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One of the new strategies for improving of chemotherapy in cancer treatment 
is the use of nanocarriers for sustained release of anticancer drugs. The present 
study aims to investigate the bovine serum albumin nanoparticles (BSANP) with 
exosomes (Exo) for prolonged release of 5-Flurouracil (5FU) as an anticancer drug 
model. 5FU with Exo was loaded to BSANP (5FU.Exo@BSANP) and the system 
was characterized by FTIR, AFM and FESEM. Furthermore, 5FU.Exo and 5FU@
BSANP were prepared and characterized to compare their release behavior with 
that of 5FU.Exo@BSANP. The binding properties examined via FTIR confirmed 
the formation of the above-mentioned systems. FESEM analysis of BSANP and 
5FU.Exo@BSANP showed the spherical morphology with the average particle 
size 313±60 nm and 403±64 nm, respectively, while, 5FU.Exo had a cylindrical 
morphology with average particle size in width 200±36 nm. AFM results 
demonstrated the reduction of roughness in 5FU.Exo@BSANP. In addition, the 
release behavior indicated that sustained release of 5FU occurred when it was 
loaded to nanocarriers. However, the release of 5FU from 5FU.Exo@BSANP at 
pH 7.4 was slower than in the other systems. Furthermore, the kinetic model 
of all systems was followed by Korsmeyer-peppas with Fickian diffusion while 
5FU.Exo@BSANP at pH 5.5 was zero order kinetic model. Moreover, MTT assay 
onto 4T1 cancer cell lines explored the significant cytotoxicity of 5FU.Exo@
BSANP. Thus, the designed nanocarrier of Exo@BSANP is a promising system for 
sustained release of 5FU. 
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INTRODUCTION 
Despite the achievements in cancer treatment, it 

causes still human death worldwide. Chemotherapy 
is the most frequently manner for cancer treatment 
that causes the systematic toxic and adverse side 
effects [1]. In addition, chemotherapy reduces the 
efficacy of anticancer drugs due to fast metabolism 
of drug [2]. To overcome the mentioned problems, 
researchers are looking for the new pharmaceuticals 
and improvement efficacy of current anticancer 
drugs [3]. During the last two decades, 
nanotechnology have been employed to introduce 

an appropriate nanocarrier for encapsulation of 
anticancer drugs that reduces the toxicity, increases 
the therapeutic effects, prolongs the circulation 
time in the blood, and protects the drugs until 
reaching the target [1,4,5]. The nanomaterials 
should have biocompatibility, high drug-binding 
capacity, bioactivity and stability properties in 
biomedical applications [6]. One of the best choice 
for this application is polymeric nanoparticles that 
provides the above properties [7,8]. Among the 
biopolymers as the nanocarriers, natural origin 
compounds such as polysaccharides, proteins, 
lipids can be applied in the form of drug vehicles for 

http://creativecommons.org/licenses/by/4.0/.
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cancer treatment [2,9,10]. In particular, albumins 
such as bovine serum albumin (BSA) and human 
serum albumin (HSA) are the promising candidate 
for sustained release and delivery of anticancer 
agents [11,12]. Furthermore, exosomes (Exo) 
with the low toxicity, small size, natural molecular 
transport properties, and good biocompatibility 
can be play a significant role in designing novel 
drug delivery systems [13,14]. Exosomes are nano 
extracellular vesicles secreted by cells that carry 
nucleic acids, proteins, lipids and other biological 
molecules. The exosomes due to endogenetic and 
heterogenetic properties have unique advantages 
in medicine compared to synthetic carriers [15,16]. 
Also, the previous achievements, realized that 
exosomes as a carrier caused the drugs keep their 
activity and release the without toxicity [17–19]. 

