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Abstract:

Background:Toxicology and undesired side effects at non-target sites or organs can be reduced by using
specific targeted drug delivery methods to cells, tissues, or organs. BSA nanoparticle carriers are one of the
focused drug delivery techniques to cells or tissues.Reversible drug binding and drug release are both possible
with BSA nanoparticles.Therefore, it is necessary to research how well BSA nanoparticles work as carriers in
drug delivery systems.The goal of this review paper is to serve as a resource for scientists working on BSA
nanoparticles as drug delivery system carriers.

Materials and Methods: ScienceDirect, Google Scholar, Elsevier, SpringerLink, and PubMed search engines
are used to review articles from scientific publications that have already been published.

Results: BSA nanoparticles can enhance cytotoxicity and pharmacokinetic characteristics when used as a drug
carrier.

Conclusion:In order to maximize the therapeutic effect of medications on target cells without creating
undesirable side effects, BSA nanoparticles can be employed as a drug delivery system.
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I.  Introduction

Drug targeting is a technique for quantitatively and selectively delivering bioactive substances or active
pharmaceutical ingredients (API) in order to maximize concentration in target cells and prevent interactions
with healthy cells*.Implementing a drug delivery system is mostly done to improve the drug's capacity to reach
specified targets, such as cells, tissues, or organs, in order to lessen toxicity and undesired side effects at non-
target sites or organs’.

Drugs are substances that have been widely utilized to treat and prevent diseases in order to improve
the health of their users, but some of them have more severe side effects or unstable features in the body, such as
water solubility®. Low therapeutic impact effectiveness and poor drug bioavailability limit the potential of a
medicine's ability to improve health® Examples of active ingredients with limitations in their use include
gemcitabine, which has a short half-life and has substantial side effects when used at large doses®. Furthermore,
there includes berberine, which has poor bioavailability and low water solubility*. Additionally, the poor water
solubility of paclitaxel (2 g/ml) reduces the desired therapeutic effect®. Curcumin, an active ingredient utilized in
medicine, has limitations including a short half-life, poor solubility, leading in less effective absorption, and
poor bioavailability when administered orally’.

Employing a carrier as a drug delivery method to enhance the therapeutic effect and minimize adverse
effects is one way to address this limitation®. One of the additions that can be employed is the use of a carrier,
such as albumin, to improve the ineffective qualities of the active ingredient (BSA). A natural bio-
macromolecule called protein is involved in metabolism and the movement of chemicals inside living things.
However, protein can make hydrophobic drugs more soluble in plasma, which can have an impact on blood
transport’. The albumin protein has attracted the attention of researchers among the several types of
biomolecules commonly implemented for targeted drug delivery systems because of its effective carrier
properties®.

Nanoparticles are in high demand as a replacement for ineffective drug delivery systems due to their
poor bioavailability, selectivity, and biodistribution. Polymer nanoparticles as carriers are expected to overcome
these shortcomings, resulting in more maximal effects with fewer unwanted side effects®.Polymer nanoparticles
could also protect drug compounds from premature degradation, increasing their water solubility’®.Polymer
nanoparticles are solid colloidal particles with diameters ranging from 10 to 100 nm. Polymer nanoparticles are
classified into two types based on their chemical composition, namely natural polymers such as albumin,
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chitosan, and gelatin. Polymers that are synthetic or semi-synthetic, such as PGA, PLA, poly L-lactide, and
polyglycolide'.Bovine serum albumin nanoparticles (BSAN) have reversible drug binding properties, allowing
them to release drugs into target cells™ . Thus, treatment becomes more selective and can improve drug
pharmacokinetic properties (Mainardes& Khalil, 2019). Based on the above regarding BSAN as a carrier, it is
necessary to conduct a more complete study. So that the results of this review are expected to be a reference for
further development of BSA nanoparticles as carriers in drug delivery systems.

Il. Material And Methods
Scientific journals with recent publications were found using search engines at ScienceDirect, Google
Scholar, Elsevier, SpringerLink, and PubMed (2012-2022). Nanoparticles, Albumin, BSA, and Drug Delivery
System are some of the terms used. The selected literature was then evaluated using the criteria, which included
the effectiveness of bovine serum albumin (BSA) nanoparticles as a carrier in drug delivery systems.

I11. Result
The review's findings (Table no 1) indicate that using BSAN as carriers can improve their
pharmacokinetic properties and increase their cytotoxicity.

Table no 1:The effectiveness of BSAN as carriers in drug delivery systems

No. Author Study Drug Result
1. (Huang et al., Pharmacokinetic | Curcumin (CUR) | Cpax and AUC were higher in BSAN-CUR (1.9 and 1.4 times,
2019) respectively) than in pure curcumin. In addition, T is obtained
faster and MRT is obtained for a longer period of time than pure
curcumin.

