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Abstract: The main aim of this research is to compare amlodipine-loaded bovine serum albumin (BSA) and
egg albumin microspheres, to obtain the optimal formulation of amlodipine microspheres for the treatment of
hypertension. The ability to load various drugs, higher cell uptake and controlled kinetics for drug release are
exceptional benefits offered by this system. In addition, the rate of chemical degradation in the solid matrix can also
be modified, and offers delivery of chemically—sensitive lipophilic ingredients. On account of these benefits, this
study was designed for the development of amlodipine microspheres for oral administration, and will be a beneficial
approach to achieving increased bioavailability. Microspheres can be prepared by industrially-scalable techniques.
Bovine serum albumin (BSA) microspheres containing amlodipine besylate were prepared by using emulsification
cross-linking method. In this method, glutaraldehyde is used as a cross-linking agent. Egg albumin microspheres
containing amlodipine besylate were prepared by using an emulsification heat denaturation method. The parameters
studied in this research include particle size analysis, entrapment efficiency, in-vitro drug release studies, SEM
analysis and Fourier Transform Infra Red Spectroscopy (FTIR) studies. The results indicate that the amlodipine-
loaded BSA microspheres provide more prolongated action when compared to that of amlodipine-loaded egg
albumin microspheres.
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1. Introduction therapeutic efficacy, and to overcome the problems

A novel drug delivery system focuses on delivery of ~ Caused by conventional drug delivery systems [1], [2].

a drug to the targeted site in order to obtain maximum  There are different ways to deliver a therapeutic
substance to the target site in a sustained release
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fashion. One of such approaches is using microspheres

as carriers [3].
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Fig. 1 Evaluation and comparison for the formulations of amlodipine-loaded bovine serum albumin and egg albumin microspheres

Microspheres constitute a vital part of this novel
drug delivery system, by virtue of their small size and
efficient carrying capacity. Microspheres are typically
free-flowing powders comprised of proteins or
synthetic polymers, with particles of varied size
(ranging from 1-1000 um), which are biodegradable in
nature [4], [5], [6], [7]. In some cases, microspheres are
also known as micro-particles [8], [9]. Solid
biodegradable microspheres incorporating a drug
dispersed or dissolved through a particle matrix have
the potential for the controlled release of drugs. They
are comprised of polymeric, waxy, or other protective
materials; that is, biodegradable synthetic polymers and
modified natural products.

Microspheres can be obtained from several natural
polymers such as BSA [10], [11], [12], egg albumin
[13], [14], [15], chitosan [16], [17], starch [18], [19],
poly dextran [20], [21], and synthetic polymeric
materials such as polylactic acid [22], [23], polyadipic
anhydride [24]. There are various techniques used for
microsphere preparation: single-emulsion [25], [26],
double-emulsion [27], [28], polymerization [29], [30],
phase separation coacervation [31], [32], spray drying
and spray congealing [33], [34], and solvent extraction
[35], [36].

Amlodipine besylate is a calcium channel blocker
that dilates blood vessels and improves blood flow,
which is why it is used in the treatment of hypertension
[37], [38], [39]. Hypertension is a condition that causes
the blood pressure in the arteries to be persistently
raised. High blood pressure does not typically cause
symptoms, although in the long term it is a major risk
factor for coronary artery disease [41], stroke [42],
and heart failure [40, 43]. The microsphere formulation

has shown a decreased frequency in dosing by
improving patient compliance. The formulation of
microsphere is economical and has also shown a
reduction in side effects and decreased toxicity.

The aim of the present study was to compare
amlodipine-loaded bovine serum albumin (BSA)
microspheres and egg albumin microspheres as well as
to determine the formulation that results in the best
bioavailability of the drug to treat hypertension.

2. Material and Methods

2.1. Materials

The amlodipine besylate used in this study was
provided free of charge by Madras Pharmaceuticals
Pvt. Ltd. (Chennai, India). The bovine serum albumin
(Southern India Scientific Corporation, Chennai,
India), egg albumin (Southern India Scientific
Corporation), glutaraldehyde (Southern India Scientific
Corporation), liquid paraffin (Southern India Scientific
Corporation), Tween80 (Southern India Scientific
Corporation), and Span80 (Southern India Scientific
Corporation) were all obtained from the manufacturer.
The other ingredients like potassium dihydrogen
phosphate, sodium  hydroxide, ethanol, and
hydrochloric acid were obtained from local suppliers.

2.1.1. Preparation of Amlodipine-Besylate-Loaded
Bovine Serum Albumin Microspheres [12]

The BSA microspheres containing amlodipine
besylate were prepared using the emulsion cross-
linking method. The desired quantity of the drug (200
mg) was weighed and dissolved in BSA solution in
water (20%, 2 ml) in a beaker. The drug-polymer
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mixture was poured dropwise into a beaker containing
50 ml of liquid paraffin, which was kept on a magnetic
stirrer and stirred at a speed of approximately 2500
rom. Then, 1% wt/vol Span80 was added as a
surfactant to the oil phase. After 15 mins of stirring,
glutaraldehyde was added as a cross-linking agent and
stirring was continued for 4-6 hrs. Next, the stirring
was stopped and the albumin microspheres were
filtered and cleaned using n-hexane to remove any
excess oil. This procedure was followed for all four
batches of amlodipine microspheres containing BSA,
which used different concentrations of BSA and
Span80 (F1, F2, F3, and F4). The compositions of
these formulations are given in Table 1.

Table 1 Composition of amlodipine microspheres by using bovine
serum albumin

S. Batch. Core: Coat Amount of cross- Amount of

No No ratio linking agent (ml) surfactant
(ml)

1. F1 1:2 1mi 1ml

2. F2 1:2 1ml 2mil

3. F3 1:4 1mi 1ml

4. F4 1:4 1ml 2ml

2.1.2. Preparation of Amlodipine-Besylate-Loaded Egg
Albumin Microspheres [15]

The egg albumin microspheres containing
amlodipine besylate were prepared using the
emulsification and heat denaturation method. A
suitable quantity of the drug was weighed (0.5 g) and
dissolved in egg albumin solution in water (12.5 ml).
This solution was added to 50 ml liquid paraffin, which
was preheated to 60°C. Tween80 was then used as an
emulsifying agent, and the contents were stirred for
approximately 1 hr using a magnetic stirrer. The
temperature of the contents was reduced to 40°C for 25
minutes to facilitate the hardening of microspheres.
The resulting microspheres were stabilized using
glutaraldehyde (25% v/v) solution for approximately
15 mins. The microspheres were then collected by
means of decantation, cleaned using n-hexane, and
dried at room temperature. This procedure was
followed for all four batches of egg albumin
microspheres containing amlodipine, which used
different concentrations of egg albumin and Tween 80
(F5, F6, F7, and F8). The compositions of these
formulations are given in Table 2.

