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The present paper investigates the enhancement of 
the therapeutic effect of Paclitaxel (a potent anticancer 
drug) by increasing its cellular uptake in the cancerous 
cells with subsequent reduction in its cytotoxic effects. 
To fulfill these goals the Paclitaxel (PTX)-Biotinylated 
PAMAM dendrimer complexes were prepared using bi-
otinylation method. The primary parameter of Biotinylat-
ed PAMAM with a terminal HN2 group – the degree of 
biotinylation – was evaluated using HABA assay. The ba-
sic integrity of the complex was studied using DSC. The 
Drug Loading (DL) and Drug Release (DR) parameters 
of Biotinylated PAMAM dendrimer-PTX complexes were 
also examined. Cellular uptake study was performed 
in OVCAR-3 and HEK293T cells using fluorescence tech-
nique. The statistical analysis was also performed to 
support the experimental data. The results obtained 
from HABA assay showed the complete biotinylation of 
PAMAM dendrimer. DSC study confirmed the integrity of 
the complex as compared with pure drug, biotinylated 
complex and their physical mixture. Batch 9 showed the 
highest DL (12.09%) and DR (70%) for 72 h as compared 
to different concentrations of drug and biotinylated 
complex. The OVCAR-3 (cancerous) cells were character-
ized by more intensive cellular uptake of the complexes 
than HEK293T (normal) cells. The obtained experimental 
results were supported by the statistical data. The results 
obtained from both experimental and statistical evalua-
tion confirmed that the biotinylated PAMAM NH2 den-
drimer-PTX complex not only displays increased cellular 
uptake but has also enhanced release up to 72 h with 
the reduction in cytotoxicity.
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INTRODUCTION

Ovarian cancer is one of the major cause of cancer 
death in women (Razi et al., 2016). Risk of ovarian can-
cer in a lifetime is approximately 1.5% making it the sec-
ond most common gynecological malignancy (Harley et 
al., 2008). The ovarian cancer tend to be comparatively 
aggressive with no proven early detection tests, most 
cases remain undiagnosed till advanced stages i.e. III or 
IV. Initially, the symptoms may be discrete or not recog-
nizable but become distinguishable with the progression 
of the disease (Geggel & Writer, 2014). Some of them 
may include abdominal pain, discomfort, back pain, ir-

regular menstruation or postmenopausal vaginal bleed-
ing, and possible urinary symptoms like frequent or ur-
gent urination (Bankhead et al., 2005). The chances of 
ovarian cancer are increased in women who have ovu-
lated more over their lifetime or who begin to ovulate at 
a younger age or reach menopause at an older age. Some 
other factors may include hormone therapy, fertility 
medications, and obesity (Moley & Colditz, 2016; Zarchi 
et al., 2013). Women with a mutation in genes encoding 
BRCA1 and BRCA2 proteins have about 50% of chance 
of developing the disease (Petrucelli et al., 2016). On the 
other hand, hormonal birth control and breastfeeding 
help to reduce the incidence of ovarian cancer (Ferris et 
al., 2014). Removal of ovaries is one of the preventive 
measures for women in high-risk group (Lifford et al., 
2012). The primary diagnosis starts with physical exami-
nation, blood test, transvaginal ultrasound imaging, and a 
test for cancer cells in the abdominal fluid. This helps to 
determine if the tumor is malignant or benign (Cragun, 
2011). The confirmation of disease is made through a 
tissue biopsy. The treatment is usually a combination of 
3 therapies i.e. surgery, radiation therapy and chemother-
apy (Yap et al, 2009). Results depend on the extent and 
subtype of the disease. Surgery is performed to obtain 
tissue sample while radiation therapy is not effective for 
advanced stages due to the incapability of the vital or-
gans to withstand it. Chemotherapy is considered a gold 
standard of care and generally used after the surgery to 
treat any residual disease (Rosen et al., 2014). Even after 
successful completion of the therapy, some individuals 
may experience the reoccurrence of the disease within 
two years. The resulting tumors frequently become toler-
ant to chemotherapy and extend into the peritoneal cav-
ity. For these, the high dose regimen treatment is sug-
gested (Nagel et al., 2012). 