In the other hand, 5-Flurouracil (5FU) is one 
of the anticancer drugs for colon cancer treatment 
[20]. The limitation of 5FU administration such as 
rapid metabolism, short half-life and cytotoxicity in 
the body is being dissolved using many nano-sized 
carriers, including lipids, hydrogels, dextran and 
nanomaterials to improve its therapeutic efficacy 
and reduce its side effects [12,20,22,23]. 

In this study, the combination of two 
biocompatible polymer of bovine serum albumin 
nanoparticles and exosomes was employed to 
design a nanocarrier and to study sustain release 
of 5FU chosen as an anticancer model drug. 
Further, the synthesized nanocarrier systems 
of 5FU conjugated Exo (5FU.Exo), 5FU loaded 
BSANP (5FU@BSANP) and 5FU.Exo@BSANP 
were characterized by FTIR, AFM and FESEM. 
In addition, the release behavior and release 
mechanism were analyzed. Furthermore, the 
cytotoxicity of nanocarrier systems was performed 
on 4T1 breast cancer cell lines. The aim of this 
research is the reduce side effects, longer shelf life, 
and enhance the effectiveness of 5FU. 

EXPERIMENTAL SECTION 
Materials 

Bovine serum albumin (BSA), Phosphate Buffer 
Saline (PBS), 1-Ethyl-3-(3-Dimethylaminopropyl) 
Carbodiimide (EDC), penicillin, streptomycin 
and trypsin-EDTA and dialysis bag (12 kDa) were 
purchased from Sigma-Aldrich, USA, Ethanol 
(95%) and HCl (37%) were obtained from Merck, 
Germany. Exosome (24.3 mM) was prepared 
according to previous reports [19]. 5-Fluorouracil 
(5FU, 50 mg/ml) and sodium chloride (0.9%, 

normal saline) were received from Ebewe Co., 
Austria and Samen Co., Iran, respectively. 
RPMI1640, 3-(4,5-dimethylthialzol-a-yl)-2,5- 
diphenyltetrazolium bromide (MTT), fetal bovine 
serum (FBS) were purchased from GIBCO, USA. 
4T1 breast cancer cell lines were obtained from 
the cell bank of Pasteur institute in Tehran, Iran. 
Deionized water was used in all of the experiments 
and the other reagents and solvents were analytical 
grad and used as received. 

Methods
Fourier Transform Infrared Spectroscopy 

(FTIR) analysis was recorded to investigate 
molecular binding by Vector33 model, Bruker, 
USA spectrometer (KBr tablet and the scan rang 
of 400-40,000 cm-1). DLS analysis was performed 
by Zetasizer HS C1330–3000 model, Malvern, UK, 
to determine size distribution and surface charge 
of colloidal solutions. The morphology of particles 
was obtained by field emission scanning electron 
microscope (FESEM) of Mira 3-XMU, TESCAN, 
Czech Republic. The surface morphology and 
particle distribution were recorded by atomic force 
microscopy (AFM), South Korea’s Park Systems 
Corporation. The UV-Vis spectroscopy was used 
for detection of drug release and monitored by 
spectrometer of T80 + model, TG instruments, 
UK. pH measurements of Metrohm pH-meter, 
model 826 pH mobile, Switzerland; Digital balance 
(0.1 mg accuracy) of XS 204 model, Mettler-
Toledo, Australia; magnetic stirrer, Wisestir, South 
Korea; ultrasonic bath Instrument, H6SW, Swiss; 
and centrifuge (15000 rpm) of R 320/320 Hettich® 
Universal, Germany were utilized in all of the 
experiments. 

Preparation of BSANP 
The synthesis of BSANPs was followed by 

desolvation method with optimal conditions [9,24]. 
Briefly, 50 mg/ml of BSA solution was prepared and 
8 ml of ethanol as separator (0.54 ml/min rate) was 
added to BSA solution which was first stirred at 200 
rpm. The addition 4 ml of ethanol caused the clear 
solution of BSA became turbid which indicated 
a BSA structural change. At this time, to prevent 
agglomeration, the stirring was done at 400 rpm. 
Then, 5 mg/ml of EDC as cross-linker was added to 
the above suspension for stabilization of the created 
structure. To purification of EDC and excess BSA, 
the suspension was centrifuged (11,000 rpm 
for 10 min) and redispersed in deionized water 
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under ultrasonic for 5 min (three times). Finally, 
the sediment of BSANPs (47.6 mg) was dispersed 
in 10 ml PBS and stored at 4°C in dark. Scheme 1 
displays the protocol of BSANP synthesis. 