Table 2 Composition of amlodipine microspheres by using egg

albumin
S. Batch. Core: Amount of Amount of
No No coat Glutaraldehyde  surfactant
ratio (ml) (ml)
1. F5 1.1 Iml 1ml
2. F6 1:15 1ml 2mi
3. F7 1:2 1mi 1ml
4, F8 1:2.5 1ml 2ml

2.1.3. Construction of a Standard Calibration Curve
for Amlodipine

Some 100 mg of amlodipine was accurately
weighed and transferred into a 100 ml standard flask. A
small quantity of ethanol was added to solubilize the
drug. Then, the volume was made up to 100 ml with
ethanol. This gave the stock solution. The stock
solution was diluted with a phosphate buffer (pH 6.8)
to give concentrations of 5, 10, 15, 20, and 25 pg/ml.
Next, the absorbance of the solution was measured at
239 nm using an ultraviolet (UV)-visible spectrometer.
A graph was plotted by taking the concentration on the
x-axis and the absorbance on the y-axis to obtain a
standard curve. The standard curve was used to
determine the amount of amlodipine in the present
study.

2.2. Evaluation of the Amlodipine Microspheres

2.2.1. Particle Size Analysis

The particle size analysis was performed by means
of optical microscopy.  Approximately 200
microspheres were randomly selected and their sizes
determined using an optical microscope fitted with a
standard micrometer scale.

2.2.2. Determination of the Drug Content of the
Microspheres

About 50 mg of microspheres were accurately
weighed and then crushed in a pestle and mortar. The
resulting powder was transferred to a 50 ml standard
flask and dissolved in 0.1 N hydrochloric acid, and the
volume was made up to 50 ml. The solution was then
filtered using Whatman filter paper. Next, 1 ml of
filtered solution was added to a 10 ml standard flask
and diluted to 10 ml using 0.1 N hydrochloric acid. The
absorbance of the solution was measured at 240 nm
and compared with standard amlodipine.

2.2.3. Percentage of Entrapment Efficiency
The percentage of entrapment efficiency was
calculated using the following formula:
Percent entrapment ef ficiency
Entrapped drug

Total drug

100

2.2.4. Shape and Surface Morphology

The shape and surface characteristics of the
microspheres  (i.e.,, roundness, smoothness, and
formation aggregates) were assessed using a scanning
electron microscopy (SEM), while the size distribution
of the microspheres was determined using an optical
microscopy.

2.2.5. FTIR Studies
FTIR studies were conducted to determine the
interaction between the drug and the polymer.
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2.2.6. In-Vitro Drug-Release Studies of Amlodipine-
Loaded Bovine Serum Albumin and Egg Albumin
Microspheres

The amlodipine-loaded BSA and egg albumin
microspheres were evaluated with regard to their in-
vitro drug release. The drug release analysis of the
microspheres was performed using USP Dissolution
Apparatus-l  (Basket Apparatus) with 0.1 N
hydrochloric acid used as the dissolution medium. The
dissolution was carried out at 100 rpm and 37+0.5°C
using 900 ml of dissolution medium. From each batch,
microspheres equivalent to 50 mg were accurately
weighed and added to hard gelatin capsules. The
capsules were placed in the basket and then immersed
in 900 ml of dissolution medium. After immersion, the
dissolution process was carried out. Some 5 ml of
sample solution was withdrawn from the dissolution
apparatus at a fixed interval of 1 hr and the same
volume of fresh 0.1 N hydrochloric acid was used to
replace it. This process was carried out for 8 hrs. The
withdrawn samples were assessed with regard to their
amlodipine content at 240 nm using a UV-visible
spectrometer and the amount of drug release was
interpreted using the standard calibration curve. The
percentages of the drug released at various time
intervals were calculated and plotted against time vs. %
drug release.

3. Results and Discussion

The standard curve of amlodipine is depicted in Fig.
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Fig. 2 Calibration curve of amlodipine

3.1. FTIR Studies

Compatibility studies between drug (amlodipine)
and polymers can be obtained by FTIR Analysis. From
Fig. 3-9, we have found identical peaks between the IR
spectra of amlodipine and different combined samples.
Thus, there is no interaction found between the drug
and excipients in the preparation of amlodipine
microspheres.
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Fig. 3 FTIR of amlodipine (pure drug)
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3.2. Particle Size Analysis

The particle size of eight batches of amlodipine
microspheres was performed by optical microscope,
and the results were given the Table 3. The particle size
of the formulated microspheres was found to be within
the range of 50-75 um. The particle size distribution of

the microparticles is presented in Table 3. The mean
particle size (n = 50) of the microparticles ranged from
50.05 £ 8.82 um to 72.40 = 10.43 um. Microparticles
formulated with F3 formulation consisting of BSA give
smallest particle size.

