
126	 International Journal of Pharmaceutical Investigation | July 2013 | Vol 3 | Issue 3

Address for correspondence:  
Dr. Namdeo R Jadhav, 
Department of Pharmaceutics, Bharati Vidyapeeth College of 
Pharmacy, Kolhapur - 416 013, Maharashtra, India. 
E-mail: nrjadhav18@rediffmail.com

Namdeo R Jadhav, Ratan S Tone, Preeti V Irny, Sameer J Nadaf
Department of Pharmaceutics, Bharati Vidyapeeth College of Pharmacy, Kolhapur, Maharashtra, India 

Development and characterization of gelatin based 
nanoparticles for targeted delivery of zidovudine

INTRODUCTION

Zidovudine (AZT) is a drug recommended in the treatment of 
acquired immuno defficiency syndrome (AIDS) and associated 
conditions. AZT belongs to the class of antiviral agents known 
as dideoxynucleoside reverse transcriptase inhibitors and acts 
by inhibiting human immunodeficiency virus (HIV)-1 reverse 
transcriptase enzyme thus, interfering with the critical step in the 
viral life cycle.[1] AZT is rapidly metabolized in the liver to the 
inactive glucoronide form resulting in poor oral bioavailability.[2]

The most serious and frequent dose dependant side-effects 
noted with the use of AZT are haematological toxicity, anaemia, 

neutropenia and thrombocytopenia.[3] To overcome those, 
target specific particulate drug delivery can be one of the most 
promising approaches to achieve dose reduction, minimization of 
systemic toxicity and efficient therapy in the treatment of AIDS.

The reticuloendothelial system (RES) where macrophages are 
abundant acts as a major reservoir for HIV. Macrophages on 
their surface possess various receptors such as fucose, mannose, 
galactose etc.[4] Especially, mannose receptors are present at 
the surface of monocyte macrophages, alveolar macrophages, 
astrocytes in the brain and hepatocytes in liver.[5-8] Hence, using 
nanoparticulate systems, mannose receptors can be targeted, 
ultimately the reservoir of HIV.

Literature has revealed numerous attempts demonstrating 
preparation of AZT nanoparticles. AZT nanoparticles using Poly 
Lactic-co-Glycolic Acid (PLGA), Polylactic acid-Polyethylene 
glycol (PLA-PEG) and chitosan are reported.[9-11] Comparative 
studies on lamivudine-AZT nanoparticles for their selective 
uptake by macrophages have also been reported.[12] For improved 
anti-retroviral effect/therapeutic efficacy, AZT sustained release 
matrix tablets have also been prepared demonstrating the need 
extended release formulation.[13,14] However, attempt is missing 
to target RES, especially, macrophages, which are HIV reservoir. 
Targeting such reservoir can be achieved from understanding 
the fact about recognition of foreign particle having size larger 
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than 200 nm by RES.[15,16] Keeping that in view, attempt has 
been made to prepare AZT loaded gelatin nanoparticles (GNPs) 
and mannosylated them to target RES. Gelatin being efficient 
carrier, aiming its biodegradable, biocompatible, non-toxic, ease 
of cross linking nature, considerable work on delivery of drugs 
and proteins is also been evidenced.[17] Considerable work has also 
been reported on nanoparticles formulation using glutaraldehyde 
as cross linking agent.[18,19]

The present work deals with formulation of AZT loaded GNPs, its 
coupling with mannose and characterization for surface topology 
and polydispersibility, zeta potential, entrapment efficiency (EE), 
size distribution and in- vitro release drug studies. Coupling of 
the mannose with AZT loaded GNPs has been confirmed by 
Fourier transform infrared spectroscopy (FTIR).

MATERIAL AND METHODS

Materials
AZT was provided as a gift sample from Cipla Pvt., Ltd. 
(Mumbai, India). Sephadex G-50 was procured from Sigma 
Chemicals (St. Louis, MO). Gelatin and dialysis membrane, 
(molecular weight cut-off (MWCO) 12-14 kDa) were procured 
from Himedia (Mumbai, India). Glutaraldehyde and Sodium 
sulfate and Tween 20 were purchased from Spectrochem Pvt. 
Ltd. (Mumbai, India). All other reagents and solvents used were 
purchased from local suppliers unless mentioned. Fresh double-
distilled water was used throughout the study.