Drug loading experiment 
5-Flurouracil (5FU) was separately loaded on 

three nanocarrier of Exosome (Exo), bovine serum 
albumin nanoparticles (BSANP), and Exo with 
BSANP (Exo@BSANP). For this purpose, 60 mL 

from 5FU (50 mg/ml) were added to the prepared 
nanocarrier as follows: 

1) 1.91 ml of PBS and 32.9 mL from exosome 
solution (24.3 mM); 2) 940 mL of PBS and 1 mL 
from BSANP (4.67 mg/ml) dispersed by ultrasonic 
without temperature for 5 min; and 3) 5FU added 
to 940 mL of PBS containing 32.9 mL from Exo 
(24.3 mM) and stirred slowly (100 rpm at ambient 
temperature) for 1 h and then 1 mL of BSANP (4.67 
mg/ml) added to the above solution (Scheme 2). 

 
 
 
 
Scheme 1. Schematic of BSANP synthesis  

   

 
 
 
 
Scheme 2. Preparation protocol of 5FU.Exo@BSANP 

 

Scheme 1. Schematic of BSANP synthesis

Scheme 2. Preparation protocol of 5FU.Exo@BSANP
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Finally, the total volume of each system was 2 mL. 
The suspensions were stirred (100 rpm) at room 
temperature for 24 h in protection from light. After 
that, 2 mL of the suspension was transferred to a 
dialysis bag and used for release studies.  

Determination of drug concentration 
UV-Vis spectrum of 5FU was recorded and 

wavelength of maximum peak (lmax) was selected 
for other studies. Various concentrations of 5FU, 
[C], were prepared (0-1.375 mg/mL) with the 
absorbance (A) recorded at lmax. The standard 
diagram of A versus [C] was plotted whereby a 
linear trend line and its equation were obtained by 
excel software as A=m[C], where m is the slope of 
plot [25]. Accordingly, the absorbance of 5FU at lmax 
was recorded and unknown concentration of drug 
was calculated by the standard equation. 

Determination of drug loading percentage 
Drug loading percentage (%DL) is weight 

proportion of entrapped drug relative to nanocarrier 
in % that was determined as follow [26]:

%DL=((total weight of drug-weight of drug in 
supernatant)/weight of nanocarrier)´100        (1)

Since, all of the initial loaded drug was 
transferred to dialysis bag to avoid from the 
wastage of 5FU, therefore, the entrapment efficacy 
percentage was not reported.  

Drug release 
For release study, the dialysis bags were 

separately immersed in 15 ml of PBS at pH 7.4 with 
a magnetic stirrer 100 rpm at 310 K. Furthermore, 
the immersion condition was contained by 
collecting 2 ml of release medium and replacing 
an equivalent amount of PBS on a regular basis. 
The percentage of cumulative drug release was 
determined as follow [27,28]:

%cumulative release = C/C0× 100 

Where, C and C0 are concentration of 5FU 
released from nanocarrier and total concentration 
of 5FU loaded nanocarrier, respectively. All 
experiments were performed triplicate and the 
averages and standard deviations were calculated.

