were expressed as greater 
or less than the maximum or minimum concentration tested [46]. 

  

 

Fig. 8: Growth curve: Human hepatoma cell line HepG2 

 

 

Fig. 9: Showing percent control growth v/s concentration 
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RESULTS AND DISCUSSION 

Preparation of plain nanoparticles was carried out using the 
emulsification–diffusion method which involved the diffusion of the 
organic solvent in to aqueous phase, drug was dissolved in PBS 
(7.4)/water and subsequently added to aqueous phase containing 
pluronic F-68. Organic phase containing PLGA/conjugate was 
injected in to the aqueous phase, following different formulation 
steps as given in scheme 1. 

The final nanoparticle dispersion was filtered through a syringe 
filter (0.22 µm) various formulation variables i.e. polymer 
concentration, stabilizer concentration, amount of drug and process 
variables i.e. stirring speed, stirring time and sonication time were 
considered to optimize PLGA nanoparticle formulation. 

Optimization of the polymer concentration is the first step during 
the study and it was performed by varying the polymer 
concentration where as keeping other variables constant. The 
prepared formulation was optimized on the basis of particle size and 
polydispersity index. It was observed that the size of particles 
increased on increasing polymer concentration and it was found to 
be 106.24±2.1 at 1% polymer concentration where as the 
polydispersity index was 0.361 at same concentration of polymer. 
Hence, it was inference that with increase in polymer concentration 
viscosity of the solution increases, which in turn results bigger size 
nanoparticles. The polydispersity index is reduced on increasing its 
concentration from 0.5 to 1.0 while PDI increases on further 
increase in the polymer concentration. This caused due to increase 
in viscosity on increasing the polymer to 1.5% that produce 
hindrance in the movement or diffusion of solvent and produced 
bigger sized particles. Optimized formulation NP-2 was selected for 
further optimization of stabilizer concentration. It was observed that 
the particle size decreased when concentration of stabilizer 
increases, this may be due to decrease in surface tension and 
development of charge over the particles in the system because of 
presence of stabilizer. At 1% stabilizer concentration PDI is 0.321. If 
the concentration of stabilizer increases beyond 1% the gradual 
increase in particle size was observed which could be formation of 
micellar structure of pluoronic F-68 and increases the PDI. Hence, 
1% pluoronic F-68 concentration was taken as optimized parameter. 
So NP2S-2 was taken for further optimization. 

Amount of drug was optimized on the basis of particle size and 
percentage entrapment efficiency. It was observed that on 
increasing the amount of drug, the entrapment efficiency increased 
up to 10 mg of drug while on further increasing the amount of drug, 
the entrapment is not increase. This could be due to saturation of 
drug with the polymer. Same effect was observed on the particle size 
also. On the basis of above parameters formulation NP2S2D-2 was 
selected for further optimization of process variables. Formulation 
NP2S2D2S2S-2 showed varied effects on varying stirring speed, 
stirring time and sonication time. 

It was observed that as on increasing the stirring speed from 2000 to 
3000 rpm, and increasing the stirring time 2 hr to 3 hr the size of 
nanoparticles was decrease and drug entrapment efficiency was 
increased. This decrease in size of nanoparticles could be due to high 
shear force applied to the dispersion. Due to decrease in size the surface 
area of NPs was increased which in turn increased the drug entrapment 
efficiency. But beyond 3000 rpm and 3 hr of stirring speed, the size of 
NPs is reduced which are unstable and form aggregates which results 
increase in size. Similar effect was observed on varying the sonication 
time, the decrease in entrapment efficiency was observed due to loss of 
entrapped drug during reduction of size of NPs. 

The conjugation of lactobionic acid with PLGA polymer was proved 
by FTIR. In EDA conjugated PLGA one peak at 1642.2 cm-1was found 
which indicates the C=O stretching in amide, peak 3432.0 cm-

1represents N-H stretching and peak 1635.3 cm-1N-H bending in 
amide. In Lactobionic-EDA-PLGA, the peak 1639.6 cm-1and 1635.4 
cm-1represent C=O stretching in amide bond of lactobionic ethylene 
diamine PLGA conjugation, peak 3358.9 cm-1and 3352.3 cm-

1represents N-H stretching in amide bond, peak 1375.6 cm-

1represents O-H bending in alcohol and peak at 1218.7 cm-

1represents C-O stretching in alcohol. 

Hence on the basis of above results and observations LDNPs was 
selected as an optimized formulation for characterization and in 
vitro drug release. 

Particle size and zeta potential of the nanoparticle were determined 
by zetasizer showed that particles are in nano range (blow 200 nm) 
and have acceptable range of zeta potential. 

Shape and surface morphology were determined by TEM and SEM 
analysis. Transmission electron microscopic image of unconjugated 
showed that particles are spherical in shape and do not show 
considerable variation in shape. SEM image of nanoparticles was 
showing smooth surfaces. 

Entrapment efficiency was determined using sephadex G-50 column 
which was found to be 63.46±1.7 and 60.23±1.3 for DNPs and 
LDNPs, respectively.  

The in vitro release profiles of entrapped drug from formulations 
were determined using dialysis membrane. The percent cumulative 
drug release from nanoparticles in PBS (pH7.4) at different time 
intervals was recorded and reflecting sustained release of drug from 
formulation. 