Table 3 Evaluation of microspheres

S.No Batch. No Average particle size Percentage yield [% w/w] % Entrapment In-vitro drug release studies
(micrometer) efficiency
1. F1 55.2+10.55 75.3+1.35 93.9+4.55 91.3+1.41
2. F2 54.1+11.50 76.67 £3.08 88.2 +3.58 84.7 £2.52
3. F3 61.3+5.55 88.0 £2.55 97.7£1.50 93.3+1.87
4, F4 72.4+9.55 72.6 +1.02 89.3 +3.55 87.8+2.04
5. F5 60.3 +8.34 72.0+2.08 82.4+1.04 81.3+3.55
6. F6 59.7 £ 6.50 86.4+5.42 83.8 +1.57 85.4 +5.44
7. F7 51.8+12.05 83.2+1.58 86.7 +3.59 85.7 £2.46
8. F8 57.5+10.46 732+1.25 812+1.44 79.9+2.33

3.3. Percentage Yield

The percentage yield of these formulations ranges
from 72% to 88%, while the F3 formulation gives the
maximum yield of 88%. The results presented in Table

1 show that the microparticle yield (percentage yield)
was high. Particularly noteworthy is the batch that had
the highest yield of 88 %. This occurred in
microspheres containing BSA.
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Fig. 10 Percentage yield

3.4. Percentage of Drug Entrapment Efficiency
Entrapment efficiency of amlodipine-loaded BSA
and Egg albumin microspheres are given in Table 3 and
Fig. 11 and 12, respectively. In case of BSA
formulations, F3 gives the maximum entrapment
efficacy, while in case of Egg albumin formulations F6
gives the maximum entrapment efficacy of 86.7%. But

in comparison between these two formulations, F3
formulation consisting of BSA gives the highest
entrapment efficacy of about 97.7%. The general
pattern was that drug entrapment decreased with
increasing proportions of the BSA used in preparing
the microspheres.
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Fig. 11 The entrapment efficiency of amlodipine-loaded BSA microspheres
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Fig. 12 The entrapment efficiency of amlodipine-loaded egg albumin microspheres

3.5. In-Vitro Release Studies for Amlodipine
Microspheres by Using Bovine Serum Albumin and
Egg Albumin

The in-vitro drug release studies of Amlodipine
loaded BSA formulations (F1 to F4) and Egg albumin
formulations (F5 to F8) are given in the Table 3 and
Fig. 13 and 14. When we observe the in-vitro drug
release of BSA formulations, F3 formulation showed
the maximum release of 93.3% at the end of 8hrs,
while in case of Egg albumin microspheres, F6
formulation showed the maximum release of 85.4% at
the end of 8hrs. In comparison of F3 BSA formulation
and F6 Egg albumin formulation, F3 showed the
highest in-vitro drug release which is evident from Fig.

13. So, F3 formulation made up of BSA polymer was
found to be the optimized formulation which has a
composition of a core: coat ratio of 1:4 and a
surfactant: crosslinking agent ratio of 1:1. The release
profiles of Amlodipine from the microspheres are
graphically represented in Fig. 13 and 14. There was a
sustained release of the drug from most of the
microspheres. However, there was an initial rapid
release of amlodipine from the formulation of F3 BSA
formulation and F6 egg albumin formulation within 2
h. A characteristic feature of the release profile of F3
BSA formulation and F6 egg albumin formulation
batches is a biphasic pattern of release.
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Fig. 13 In-vitro drug release profile of amlodipine-loaded BSA microspheres
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Fig. 14 In-vitro drug release profile of amlodipine-loaded egg albumin microspheres

3.6. Scanning Electron Microscopy

The SEM photographs of the microspheres F3 and
F6 were examined using SEM-JEOL, JSM-840.
Comparing the F3 and F6 formulations, the F3
formulation made up of BSA was found to be more
spherical and smoother, which is identified as the
optimised formulation. The SEM photomicrographs of
the F3 BSA formulation and the F6 egg albumin
formulation showed that the microspheres had a
brownish and spherical appearance except for some
batches that appeared to have some degree of hydration
and irregular shapes.
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Fig. 15 SEM of F3
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3.0 115.00 kV|High vacuum| 9.9 mm
Fig. 16 SEM of F6
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4. Discussion

The sizes of the microspheres were all within the
micrometer range, indicating that the production
process was able to achieve the intended endpoint. It
appears that the average size of the microspheres
increased with an increase in the proportion of the
cross-linking agent and the polymers employed.
However, the microspheres formulated with egg
albumin were larger than the other batches, especially
microspheres formulated with bovine serum albumin.
The microspheres evaluated in this study are intended
for oral administration and particle size would
influence the rate of drug release and followed by
pharmacokinetics . The microspheres’ yield was high,
an indication that the formulation technique adopted
was reliable. There was no evidence of correlation
between the proportion of cross-linking agent used in
the formulation of microspheres and the microsphere
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yield. The various factors that influence the swelling of
polymers when prepared by cross-linking techniques
are the time taken for cross-linking and the
concentration of the cross-linking agent. By
implication, encapsulation of amlodipine in bovine
serum albumin (BSA) cross-linked Span 80
microspheres would cause a tiny amount of the drug to
be released into the stomach and further enhance
targeting of the intestines, where the desired sustained
release effects would be achieved. This would likely be
the optimum amount of the cross-linking agent needed
to produce microspheres for the sustained release
dosage form. Drug entrapment efficiency is an
important variable for assessing the drug loading
capacity of microspheres and their drug release
profiles, thus suggesting that the drug would be
released in a sustained manner. The rapid release of
amlodipine from batches F3 and F6 during the first 30
minutes is possibly due to a burst effect caused by the
leaching out of the unentrapped drug adhering to the
surface of the microspheres after the initial rapid
hydration and swelling. Burst release resulting in a
biphasic release pattern may be utilized in the
therapeutic design of dosage forms. This has been
observed in microspheres prepared using bovine serum
albumin. In this case, it may be an advantage because it
would lead to a high initial blood concentration of the
drug and a gradual release of the remaining medication.
This indicates that once the drug adhering to the
microspheric surface has leached, the drug release
becomes  diffusion-controlled. Based on the
observations, the formulated microspheres of
amlodipine could be widely accepted, physiologically
safe, and capable of exhibiting sustained properties.

5. Conclusion

Amlodipine-loaded microspheres were successfully
prepared using BSA with the emulsification cross-
linking technique and egg albumin microspheres using
the emulsification heat denaturation method. In this
study, glutaraldehyde-saturated toluene is used as the
cross-linking agent. The present study concentrated on
obtaining optimized formulation by comparing
amlodipine microspheres prepared using different
biodegradable polymers. Results obtained conclude
that the F3 formulation made with BSA is the best
compared to the F6 formulation made with egg
albumin. The formulated microsphere of amlodipine
could be widely accepted, and physiologically safe
polymers could exhibit sustained-release properties.