Release mechanism 
Zero-order (Mt = M0 + k0 t), First-order 

(logMt/M0= − k1 t/2.303) and Korsmeyer-Peppas 
(logMt/M∞ = log kp + n log t) kinetic models were 

utilized to explore the release mechanism of drug 
from spherical nanocarriers [29–31], the highest 
R-squared (R2) of models shows release mechanism 
follows from that kinetic model. 

where Mt, M0 and M¥ are the concentration 
of drug dissolved in time, t, the initial amount of 
drug in the solution (most times, M0 = 0), and 
the maximum of released drug, respectively, and 
k0 is the zero-order release constant that obtained 
from slope of Mt versus t, k1 is the first-order 
release constant that determined from slope of 
logMt/M0 versus t, kp is the Korsmeyer-Peppas 
release constant and n is the release exponent that 
calculated from slope and intercept of logMt/M∞ 
versus log t, respectively where Mt/M∞ is lower than 
0.6. The value of n can explain the type of release 
diffusion so that, n < 0.43 indicates a Fickian 
diffusion mechanism and 0.43<n<0.89 shows a 
non-Fickian diffusion mechanism in spherical 
shape of particles [30]. 

Furthermore, the maximum amount of released 
drug (Cmax), the kinetic constant of release (krel) 
and the initial release rate (r0) were determined as 
following equation [32]:

t/Ct = α + βt                                                                                                                              (3)

where, Ct is the amount of released drug at time 
t, β = 1/Cmax is the inverse of Cmax, α = 1/(Cmax)

2 krel 
and r0=1/krel [10]. The intercept and slop of t/Ct 
versus t plot showed a and b, respectively.

MTT assay 
Cell culture 

Mouse 4T1 breast tumor cell lines were cultured 
in RPMI-1640 medium supplemented with 10% 
FBS and 1% penicillin–streptomycin antibiotic 
mixture at 310 K in a humidified incubator with 
5% CO2. The culture medium was changed every 
three days. When the cells reached the appropriate 
density, they were used for further analysis.

Cell viability 
The cytotoxic evaluation of three systems of 

5FU.Exo, 5FU@BSANP and 5FU.Exo@ BSANP 
(the concentration of 5FU, Exo and BSANP were 
1.5 mg/ml, 24.3 mM and 4.67 mg/ml, respectively 
in all of the systems) was performed by MTT 
assay. For this purpose, the cultured medium (5 × 
104 cells/well) was seeded for 24 h at 310 K with 
90% humidity. After the incubation period, the 
medium was changed with a medium containing 
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5FU.Exo, 5FU@BSANP and 5FU.Exo@ BSANP 
for treatment cells during 24 h and concentration 
range of 5FU between 0-1.2 mM. Next, 10 mL of 
MTT solution (5 mg/mL) was added per well to the 
formed formazan crystal and incubated for 4 h at 
310 K in darkness. To dissolve of formazan crystals, 
the above media were removed and 100 mL DMSO 
was added to each well. Finally, the absorbance of 
the supernatant solution was recorded at 570 nm by 
a microplate reader (Biotake, US) after 20 min. The 
cell viability percentage were calculated as follows 
[12]:
% cell viability = Atreated/Acontrol × 100                     (4)

where Atreated and Acontrol were absorbance of the 
treated cells and untreated cells, respectively. All 
experiments were repeated in three times.

Statistical analysis
One-way ANOVA was used for examining the 

statistical significance of results with quantitative 
results reported as means ± standard deviations 
(SD) and Student’s t-test (*p < 0.05; **p<0.005).

RESULTS AND DISCUSSION 
Characterization 

FTIR spectra of 5FU, Exo, BSANP, 5FU@
Exo, 5FU@BSANP and 5FU.Exo@BSANP were 
recorded (Fig. 1a) and the obtained results were 
summarized in Table. 1. FTIR spectrum of BSANP 
was compared with BSA powder and shown that 
absorption bands of BSA powder at 3372 cm-1 

(amide A, N-O stretching), 2962 cm-1 (amide 
B, N-H stretching), 1655 cm-1 (amide I, C=O 
stretching), 1534 cm-1 (amide II, C-N stretching 
and N-H vibrating) and 932 cm-1 (amide III, C-N 
stretching and N-H bending) shifted to 3428 cm-

