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ABSTRACT 

Objective: Dendrimers are the three-dimensional polymeric architectural motif which bestows an advanced platform for drug delivery and drug 
targeting. Dendrimers are a novel cargo system that can accommodate larger amounts of the drug in its structure by conjugating the drug with 
terminal amine functional groups. The present work was designed to develop Fosamprenavir calcium-loaded 5th generation poly (propylene imine) 
(5G PPI) dendrimers for effective treatment of Human immunodeficiency virus.  

Methods: The drug loading was carried out using a direct method with continuous stirring for 48 h. The sample was characterized using different 
analytical techniques and also evaluated for drug entrapment, drug release, and release kinetics. The hemolytic toxicity studies were also performed 
and evaluated based on % hemolysis and surface morphology of RBCs after incubating with the prepared formulation.  

Results: The Fourier transform infrared (FTIR) and Nuclear Magnetic Resonance (NMR) spectral analysis confirms the conjugation of the 
Fosamprenavir calcium and dendrimers. Differential scanning calorimetry analysis (DSC) also confirmed the conjugation of the drug with 
dendrimers. Scanning electron microscopy (SEM) images showcased the spherical floral arrangement of the dendrimer structure. The drug 
entrapment studies revealed 69.83±0.31% of the drug encapsulated in the dendrimer structure. The drug release studies showed 80.18±0.65% in 
phosphate buffer pH 7.4 and 68.09±1.78% in acetate buffer pH 5.0. The drug release kinetics showed that the Higuchi release pattern was followed 
for the release pattern of pH 5 and pH 7.4. The hemolysis study revealed that the conjugation of the drug with 5G PPI dendrimers drastically reduces 
the hemolysis.  

Conclusion: Thus, from the studies, it can be concluded that an efficient drug delivery system can be developed for the anti-retroviral drug 
Fosamprenavir calcium by loading on 5G PPI dendrimers.  
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INTRODUCTION 

Dendrimers are hyperbranched structured artificial polymers, 
getting enormous attention for diverse therapeutic agents [1]. This 
nanosized complex molecule was first put forward by Fritz Vogtle in 
1978, named cascade molecules. After many years of basic 
discoveries, Tomalia and co-workers formulated an improved 
category of cascade molecules, termed dendrimers, which is a from 
the Greek word dendrons means branched-like structure [2]. 
Newkome and co-workers published the development of a similar 
kind of structure and termed them arborol derived from the Latin 
term arbor [3].  

Dendrimers are developed in a step-wise pattern starting from the 
central core towards the periphery. The structure of dendrimers 
consists of a central core with layers of repeating units, followed by 
terminal functional groups [4]. The terminal functional groups are 
responsible for the pharmacokinetic properties of the structure. It 
provides the platform for the conjugation of different target-specific 
ligands for the effective delivery of drug molecules to target organs 
[5]. Therapeutic or diagnostic agents can be encapsulated inside the 
structure or can be tailored on the surface of the dendrimers. The 
structure of dendrimers increases radially, increasing the generation 
number from G0 to G5. Beyond G5, there is no increment in 
generation number due to the highly complex structure [6].  

Dendrimers can alter the pharmacokinetics of the attached drug 
molecules by conjugating them with peptides, proteins, and specific 
antibodies. Dendrimers are nanosized structures and can easily 
penetrate through the skin, muscular layers, intestine, or epithelial 
layers. Dendrimers can be targeted to specific tissues, reducing drug 
toxicity and thus preventing the non-infected healthy cells and 
improving therapeutic levels [7]. Dendrimers are polyvalent and 

possess high solubility potential, which helps to improve the 
solubility of hydrophobic drugs [8, 9]. It also possesses the self-
assembling property due to intermolecular forces which balance the 
individual forces. Due to self-assembling, supramolecular structure 
was generated, which possesses high drug-loading capacity [10].  

Poly(propylene imine) (PPI) dendrimers are polar vesicles with 
spherical shapes. It consists of ethylene diamine (EDA) as a central core 
with branching of tertiary tris-propylene amine in the interior part of the 
dendrimers and primary alkylamine on the surface of the dendrimers 
[11, 12]. The structure possesses high branching of alkylamine PPI 
dendrimers in the internal part, rendering them hydrophobic in 
comparison to poly(amidoamine) (PAMAM) dendrimers. PPI 
dendrimers are available in a different generation from G0 to G5 [13]. 