The major hurdle behind the treatment is lack of se-
lectivity and multi-drug resistance resulting in a subop-
timal concentration of drug in tissues (Wu et al., 2014). 
Therefore, a steady-state infusion of the particular chem-
otherapeutic agent is required (McDermott et al., 2014). 
Targeted delivery of anti-tumor agent with the aid of 
cell-specific ligand can prove beneficial for these resist-
ant tumors. One of such useful ligand is biotin. Rapidly-
growing cancer cells can digest large amounts of mole-
cules such as vitamins including biotin and vitamin B12. 
The biotin was found in higher amount in some cancer 
cells as compared to normal cells (Takechi et al., 2008). 
This targeted delivery can be performed with a chemo-
therapeutic agent like Paclitaxel (PTX). Biotin has recent-
ly emerged as targeting ligand which has the ability to in-
crease the specificity of polymers for the cancerous cells 
(Yang et al., 2009). Various tumor cells including ovarian, 
colorectal, etc., showed increased biotin receptors up-
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take. It was stated that biotin–polymer conjugates can be 
internalized by endocytosis, due to the availability of free 
carboxyl group on the biotin molecule. The biotin recep-
tors are also found to be co-expressed with those recep-
tors involved in the folate (vitamin B12) uptake (Rus-
sel-Jones et al., 2004; Rao et al., 1997). Targeting of the 
drugs using biotin can be useful thanks to utilizing nano-
carriers such as PAMAM dendrimers. The surface of the 
dendrimers has multiple functional groups which allow 
interaction of a large number of drug molecules per den-
drimer, therefore increasing the drug loading and stabil-
ity (Yang et al., 2009). Because of their very small size, 
strong electrostatic interactions take place between the 
charged surface groups and the cell membrane, which 
results in better loading capacity. Therefore, PAMAM 
dendrimers can turn out superior in comparison to the 
other polymeric nanoparticulate systems. The leaky tu-
mor tissues provide enhanced permeability and retention 
(EPR) effect to the dendrimers. Thus, complexation of 
a drug with biotinylated PAMAM dendrimers could be 
an attractive way to improve its cellular uptake by the 
tumor cells (Kesharwani & Iyer, 2015). The increase in 
cellular uptake of the drug can not only enhance its ef-
ficacy but also facilitate overcoming the drug resistance. 
Because of the positive surface charge, the observed cel-
lular uptake of PAMAM G4 NH2 dendrimers was higher 
than of PAMAM G3.5 COOH dendrimers (Marek et al., 
1997).

PTX is the first line chemotherapeutic agent which 
acts by disrupting normal microtubule breakdown during 
the cell division (Markman & Mekhail, 2002). The ma-
jor problem with the drug is its poor solubility in water 
(Narvekar et al., 2014). Thus, it is currently used as Taxol 
(a mixture of cremophor and absolute ethanol), but due 
to a high proportion of cremophor along with nonspe-
cific bio-distribution (both in normal and tumor cells), 
it showed some serious side effects like hypersensitivity 
and neuro-sensitivity. Moreover, the resistance to PTX is 
observed in more than 70% of the patients. Therefore, it 
is worthy to develop alternate delivery systems for PTX 
which would increase its availability and maximize the 
therapeutic value (Anon, 1993). 

MATERIALS AND METHODS:

Paclitaxel was obtained as a free sample from Shou-
guang Fukang Pharmacy Factory (Shandong, China). 
PAMAM dendrimers were purchased from Dendritic 
Nanotechnologies Inc. (MI, USA). All other chemicals 
used were purchased from MERCK (Germany). All oth-
er materials and chemicals were of analytical or reagent 
grade.

Preparation of biotinylated PAMAM dendrimer. 
The method used for the preparation of Biotin-conjugat-
ed PAMAM G4 NH2 dendrimers was as follows. Briefly, 
1.0 ml of PAMAM G4 Dendrimer (i.e. 10 mg in 2 ml 
of 0.1 M phosphate buffer, pH 9.0) was added to sulfo-
NHS-LC- Biotin (1:30 molar ratio) and stirred for 2 h 

at room temperature. The resulting mixture was then 
dialyzed (1 000 Da molecular weight cut off) for 24 h 
using 10% MES buffer (to prevent bursting of the dialy-
sis bag) in deionized water to remove the unconjugated 
fraction of biotin. This mixture was finally lyophilized to 
obtain powder (Mamede et al., 2003).