1, 2956 cm-1, 1659 cm-1, 1534 cm-1 and 946 cm-1 
without any additional and removal of bands 
[33–35]. However, the peak positions of N-O 
and C=O have more changes due to formation 
of BSANP and binding to -N=C=N- groups of 
EDC crosslinker. The characteristic FTIR bands of 
5FU were demonstrated at 3102 cm-1, 1649 cm-1, 
1545 cm-1 and 1174 cm-1 that were attributed to 
N-H stretching of amide B, C=O stretching of 
amide I, N-H bending and C-F stretching mode, 
respectively. The spectra of 5FU.Exo and 5FU@
BSANP were shown that there were the main 
peak positions of all of them with chemical shift 
due to conjugation 5FU to Exo [36] and BSANP, 
separately. The remarkable point was significant 

shifts of -NH and -CO groups that indicated a 
possibility of binding in the two functional groups 
of samples. In addition, the absorption bands of 
5FU.Exo@BSANP in comparison with 5FU, Exo 
and BSANP were shown their main bands with a 
shift in peak positions specially in amide B, amide 
I and C-F stretching due to the conjugation and 
the formation of 5FU.Exo@BSANP. 

Comparison between FESEM images of 
BSANP, 5FU.Exo and 5FU.Exo@BSANP indicated 
that the shaped of BSANP was spherical while 5FU.
Exo was rod shaped in 5FU.Exo@BSANP image. 
However, the size of 5FU.Exo was significantly 
lower than BSANP which is related to the loading 
of 5FU.Exo into the spherical BSANP as well as a 
colloidal formation, as shown in Fig. 1c without the 
obvious grain boundaries like BSANP. Further, the 
average size of the above systems was determined 
using Image J software which was found as 313±60 
nm, 200±36 nm (width) and 403±64 for BSANP, 
5FU.Exo and 5FU.Exo@BSANP, respectively. 
These results confirmed the loading of 5FU.Exo 
into BSANP and formation of 5FU.Exo@BSANP 
with no significant changes in shape and the 
enlargement of their average size in (approximately 
90 nm) comparison to BSANP. 

To further study the created structures, AFM 
analysis of BSANP, 5FU.Exo, and 5FU.Exo@BSANP 
was performed (Fig. 1 below) and the surface profile 
parameters [37,38] (Fig. S1b) demonstrated smooth 
roughness in 5FU@Exo.BSANP as compared with 
BSANP and 5FU.Exo, average roughness value 
(Ra) of 5FU.Exo@BSANP was 1.88 nm, while it 
was 3.63 nm and 4.02 nm for BSANP and 5FU.
Exo, respectively. Subsequently, the formation of 
5FU.Exo@BSANP caused reduction of roughness 
which is probably a satisfied system for biological 
applications due to smooth surface and prevention 
of damage to organs.  

All of the obtained results of the above analysis 
confirmed the preparation of drug conjugated 
nanocarriers. Subsequently, another analysis 
was carried out for enhancement of efficacy and 
reduction of side effects.  

Drug loading 
Standard curve 

As shown in Fig. 2a, a characteristic peak of 
5FU was obtained at lmax=325 nm and selected for 
further studies. The standard curve was plotted 
(Fig. 2b) according to section 2.3.4 and the standard 
equation was obtained that was A=0.2206[C]. 
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Fig. 1. FTIR (a), SEM (b) and AFM (c) images of BSANP, 5FU.Exo and 5FU.Exo@BSANP 
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Fig. 1. FTIR (a), SEM (b) and AFM (c) images of BSANP, 5FU.Exo and 5FU.Exo@BSANP