Fosamprenavir calcium (FPV) is a prodrug. Once it is taken into the 
body, it is quickly converted to amprenavir by cellular phosphatases 
in the epithelium lining the stomach. There have been reports of skin 
responses that are either extremely severe or potentially fatal. 
Diarrhea, rash, nausea, vomiting, and headache are the most 
prevalent adverse effects that range from mild to severe in severity 
throughout clinical studies of Lexiva. Fosamprenavir calcium is 
available in film-coated tablets, capsules, and oral suspension [14]. 

The drug FPV is responsible for hemolytic anemia [15]; similarly, the 
dendrimers cause toxicity due to terminal amine groups [16]. 
Dendrimers are commonly administered through the intravenous 
route, and the formulations are first going to interact with blood 
cells. Hemolysis studies are the better indicator of the effect of 
formulations on the blood cell, especially red blood cells (RBCs). The 
test indicated the quantitative release of hemoglobin due to the lysis 
of cells. The study helps to determine the qualitative as well as 
quantitative damage to the RBCs by % hemolysis studies as well as 
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by studying the cell morphology due to the presence of drug-loaded 
dendrimers [17].  

The present work was designed to develop the formulation of the 
prodrug Fosamprenavir calcium-loaded 5G PPI dendrimer for the 
effective treatment of HIV. The dendrimers exhibit very high drug-
loading capacity due to high internal spaces and surface functional 
groups. Thus, large amounts of drugs can be trapped inside or 
conjugated outside the dendrimers. The drug causes severe toxicity due 
to which they need to be administered in lower doses than required for 
effective plasma concentration. Lower drug administration leads to 
severe problems such as inefficient treatment, relapse of disease, and 
drug resistance. The developed formulation helps to accommodate a 
larger quantity of drug, thus helping in maintaining the effective blood 
concentration. Thus, the Fosamprenavir calcium-loaded dendrimers 
were formulated and characterization and in vitro drug release and 
hemolytic studies were performed.  

MATERIALS AND METHODS 

The drug Fosamprenavir calcium (FPV) was procured from Lupin 
Laboratories Limited, Pune, India. 5G PPI dendrimers was received 
as a gift sample from Dr. N. K. Jain, Dr. H. S. Gour University, Sagar, 
India. The dialysis membrane of molecular weight cut-off (MWCO) 7 
KDa was purchased from Himedia, India. All other chemical was of 
analytical grades. 

Formulation development of FPV-loaded dendrimers 

100 mg of drug FPV was weighed accurately. 20 ml of methanol was 
added to the drug and mixed well. The drug methanol solution was 
sonicated for 10 min to solubilize the drug completely. The above 
solution was transferred to a round bottom flask and then 10 ml 
water was added and to this accurately weighed 200 mg of carbon 
nanotubes was added. The preparation was stirred for 48 h using a 
magnetic stirrer. Following a period of 48 h, the solutions were 
dialyzed in a cellulose dialysis membrane bag (MWCO 7 KDa, 
Himedia, India) against water and methanol at a ratio of 2:1 while 
the sink condition was maintained. This process lasted for 15 min. 
The resultant product was collected and dried at 50±1 °C till it was 
completely dried. The dried product was collected and stored in an 
air-tight container for further characterization [18]. 

Characterization 

Fourier transform infrared spectroscopy 

Fourier transform infrared spectroscopy (FTIR) was performed to 
study the presence of functional groups in the pure drugs and it also 
helped to understand the conjugation of 5G PPI dendrimers with the 
drug Fosamprenavir calcium (FPV-DEN). The spectrum was 
determined using PerkinElmer Spectrum IR Version 10.6.1. The 
sample was pelleted with KBr pellets and placed under the beam of 
IR radiations. Different frequencies of light were indented on the 
samples and their corresponding absorption was noted. The 
functional group present in the sample responds to a specific 
frequency of light and corresponds to wave number. The samples of 
drug FPV, dendrimers, and FPV-DEN were subjected to FTIR 
spectroscopy for the confirmation of the functional groups [19]. 

Nuclear magnetic resonance spectroscopy 

Nuclear magnetic resonance (NMR) spectroscopy is the 
confirmatory and most desirable analytical method to evaluate the 
chemical structure of raw materials. The samples of FPV, dendrimer, 
and FPV-DEN were subjected to NMR spectroscopy for structural 
confirmation. The samples were subjected to proton NMR (Bruker 
Advance II) at an operational frequency of 400 MHz. The samples 
were dissolved in dimethylsulfoxide (DMSO) [20]. 