2. (Wan et al., 2020) Pharmacokinetic | Cabazitaxel(CBZ) | The pharmacokinetic properties of BSAN-CBZ (Ty;, AUC, Cpax,
Cl, MRT) were significantly higher than those of CBZ-Tween 80.
The drug clearance of CBZ-Tween 80 was faster than that of
BSAN-CBZ.

3. (Battogtokh et al., Pharmacokinetic | Paclitaxel (PTX) | The AUC value obtained inl BSAN-PTX is greater than the AUC

2015) value obtained in PTX. BSAN-PTX has a longer elimination half-
life than PTX.

4. (Zhao et al., 2015) Pharmacokinetic Tacrolimus The AUC and MRT values of BSAN-TAC are greater and longer

(TAC) than those of Prograf®.

5. (Zhang et al., 2017) | Pharmacokinetic Bufalin (BF) Crmax, T12, MRT, AUC of BSAN-BF are all greater than BF. While
the value of CIBSAN-BF is slower than the value of BF. As a
result, the drug will stay in the bloodstream longer, increasing its
concentration in plasma.

6. (Ramesh & Pharmacokinetic EGCG Tmaxs Cmax, T12, and AUC BSAN-EGCG were all significantly

Mandal, 2019) higher when compared to EGCG. Furthermore, the clearance value
(CI) of BSAN-EGCG was slower than that of EGCG. In order to
keep the drug in the bloodstream longer and increase plasma
concentration.

7. (Yang et al., 2020) Cytotoxicity Doxorubicin When compared to the percentage of inhibition achieved by DOX,

(DOX) the cytotoxicity of BSAN-DOX against tumor cells A549, A2780,
and NCL-H460 was 2 times, 1.5 times, and 1.5 times higher,
respectively.

8. (Dubey et al., Cytotoxicity Gemcitahine When compared to the GEM, the percentage of inhibition in

2015) (GEM) BSAN-GEM was higher. Furthermore, when compared to GEM,
the ICs value of BSAN-GEM was significantly lower.

9. (Solanki et al., Cytotoxicity Berberine (BBR) | BSAN-BBR inhibited MDA-MB-231 cells at a higher percentage

2021) than BBR. Furthermore, it proved that cancer cell death caused by
BSAN-BBR (30%) was greater than pure BBR.

10. | (Siri etal., 2020) Cytotoxicity Emodin (E) The results of metabolic tests and cell adhesion of BSAN-E were
lower than those of pure E. This indicates an increase in cell death,
which is supported by the LDH assay.

Note: Crax (Maximum concentration) ; Tmax (maximum time) ; AUC (Area Under Curve) ; MRT (mean residence time)

IV. Discussion

An ideal drug delivery system should be capable of keeping product stability and delivery under a
variety of physiological variables. Furthermore, drug delivery systems must be capable of increasing drug
bioavailability, providing controlled drug delivery, and fully loading drugs to target cells while avoiding side
effects on other organs'?.Natural polymers such as albumin®, alginate™®, chitosan'®, gelatin'®, and cellulose® are
currently used as carriers in drug delivery because they have the advantage of enhancing the therapeutic effect.
Albumin (BSA) is a natural polymer with numerous advantages as a carrier'’.BSA has several advantages,
including its availability® and abundance'®, non-toxicity?®, non-immunogenicity®, biodegradability*’, high
water solubility, and selective conduction ability”>. These benefits make BSA a popular choice among
researchers for use as a carrier in drug delivery systems.
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Furthermore, the effectiveness of the addition of a carrier can be increased by making it in the form of
nanoparticles, where the active ingredients of drugs with albumin carriers will be packaged in a nanoparticle
basis’, with the expectation that the therapeutic effect will be maximized and unwanted side effects will be
minimized. Several hypotheses suggest that using drug delivery systems packaged in nanoparticle bases can
improve drug stability, pharmacokinetic properties, and reduce drug toxicity”®. The effectiveness of BSA
nanoparticles as a carrier in drug delivery systems is shown in table no 1.

Pharmacokinetics of BSA Nanoparticle-Delivered Drugs

Pharmacokinetic properties, in general, can describe bioavailability. Furthermore, pharmacokinetic
studies seek to determine the circulation of the half-life and the drug’s ability to be localized in one compartment
of the body so that the treatment can reach target cells while preventing drugs from entering other cells or
tissues®*.Several drugs have limited therapeutic effects, so they are designed and produced as nanoparticles with
bovine serum albumin (BSA) carriers. As a result, it can increase drug bioavailability, thereby increasing
therapeutic effect.