Experimental design. The statistical experimental 
design was applied to optimize the concentration of bi-
otinylated PAMAM and PTX using 32 full factorial de-
signs (Marek et al., 1997). The selected independent 
variables were the concentration of PTX (A, mg) and 
the concentration of biotinylated PAMAM dendrimer 
(B, mg) which were applied at three levels (–1, 0, +1). 
The Drug Loading (DL) (Y1 %) and Drug Release (DR) 
(Y2%) were selected as the dependent factors. The statis-
tical experimental data were analyzed using the Design-
Expert® Software. Table 1 shows the experimental de-
sign with 2 independent variables (A, B) at 3 different 
levels (–1, 0, +1). The contour plots were constructed 
to study the effects of the independent variables on the 
dependent variables.

Preparation of biotinylated dendrimer-PTX com-
plexes. he batches were prepared by dissolving the re-
quired amount of biotinylated PAMAM G4 dendrimer 
with –NH2 surface groups plus their unconjugated na-
tive counterparts in up to 5 ml distilled water and by 
dissolving PTX in approximately 10–12 ml of deionized 
water. After complete dissolution of the drug, the den-
drimer solution was added drop-wise to the drug solu-
tion with continuous stirring. The whole reaction was 
carried out in round-bottomed flask (RBF) at room tem-
perature and left for completion of reaction for 2 days. 
Then, it was dialyzed overnight. The resulting complex 
was lyophilized to obtain a white product. Subsequently, 
the prepared drug-dendrimer complex was evaluated for 
drug loading efficiency, encapsulation efficiency, and for 
its size and stability (Yellepeddi et al., 2013; Yellepeddi et 
al., 2009).

Evaluation of biotinylated PAMAM dendrimer

Hydroxyazobenzene-2-carboxylic acid (HABA) 
assay. HABA assay is one of the chemical methods to 
assess the degree of biotinylation of the dendrimer. The 
Avidin/HABA reagent was prepared. For this, 600 µl of 
HABA (i.e. 24.4 mg in 9.9 mL of water and 0.1 mL of 
1 N NaOH) solution was added with 12 mg of avidin 
to 20 mL of phosphate buffered saline (pH 7.4). Then, 
100 µl of biotinylated dendrimer was dissolved in deion-
ized water followed by addition of 900 µL of avidin-
HABA solution and the absorbance of the mixture was 
measured.

Evaluation of biotinylated dendrimer–PTX complex

Drug loading efficiency of PTX-loaded dendrimer. 
The quantitative detection of PTX was performed using 
HPLC method. The system consisted of Beckman Coul-
ter HPLC with 250 × 4.6 mm i.d. column. The combina-

Table 1. Variables and the applied three levels.

Independent Variable Low level (–1) Medium level (0) High level (+1)

A= Drug conc. (mg) 10 15 20

B= Biotinylated PAMAM conc. (mg) 10 20 30

Dependent Variables

Y1= % Encapsulation efficiency
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tion of water and acetonitrile at the ratio of 70:30 was 
used with optimum flow rate and the sample volume of 
5 µl and the detection was done at the wavelength of 
227 nm, at room temperature. 

In vitro drug release of PTX from biotinylated 
dendrimer–PTX complex. Briefly, 10 mg of the den-
drimer-PTX complex was dissolved in 10 ml of phos-
phate buffered saline (PBS) pH 7.4. The solution was 
placed in dialysis bag which was kept in 100 mL of the 
buffered solution (pH 7.4). The solutions were then in-
cubated in an incubation shaker at room temperature 
at 200 rpm. At regular intervals, the samples from the 
buffer solution were removed for measurement. In vitro 
release pattern was recorded for 72 h.