Methods
Preparation of nanoparticles
GNPs were prepared by two step desolvation technique.[20] GNP 
batches, A1 to A7 were formulated with different AZT: Gelatin 
ratio (w/w) as presented in Table 1.

200 mg gelatin was dissolved in distilled water containing 2% 
w/w Tween 20. The resulting solution was heated at a constant 
temperature to 40°C and stirred at speed of 300 rpm. To this 2 
ml of a 20% w/v aqueous solution of sodium sulphate was added 
slowly, followed by the addition of 1 ml distilled water containing 
2 mg of AZT. 5 ml of sodium sulphate solution was added until 
the solution turned turbid, which indicated the formation of 
GNPs. 400 µl of 25% glutaraldehyde solution was added to 
cross-link the gelatin followed by the addition of 5 ml of 12% 

sodium metabisulfite solution to stop the cross-linking process. 
The turbid dispersion was finally purified on a Sephadex G-50 
column. The nanoparticle containing fraction was lyophilized 
over a 48 h period.[21] Freezing of samples was carried out at 0.4°C/
min. From 20°C to 54°C for 3 h under atmospheric pressure. 
Further vacuum was applied for 10 min. followed by primary 
drying with the pressure reduced to 0.062 mbar at 20°C. Final 
drying was carried out at a reduced pressure of 0.002 mbar. 2% 
mannitol was added as a cryoprotectant to improve stability and 
retain the size of the colloidal particles.

Mannosylation of GNPs
Coupling of mannose to GNPs was performed using the method 
described by with a few modifications.[22] the method involves ring 
opening of mannose followed by reaction of its aldehyde group 
with free amino groups present over the surface of GNPs. Briefly, 
mannose (8.0 μmol) was dissolved in 0.1 M sodium acetate buffer 
(0.1 M, pH 4.0) which was further added to GNPs (0.1 μmol), 
agitated and allowed to stand at ambient temperatures for 2 days. 
The resulting solution was concentrated under vacuum at 70°C. 
Mannosylated gelatin nanoparticles (M-GNPs) were purified by 
dialyzing against double-distilled water in a dialysis tube for 24 h 
to remove the unreacted mannose, salts, and partially M-GNPs 
followed by lyophilization. The M-GNPs were characterized by 
infrared (FTIR) spectroscopy.

CHARACTERISATION OF AZT LOADED 
NANOPARTICLES

Particle size analysis and polydispersity index (PI)
Mean particle size and PI of GNPs and M-GNPs were determined 
using the photon correlation spectroscopy (Beckman Coulter 
Delsa Nano instrument, USA). The analysis was performed at 
a scattering angle of 90° and a temperature of 25°C.

Scanning electron microscopy (SEM)
The GNPs and M-GNPs were characterised morphologically 
using SEM (JEOL JSM-6390 LV, USA). Samples were coated 
with Platinum using Auto Fine Coater for 75 sec at a 40 mA 
operating current. Thickness of the coating was less than 25 nm. 
Images were taken using JEOL JSM-6390 LV SEM attached with 
two turbo pumps, creating high vacuum inside the body of the 
instrument and a secondary electron detector.

Table 1: Composition of nanoparticle formulation
Batch code AZT: Gelatin (w/w) 2% Tween 20 (ml) 20% sodium sulphate (ml) 25% glutaraldehyde (ml) 12% Sodium 

metabisulphite (ml)
A1 1:50 5 3 0.2 2.5
A2 1:75 7.5 4.5 0.3 3.75
A3 1:100 10 6 0.4 5
A4 1:125 12.5 7.5 0.5 6.25
A5 1:150 15 9 0.6 7.5
A6 1:175 17.5 10.5 0.7 8.75
A7 1:200 20 12 0.8 10
AZT: Zidovudine
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EE%
EE of GNPs and M-GNPs were determined indirectly. Briefly, 
the AZT loaded nanoparticles were separated from the dispersion 
using Sephadex G50 column on centrifugation for 10 min at  
2500 ± 100 rpm. The supernatant containing the unentrapped 
drug was diluted with distilled water appropriately and 
ultrasonicated. The amount of AZT entrapped in nanoparticles 
was determined spectrophotometrically at 266.8 nm by 
subtracting the quantity of drug in the supernatant from the total 
amount used for the preparation using the following equation.[11]