Differential scanning calorimetry 

Differential scanning calorimetry (DSC) study helped to evaluate the 
thermal properties of the drug FPV and the effect of thermal 
properties on the conjugation of a drug on dendrimers. The drugs 
FPV, 5G PPI dendrimers, and FPV-DEN were subjected to DSC 
studies. The sample was placed on the aluminum pan and packed 
properly. The heating rate was set from 2 °C/min using DSC (Perkin 
Elmer, Massachusetts, United States) [21]. 

Field emission scanning electron microscopy 

5G PPI dendrimer and FVP-DEN structure's external surface 
properties, including porosity, fractures, and flaws, were studied 
using Field emission scanning electron microscope (FE-SEM). 
Studies on surface morphology were conducted using a 1.0 nm 
resolution FE-SEM (Jeol, USA, Inc.). A secondary detector was 
employed. A thin layer of gold was applied to the sample using a JFC 
ion sputter coater to prepare it. 15 kV of accelerated voltage was 
used for the scanning [22, 23]. 

Particle size 

The particle size and zeta potential of the 5G PPI dendrimers were 
estimated by measuring the dispersion by Zetasizer Ver. 7.13, 
Malvern, using light scattering method [24].  

Drug entrapment 

It is an indirect approach that establishes the drug content in the 
solvent system, and the quantity of drug entrapped is determined by 
comparing the initial drug loading to the amount of drug in the 
solvent. The produced dispersion was shifted into a dialysis bag 
(MWCO 7 KDa, Himedia, India) following drug loading. The bag was 
placed in 40:60 methanol: water solution and stirred magnetically 
for 15 min. After 15 min, the solvent was removed, and a UV 
spectrophotometer (Shimadzu UV/Vis, Japan) was used to analyze 
the drug concentration at 265 nm for FPV [25]. % entrapment 
efficiency was determined using the formula given below:  

 

In vitro drug release” 

In vitro release study was performed by equilibrium dialysis tube 
diffusion technique. A dialysis bag (MWCO 7 KDa, Himedia, India) 
was used for the administration of 10 mg/5 ml of each drug-loaded 
dendrimers and 5G PPI dendrimers solution in methanol. Under sink 
circumstances, the constructed tube was dialyzed with methanol: 
buffer (PBS pH 7.4 and acetate buffer pH 5). 1 ml of the liquid 
sample was taken every hour until 8 h, then at 24 h, 30 h, 48 h, 72 h, 
and 96 h. To keep the sink condition, additional fresh solvent (1 ml) 
was applied. Using a UV spectrophotometer (Shimadzu UV/vis, 
Japan) at 265 nm for FPV the extracted sample was diluted using an 
appropriate solvent solution [26].  

Release kinetics  

Different mathematical models, including first order, zero order, 
Hixon-Crowell, the Korsmeyer-Peppas model, and the Higuchi model, 
were applied to the drug release data. To determine which model best 
matched the release profile, the R2 value was estimated. The first-
order release shows a connection between drug dosage and response 
pace. The zero-order suggests that the conjugates continuously release 
their substance. The release of hydrophilic and sparingly soluble drugs 
by diffusion or dissolution is depicted in Higuchi's model. The 
Korsmeyer-Peppas model aids in correlating how the medicine 
diffuses across the polymeric matrix. Release methods and the n value 
(release exponent) may be connected. The n value may be used to 
study the diffusion pattern whether the value of n is less than 0.5 [27]. 

Hemolysis studies 

A sample of blood was withdrawn from Wister rats in EDTA anticlot 
vials and centrifuged for 15 min at 3000 rpm using a Remi 
centrifuge. RBCs were first washed, and then 0.1 ml of RBC 
suspension was mixed with 0.9% saline solution and incubated for 
60 min. After incubation, the sample was analyzed using a UV 
spectrometer (Shimadzu 1601, Kyoto, Japan) at 540 nm along with 
0.9% w/v NaCl solution and deionized water to stimulate 0% and 
100% hemolysis. Dilutions of the RBC suspension were made and 
analyzed by UV spectrophotometer. Hemolysis studies were carried 
out for the drug FPV, 5G PPI dendrimers, and formulation FPV-DEN 
was analyzed at increasing concentrations (0.3 µg/ml, 0.6 µg/ml, 0.9 
µg/ml)[16, 28]. Percent hemolysis was calculated by the equation:  
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Where Abs, Abs0 and Abs100 are the absorbance of sample, a solution 
of 0% hemolysis and a solution of 100% hemolysis, respectively. 