Curcumin

Curcumin (CUR) has antioxidant, anti-inflammatory, antimicrobial, and anticancer properties.
Curcumin, on the other hand, belongs to the biopharmaceutical classification system (BCS) class 1V, which has
poor water solubility, reducing its therapeutic effect in treatment. As a result, a curcumin dosage form was
developed using a galactosylated BSA nanoparticle carrier to increase the targeted effectiveness at the
asialoglycoprotein receptor (ASGPR) in HCC cancer cells®.

(Huang et al., 2019)* measured pharmacokinetic studies with the parameters AUC, MRT, Tpmax and
Crax- The Tax parameter results, namely BSAN-CUR, showed a faster time than the peak concentration at 0.5
hours. In contrast, the maximum peak concentration time in pure CUR is 2 hours. The results for BSAN-CUR
(48.7 £ 7.4 ng/mL) were 1.9 times higher than pure CUR (25.2 + 7.0 ng/mL) in the C.x parameter.This is
because the nano size allows it to pass more easily through the intestinal barrier, allowing more curcumin to
accumulate in the plasma.Furthermore, the AUC parameter obtained in BSAN-CUR (1047.6 + 41.2
ng/mL/hour) was 1.4 times higher than the results in pure CUR (775.4 + 35.7 ng/mL/hour), indicating that a
higher AUC value can help maintain plasma concentrations and thus increase curcumin oral bioavailability. The
final parameter, MRT, obtains a relatively longer value for BSAN-CUR (22.6 £ 0.4 hours) compared to pure
CUR (21.7 + 0.8 hours), implying that the longer residence time in plasma may aid in increasing oral
bioavailability. Thus, BSAN-CUR can improve curcumin oral bioavailability.

Cabazitaxel

Cabazitaxel (CBZ) is an antitumor drug approved by the FDA for the treatment of prostate cancer as an
injection. CBZ, on the other hand, has drawbacks such as high toxicity and poor tumor selectivity. Furthermore,
because CBZ is poorly soluble in water, a solvent such as Tween80® is used.However, it can cause severe
allergic reactions such as rash or systemic erythema. CBZ was thus delivered using BSA nanoparticles to
achieve the desired target while minimizing side effects®’.

According to one study (Wan et al., 2020)?" plasma drug concentrations of CBZ-Tween 80 and BSAN-
CBZ differed significantly after intravenous administration. T,,, AUC, Cax Cl, and MRT were used to make
measurements.The results revealed that the Ty, value of CBZ-Tween 80 (14.76 £ 2.31 hours) BSAN-CBZ
(25.39 + 3.54 hours), AUC value of CBZ-Tween 80 (10.896.93 + 109.63 ng/mL/hour) BSAN-CBZ (17,557.27 +
182.56 ng/mL/hour), C.x CBZ-Tween 80 (3087.67 + 136.86 ng/mL) BSAN-CBZ (3143.43 + 112 ,11 ng/mL).
MRT CBZ-Tween 80 (8.76 = 1.96 hours) BSAN-CBZ (13.24 + 2.88 hours).The pharmacokinetic parameters of
BSAN-CBZ performed significantly better than those of CBZ-Tween 80.The drug clearance results from CBZ-
Tween80 (0.0014 0.0002 mL/min/kg) were faster than the BSAN-CBZ (0.0007 0.000013 mL/min/kg). This
demonstrates that BSAN-CBZ have a slower clearance rate, due to longer circulation time in the blood, that
could lead to higher plasma concentrations and increase therapeutic efficacy.

Paclitaxel

Taxol is a drug approved by the FDA that contains Paclitaxel. Paclitaxel (PTX) is widely used to treat a
variety of cancers (ovarian cancer, stomach cancer, breast cancer and acute leukemia). However, PTX has a low
water solubility (2 g/ml), which reduces its therapeutic effect® As a result, PTX was delivered via BSA-
Cholesterol Nanoparticles. Cholesterol is used as a hydrophobic compound to boost PTX's therapeutic ability.

After intravenous administration of the drug, the pharmacokinetic properties of PTX and NP Chol
BSA-PTX were compared in tumor-bearing mice.AUC values were obtained at PTX (5384.13 + 225,83
ng/mL/hour) and BSAN-PTX (8177.03 + 303.06 ng/mL/hour). This suggests that BSAN-PTX is more stable in
plasma, making it easier for it to accumulate in target cells.Furthermore, the plasma half-life of BSAN-PTX was
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longer (2.71 hours) than that of PTX (0.5 hours). As a result, the circulation of BSAN-PTX in the bloodstream is
longer than that of PTX, indicating that it has a higher chance of reaching the target location.

Tacrolimus

Tacrolimus (TAC) is a drug used to treat acute rejection after organ transplantation. TAC, on the other
hand, has therapeutic limitations due to its low water solubility. Prograf® is a commercial drug that contains
tacrolimus and hydrogenated polyethylene castor oil (HCO-60), but it has nephrotoxicity, nephrotoxicity,
diabetogenic effects, and hypertension as side effects.As a result, research was conducted to improve the
therapeutic effect of TAC while reducing its side effects by using BSAN as a TAC drug delivery system.