EE% = × 100
Wtotal

Winitial − Wfinal
� ...(1)

Zeta potential
Zeta potential of GNPs and M-GNPs were determined using 
Malvern Zeta-Sizer (Malvern instrument, UK). For the 
measurement, 100 μl of nanoparticle suspension was diluted 
to 4 ml with 10 mM NaCl solution, further adjusting the pH 
to 7.4 using 0.25 N NaOH. An electric field of 150 mV was 
applied to observe the electrophoretic velocity of the particles. 
All measurements were made at room temperature (25 ± 2°C) 
in triplicate and data were taken by setting refractive index to 1.8.

FTIR analysis
A Jasco FTIR spectrophotometer (Jasco FTIR 4100, UK) was 
used for infrared analysis of AZT, GNPs and M-GNPs. The 
technique used very small amount of each sample, which was 
directly loaded into the system. The spectra were obtained over 
a wave number range from 4000 cm–1-400 cm–1.

In-vitro release studies
In-vitro drug release studies were conducted for cross-linked 
GNPs and M-GNPs loaded with AZT. GNPs equivalent to  
10 mg of AZT were dispersed in 100 ml phosphate buffer saline 
(release fluid) of pH 7.4 and incubated at 37 ± 0.5°C at a stirring 
rate of 50 rpm for 24 h. Serial samples of 1 ml were withdrawn 
at a predetermined time intervals and were used to measure the 
absorbance at peak-absorption wave length of 266.8 nm using 
UV-visible spectrophotometer (Jasco V-530 UV). The data 
obtained were put in Poona college of Pharmacy (PCP) Disso 
V 3.0 (Pune, India) software to type the drug release kinetics.

RESULTS AND DISCUSSION

It was observed that, GNPs prepared using a two-step desolvation 
technique showed less aggregation compared to single step 
desolvation. The obtained nanoparticles were found to be 
spherical and exhibited small particle size, low PI, and high EE.

Particle size analysis and PI
It was noted that the cross-linking process renders the system 
having a uniformly round morphology of the drug loaded 
particles by the self-aggregation of GNPs. SEM studies revealed 
the smooth surface and spherical shape of GNPs and M-GNPs 
[Figure 1]. The particle size of M-GNPs was found to be 797.2 ±  
2.89 nm, which is much higher than the GNPs, which was 
found to be 394.5 ± 3.21 nm [Table 2]. This could be due to 
the anchoring of the mannose molecules at the surface of the 
nanoparticles. A very low PI of less than 0.1 was obtained for 
both formulations, indicating a narrow size distribution of the 

Table 2: Evaluation data for GNPs and M-GNPs*
Formulation code Particle size (nm) Polydispersity index Zeta potential (mV) Entrapment efficiency (%)
G-NPs 394.5 ± 3.21 0.392 ± 0.11 −23.1 66.56 ± 2.67
M-GNPs 797.2 ± 2.89 0.293 ± 0.08 −19.3 58.85 ± 2.34
*Indicates±SD (n=3). GNPs: Gelatin nanoparticles, M-GNPs: Mannosylated gelatin nanoparticles

Figure 1: Scanning electron microscopy microphotographs of drug loaded (a) gelatin nanoparticles (magnification × 82.53 K) (b) mannosylated 
gelatin nanoparticles (magnification × 15.22 K)

ba
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nanoparticles suspension and consequently a homogeneous 
distribution.

SEM
SEM studies revealed the smooth surface and spherical shape of 
GNPs and M-GNPs both [Figure 1].

EE%
The percent EE was determined and expressed as the percentage 
of drugs incorporated to the nanoparticles. Drug loading was 
determined spectrophotometrically at 266.8 nm. The AZT EE 
was found to be 66.56 ± 2.67% in GNPs while 58.85 ± 2.34% 
in M-GNPs [Table 2].