In conclusion, the microspheres of amlodipine
designed in this work were shown to be efficient drug
delivery systems for poorly soluble drugs. It can be
concluded that the application of the microspheres of
amlodipine in the clinical setup may be useful in
achieving the complete therapeutic advantage of the
calcium channel blockers and can effectively control
hypertension. Hence, the bio-polymeric carrier

formulated with BSA for sustained-release delivery of
amlodipine was found to render acceptable drug
entrapment efficiency (97.7% wi/v). The percentage
drug release rate was found to be 93.3% wi/v. Thus, the
novel formulation of BSA-amlodipine gives a newer
prolongation of action, which can be used to treat
hypertension.

Acknowledgment

The authors are thankful to Madras Pharmaceuticals
Pvt. Ltd., Chennai, India, for providing us with the gift
sample of amlodipine. The authors are also thankful to
SRM Institute of Science and Technology,
Kanchipuram, Tamil Nadu, India, for providing the
necessary infrastructure facilities required.

References

[1] CHANDNA A, BATRA D, KAKAR S, and
SINGH R. A review on target drug delivery: magnetic
microspheres. Journal of Acute Disease, 2013, 2(3): 189-
195. https://doi.org/10.1016/52221-6189(13)60125-0

[2] PRASAD B. S., GUPTA V. R., DEVANNA N.,
and JAYASURYA K. Microspheres as drug delivery
system-a review. Journal of Global Trends in
Pharmaceutical Sciences, 2014, 5: 1961-1972.

[3] PATEL N. R., PATEL D. A., BHARADIA P. D.,
PANDYA V., and MODI D. Microsphere as a novel drug
delivery. International Journal of Pharmacy & Life Sciences,
2011, 2(8): 992-997.
http://www.ijplsjournal.com/issues%20PDF%20files/aug%?2
02011/9.pdf

[4] RAMTEKE K. H., JADHAV V.B., and DHOLE S.
N. Microspheres: as carrieres used for novel drug delivery
system. IOSR Journal of Pharmacy, 2012, 2(4): 44-48.
https://doi.org/10.9790/3013-24204448

[5] FARAH F. H. Magnetic microspheres: a novel drug
delivery system. World Journal of Pharmacy and
Pharmaceutical Sciences, 2017, 6(9): 93-112.
https://doi.org/10.20959/wjpps20179-10054

[6] KAKAR S, BATRA D. SINGH R. and
NAUTIYAL U. Magnetic microspheres as magical novel
drug delivery system: A review. Journal of Acute Disease,
2013, 2(1): 1-12. https://doi.org/10.1016/S2221-
6189(13)60087-6

[7] VENKATESAN P., MANAVALAN R., and
VALLIAPPAN K. Microencapsulation: a vital technique in
novel drug delivery system. Journal of Pharmaceutical
Sciences  and Research, 2009, 1(4): 26-35.
https://www.jpsr.pharmainfo.in/Documents/\VVolumes/\Vollls
sue4/jpsr01040903.pdf

[8] WONG C. Y., AL-SALAMI H., and DASS C. R.
Microparticles, microcapsules and microspheres: A review
of recent developments and prospects for oral delivery of
insulin. International Journal of Pharmaceutics, 2018,
537(1-2): 223-244,
https://doi.org/10.1016/j.ijpharm.2017.12.036

[9] VERMA R., VERMA S., and KUMAR S.
Microsphere - A Novel Drug Delivery System. Research
Chronicle in Health Sciences, 2019, 5(1): 5-14.
https://www.rchsjournal.com/index.php/rchs/article/view/67
[10] PAVANETTO F., GENTA I, GIUNCHEDI P.,
CONTI B., and CONTE U. Spray-Dried Albumin



https://doi.org/10.1016/S2221-6189(13)60125-0
http://www.ijplsjournal.com/issues%20PDF%20files/aug%202011/9.pdf
http://www.ijplsjournal.com/issues%20PDF%20files/aug%202011/9.pdf
https://doi.org/10.9790/3013-24204448
https://doi.org/10.20959/wjpps20179-10054
https://doi.org/10.1016/S2221-6189(13)60087-6
https://doi.org/10.1016/S2221-6189(13)60087-6
https://www.jpsr.pharmainfo.in/Documents/Volumes/Vol1Issue4/jpsr01040903.pdf
https://www.jpsr.pharmainfo.in/Documents/Volumes/Vol1Issue4/jpsr01040903.pdf
https://www.sciencedirect.com/science/journal/03785173
https://www.sciencedirect.com/science/journal/03785173/537/1
https://doi.org/10.1016/j.ijpharm.2017.12.036
https://www.rchsjournal.com/index.php/rchs/article/view/67

116

Microspheres for the Intra-Articular  Delivery of
Dexamethasone. Journal of Microencapsulation, 2008,
11(4): 445-454. https://doi.org/10.3109/02652049409034262
[11] KATTI D., & KRISHNAMURTI N. Preparation of
albumin microspheres by an improved process. Journal of
Microencapsulation, 1999, 16(2): 231-242.
https://doi.org/10.1080/026520499289202

[12] MATHEW S.,DEVI S, SANDHYA K, and
SANDHYA K. Formulation and evaluation of ketorolac
tromethamine-loaded albumin microspheres for potential
intramuscular administration. AAPS PharmSciTech, 2007,
8(1): E100-E108. https://doi.org/10.1208/pt0801014

[13] SINGH P., KUMAR S. K. S., PARTHIBAN S,
PEEYUSH, and MANI T. T. Formulation and evaluation of
ivabradine hydrochloride loaded egg albumin microspheres.
Journal of Pharmaceutical Research and Opinion, 2012,
2(2): 25-28.
https://innovativejournal.in/index.php/jpro/article/view/695

[14] SHAILESH T., VIPUL P., GIRISHBHAI J., and
MANISH C. Preparation and In Vitro Evaluation of
Ethylcellulose Coated Egg Albumin Microspheres of
Diltiazem Hydrochloride. Journal of Young Pharmacists,
2010, 2(1): 27-34. https://doi.org/10.4103/0975-1483.62209
[15] DEVESWARAN R., MANAVALAN R,
MADHAVAN V., and BHARATH S. Formulation and
evaluation of albumin microspheres containing aceclofenac.
International Journal of Pharmaceutical Sciences Review
and Research, 2010, 4(1): 112-117.
https://www.globalresearchonline.net/journalcontents/volum
edissuel/Article%20020.pdf