RESULTS AND DISCUSSION 

Formulation development of fosamprenavir calcium-loaded 
dendrimers 

Fosamprenavir calcium-loaded dendrimers (FPV-DEN) was 
developed by loading drug FPV on the 5G PPI dendrimers with 
constant stirring for 48 h using a magnetic stirrer. The drug binds 
with the surface amine group of the dendrimers by covalent linkage 
and is also trapped in the dendrimer structure. The structure was 
characterized using different characterization techniques such as 
spectroscopic analysis, morphological studies, and cytotoxicity 
studies.  

Characterization of FPV-DEN 

FTIR spectroscopy 

Fig. 1 shows the FTIR spectra of FPV, dendrimers, and FPV-DEN. 
FTIR spectrum of FPV indicated an intense peak at 3372.08 cm-

1reflecting the presence of stretches of O-H; the medium intensity 
peak found at 3243.04 cm-1are the stretches of an amino group (N-
H) corresponding to amide and amine functional group. A peak at 
1688.01 cm-1was the peak of stretched of aliphatic C=O, the peak of 
higher intensity was observed at 1597.91 cm-1 and 1502.3 cm-1 
confirms the stretches of C=C; medium intensity C=H stretches of the 
aliphatic isopropyl chain observed at 1431.79 cm-1, 1315.68 cm-

1corresponds to stretching of C-N of the amine group, the peak 
showed high to medium intensity, 1147.81 cm-1 and 1089.53 cm-1 

peaks correspond to an asymmetrical stretch of S=O; a region with 
high intensity, at 987.18 cm-1 the peak of high intensity due to C-O 
stretching of ether and phosphate esters [26, 29]. 

The spectrum of dendrimers showed peaks such as a peak at 
3322.67 cm-1 was the peak for primary amine, confirming the 
presence of amine present on the periphery of dendrimers, a peak at 
2832.0 cm-1, and a peak at 2944.47 cm-1 was due to-C-H stretching of 
alkene, peak at 1683.75 cm-1 indicates N-H deflection of amine, a 
peak at 1411.08 cm-1 and 1449.72 cm-1 are the twin peak 
corresponds to CH band, a peak at 1114.98 cm-1 due to stretching of–
C-N, and 1029.07 cm-1which corresponds to bending C-H. 

The drug conjugation took place between the methyl group of the 
isopropyl chain of drug FPV and the surface amino group of 
dendrimers. The spectrum of FPV-DEN showed a characteristic peak 
at 3353.66 cm-1, which corresponds to the broad peak of NH. The 
peak was found to be altered due to the incorporation of the drug in 
the dendrimer structure. The peak at 2958.05 cm-1 corresponds to 
the stretching of C-H and the peak at 1655.06 cm-1 corresponds to 
the carbonyl group (amide) of the drug FPV. The peak at 1596.04 
cm-1 and 1503.00 cm-1 corresponds to C=C of the aromatic structure 
of drug FPV. The peak of the C-H group of the isopropyl group of FPV 
was sifted to at 1420.27 cm-1 and the peak shape was also altered, 
indicating that the drug structure had been altered due to 
conjugation of FPV with dendrimers. The C-N peak was observed at 
1362.00 cm-1 and the characteristics peak of S=O was observed at 
1079.46 cm-1confirming the presence of dendrimers. This confirms 
that the drug FPV was loaded on the surface of dendrimers [29]. 
Table 1 represents FTIR frequency data of plain drug FPV. 

 

 

Fig. 1: FTIR spectrum of (a) FPV (b) Dendrimers (c) FPV-DEN 
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(c) 

Fig. 2: NMR spectrum of (a) FPV (b) Dendrimers (c) FPV-DEN 
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Table 1: FTIR frequency data of FPV-DEN 

Observed peaks frequency (cm-1) Standard FTIR range (cm-1)  Corresponding functional group 
3353.66 3500-3100 Broad altered band of N-H stretching  
2958.05 3150-3050 C-H stretching 
1655.06 1630-1680 C=O (amide) group 
1596.04 1475-1600 C=C aromatic carbon 
1503.00 1350-1000 C=C aromatic carbon 
1420.27 1375-1450 C-H isopropyl stretch 
1362.00 1300-1000 -C-N stretch 
1079.46 1050-1375 -S=O 
980.7 900-690 -C-H aromatic (out of plane) 
 