Differential Scanning Calorimetry. To assess the 
integrity of PTX-dendrimer complex the thermograms 
of the physical mixture of the dendrimer and PTX were 
compared to the dendrimer-PTX complex using Perkin-
Elmer DSC7, USA. The pre-weighed sample (up to 
5 mg) was kept in a hermetically sealed pan and placed 
into the sample cell of the instrument equipped with a 
cooling system. The temperature was set at –100°C with 
a constant increase of 5°C/min. The instrument was 
purged with high purity gas nitrogen at a flow rate of 
50 mL/min (Yellepeddi  et al., 2009).

Cellular uptake study. To perform the study, the 
OVCAR-3 or HEK293T cells were seeded in 12-well 
plate 2 days before the experiment. The cells were in-
cubated with 1 mM biotin for 30 min and incubated at 
room temperature for 1 h followed by 2–3 times wash-
ing with PBS pH 7.4. Then the cells were suspended in 
100 µL PBS with 1% fetal bovine serum. The intensity 
was measured using fluorescence-activated cell sorting.  

RESULTS

Preparation of biotinylated PAMAM dendrimer

The high yield of PAMAM dendrimer (85–87%) was 
obtained during its biotinylation. The white fibrous solid 
was obtained as the final product (Majoros et al., 2006). 
The extent of biotinylation of PAMAM dendrimer was 
quantified using HABA assay. The biotinylation rea-
gent used for the reaction i.e. sulfo-NHS-LC biotin has 
6-aminocaproic acid spacer, which increases the distance 

between the dendrimer and biotin. It also facilitates the 
encapsulation of the drug and ligand attachment by re-
ducing the steric hindrance of bulky biotin ring on the 
PAMAM dendrimer (Kojima et al., 2000).

Preparation of biotinylated dendrimer-PTX complexes

The reaction between the dendrimers and PTX was 
carried out using different reaction media like sodium 
chloride (0.9%), water etc., to achieve the maximal en-
capsulation of the drug. With water as the medium for 
dendrimers and PTX reaction the encapsulation efficien-
cy was higher (10–12%) than in case of sodium chloride 
(0.1–3%). The reason for this may be the requirement of 
rapid hydrolysis for high ligand exchange. The biotinylated 
PAMAM- PTX complex had the size of 8.45±1.28 nm 
(Wilbur et al., 1998). The stability of dendrimer-PTX com-
plex was assessed in 100% PBS. The results obtained, 
suggested that all dendrimer-PTX complexes were stable 
and showed no aggregation when kept in serum for up to 
7 days at room temperature (Kirkpatrick et al., 2011).

Evaluation of the dendrimer–drug complex

Statistical analysis of % Drug Loading (DL) and % Drug Release 
(DR)

The encapsulated drug content in PTX-dendrimer 
ranged from 12.09% to 3.21%. The percentage of drug 
loading of PTX loaded biotinylated dendrimer is pre-
sented in Table 2. The in vitro release of PTX from the 
complex was determined in pH 7.4 phosphate buffer sa-
line. The samples from each time point were withdrawn 
and PTX concentration was estimated. The optimized 
batch (Run 9) showed up to 70.12% release in 72 h 
(Fig. 1) (Reedijk and Lohman, 1985). The reason for the 
higher release may be the presence of chloride ions in 
PBS. This fact can be utilized for targeting as the tu-
mor sites have acidic pH. The statistical data is shown in 
Table 2 (Nishiyama & Kataoka, 2001; Nishiyama et al., 
2001). 32 full-factorial experimental designs were used to 
evaluate the effect of the independent variables on the 
dependent variables. The PTX conc. (A) and Biotinylat-
ed PAMAM conc. (B) were selected as independent vari-
ables while % Drug Loading (Y1) and % Drug Release 
(Y2) were selected as the dependent variables during the 
formulation. The results obtained are shown in Table 2. 