(Zhao et al., 2015)* compared the pharmacokinetic profile of Prograf® with BSAN-TAC as a control.
There was a difference in the pharmacokinetic profiles of the two materials after intravenous
administration.BSAN-TAC had AUC values that were 1.8 times higher (151.5 46.69 min mg/L) than Prograf®
(84.4 10.98 min mg/L). This is due to the ability of encapsulated TAC to be protected from metabolic enzymes
in the liver. Furthermore, Prograf® proved 1.9-fold faster clearance (0.072 0.018 L/h/kg) than BSAN-TAC,
which proved a slower clearance (CI) (0.038 0.016 L/h/kg) due to the effect of protected liver metabolism,
avoiding decreased clearance by the kidneys.This resulted in a longer MRT value for the BSA-TAC NP (10.58
0.57 hours), increase the time in blood circulation compared to the MRT value of the faster Prograf® (8.90 0.67
hours).

Bufalin

Several studies have shown that bufalin (BF) is effective as an antitumor agent. Bufalin, on the other
hand, has limitations such as poor water solubility, a short half-life, and a high metabolic rate, which limit its
therapeutic effect. To improve its therapeutic effect, bufalin was developed in a delivery system that used BSA
nanoparticles as a carrier®.

(Zhang et al., 2017)*° compared the pharmacokinetic profiles of BF and BSAN-BF (Crax, T2, MRT,
AUC, and CI). The obtained results revealed that the C,..x value of BSAN-BF (2186.2 ng/mL) was greater than
that of pure BF (2430.5 ng/mL). T1/2 NP BSA BF (127.2 minutes) was greater than that of pure BF (43.2
minutes).Furthermore, the AUC of BSAN-BF was higher (389.7 ng h/mL) than that of BF (302.6 ng h/mL). As
a result, the MRT BSAN-BF value is greater (68.4 minutes) than BF (19.2 minutes). Because BSAN-BF had a
slower CI (1.54 L/h/kg), it could raise plasma concentrations more than BF (2.00 L/h/kg). The therapeutic effect
of BF can be enhanced by improving the pharmacokinetic profile.

Epigallocatechin-3-gallate

Green tea contains the polyphenol epigallocatechin-3-gallate (EGCG), which has anticancer,
antibacterial, antioxidant, anti-inflammatory, and antiallergic properties. However, EGCG has some
disadvantages, including low solubility, poor stability, and a short absorption time. To deliver EGCG to target
cells and increase its effectiveness, a BSA nanoparticle carrier must be developed™.

(Ramesh & Mandal, 2019)* compared the pharmacokinetic profiles of BSAN-EGCG and EGCG (T max,
Cmax» T12, AUC, and CI). The T value of BSAN-EGCG was found to be longer (2 hours) than EGCG (1.6
+0.2 hours).The value of C., in BSAN-EGCG indicates a 1.5 times increase in the maximum drug
concentration in plasma (136 + 4.8 ng/ml) compared to EGCG (53.1 £ 7.5 ng/ml). Furthermore, BSAN-EGCG
has a longer half-life (15.6 £ 1.2 hours) than EGCG (12.2 + 1.2 hours).The AUC value of BSAN-EGCG was
significantly higher in plasma (1048 + 11.46 mg/L/hour) than pure EGCG (536.8 + 14.0 mg/mL/hour). The
clearance value for BSAN-EGCG was slower (0.001 £ 0.0001 ml/hour) circulating in the blood for a longer
period of time, increasing plasma concentration higher than the clearance value for EGCG (0.002 + 0.0001
ml/hour). As a result, BSA EGCG NPs can improve EGCG bioavailability.

Cytotoxicity of BSA Nanoparticle-Delivered Drugs

One of the parameters for the biological evaluation of in vitro studies is cytotoxicity. Each drug has a
unigue cytotoxicity mechanism that determines cell death, such as cell damage. Cytotoxicity assays have been
widely used to assess compound toxicity and the inhibition of cell growth, such as tumor cells. There are several
cytotoxicity testing methods, including staining (trypan blue), colorimetric (MTT), fluorometry, and
luminometry®.

Doxorubicin

Doxorubicin (DOX) is a cancer chemotherapy drug that is commonly used. DOK, on the other hand,
has side effects such as hair loss, cardiomyopathy, and so on. To overcome the drug's limitations, it is being
developed in a drug delivery system that uses BSA nanoparticles as a carrier to increase therapeutic effect and
reduce side effects’.
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(Yang et al., 2020)° studied cytotoxicity against normal cells (NIT 3T3) and tumor cells using MTT
results comparing DOX and BSAN-DOX (A549, A2780 and NCL-H460). The MTT test results in the BSAN-
DOX group showed low cytotoxicity to NIT 3T3 cells, even at the highest test concentration of 400 mg/mL
BSAN-DOK_.As a result, low cytotoxicity in normal cells indicates a low toxic effect.