Table 1. FTIR bands of samples  
 
 
 

system 
amide A, 

N-O 
stretching 

amide B, 
N-H 

stretching 

amide I, 
C=O 

stretching 

amide II, 
C-N 

stretching 
and N-H 
vibrating 

amide III, 
C-N 

stretching 
and N-H 
bending 

C-F 
stretching 

Lipid 
C-O-C 

symmetric 
stretching 

BSA powder 3372 2961 1655 1534 932 - - - 
BSANP 3428 2956 1659 1534 946 - - - 

5FU - 3102 1649 1545 - 1174 - - 
Exo - 2959 1660 1545 - - 1454 1081 

5FU.Exo - 2943 1651 1535 - 1174 1459 1076 
5FU@BSANP 3374 2937 1658 1537 892 1159 - - 

5FU.Exo@BSANP 3438 2932 1654 1542  1165 1391 1071 
 
  

Table 1. FTIR bands of samples
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Drug loading percentage
The percentage of drug loading of 5FU@

BSANP and 5FU.Exo@ BSANP was determined 
according to Eq. 1 which was 63% and 31%, 
respectively. It was observed that the conjugation 
of 5FU to Exo reduced the loading of 5FU onto 
BSANP. In addition, 5FU and 5FU.Exo at their 
same concentration with the above systems were 
prepared for comparing the releasing behavior of 
drug from the carriers. 

Drug release 
The release of 5FU from Exo, BSANP, Exo@

BSANP carriers was separately performed and 
compared with the release of only 5FU. All of the 
plots of cumulative drug release versus time of above 
systems were gathered in Fig. 3a. The behavior of 
5FU demonstrated a sustained release of 35% during 
168 h when it has no carrier. Also, the BSANP carrier 
caused sustained release of 5FU at the same time 
with 79% of release which may be due to enhanced 

 
 
 
Fig. 2. The UV-Vis spectrum (a) and standard curve of 5FU (b)  

   

Fig. 2. The UV-Vis spectrum (a) and standard curve of 5FU (b)

 
Fig. 3. Plots of cumulative drug release percentage (above) and release rate (bottom) versus time for only 5FU, 
5FU@Exo, 5FU@BSANP, 5FU@Exo.BSANP at pH 7.4 and 5FU@Exo.BSANP at pH 5.5  

   

Fig. 3. Plots of cumulative drug release percentage (above) and release rate (bottom) versus time for only 5FU, 5FU@Exo, 5FU@BSA-
NP, 5FU@Exo.BSANP at pH 7.4 and 5FU@Exo.BSANP at pH 5.5
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stability of 5FU into BSANP and detection facility of 
drug. In contrast, release of drug from systems with 
exosome was faster, 5FU.Exo and 5FU@BSANP 
followed a complete release (100%) at 124 h, while 
the explosive release of 5FU from 5FU.Exo@BSANP 
was slower at pH 5.5 than 7.4 during that time. This 
is related to more acidic release media and reluctance 
of drug for entering it. Meanwhile, the release rate 
of the above systems is shown in Fig. 3b, revealing 
that the release rate of 5FU was significantly lower 
in acidic medium without increasing of rate in 
comparison with neutral medium. Thus, Exo@
BSANP was the favorable system for release of 5FU 
at acid medium which can reduce the side effects of 
drug to normal cells during the treatment. 

Furthermore, the other studies should be 
performed for efficacy of drug in nanocarriers. For 
this reason, the release mechanism and cytotoxicity 
of systems were carried out. 

Release mechanism 
The release of 5FU from various carriers was 

evaluated by three kinetic models. As reported in 
Table 2 and Fig. S2, the release mechanism best 
fitted (according to R2 value) the Korsmeyer-Peppas 
kinetic model at pH 7.4 which can be described the 
type of diffusion, the value of “n” lower than 0.43 
indicated that the diffusion mechanism followed by 
Fickian. However, the release mechanism of 5FU@
Exo.BSANP system followed zero order model at 
pH 5.5. 