Table 2. % Drug Loading (Y1) and Drug Release (Y2)

Batch No. Drug conc. (mg) Bio-PAMAM conc. (%) % Drug Loading % Drug Release

F1 15 20 8.69 87.96

F2 20 20 10.98 79.67

F3 15 20 7.43 86.75

F4 10 10 3.21 99.45

F5 15 30 11.89 72.87

F6 15 20 9.12 85.29

F7 10 30 11.01 91.97

F8 10 20 5.99 98.65

F9 20 30 12.09 70.12

F10 15 20 7.76 86.48

F11 15 10 4.54 97.64

F12 20 10 5.07 94.45

F13 15 20 9.87 86.65
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These values were compared with observed and predict-
ed values and the residuals for all the batches are shown 
in Table 3. The model equations obtained for DL (Y1) 
and DR (Y2) were as follows:
DL= +8.28+1.32A+3.70 B  (1)

DR= +68.75+5.40A+13.22B (2)

A positive value in the above regression equation rep-
resents the synergistic effect of the independent variable 
while a negative value represents the antagonistic effect.

There is only a 0.01% chance that a Model F-Value 
obtained is due to some error and not a result of the ex-
perimentation. Values of “Prob> F” less than 0.0500 in-
dicated that the model terms (independent variables) are 
significant i.e. they had some characteristic effect on the 
dependent variables. In this case A, B and AB were sig-
nificant model terms. Values greater than 0.1000 indicate 
that the model terms were not significant. The effects of 
A and B and of their interaction on the DL and DR are 
shown in the contour plot.

DSC

PTX exhibited characteristic peak representing an 
endothermic transition at 223°C. Blank PAMAM G4 
NH2 showed an endothermic peak at 139°C. These 

both peaks could be observed in Biotinylated PAMAM 
PTX physical mixture, while being absent in biotinylat-
ed PAMAM G4 NH2-PTX complex which proves the 
complete complex formation between dendrimer and the 
drug as shown in Fig. 2.

In vitro cellular uptake

The FITC labeling showed the intensity of cellular 
uptake by OVCAR-3 cells and HEK293T cells, Fig. 3. 
It can be clearly observed that the intensity of fluores-

Table 3. Statistics of response of variable Y1 and Y2.

Batch No.
% Drug Release % Drug Loading

Actual Predicted Residual Actual Predicted Residual

F1 69.45 68.75 0.70 74.56 74.53 –0.40

F2 75.00 74.16 0.84 80.45 82.22 –1.77

F3 68.24 68.75 –0.51 72.34 74.53 –2.19

F4 49.34 50.12 –0.78 45.00 44.46 0.54

F5 82.23 81.98 0.25 95.00 93.81 1.19

F6 70.23 68.75 1.48 75.23 74.53 0.70

F7 76.12 76.57 –0.45 87.23 89.20 –1.97

F8 64.23 63.35 0.88 70.15 66.83 3.32

F9 85.12 87.38 –2.26 99.00 98.42 0.58

F10 68.27 68.75 -0.48 75.53 74.53 0.70

F11 52.78 55.55 –2.75 51.40 55.24 3.84

F12 62.00 60.93 1.07 69.12 66.03 3.09

F13 70.78 68.75 2.03 74.13 74.53 –0.40

Figure 1. In vitro drug release of PTX from the optimized formu-
lation. Figure 2. DSC thermograph of Pure Drug, Biotinylated PAMAM 

dendrimer, Physical mixture of Pure drug and Biotinylated den-
drimer, Biotinylated PAMAM–PTX complex.

Figure 3. In vitro cellular uptake of PTX by HEK293T (normal) 
cells and OVCAR-3 (cancerous) cells
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cence in OVCAR-3 cells was higher than in HEK293T 
cells. This experiment proved that the cancerous cells 
are characterized by higher uptake of the biotinylated 
dendrimer-drug complexes.

DISCUSSION

The biotinylation strategy is an attractive way used in 
many novel delivery systems in order to enhance the tar-
geting potential of the system (Tripodo et al., 2014). It 
was proved as a very useful alternative for drugs like Pa-
clitaxel which are poorly soluble in water and exert some 
cytotoxic effects (Ma, 2013). One of the methods to 
overcome the systemic toxicity of the PTX is the forma-
tion of polymer-drug conjugates. The formation of the 
polymer complex requires the availability of a suitable li-
gand. The PAMAMG4 dendrimer has 64 terminal amine 
groups and it was assumed that this might contribute to 
the increased uptake potential (Yellepeddi et al., 2009).