For stability studies, the NP2S2D2S2S-2 is stored at the 
temperatures 4±1 °C and room temperature. Analyzed the particle 
size and residual drug content of formulations after the time 
intervals of 10, 20, 30, 45 and 60 d of storage and optimal storage 
condition was established. 

Upon storage, the particle size was found to increase at high 
temperature compared to low temperature; it may be due to the 
aggregation of the particles. Because at high temperature, 
accelerated collisions of particles increased leads to increasing in the 
kinetic energy, which forms nanoparticle aggregation. 

The percent of residual drug remaining in NP2S2D2S2S-2 after 
storing at room temperature and low temperature was calculated by 
assuming the initial drug content as 100%. The residual drug 
content of formulations stored at room temperature were found to 
be have more drug loss compared to the formulations stored at 4±1 
°C, which indicated that the formulations tend to degrade more at 
higher temperature. 

Hence, the stability studies are indicating that the formulation 
stored at 4±1 °C was more stable than the formulation stored at 
room temperatures. 

For the in vivo performance, the drug blood level studies of the 
formulations were considered. The formulations were predialyzed 
to remove unentrapped drug and drug concentration equivalent to 
that of free drug was given to the mice by intravenous route. The 
concentration of drugs in the body depends upon its release, 
biodistribution, metabolism and excretion from the body. In case of 
free drug maximum dose of drugs was recovered in serum after 15 
min. These results clearly indicated a drastic reduction in serum 
concentration of free drug in NPs formulation and may be accounted 
for the fact that the most of the drug present in blood was entrapped 
in the NPs.  

In vivo fate of nanoparticles suggests that receptor mediated uptake 
of nanoparticles by ASGP-R will occur and due to its sustained drug 
delivery, drug molecule will be available for longer period of time. 

In case of LDNPs 37.52±0.68% of 5-FU found in liver, where as 
1.03±0.14%, 5.83±0.03%, 3.92±0.01% were found in kidney, lung 
and spleen, respectively after 24 h of administration (table 7.1 and 
7.2, fig 7.1 and 7.2). Besides the distribution of drug to liver was 
increased from LDNPs as compared to that of 5-FU solution and 
DNPs. LDNPs reduced the accumulation of drug in kidney as 
compared to 5-FU solution and DNPs. This may be due to the fact 
that receptors for galactose are present in liver. 

The alteration in the % concentration of 5-FU by different 
formulation is due to difference in their bio distribution properties. 
When 5-FU given by i. v. route it distributed by blood circulation in 
to all organs, it goes in to kidney and retained there in higher 
amount and become the cause of renal toxicity. But when DNPs were 
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given, because of these size (around 200 nm), these are taken up by 
passive targeting and when 5-FU loaded (LDNPs) were given, they 
are selectively taken up by ASGP-R, exclusively present on liver 
parenchymal cells, because of galactose, there receptors have taken 
up LDNPs by receptor mediated endocytosis and retained the drug 
in the liver. These data clearly indicate that conjugation of galactose 
containing lactobionic acid with PLGA entrapping 5-FU increases the 
chances of drug to reach in the liver in large concentration as 
compared to other organs. 

Fluorescence microscopy was performed to establish a qualitative 
estimation of nanoparticle formulations targeted to various organs. 
FITC loaded DNPs and LDNPs were administered intravenously to 
mice through tail vein. The mice were sacrificed after 4 h and organs 
were excised and microtomy was performed. The photomicrographs 
were taken through fluorescent microscope. LDNPs shows better 
uptake in liver because of ASGP-R receptors as compared to DNPs 
and plain solution. 

Performed experiment on human hepatoma cell line HepG2 by SRB 
assay clearly suggests a dose dependent cytotoxicity response i.e. 
decrease in cell survival fraction with increasing concentration 
of drug. It was observed that LDNPs exhibited significantly 
higher cytotoxicity in comparison to plain 5-FU and DNPs. 

The results showed that plain drug solution have least cytotoxicity 
with GI50, 66.7 µg/ml. This might be due to lesser uptake of drug 
after 48 h incubation with the cell line. In case of DNPs, LDNPs 
higher cytotoxic effects were recorded. GI50 values of above 
formulations were found to be 63.9, 62.8 µg/ml respectively. 

The DNPs and LDNPs were more cytotoxic as compared to plain 5-
FU because of small size of DNPs increase adsorption at the cell 
surface and asialoglycoprotien receptors are over expressed on 
cancerous cells which help in direct internalization of conjugated 
nanoparticles (LDNPs).  

The present work demonstrates the suitability of lactobionic 
conjugated nanoparticles encapsulating 5-FU over other 
formulations as an optimum delivery system for tumor targeting. 

CONCLUSION 

Lactobionic acid conjugated nanoparticles prepared showed great 
potential as a targeted drug delivery system and have tremendous 
useful properties not seen in any other delivery module. Some 
properties that make them a suitable carrier are high drug loading, 
good targetibility and excellent biocompatibility. The proposed 
targeting strategy enhanced the therapeutic index of conventional 
anticancer drug as well as reduced its cytotoxic effects to normal 
cells resulting in potential drug delivery system. 
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