NMR spectroscopy 

The NMR spectrum of plain drug FPV, dendrimers, and FPV-DEN is 
shown in fig. 2. The drug was subjected to 1H NMR spectroscopy and 
studied for the presence of different peaks corresponding to 
different protons in the FPV structure, confirming the purity of the 
drug. H3 and H7 aromatic protons show their presence at H3 and H7 
at δ 6.83 ppm, and other aromatic protons H4 and H6 show their 
doublet at δ 7.62 ppm. The H18, H19, and H20 show resonance at δ 
7.21 to δ 7.23 ppm, a pair of doublets corresponding aromatic 
methine proton at H17 and H21 found at δ 7.30 ppm. Doublets 
observed at δ 0.77 and 0.78 ppm correspond to H10 and H11 of 
methyl proton. Five pairs of multiplets for methyl protons containing 
non-equivalent protons at δ 2.59-2.64 ppm, δ 2.97-2.99 ppm 
responded to H8a,b, δ 2.71-2.76 ppm, δ 3.53-3.54 ppm responded to 
H-12a,b, δ 2.55-2.59 ppm, δ 3.00-3.03 ppm responded to H-15a,b, δ 
1.8 ppm, δ 1.93-1.95 ppm corresponded to H-25a,b, δ 3.2838-3.2889 
ppm, δ 3.53-3.54 ppm corresponding to H-26a,b. Multiplets at δ 1.93 
ppm, δ 3.7.3-8 ppm correspond to methine proton H9, H-13, H-14, 
and H-24. The H 27 a,b corresponds to δ 3.59-3.68 ppm, and 
doublets at δ 6.86 ppm correspond to the carbamate group [30]. 

The NMR spectrum of the 5G PPI dendrimer is shown in fig. 2b. The 
NMR spectra of dendrimers confirm the presence of protons as per 
the literature. Multiplets were observed between δ 0.9 ppm 
corresponding to-CH2 of methylene groups of EDA. The chemical 
shifts between δ 1.74 ppm corresponding to-CH2-CH2-, the peak at δ 

2.34-2.36 ppm corresponds to-NH2, multiple peaks at δ 2.40–2.69 
ppm due to N[C]C and multiplets between δ 2.71-2.79 ppm 
corresponds to-CH2-NH2 [31, 32]. 

The NMR spectra of FPV-DEN indicate many protons due to the 
incorporation of the drug FPV in the dendrimers, which were not 
present in the NMR spectra of dendrimers. Alteration in a chemical 
shift at δ 2.33 ppm indicated the attachment of the methyl group of the 
drug with a surface amino group of dendrimers. The multiplets at δ 
0.7-0.8 ppm correspond to isopropyl methyl proton altered, indicating 
the attachment of the methyl group of the drug and terminal amine 
group of dendrimers. Aromatic protons are visible above δ 7.00 ppm, 
and chemical shift at δ 6.85 ppm corresponds to carbamate proton. 
The dendrimer structure has an abundance of protons in its 
surroundings due to a heavily conjugated and complex structure that 
corresponds to various peaks and splitting patterns [33]. 

Differential scanning calorimetry  

The conjugation of FPV-DEN was also confirmed by DSC studies and 
given in fig. 3. DSC studies of dendrimer indicated that sharp peak at 
88.6 °C. The peak was observed at 315.53 °C for FPV and 104.3 °C for 
the drug-loaded dendrimers. It was observed that the transition 
temperature showed a negative shift, confirming the strong 
interactions between dendrimers and FPV. The transition of the 
peak indicated that the endothermic capability was altered, which 
confirmed that the drug was conjugated with dendrimers [34]. 

 

 

Fig. 3: DSC images of (a) FPV (b) Dendrimers (c) FPV-DEN 

 

Field emission scanning electron microscopy” 

Fig. 4 represents the image of dendrimers and FPV-DEN. The FE-
SEM image indicated that the surface topography did not change 
when the drug was loaded in the dendrimer structure. The image 
indicated that the structure of dendrimers in drug-loaded 
dendrimers remained unchanged as compared to plain dendrimers. 
Spherical structure dendrimers were observed in the microscopic 
image indicating that the process of drug loading did not alter the 
surface topography of the dendrimer. The structural characteristics 
did not alter the conjugation of the drug [35]. 