[16] SINHA V., SINGLA A., WADHAWAN
S, KAUSHIK R, KUMRIA R, BANSAL K, and
DHAWAN S. Chitosan microspheres as a potential carrier
for drugs. International Journal of Pharmaceutics, 2004,
274(1-2): 1-33.
https://doi.org/10.1016/j.ijpharm.2003.12.026

[17] REN L., XU J., ZHANG Y., ZHOU J., CHEN D.,
and CHANG Z. Preparation and characterization of porous
chitosan microspheres and adsorption performance for
hexavalent chromium. International Journal of Biological
Macromolecules, 2019, 135: 898-906.
https://doi.org/10.1016/j.ijbiomac.2019.06.007

[18] YADAV A. V., & MOTE H. H. Development of
biodegradable  starch  microspheres  for intranasal
delivery. Indian Journal of Pharmaceutical Sciences, 2008,
70(2): 170-174. https://doi.org/10.4103/0250-474X.41450

[22] RUAN G., & FENG S. Preparation and
characterization of poly(lactic acid)—poly(ethylene glycol)—
poly(lactic acid) (PLA-PEG-PLA) microspheres for
controlled release of paclitaxel. Biomaterials, 2003, 24(27):
5037-5044. https://doi.org/10.1016/S0142-9612(03)00419-8
[23] ZHAO H., SAATCHI K.,and HAFELI U.
Preparation of biodegradable magnetic microspheres with
poly(lactic acid)-coated magnetite. Journal of Magnetism
and Magnetic Materials, 2009, 321(10): 1356-1363.
https://doi.org/10.1016/j.jmmm.2009.02.038

[24] ALBERTSSON A., CARLFORS J., and
STURESSON C. Preparation and characterisation of
poly(adipic anhydride) microspheres for ocular drug
delivery. Journal of Applied Polymer Science, 1996, 62(4):
695-705.

[25] HENG P., CHAN L., and WONG T. Formation of
alginate microspheres produced using emulsification
technique. Journal of Microencapsulation, 2003, 20(3): 401-
413. https://doi.org/10.3109/02652040309178078

[26] KING T.,& PATRICK C. Development and in
vitro characterization of vascular endothelial growth factor
(VEGF)-loaded poly(DL-lactic-co-glycolic
acid)/poly(ethylene glycol) microspheres using a solid
encapsulation/single emulsion/solvent extraction technique.
Journal of Biomedical Materials Research, 2000, 51(3): 383-
390. https://doi.org/10.1002/1097 -
4636(20000905)51:3<383::AlD-JBM12>3.0.CO;2-D

[27] ALI M., WALBOOMERS X. F., JANSEN J. A,
and YANG F. Influence of formulation parameters on
encapsulation of doxycycline in PLGA microspheres
prepared by double emulsion technique for the treatment of
periodontitis. Journal of Drug Delivery Science and
Technology, 2019, 52: 263-271.
https://doi.org/10.1016/j.jddst.2019.04.031

[28] MUTALIYEVA B., GRIGORIEV D.,
MADYBEKOVA G., SHARIPOVA A., AIDAROVA S,
SAPARBEKOVA A, and MILLER R. Microencapsulation
of insulin and its release using w/o/w double emulsion
method. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2017, 521: 147-152.
https://doi.org/10.1016/j.colsurfa.2016.10.041

[29] ISLAM M., YEUM J, and DAS A. Synthesis of
poly(vinyl  acetate—methyl  methacrylate)  copolymer
microspheres using suspension polymerization. Journal of
Colloid and Interface Science, 2012, 368(1): 400-405.
https://doi.org/10.1016/j.jcis.2011.11.002

[19] MUNDARGI R. C., SHELKE N. B., ROKHADE
A. P., PATIL S. A., and AMINABHAVI T. M. Formulation
and in-vitro evaluation of novel starch-based
tableted microspheres for controlled release of ampicillin.
Carbohydrate Polymers, 2008, 71(2): 42-53.
https://doi.org/10.1016/j.carbpol.2007.05.013

[20] STENEKES R., FRANSSEN O., VAN BOMMEL
E., CROMMELIN D.,and HENNINK W. The use of
aqueous PEG/dextran phase separation for the preparation of
dextran  microspheres. International ~ Journal  of
Pharmaceutics, 1999, 183(1): 29-32.
https://doi.org/10.1016/S0378-5173(99)00038-1

[21] FRANSSEN O., STENEKES R., and HENNINK
W. Controlled release of a model protein from enzymatically
degrading dextran microspheres. Journal of Controlled
Release, 1999, 59(2): 219-228.
https://doi.org/10.1016/S0168-3659(98)00193-X

[30] BAI F., YANG X.,and HUANG W. Synthesis of
Narrow or Monodisperse Poly(divinylbenzene)
Microspheres by Distillation—Precipitation Polymerization.

Macromolecules, 2004, 37: 9746-9752.
https://doi.org/10.1021/ma048566I
[31] BAYOMI M., AL-SUWAYEH S., EL-HELW

A.,and MESNAD A. Preparation of casein—chitosan
microspheres containing diltiazem hydrochloride by an
aqueous coacervation technique. Pharmaceutica Acta
Helvetiae, 1998, 73(4): 187-192.
https://doi.org/10.1016/S0031-6865(98)00020-X

[32] ANDRIANOV A, CHEN J,and PAYNE L.
Preparation of hydrogel microspheres by coacervation of
aqueous polyphosphazene solutions. Biomaterials, 1998,
19(1-3): 109-115. https://doi.org/10.1016/S0142-
9612(97)00227-5

[33] ALBERTINI B., PASSERINI N., DI SABATINO
M., VITALI B.,BRIGIDI P., and RODRIGUEZ L.