When compared to the percentage of inhibition achieved by DOX, the cytotoxicity of BSAN-DOX
against tumor cells A549, A2780, and NCL-H460 was 2 times, 1.5 times, and 1.5 times higher, respectively.
Furthermore, the 1Csy value in BSAN-DOX was found to be 2 times, 2.6 times, and 1.5 times lower than the
IC50 value obtained in DOX, respectively. The BSAN-DOX group produced significantly more cytotoxicity to
tumor cells, according to the results. This demonstrates that the use of BSAN as carriers can improve delivery
effectiveness when compared to DOX.

Gemcitabine

Gemcitabine (GEM) is an effective drug for tumor treatment, but it has limitations, including a short
half-life and high doses that cause serious side effects. To overcome these limitations, further research into
delivering gemcitabine specifically into target cells using BSA NP carriers is required®.

(Dubey et al., 2015)° investigated the cytotoxicity of GEM and BSAN-GEM groups against Ovcar-5,
MCF-7, and MIAPaCa-2 cancer cells. The cytotoxicity test results revealed an increase in the inhibition of
cancer cells by BSAN-GEM a concentration of 1 M in both Ovcar-5, MCF-7, and MIAPaCa-2 cancer cells, with
percentages of inhibition in the three cancer cells of 70%, 72%, and 72%, respectively. The percentage of
inhibition was higher when compared to the GEM group, which obtained percentages of inhibition on the three
cancer cells of 46%, 48%, and 49%, respectively.

Furthermore, when compared to pure GEM, the ICs, value of BSAN-GEM was significantly lower; the
average I1Csq value of BSAN-GEM in the three cancer cells was 0.171, while the 1Cs, mean value of GEM in the
three cancer cells was significantly lower. 3.185 times the number of cancer cells With an increase in inhibition
and a low IC50 value, BSAN-GEM proved significantly greater anti-tumor activity, with an average tumor
volume of 164 mm3 when compared to the GEM (298 mm3).

Berberine

Berberine (BBR) is a berberis plant-derived isoquinoline alkaloid compound. BBR has been reported in
several studies to have antioxidant, antihypertensive, antimicrobial, and anticancer properties. BBR, on the other
hand, has limitations such as low water solubility and bioavailability. As a result, BBR delivery to target cells is
restricted. As a result, development is required to overcome these constraints. To increase the effectiveness of
BBR, BSAN are used as carriers in the delivery of BBR to the desired target location®.

(Solanki et al., 2021)* used the MTT assay on MDA-MB-231 breast cancer cells to assess the
anticancer activity of BSAN-BBR and BBR. The MTT test results of BSAN-BBR revealed that the percentage
of inhibition of MDA-MB-231 cells was greater than that of pure BBR after 48 hours of incubation at a dose of
25 g. The percentage of inhibition obtained from BSAN-BBR against MDA-MB-231 cells was (63%) while
BBR only had a percentage of inhibition of (35%).The MTT test results were confirmed by the trypan blue test,
which was performed to confirm the inhibitory efficacy of BSAN-BBR and BBR against MDA-MB-231 breast
cancer cells. The trypan blue test results revealed that the cancer cell death produced by BSAN-BBR (30%) was
greater than that produced by pure BBR. Obtaining greater inhibition from BSAN-BBR because BSAN can
increase the delivery of hydrophobic molecules into MDA-MB-231 cells, allowing for better inhibitory
effectiveness even at low drug doses when compared to BBR.

Emodin

Emodin (E) is an antibiotic with antimicrobial, immunosuppressive, and antitumor properties.
However, E has drawbacks such as low solubility and negative side effects. As a result, development is required
to deliver emodin. BSA NPs have been shown to be a promising drug delivery system for improving therapeutic
effects while reducing side effects™.