Particle size distribution 

The particle size of dendrimers and FPV-DEN were determined 
using Delsa nano (Beckman counter). Fig. 5 shows the particle size 
distribution of FPV-DEN. The particle size of the dendrimers was 
found to be 41.9±1.02 nm and PDI was found to be 0.379. The 
particle size of drug-loaded dendrimers was found to be 172.6±0.89 
nm and PDI was found to be 0.379. The result indicated that the 
prepared drug-loaded dendrimer was found to be in the nano-range 
and PDI indicated that the structure is uniformly distributed. Table 2 
represents the particle size and PDI of dendrimers and FPV-DEN. 
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Fig. 4: FE-SEM images, (a) Dendrimer (at 15,000x magnification); (b) FPV-DEN (at 25,000x magnification) 

 

 

Fig. 5: Particle size distribution of FPV-DEN 

 

Table 2: Particle size and zeta potential of dendrimer and FPV-DEN 

 Particle size (nm) PDI 
5G PPI Dendrimer 41.9±1.02 0.379 
FPV-DEN 172.6±0.89 0.379 

*(Data is represented as mean±SD, n=3) 

 

Entrapment efficiency 

Entrapment efficiency was performed using a dialysis membrane to 
determine the amount of entrapped drug in the carrier system. The 
drug entrapment efficiency FPV-DEN was determined using an 
indirect method using a dialysis membrane (MWCO 7 KDa, Himedia, 
India). The entrapment efficiency was found to be 69.83±0.31%. The 
terminal functional group increases the sites of interaction of drugs 
by covalent linking and also binds non-covalently by hydrogen 
bonding or hydrophobic interactions as the drug was also 
hydrophobic. The drug can also entrap and form bonds inside the 
dendritic structure [36].  

In vitro drug release 

The drug release studies of FPV-DEN were performed in two 
different pH media, i.e., at PBS pH 7.4 which corresponds to systemic 
pH, and at acetate buffer pH 5, which corresponds to the internal 

environment of the macrophages. The study involves 50 ml of 
release medium kept on continuous stirring. The dialysis membrane 
method used for the release study revealed initial fast release 
followed by sustained release in both the release medium. The drug 
FPV was reported to have higher solubility at lower pH (pH 3.3), 
which reduces with increases in pH [37]. The release study revealed 
the higher drug release at lower pH 5 (88.79±1.10%) as compared to 
pH 7.4 (78.59±2.41%). Fig. 6 shows the drug release profile of FPV 
from FPV-DEN in acetate buffer pH 5 and PBS pH 7.4 for 96 h. 

Drug release kinetics 

Different mathematical models are used to correlate the release 
pattern zero and first order, Higuchi model, Korsmeyer-Peppas 
model, and Hixon-Crowell model. The results were tabulated in table 
3 and represented in fig. 7. The most-fitted model was based on the 
value of regression; the higher the value, the better the model fitted. 
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Fig. 6: Drug release profile of FPV-DEN for 96 h, *(Data is represented as mean±SD, n=3) 

 

Table 3: Drug release kinetics showing R2 value and n 

S. No. Release pH 5 pH 7.4 
R2 n R2 N 

1 First-order 0.85  0.8404  
2 Zero-order 0.68  0.716  
3 Korsmeyer-Peppas 0.7235 0.6667 0.6816 0.5974 
4 Higuchi 0.9052  0.909  
5 Hixon 0.7961  0.8015  

 

Both the release profiles were subjected to the release kinetics model 
and the R2 value was calculated. From the kinetics model, it was 
concluded that the most-fitted model was found to be the Higuchi 
model with the highest R2 value of 0.9052 for pH 5 and 0.909 for pH 
7.4. The release exponent indicated the drug transport mechanism 
through the polymer. The Higuchi model helps to understand the drug 
release from an insoluble matrix. The release pattern showed an initial 
fast release followed by a decrease in release with time. In this system 
concentration of the drug is much higher than it releases and acts as a 
driving force. As time proceeds, the concentration gradient changes 
reducing the diffusion and subsequently reducing the drug release 
[38]. The parameter n helps to determine the release mechanism of 
the drug from the delivery system. If the value is less than o.5 then 
fickian diffusion was supposed to follow, if the value is between 0.5 to 

1 non-fickian mechanism was followed. If the value of n is 1, the 
release is by swelling and diffusion comes under non-fickian diffusion 
(Case II), and then if the value of n>1, it is a super case II model. The n 
value was found to be 0.6667 for pH 5 and 0.5974 for pH 7.4. The value 
indicates that the release was governed by the fickian diffusion model.  