https://doi.org/10.3109/02652049409034262
https://doi.org/10.1080/026520499289202
https://doi.org/10.1208/pt0801014
https://innovativejournal.in/index.php/jpro/article/view/695
https://www.sciencedirect.com/science/journal/09751483
https://doi.org/10.4103/0975-1483.62209
https://www.globalresearchonline.net/journalcontents/volume4issue1/Article%20020.pdf
https://www.globalresearchonline.net/journalcontents/volume4issue1/Article%20020.pdf
https://www.sciencedirect.com/science/journal/03785173
https://doi.org/10.1016/j.ijpharm.2003.12.026
https://www.sciencedirect.com/science/article/abs/pii/S0141813019336499#!
https://www.sciencedirect.com/science/article/abs/pii/S0141813019336499#!
https://www.sciencedirect.com/science/article/abs/pii/S0141813019336499#!
https://www.sciencedirect.com/science/article/abs/pii/S0141813019336499#!
https://www.sciencedirect.com/science/article/abs/pii/S0141813019336499#!
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130
https://www.sciencedirect.com/science/journal/01418130/135/supp/C
https://doi.org/10.1016/j.ijbiomac.2019.06.007
https://doi.org/10.4103/0250-474X.41450
https://www.sciencedirect.com/science/article/pii/S0144861707002585
https://www.sciencedirect.com/science/article/pii/S0144861707002585
https://www.sciencedirect.com/science/article/pii/S0144861707002585
https://www.sciencedirect.com/science/journal/01448617
https://doi.org/10.1016/j.carbpol.2007.05.013
https://www.sciencedirect.com/science/journal/03785173
https://www.sciencedirect.com/science/journal/03785173
https://doi.org/10.1016/S0378-5173(99)00038-1
https://www.sciencedirect.com/science/journal/01683659
https://www.sciencedirect.com/science/journal/01683659
https://doi.org/10.1016/S0168-3659(98)00193-X
https://www.sciencedirect.com/science/journal/01429612
https://doi.org/10.1016/S0142-9612(03)00419-8
https://www.sciencedirect.com/science/journal/03048853
https://www.sciencedirect.com/science/journal/03048853
https://doi.org/10.1016/j.jmmm.2009.02.038
https://doi.org/10.3109/02652040309178078
https://onlinelibrary.wiley.com/journal/10974636
https://doi.org/10.1002/1097-4636(20000905)51:3%3c383::AID-JBM12%3e3.0.CO;2-D
https://doi.org/10.1002/1097-4636(20000905)51:3%3c383::AID-JBM12%3e3.0.CO;2-D
https://www.sciencedirect.com/science/journal/17732247
https://www.sciencedirect.com/science/journal/17732247
https://www.sciencedirect.com/science/journal/17732247/52/supp/C
https://doi.org/10.1016/j.jddst.2019.04.031
https://www.sciencedirect.com/science/journal/09277757
https://www.sciencedirect.com/science/journal/09277757
https://www.sciencedirect.com/science/journal/09277757/521/supp/C
https://doi.org/10.1016/j.colsurfa.2016.10.041
https://www.sciencedirect.com/science/journal/00219797
https://www.sciencedirect.com/science/journal/00219797
https://doi.org/10.1016/j.jcis.2011.11.002
https://doi.org/10.1021/ma048566l
https://www.sciencedirect.com/science/journal/00316865
https://www.sciencedirect.com/science/journal/00316865
https://doi.org/10.1016/S0031-6865(98)00020-X
https://www.sciencedirect.com/science/journal/01429612
https://doi.org/10.1016/S0142-9612(97)00227-5
https://doi.org/10.1016/S0142-9612(97)00227-5

117

Polymer—lipid based mucoadhesive microspheres prepared
by spray-congealing for the vaginal delivery of econazole
nitrate. European Journal of Pharmaceutical Sciences, 2009,
36(4-5): 591-601. https://doi.org/10.1016/j.ejps.2008.12.009
[34] ALBERTINI B., PASSERINI N., PATTARINO
F., and RODRIGUEZ L. New spray congealing atomizer for
the microencapsulation of highly concentrated solid and
liquid substances. European Journal of Pharmaceutics and
Biopharmaceutics, 2008, 69(1): 348-357.
https://doi.org/10.1016/j.ejpb.2007.09.011

[35] TAVERNA M. E., BUSATTO C. A., LESCANO
M. R., NICOLAU V. V., ZALAZAR C. S., MEIRA G. R,
and ESTENOZ D. A. Microparticles based on ionic and
organosolv lignins for the controlled release of atrazine.
Journal of Hazardous Materials, 2018, 359: 139-147.
https://doi.org/10.1016/j.jhazmat.2018.07.010

[36] MASAELI R, KASHI T. S J, and
ESFANDYARI-MANESH M. Preparation, Characterization
and Evaluation of Drug Release Properties of Simvastatin-
loaded PLGA Microspheres. Iranian Journal of
Pharmaceutical Research, 2016, 15: 205-211.
https://doi.org/10.22037/1JPR.2016.1821

[37] HENIK R., SNYDER P., and VOLK L. Treatment

of systemic hypertension in cats with amlodipine
besylate. Journal of the American Animal Hospital
Association, 1997, 33(3): 226-234.

https://doi.org/10.5326/15473317-33-3-226

[38] PATIL S., & MURTHY R. Preparation and in vitro
evaluation of mucoadhesive chitosan microspheres of
amlodipine besylate for nasal administration. Indian Journal
of Pharmaceutical Sciences, 2006, 68(1): 64-67.
https://doi.org/10.4103/0250-474X.22966

[39] SHERAZ M., AHSAN S., KHAN M., AHMED
S., and AHMAD |I. Formulations of Amlodipine: A Review.
Journal of Pharmaceutics, 2016, 2016: 8961621.
https://doi.org/10.1155/2016/8961621

[40] NURAINI B. Risk factors of hypertension.
Medical Journal of Lampung University, 2015, 4(5): 10-19.
https://juke.kedokteran.unila.ac.id/index.php/majority/article/
view/602

[41] WIKIPEDIA. Coronary artery disease,
https://en.wikipedia.org/wiki/Coronary_artery disease

2021.