The method used, i.e. biotinylation was rapid with the 
product yield > 80–85%. The reaction involved the use 
of sulfo-NHS-LC-biotin reagent which is water soluble 
by nature. Biotin is a small molecule and when conju-
gated to the dendrimer causes enhanced tumor permea-
tion. The availability of the spacer between the cova-
lently bound molecule and the bicyclic ring due to the 
presence of 6-aminocaproic is the ultimate advantage of 
using this reagent. The greater separation distance is not 
only the reason for a better binding potential for biotin 
receptors expressed on the cancer cells but also reduces 
the steric hindrance of the biotin ring. 

The biotinylated dendrimer showed increased uptake 
which may be the result of a large cationic surface charge 
density which allowed an increased interaction with the 
receptors on the cell membrane. We showed that the 
biotinylated dendrimer uptake was higher in OVCAR-3 
than in HEK293T cells. This difference might be the re-
sult of the fact that tumor cells grow rapidly and thus 
require more biotin for the expression of oncogenes and 
cell proliferation.

From the analysis of the values in Table 2, it can be 
stated that Paclitaxel and Biotinylated PAMAM concen-
tration had a significant effect on DL and DR. Table 3 
showed a high correlation between the actual and pre-
dicted values. This correlation was further confirmed 
through statistical analysis as shown in Table 4. The val-
ue of correlation coefficient (R2) showed a good fit. The 
results in Table 5 showed that DL and DR were affected 
by the independent variables A and B. The interaction 
variable AB showed how the DL changed when the 2 
variables were simultaneously changed. As shown in Ta-
ble 5, the Model F-value of 1586.38 and 261.10 (for DL 
and DR respectively) implied that the model is signifi-
cant. Cellular accumulation of the PTX was measured by 
HPLC.

The effects of A and B and their interaction on DR 
and DL are shown in Fig. 4 and in Fig. 5 as contour 
plots. In case of Biotinylated PAMAM, as the concentra-
tion of dendrimer increased, the DL, as well as the Drug 
Release, also increased. The increase in drug concentra-
tion simultaneously causes increase in drug loading and 
release (Choi et al., 2004). 

Table 4.  Summary of regression analysis results for variable Y1 and Y2

Models R2 Adjusted  R2 Predicted R2 Std. Dev Press Remarks

VariableY1

Linear 0.9065 0.8878 0.8361 0.98 16.71 suggested

2FI 0.9080 0.8774 0.7190 1.02 28.64 –

Quadratic 0.9201 0.8630 0.5269 1.08 48.22 –

Cubic 0.9606 0.9054 0.8812 0.90 12.11 –

Variable Y2

Linear 0.9812 0.9775 0.9641 1.53 44.79 suggested

2FI 0.9839 09785 0.9545 1.49 56.75 –

Quadratic 0.9903 0.9834 0.9382 1.31 77.18 –

Cubic 0.9977 0.9897 0.9826 1.03 21.69 –

Table 5.  ANOVA MODEL for Y1 and Y2

Source DF Sum of squares Mean square F value P value

Model for Y1 2 92.40 46.20 48.49 < 0.0001

A 1 10.48 10.48 11.00 <0.0078

B 1 81.92 81.92 85.98 < 0.0001

Model for Y2 2 1224.69 612.34 261.10 < 0.0001

A 1 175.28 175.28 74.74 < 0.0001

B 1 1049.40 1049.40 447.46 < 0.0001
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CONCLUSION

 Biotinylated PAMAM dendrimers containing amine 
as a surface group were prepared as carriers for PTX to 
enhance the therapeutic effect with a subsequent reduc-
tion in its toxicity. PTX was successfully encapsulated by 
biotinylated dendrimers with amine surface functional-
ity. From the various experiments, it was observed that 
the dendrimer-PTX complex was more effective than 
free PTX in the ovarian cancer. The cellular uptake data 
revealed the successful accumulation of the complex in 
cancerous cells demonstrating its higher uptake resulting 
in increased bioavailability.

The overall results confirmed the fact that biotinylated 
PAMAM dendrimer has the potential as a drug carrier 
for targeting the ovarian cancer cells. 
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