Zeta potential
A high zeta potential confers stability to nanoparticles, i.e., the 
solution or dispersion resists aggregation and when there is low 
zeta potential, attraction exceeds repulsion and the dispersion 
breaks and flocculates means the colloids with high zeta potential 
(negative or positive) are electrically stabilized while colloids 
with low zeta potentials tend to coagulate. Zeta potential of the 
M-GNPs was found to be -19.3 mV while that of the GNPs was 
found to be -23.1 mV [Table 2]. Thus, the GNPs are found to be 
more electrically stabilized compared to M-GNPs. the decrease 
in zeta potential on coupling with mannose may be due to a 
shielding effect of ions, over the charge present at the surface of 
the nanoparticles.

Fourier transform infrared analysis
The IR spectrum of AZT showed characteristic peak at the wave 
number 1109.37 cm–1 indicating the presence of C-N (amine) 
stretching, 3463.53 cm–1 for the presence of NH stretching, 
1685.48 cm–1 for the presence of C=O stretching, 2086.78 cm–1 
for the presence of azide group stretching, C-H aromatic at the 
wave number 2879.48 cm–1, 1469.78 cm–1 for C-H deformation 

(CH3) and at 1276 cm–1 for C-O stretch. The FTIR spectra of 
drug loaded GNPs showed weak N-H stretch at 3250-3450 cm–1 
and strong N-H bending at 1663 cm–1 that reveal the presence 
of primary amine group, C = O stretching and azide group 
stretching at 1667 cm–1 and 2032 cm–1 respectively. The peaks 
of drug loaded GNPs were similar (but with lesser intensity) to 
the spectrum of AZT. The peaks of various functional groups as 
described in the IR spectrum of AZT were also present in the drug 
loaded GNPs without any shift or change. These observations 
revealed the intact nature of the AZT present in the nanoparticles. 
From these results, the absence of drug–polymer interaction 
and the stability of the loaded drug in the nanoparticles were 
confirmed. In the FTIR spectra of M-GNPs, weak N-H stretch 
at 3460-3580 cm–1 and strong N-H bending at 1690 cm–1 revealed 
the presence of primary amine groups in them. The N-H bending 
of secondary amines at 1575 cm–1 and C=N stretch at 1505-1465 
cm–1 revealed the formation of Schiff ’s base (RCH=N-R bond), 
confirming the formation of a linkage between mannose ligand 
and amine terminal of the nanoparticles. Also, broad strong and 
intense O-H stretch of mannose at 3710-3580 cm–1 and a strong 
C-O stretch at 1075 cm–1 proved the presence of hydroxyl groups 
(of mannose) in large numbers in M-GNPs [Figure 2].

In-vitro drug release studies
Both, AZT loaded GNPs and M-GNPs, extended the drug 
release up to almost 24 h [Figure 3]. The GNPs showed 80.56% ±  
4.5% drug release, whereas the M-GNPs release 74.45% ± 
4.8% at the end of 24 h and releases were significantly different  
(P < 0.05) with respect to time. From in- vitro release data, it can 
be concluded that nanoparticle formulations exhibited a biphasic 
pattern of drug release. An initial burst release, 15.39 ± 0.5% and 
12.45 ± 1.2%, for GNPs and M-GNPs, respectively was observed 
until 3 h, due to immediate release of the surface associated drug 
and a prolonged release in the later stage due to the slow diffusion 
of drug from the matrix. Thus, both GNPs and M-GNPs followed 

Figure 2: Fourier transform infrared spectroscopy spectrum of nanoparticles
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Korsmeyer-Peppas release kinetics model (GNPs, k = 14.7225, 
r = 0.9760; M-GNPs, K = 19.6684, r = 0.9712).

CONCLUSIONS

AZT loaded M-GNPs were successfully prepared from desolated 
GNPs, by coupling with mannose as ensured from the formation 
of Schiff ’s base between mannose ligand and amine terminal 
of the nanoparticles. The size of nanoparticles was found to 
be in the range of 200-800 nm; thus, can be easily uptaken by 
the RES, where HIV is prominent. Further mannosylation will 
help binding nanoparticles to mannose receptors present over 
the macrophages, achieving selectivity in targeting of AZT and 
improvement in therapeutic efficacy and reduction in associated 
side-effects.
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