[42] WIKIPEDIA. Stroke, 2021.
https://en.wikipedia.org/wiki/Stroke
[43] WIKIPEDIA. Heart failure, 2021.

https://en.wikipedia.org/wiki/Heart failure

BEX:

[1] CHANDNA A.. BATRA D.. KAKAR S. 1 SINGH R.
B FREGYERIRGRAL © HEMEREK - SRR ARE » 2013, 2
(3) : 189-195, https://doi.org/10.1016/S2221-
6189(13)60125-0

[2] PRASAD B. S., GUPTA V. R., DEVANNA N. #1
JAYASURYA K. ERAE 1 2551818 2 ——
Rl - 2ERZGYIRIEaAZGE - 2014, 5@ 1961-1972,
[3] PATEL N. R.. PATEL D. A.. BHARADIA P.
D.. PANDYA V. n MODI D.
WERAE N — IR RLZGYisE k - ER Y SE R AGE
» 2011, 2(8) : 992-

997, http://www.ijplsjournal.com/issues%20PDF%20files/a
ug%202011/9.pdf

[4] RAMTEKE K. H.. JADHAV V.B. #1 DHOLE S. N.
WEK 1B F TR RIS T B - IOSREG 544
T 0 2012, 2(4) : 44-48, https://doi.org/10.9790/3013-
24204448

[5] FARAH F. H.
HARMERER © —FhE R GV RS - RG-SR
FeE 0 2017, 6(9) : 93-

112, https://doi.org/10.20959/wjpps20179-10054

[6] KAKAR S.. BATRA D.. SINGH R. 1 NAUTIYAL
u.

BETEERAE s R BL G A A ¢ SR o MRS
FZeE 0 2013, 2(1) - 1-

12, https://doi.org/10.1016/S2221-6189(13)60087-6

[7] VENKATESAN P., MANAVALAN R. 0
VALLIAPPAN K.
WEREAL : B AT T — T EER © 259
Fl7E 248, 2009, 1(4) : 26-

35, https://www.jpsr.pharmainfo.in/Documents/Volumes/\V
olllssue4/jpsr01040903.pdf

[8] WONG C. Y.. AL-SALAMI H. #1 DASS C. R.
ok, MEREMMER - RS Z RS AR B AT
BE - EPrZ7lFIaE > 2018, 537 (1-2) : 223-
244, https://doi.org/10.1016/j.ijpharm.2017.12.036

[9] VERMA R.. VERMA S. #1 KUMAR S. ##k -
— MBI R RS - RER IR ASE, 2019, 5(1):
5-14.
https://www.rchsjournal.com/index.php/rchs/article/view/67
[10] PAVANETTO F.. GENTA 1., GIUNCHEDI
P.. CONTI B. 0 CONTE u.
FATF R TTN B M ZEOR AR TS TI8 BB Bk - fEE
1EZ4E - 2008, 11 (4) : 445-

454, https://doi.org/10.3109/02652049409034262

[11] KATTI D., &  KRISHNAMURTI N.
WA T2 8 DB K o fE LA - 1999, 16(
2) : 231-242, https://doi.org/10.1080/026520499289202
[12] MATHEW S.. DEVI S., SANDHYA K. #I
SANDHYA K.
AT BENRES ST | =0 0 & EKiEC 75
FIIEE - AAPSEZGRIR, 2007, 8(1): E100—
E108, https://doi.org/10.1208/pt0801014

[13] SINGH P., KUMAR S. K. S.. PARTHIBAN
S.. PEEYUSH i MANI T. T.
HhWe TP IAT B B 2B R SR E ERAYEC T R VA © 2597
e SEMAE » 2012, 2(2) - 25-

28, https://innovativejournal.in/index.php/jpro/article/view/
695

[14] SHAILESH T.. VIPUL P., GIRISHBHAI J. 1
MANISH C.
RS R Y LB 4E RR B BB B 1 ERAY il 25 A
HIMFEY - HHFELGANZGE » 2010, 2 (1) : 27-

34, https://doi.org/10.4103/0975-1483.62209

[15] DEVESWARAN R.. MANAVALAN
R.. MADHAVAN V. 0 BHARATH S.
BREEFREN O E O MERIEC TR - ER2PR
FIRESIFEAE » 2010, 4(1) : 112-

117, https://www.globalresearchonline.net/journalcontents/
volumedissuel/Article%20020.pdf


https://www.sciencedirect.com/science/journal/09280987
https://doi.org/10.1016/j.ejps.2008.12.009
https://www.sciencedirect.com/science/journal/09396411
https://www.sciencedirect.com/science/journal/09396411
https://doi.org/10.1016/j.ejpb.2007.09.011
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894/359/supp/C
https://doi.org/10.1016/j.jhazmat.2018.07.010
https://doi.org/10.22037/IJPR.2016.1821
https://doi.org/10.5326/15473317-33-3-226
https://doi.org/10.4103/0250-474X.22966
https://doi.org/10.1155/2016/8961621
https://juke.kedokteran.unila.ac.id/index.php/majority/article/view/602
https://juke.kedokteran.unila.ac.id/index.php/majority/article/view/602
https://en.wikipedia.org/wiki/Coronary_artery_disease
https://en.wikipedia.org/wiki/Stroke
https://en.wikipedia.org/wiki/Heart_failure

118

[16] SINHA V.. SINGLA  A.. WADHAWAN
S.. KAUSHIK R.. KUMRIA R., BANSAL K. #I
DHAWAN S.
FRERBEWERAE N 29V E A - EFREGHIF AR,

2004, 274(1-2): 1-

33, https://doi.org/10.1016/j.ijpharm.2003.12.026
[17] REN L., XU J., ZHANG Y., ZHOU J., CHEN D., and
CHANG z

% FLF RAEWER B HI 55 5 FAE S HS 7S B AR B
o [EFRAEYIR T T-74E - 2019, 135 : 898-

906, https://doi.org/10.1016/j.ijbiomac.2019.06.007

[18] YADAV A. V., & MOTE H. H.
BT ERNAHH T A YIREER BRI TR - EIEZ9Y)
Rl#ZuE > 2008, 70(2) : 170-

174, https://doi.org/10.4103/0250-474X.41450

[19] MUNDARGI R. C., SHELKE N. B., ROKHADE A.
P.. PATIL S. A. # AMINABHAVI T. M.
RTFENEEXIERIHADEE R FIHERIIEC 7 flk
SN - iRKICEYIEEY), 2008, 71(2): 42-
53, https://doi.org/10.1016/j.carbpol.2007.05.013

[20] STENEKES R.., FRANSSEN O.. VAN BOMMEL
E.. CROMMELIN D. # HENNINK W. {#EAKM%
PEG/E R MER 7 B K & A ek o [EIRZGFF44E,
1999,  183(1):  29-32, https://doi.org/10.1016/S0378-
5173(99)00038-1