(Siri et al., 2020)" investigated the cytotoxicity of pure BSAN-E and E in breast cancer cells MCF-7
and PC-3 (prostate cancer cells). For 48 hours, cells were exposed to a 45 M concentration. The E cytotoxicity
test included three types of tests: the metabolic activity test of cancer cells (MTT test), the cancer cell adhesion
test, and the LDH (lactic dehydrogenase) test. The results obtained by BSAN-E demonstrated that the antitumor
activity of MCF-7 cells given BSAN-E increased, as evidenced by a decrease in metabolic activity and adhesion
activity of MCF-7 cells, both of which reached (60 percent), the results were greater. when compared to E,
which reduced MCF-7 metabolic activity and cell adhesion by (50 percent)

The results of BSAN-E showed increased cell death, which was confirmed by the results of the LDH
activity test of BSAN-E, which reached a value of (60 percent) after 48 hours of incubation, indicating cell
membrane damage. PC-3 cells tested similarly to MCF-7 cells, with more cancer cell death in BSAN-E than E.
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V. Conclusion
When used as a drug carrier, BSA nanoparticles can improve the pharmacokinetic profile, increase

bioavailability, and increase cytotoxicity. As a result, BSA nanoparticles can be used as a drug delivery vehicle
because they have the advantage of increasing the therapeutic effect of drugs to target cells while causing no
unwanted side effects.

1.

2.
[3].

[41.

(5]

[6].

[71.

8.

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

References
Himri, I., &Guaadaoui, A. (2018). Cell and organ drug targeting: Types of drug delivery systems and advanced targeting strategies.
In  Nanostructures for the Engineering of Cells, Tissues and Organs: From Design to Applications. Elsevier Inc.
https://doi.org/10.1016/B978-0-12-813665-2.00001-6
Winarti, L. (2013). Sistem penghantaranobattertarget, macam, jenis-jenissistempenghantaran, dan aplikasinya. Stomatognatic (J. K.
G Unej), 10(2), 75-81.
Yang, Z., Zhang, N., Ma, T., Liu, L., Zhao, L., & Xie, H. (2020). Engineered bovine serum albumin-based nanoparticles with pH-
sensitivity ~ for ~ doxorubicin  delivery and  controlled release. Drug Delivery,  27(1), 1156-1164.
https://doi.org/10.1080/10717544.2020.1797243
Solanki, R., Patel, K., & Patel, S. (2021). Bovine Serum Albumin Nanoparticles for the Efficient Delivery of Berberine:
Preparation, Characterization and In vitro biological studies. Colloids and Surfaces A: Physicochemical and Engineering Aspects,
608(August 2020), 125501. https://doi.org/10.1016/j.colsurfa.2020.125501
Dubey, R. D., Alam, N., Saneja, A., Khare, V., Kumar, A., Vaidh, S., Mahajan, G., Sharma, P. R., Singh, S. K., Mondhe, D. M., &
Gupta, P. N. (2015). Development and evaluation of folate functionalized albumin nanoparticles for targeted delivery of
gemcitabine.  In  International ~ Journal of  Pharmaceutics  (Vol. 492, Issues 1-2). Elsevier B.V.
https://doi.org/10.1016/j.ijpharm.2015.07.012
Wang, D., Liang, N., Kawashima, Y., Cui, F., Yan, P., & Sun, S. (2019). Biotin-modified bovine serum albumin nanoparticles as a
potential drug delivery system for paclitaxel. Journal of Materials Science, 54(11), 8613-8626. https://doi.org/10.1007/s10853-019-
03486-9
Salehiabar, M., Nosrati, H., Javani, E., Aliakbarzadeh, F., KheiriManjili, H., Davaran, S., & Danafar, H. (2018). Production of
biological nanoparticles from bovine serum albumin as controlled release carrier for curcumin delivery. International Journal of
Biological Macromolecules, 115, 83-89. https://doi.org/10.1016/j.ijbiomac.2018.04.043
Karimi, M., Bahrami, S., Ravari, S. B., Zangabad, P. S., Mirshekari, H., Bozorgomid, M., Shahreza, S., Sori, M., & Hamblin, M. R.
(2016). Albumin nanostructures as advanced drug delivery systems. Expert Opinion on Drug Delivery, 13(11), 1609-1623.
https://doi.org/10.1080/17425247.2016.1193149
Aminu, N., Bello, 1., Umar, N. M., Tanko, N., Aminu, A., & Audu, M. M. (2020). The influence of nanoparticulate drug delivery