Further, the other kinetic parameters (Table 
2 and Fig. S3) were also shown the maximum 
concentration of released drug (Cmax) increased 
in the presence of carriers. In addition, the initial 
release rate of 5FU@Exo.BSANP was lower than in 
other systems confirming the obtained results of 
Fig. 3b and showing that the presence of Exo and 
BSANP reduced the initial release of 5FU up to twice 
as compared to the other carriers. Subsequently, the 
designed carriers help the sustained release of 5FU 
with elevation of released drug concentration and 
reduction of release rate. However, the function of 
5FU@Exo.BSANP was better in acidic medium and 

Table 2. The kinetic parameters of 5FU release from carriers  
 
 

pH Sample 
Zero order First order Korsmeyer-peppas Kinetic parameters 

R2 R2 R2 kp n 
Cmax 

(mg/ml) 
kr (ml/mg.h) r0 (mg.h/ml) 

7.4 

5FU 0.56 0.36 0.97 0.31 0.25 0.54 139.38 0.08 
5FU@Exo 0.92 0.80 0.94 0.33 0.22 1.55 9.38 0.11 

5FU@BSANP 0.74 0.49 0.88 0.36 0.20 1.23 14.08 0.07 
5FU@Exo.BSANP 0.85 0.66 0.99 0.40 0.20 0.76 47.43 0.02 

5.5 5FU@Exo.BSANP 0.90 0.81 0.54 - - 1.03 33.48 0.03 
 

Table 2. The kinetic parameters of 5FU release from carriers

 
Fig. 4. MTT assay of 5FU, 5FU.Exo, 5FU@BSANP and 5FU.Exo@BSANPsystems onto 4T1 cell lines at 48 h 
and 0-1.2 mM concentration of drug. Values are the average of three separate experiments and are expressed 
as mean ± SD. *p < 0.05; **p<0.005.   

 

Fig. 4. MTT assay of 5FU, 5FU.Exo, 5FU@BSANP and 5FU.Exo@BSANPsystems onto 4T1 cell lines at 48 h and 0-1.2 mM concentra-
tion of drug. Values are the average of three separate experiments and are expressed as mean ± SD. *p < 0.05; **p<0.005.
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it is an appropriate candidate for local injection. 

MTT assay 
In vitro studies of 5FU, 5FU.Exo, 5FU@BSANP 

and 5FU.Exo@BSANP were performed onto breast 
cancer cell lines, 4T1 by MTT assay. As depicted in 
Fig. 4, the cell viability percentage was reduced with 
elevation of the concentration of samples showing 
they were dose-dependent. Further, the cancer cell 
death of 5FU.Exo@BSANP (33.31%±0.075 in 1.2 
mM) was higher than only drug (42.40%±0.71 in 
1.2 mM). Also, each of the carriers alone (5FU.
Exo, 5FU@BSANP) did not have the required 
efficiency for the death of 4T1 cancer cells; in the 
50% cytotoxic concentration (CC50) of 5FU.Exo@
BSANP (0.3 mM), this value was 0.9 mM, 0.6 mM 
and 0.9 mM for 5FU, 5FU.Exo, 5FU@BSANP, 
respectively. 

CONCLUSION 
A new biocompatible nanocarrier based on 

BSA and Exo conjugated with 5FU as an anticancer 
drug (5FU.Exo@BSANP) was prepared and 
characterized by FTIR, AFM and FESEM. The 
results confirmed 5FU.Exo@BSANP formation. 
Then, drug release profiles and the mechanism of 
the above-mentioned system was analyzed through 
UV-Vis spectroscopy and compared to 5FU.Exo 
and 5FU@BSANP. The obtained results indicated 
that the release of 5FU from 5FU.Exo@BSANP was 
more sustained than in the other systems. Thus, the 
designed system improved the life time of drug in 
the body. To evaluate the cell viability of systems, 
MTT assay was performed onto 4T1 cancer cell 
line that showing more cytotoxicity of 5FU.Exo@
BSANP. These notable achievements introduce a 
nanocarrier with the capacity of sustained release 
of drug with enhancing its effectiveness.  
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