The drug release was subjected to other release models; the lowest 
R2 value was found to be for the first order. The value for the first 
order was found to be 0.85 for pH 5 and 0.8404 for pH 7.4, a lower 
value of R2 makes it unsuitable. The zero-order model was also 
unsuitable as the value of the correlation coefficient was 0.68 for pH 
5 and 0.716 for pH 7.4. The Higuchi model also showed a lesser R2 
value of around 0.7235 for pH 5 and 0.6816 for pH 7.4. The Hixon 
Crowell model was also found unsuitable as the value of R2 was 
found to be 0.7961 for pH 5 and 0.8015 for pH 7.4. 

 

 

(a) First order release kinetics    (b) Zero order release kinetics 
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(c) Korsmeyer peppas release kinetics    (d) Higuchi release kinetics 

 

(e) Hixon-Crowell release kinetics 

Fig. 7: Drug release kinetics of FPV-DEN 
 

Hemolysis study 

Hemolysis study helps to study the effect of the formulation on cell 
lysis, particularly RBC lysis. PPI dendrimers cause hemolysis due to 
terminal amine groups of dendrimers. The drug FPV also induces 
hemolytic anemia as reported by the Food and Drug Administration 
(FDA) [15]. The plain drug showed very high hemolytic activity 
(47.07±1.28%). The hemolytic tendency of the drug and dendrimer 
drastically changed on conjugation. Upon conjugation free drug was 
not available that reduces the toxicity and thus, RBCs lysis similarly 
the terminal amine group of dendrimers was occupied by the drug 
reducing its toxicity. Fig. 8 represents the % hemolysis data of the 
drug FPV, 5G PPI dendrimers, and three different concentrations of 
FPV-DEN. 

The percentage hemolysis of the formulation was tested at three 
different levels, demonstrating that toxicity increased with the dose of 
the formulation [39-41]. The toxicity of the formulation increases as the 
formulation's concentration rises. At the formulation concentrations of 
0.3, 0.6, and 0.9 µg/ml, the toxicity was found to be 5.45±0.99%, 
12.12±1.25%, and 22.82±1.08% [22, 23]. RBCs were photographed after 
being exposed to various formulation concentrations, FPV, as well as 
saline and water. When RBCs were treated with 0.9% saline, the images 
revealed no lysis; however, full lysis was shown when RBCs were treated 
with water. The formulation at a lower concentration (0.3% µg/ml) does 
not show hemolysis, while hemolysis increases with increasing 
concentration. Fig. 9 represents the photograph of RBCs treated with 
saline, water, drug FPV, 5G PPI dendrimers, and FPV-DEN at 0.3%, 0.6%, 
and 0.9% µg/ml concentration. 

 

 

Fig. 8: % Hemolysis by FPV, 5G PPI dendrimers, and different concentration of formulations, *(Data is represented as mean±SD, n=3) 
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(a) Saline      (b) Water 

  

(c) FPV      (d) 5G PPI Dendrimers 

 

(e) FPV-DEN (0.3 µg/ml)     (f) FPV-DEN (0.6 µg/ml) 

 

(g) FPV-DEN (0.9 µg/ml) 

Fig. 9: Surface morphology of RBCs-(a) Saline, (b) Water, (c) Drug FPV, (d) 5G PPI dendrimers, (e) FPV-DEN (0.3 µg/ml), (f) FPV-DEN (0.6 
µg/ml), and (g) FPV-DEN (0.9 µg/ml) 
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CONCLUSION 

Dendrimers are a novel cargo system for the delivery of the drug. 
Dendrimers have high drug loading capacity within the dendrimer 
structure and on the surface amino group of dendrimers. In the 
present work, the drug Fosamprenavir calcium was loaded on the 5G 
PPI dendrimers. The drug gets trapped inside and conjugated on the 
surface amino group of dendrimers. The conjugation was confirmed 
by spectroscopic techniques and DSC. The drug release studies and 
release kinetics revealed the effective release for 96 h. The hemolytic 
study indicated that the RBC lysis due to drug FPV and dendrimers 
was found to be reduced drastically after conjugation. From the 
present study, it can be concluded that a drug FPV can be effectively 
loaded on dendrimers for the treatment of disease. 
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