systems in drug therapy. Journal of Drug Delivery Science and Technology, 60(May), 101961.
https://doi.org/10.1016/j.jddst.2020.101961
Mainardes, R. M., & Khalil, N. M. (2019). Nanoparticles of bovine serum albumin for encapsulation of food ingredients. In
Biopolymer Nanostructures for Food Encapsulation Purposes. Elsevier Inc. https://doi.org/10.1016/B978-0-12-815663-6.00007-0
Sun, S., Xiao, Q. R., Wang, Y., & Jiang, Y. (2018). Roles of alcohol desolvating agents on the size control of bovine serum albumin
nanoparticles in drug delivery system. Journal of Drug Delivery Science and Technology, 47, 193-199.
https://doi.org/10.1016/j.jddst.2018.07.018
Gupta, R., & Rai, B. (2020). Computer-Aided Design of Nanoparticles for Transdermal Drug Delivery. In Methods in Molecular
Biology (Vol. 2059). https://doi.org/10.1007/978-1-4939-9798-5_12
Thomas, D., KurienThomas, K., & Latha, M. S. (2020). Preparation and evaluation of alginate nanoparticles prepared by green
method for drug delivery applications. International Journal of Biological Macromolecules, 154, 888-895.
https://doi.org/10.1016/j.ijbiomac.2020.03.167
Sohail, R., & Abbas, S. R. (2020). Evaluation of amygdalin-loaded alginate-chitosan nanoparticles as biocompatible drug delivery
carriers  for  anticancerous efficacy. International Journal of Biological ~Macromolecules, 153, 36-45.
https://doi.org/10.1016/j.ijbiomac.2020.02.191
Nejat, H., Rabiee, M., Varshochian, R., Tahriri, M., Jazayeri, H. E., Rajadas, J., Ye, H., Cui, Z., & Tayebi, L. (2017). Preparation
and characterization of cardamom extract-loaded gelatin nanoparticles as effective targeted drug delivery system to treat
glioblastoma. Reactive and Functional Polymers, 120(June), 46-56. https://doi.org/10.1016/j.reactfunctpolym.2017.09.008
Chin, S. F., Jimmy, F. B., & Pang, S. C. (2018). Size controlled fabrication of cellulose nanoparticles for drug delivery applications.
Journal of Drug Delivery Science and Technology, 43, 262—-266. https://doi.org/10.1016/j.jddst.2017.10.021
Kouchakzadeh, H., Safavi, M. S., &Shojaosadati, S. A. (2015). Efficient Delivery of Therapeutic Agents by Using Targeted
Albumin Nanoparticles. In Advances in Protein Chemistry and Structural Biology (1st ed., Vol. 98). Elsevier Inc.
https://doi.org/10.1016/bs.apcsb.2014.11.002
Jahanban-Esfahlan, A., Roufegarinejad, L., Jahanban-Esfahlan, R., Tabibiazar, M., &Amarowicz, R. (2020). Latest developments in
the detection and separation of bovine serum albumin using molecularly imprinted polymers. Talanta, 207(July 2019), 120317.
https://doi.org/10.1016/j.talanta.2019.120317
Siri, M., Grasselli, M., & Alonso, S. del V. (2020). Correlation between assembly structure of a gamma irradiated albumin
nanoparticle and its function as a drug delivery system. Colloids and Surfaces A: Physicochemical and Engineering Aspects,
603(April), 125176. https://doi.org/10.1016/j.colsurfa.2020.125176
Nosrati, H., Sefidi, N., Sharafi, A., Danafar, H., &KheiriManjili, H. (2018). Bovine Serum Albumin (BSA) coated iron oxide
magnetic nanoparticles as biocompatible carriers for curcumin-anticancer drug. Bioorganic Chemistry, 76, 501-509.
https://doi.org/10.1016/j.bioorg.2017.12.033
Xu, L., He, X. Y., Liu, B. Y., Xu, C, Ai, S. L., Zhuo, R. X., & Cheng, S. X. (2018). Aptamer-functionalized albumin-based
nanoparticles  for  targeted drug delivery. Colloids and Surfaces B: Biointerfaces, 171(July), 24-30.
https://doi.org/10.1016/j.colsurfb.2018.07.008
Patra, J. K., Das, G., Fraceto, L. F., Campos, E. V. R., Rodriguez-Torres, M. D. P., Acosta-Torres, L. S., Diaz-Torres, L. A., Grillo,
R., Swamy, M. K., Sharma, S., Habtemariam, S., & Shin, H. S. (2018). Nano based drug delivery systems: Recent developments
and future prospects 10 Technology 1007 Nanotechnology 03 Chemical Sciences 0306 Physical Chemistry (incl. Structural) 03
Chemical Sciences 0303 Macromolecular and Materials Chemistry 11 Medical and He. Journal of Nanobiotechnology, 16(1), 1-33.
https://doi.org/10.1186/s12951-018-0392-8