[21] FRANSSEN O.. STENEKES R. #1 HENNINK W.
MEBAE B2 A2 3 B HE K P 4L H R R R 1« S22
ZuiE 5 1999, 59 (2) : 219-

228, https://doi.org/10.1016/S0168-3659(98)00193-X

[22] RUAN G., & FENG S.
RATFEMEERENE (AR -R (Z28) -

R (AlB) (RILM-RZE-

RELEL) WEKBSISRIERE - 9608, 2003, 24(27):
5037-5044, https://doi.org/10.1016/S0142-9612(03)00419-
8

[23] ZHAO H.. SAATCHI K. #1 HAFELI U.
AR ELER S BME R ) & o] AL PR ROV T K - Rkt
SREEMBRIERE, 2009, 321(10): 1356-1363.
https://doi.org/10.1016/j.jmmm.2009.02.038

[24] ALBERTSSON A., CARLFORS J. #1 STURESSON
C.

RTERER G640 (O BT ) ek & FIRIE
o RIS FREF24E, 1996, 62(4): 695-705,

[25] HENG P., CHAN L. % WONG T.
fE AFLIE BORAE PR SR KAV R - foEE (LA - 2
003, 20(3) : 401-

413, https://doi.org/10.3109/02652040309178078

[26] KING T, & PATRICK C.
1E REAR B/ 55 T-E B s N R K T (I E R
ARNTIRER (DL-FLEE-

ZESEE IR IR (Z2E%) WORMIFF L FUEINEMEA
IRIBTIZERECR « EPEF MR ZGE » 2000, 51(3):
383-390, https://doi.org/10.1002/1097-
4636(20000905)51:3<383::AID-JBM12>3.0.CO;2-D

[27]1 ALI M., WALBOOMERS X. F., JANSEN J. A., #1
YANG F.
B A S BON 2 P 2 B EHE AXNGLRE AR S a7 F

R HIPLCAMEBR R BIFN . 259t Rl - SRR FGE > 2
019, 52 : 263-

271, https://doi.org/10.1016/j.jddst.2019.04.031

[28] MUTALIYEVA B.. GRIGORIEV
D.. MADYBEKOVA G.. SHARIPOVA
A.. AIDAROVA S., SAPARBEKOVA A. #1 MILLER R.
FBR S A U A b R L5 F TR/ TE I R EL R A7 SR IR -
ARz E— - YEEFEFITIEAE, 2017, 521 : 147-
152, https://doi.org/10.1016/j.colsurfa.2016.10.041

[29] ISLAM M., YEUM J #1 DAS A
ERRTREEGGHE (B Z k-

RERGIEFE) LYK - Bk SAERF2E,
2012, 368(1): 400-
405, https://doi.org/10.1016/j.jcis.2011.11.002

[30] BAI F.. YANG X. # HUANG W. @if7&1%-
MEREERBEATHE (ZLIFER) ek - Koy
¥ > 2004, 37 :9746-

9752, https://doi.org/10.1021/ma048566I

[31] BAYOMI M., AL-SUWAYEH S.. EL-HELW A. %
MESNAD A.
BT KRR RO fil & & A Rt /R iR S B & -
RRMEWMER, Loy, 1998, 73(4):  187-
192, https://doi.org/10.1016/S0031-6865(98)00020-X

[32] ANDRIANOV A.. CHEN J. # PAYNE L.
B I SR KO R B R T /KRR CIEK © AR,
1998, 19(1-3): 109-115, https://doi.org/10.1016/S0142-
9612(97)00227-5

[33] ALBERTINI B.. PASSERINI N.. DI SABATINO
M.. VITALI B.. BRIGIDI P. #1 RODRIGUEZ L.
A T I 5 g ] o e U L T AR -

AB T UREREORERT f80K > T Hf e as BEVRATPRIE 2525 - BX
WZGIRlFZ4E > 2009, 36 (4-5) : 591-

601, https://doi.org/10.1016/j.ejps.2008.12.009

[34] ALBERTINI B.. PASSERINI N.. PATTARINO F.
0 RODRIGUEZ L.
AT &R S AR A T A B LA B 55 e 2 5
(B2 o WOMZGHIFARIEYIZG /5248 - 2008, 69(1) : 34
8-357, https://doi.org/10.1016/j.ejpb.2007.09.011

[35] TAVERNA M. E.. BUSATTO C. A.. LESCANO M.
R.. NICOLAU V. V., ZALAZAR C. S., MEIRA G. R.
0 ESTENOZ D. A
ETEFRAIBFIARL R ZEHIREEE 2R - &
fefffl e » 2018, 359 : 139-

147, https://doi.org/10.1016/j.jhazmat.2018.07.010

[36] MASAELI R., KASHI T. S. J. #1 ESFANDYARI-
MANESH M.
F R M T A PLGABER B2 R U MRl ~ =
{EFIVEY - CRERZGYISEZRE » 2016, 15 : 205-

211, https://doi.org/10.22037/1JPR.2016.1821

[37] HENIK R., SNYDER P. # VOLK L.
AEBIEM L AT HOEEESME - EEZER
théeZei » 1997, 33 (3) : 226-

234, https://doi.org/10.5326/15473317-33-3-226

[38] PATIL S., & MURTHY R.
PR SRR 20 20 bl S SR SR SRS B 7 S e A Bk iy



119

FEAUAESMEYT - ENELYIRF-24E » 2006, 68 (1)
64-67, https://doi.org/10.4103/0250-474X.22966

[39] SHERAZ M., AHSAN S.. KHAN M., AHMED S.
0 AHMAD l.
SEHERIEL T ¢ R o 25778 > 2016, 2016 : 896
1621, https://doi.org/10.1155/2016/8961621

[40] NURAINI B.
SIENERKZE - MiERFEFIE, 2015 4(5): 10-
19.

https://juke.kedokteran.unila.ac.id/index.php/majority/article/
view/602

[AU4e R EFR - ARSIk EER » 2021, https://en.wikipedia
.org/wiki/Coronary_artery_disease

[42]4e 5L R} - HRJX, 0 2021, https://en.wikipedia.org/wiki/
Stroke

[43) £ E R} - (D HEi@, 2021, https://en.wikipedia.org/
wiki/Heart_failure