DOI: 10.9790/3008-1704010713 www.iosrjournals.org 12 | Page


https://doi.org/10.1016/j.talanta.2019.120317
https://doi.org/10.1016/j.colsurfa.2020.125176
https://doi.org/10.1016/j.bioorg.2017.12.033
https://doi.org/10.1016/j.colsurfb.2018.07.008
https://doi.org/10.1186/s12951-018-0392-8

The Effectiveness of Bovine Serum Albumin (BSA) Nanoparticles as Carrier in Drug Delivery System

[23].
[24].

[25].

[26].

[271.

[28].

[29].

[30].

[31].

[32].

Kumari, P., Ghosh, B., & Biswas, S. (2016). Nanocarriers for cancer-targeted drug delivery. Journal of Drug Targeting, 24(3), 179—
191. https://doi.org/10.3109/1061186X.2015.1051049.

Hashida, M. (2020). Role of pharmacokinetic consideration for the development of drug delivery systems: A historical overview.
Advanced Drug Delivery Reviews, 157, 71-82. https://doi.org/10.1016/j.addr.2020.06.015.

Huang, Y., Deng, S., Luo, X,, Liu, Y., Xu, W., Pan, J., Wang, M., & Xia, Z. (2019). Evaluation of intestinal absorption mechanism
and pharmacokinetics of curcumin-loaded galactosylated albumin nanoparticles. International Journal of Nanomedicine, 14, 9721
9730. https://doi.org/10.2147/1JN.S229992

Huang, Y., Hu, L., Huang, S., Xu, W., Wan, J., Wang, D., Zheng, G., & Xia, Z. (2018). Curcumin-loaded galactosylated BSA
nanoparticles as targeted drug delivery carriers inhibit hepatocellular carcinoma cell proliferation and migration. International
Journal of Nanomedicine, 13, 8309-8323. https://doi.org/10.2147/1JN.S184379

Wan, Z., Xie, F., Wang, L., Zhang, G., & Zhang, H. (2020). Preparation and evaluation of cabazitaxel-loaded bovine serum albumin
nanoparticles for prostate cancer. International Journal of Nanomedicine, 15, 5333-5344. https://doi.org/10.2147/1IJN.S258856
Zhao, L., Zhou, Y., Gao, Y., Ma, S., Zhang, C., Li, J., Wang, D., Li, X., Li, C., Liu, Y., & Li, X. (2015). Bovine serum albumin
nanoparticles for delivery of tacrolimus to reduce its kidney uptake and functional nephrotoxicity. International Journal of
Pharmaceutics, 483(1-2), 180-187. https://doi.org/10.1016/j.ijpharm.2015.02.018

Zhang, H., Huang, N., Yang, G., Lin, Q., &Su, Y. (2017). Bufalin-loaded bovine serum albumin nanoparticles demonstrated
improved anti-tumor activity against hepatocellular carcinoma: Preparation, characterization, pharmacokinetics and tissue
distribution. Oncotarget, 8(38), 63311-63323. https://doi.org/10.18632/oncotarget.18800

Stringer, M., Abeysekera, I., Thomas, J., LaCombe, J., Stancombe, K., Stewart, R. J., Dria, K. J., Wallace, J. M., Goodlett, C. R., &
Roper, R. J. (2017). Epigallocatechin-3-gallate (EGCG) consumption in the Ts65Dn model of down syndrome fails to improve
behavioral deficits and is detrimental to skeletal phenotypes. Physiology and Behavior.

Ramesh, N., & Mandal, A. K. A. (2019). Encapsulation of epigallocatechin-3-gallate into albumin nanoparticles improves
pharmacokinetic and bioavailability in rat model. 3 Biotech, 9(6), 1-14. https://doi.org/10.1007/s13205-019-1772-y

Canyon Hydro, Summary, E., Of, F., Potential, T. H. E., Ferreres, X. R., Font, A. R., Ibrahim, A., Maximilien, N., Lumbroso, D.,
Hurford, A., Winpenny, J., Wade, S., Sataloff, R. T., Johns, M. M., Kost, K. M., State-of-the-art, T., Motivation, T., Norsuzila
Ya’acobl, Mardina Abdullahl, 2 and Mahamod Ismaill, 2, Medina, M., ... Masuelli, M. (2013). We are IntechOpen , the world * s
leading publisher of Open Access books Built by scientists , for scientists TOP 1 %. Intech, 32(July), 137-144.
http://www.intechopen.com/books/trends-in-telecommunications-technologies/gps-total-electron-content-tec- prediction-at-
ionosphere-layer-over-the-equatorial-region%0AInTec%0Ahttp://www.asociatiamhc.ro/wp-content/uploads/2013/11/Guide-to-
Hydropower.pdf

Dadih Supriadi, et. al. “The Effectiveness of Bovine Serum Albumin (BSA) Nanoparticles asi
Carriers in Drug Delivery Systems: A Review.” I0SR Journal of Pharmacy and Biological!
Sciences (IOSR-JPBS), 17(4), (2022): pp. 07-13. !

DOI: 10.9790/3008-1704010713 www.iosrjournals.org 13| Page


https://doi.org/10.3109/1061186X.2015.1051049
https://doi.org/10.1016/j.addr.2020.06.015
https://doi.org/10.2147/IJN.S229992
https://doi.org/10.2147/IJN.S184379
https://doi.org/10.2147/IJN.S258856
https://doi.org/10.1016/j.ijpharm.2015.02.018
https://doi.org/10.18632/oncotarget.18800
https://doi.org/10.1007/s13205-019-1772-y

