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Abstract

This research aimed at developing and designing a slow and targeted delivery of
Amphotericin B (AmB) antibiotic by placing three types of shells containing different
ratios of biodegradable and biocompatible polymers poly (D, L-lactide)-co-(glycolide)
(PLGA), polyethylene glycol (PEG), and polyvinyl pyrrolidone (PVP) on core-shell
structures including silver nanoparticles that were activated with magnetic nanoparticles
(MNPs). Emulsion solvent evaporation technique was employed to synthesize three types
of shells: (i) (PVP-PEG) (100:20, w/w), (ii) (PLGA-PEG) (100:20, w/w), and (iii)
(PLGA-PEG) (50:10, w/w) introduced as D1, D2, and D3 respectively. The in vitro
release of AmB was examined in aqueous medium phosphate buffer saline (PBS) in pH~
7.2. Several spectroscopy methods characterized the structure and properties of the
nanoparticles. In vitro antifungal activity of pure AmB and D1, D2, and D3 was studied
against Candida albicans (C. albicans). The results explained that frequency of drug
released from D2 at the first 10 h was (18%) that was compared with D1 (30%) and D3
(24%) at the same time. D2 had more efficient and longer targeted controlled release. The
findings showed that D2 can be used as an effective carrier for in vitro targeted controlled
release and D2 and D3 had powerful activity against C. albicans.

Keywords Drug delivery - Amphotericin B - Magnetic nanoparticles - Core-shell - Emulsion
solvent evaporation

Introduction

A drug delivery system (DDS) is an arrangement of formulations or devices that can
bring a drug combination into the body and preserve the efficacy and safety of the
medicine by administrating the speed, time, and location of release. It can be stated, DDS
is a connector among the patient and the medicine that can be a drug formulation to treat
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or a device to convey the drug. Drug systems play an essential role in the pharmaco-
logical effects of medications since they can be effective on how to release the drug and
its speed, as well as the distribution of the medicine in the body and even adverse side
effects. An effective drug delivery system ensures that the active medicine can be placed
in its right place at the right time and can be effective when subjected to the environment
[1, 2]. The drug delivery systems can be classified into two categories according to the
different characteristics. One of the categorizations is based on the path of administra-
tion, which can be through the digestive, injectable, mucosal, pulmonary, and dermato-
logical systems. The other categorization is based on the drug release mechanism
including immediate release which is one of the most common releases, the modified
release which is classified as a new drug delivery system, delayed release, an extended
release which in some cases is classified into two categories, the standard release, and the
controlled release [3, 4]. Nanoparticle-based drug delivery systems have been mostly
used during the last few decades [S]. These structures can be regarded as very effective
drug delivery systems due to controlling and slowing down the drug release, protecting
the drug molecules, reducing the particle size smaller than the cells, passing through the
biological barriers to deliver the drug to the target site, increasing the sustainability of the
drugs in the bloodstream, targeted drug delivery, and biocompatibility which increase the
therapeutic efficacy of the drug. Drug delivery using nano-carriers is the main cause to
improve the therapeutic efficacy of the drug using encapsulated drugs [6]. The magnetic
nanoparticles are one of the most important groups of the inorganic nano-carrier nano-
particles [7, 8]. Superparamagnetic iron oxide (SPIO) particles are important parts of
drug delivery systems [8—10]. Maghemite (y-Fe,O3;) superparamagnetic nanoparticles
and magnetite (Fe30,) are the main magnetic nanoparticles (MNPs) used in drug delivery
and medical applications [11]. Superparamagnetic properties of magnetic nanoparticles
(MNPs) can help to keep medicine centralized, prevent its dispersal in the medium, and
can be used in targeted and controlled release systems using an external magnetic field
[8]. Organic nano-carriers include liposome, solid lipid nanoparticles, polymeric nano-
particles, polymeric micelles, dendrimers, polymerases, and hydrogel nanoparticles [7, 8,
12—15]. Polymers are the most mainly used materials to form the nanoparticles. The
polymers used in controlled drug release should be biocompatible and non-toxic and
have no dischargeable impurities [8, 12, 14, 16]. Physically, it should also include a
decent structure and a half-life as desired. Polymers used to make polymeric nanoparti-
cles can be synthetic or natural. Polymeric nanoparticles are often selected from biode-
gradable types [12, 14, 17]. High stability and the possibility of making them in large
quantities cause polymeric nanoparticles to be selected and used more often. Polymeric
nanoparticles combine many compounds including vesicles (nanocapsules) systems and
matrix systems (nanospheres). In nanocapsules, the drug is hermetically sealed in a
polymeric cavity [8, 12, 13]. Most of the used synthetic biodegradable polymers include
poly (lactic acid) (PLA), poly (glycolic acid) (PGA), poly-cyanoacrylate (PCA),
polycaprolactone (PCL), and poly (lactide)-co-(glycolide) (PLGA) [10, 15, 18]. Poly
(lactide)-co-(glycolide) (PLGA) is one of the superlative and prominent biodegradable
polymers to deliver the drug. PLGA is mostly considered recently due to (i) low
systematic toxicity, (ii) easily excretion out of the body, (iii) conservation of drug from
decay, (iv) bioavailability and biocompatibility, and (v) increased drug stability [19, 20].
One of the problems with biodegradable polymers as carriers is their quick drainage out
of the bloodstream through phagocytosis [21, 22]. Using poly (ethylene glycol) (PEG)
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prevents the mentioned withdrawal [23]. The following types of drugs are loaded in
PLGA nanoparticles: hormones, dexamethasone, insulin (diabetes medication), haloper-
idol (an antipsychotic medication), and many anticancer drugs (doxorubicin, paclitaxel,
and cisplatin) [19, 20, 24]. AmB is a strong antibiotic which is used to treat fungal
infections which were isolated from the streptomyces species in 1955 [25]. AmB has
polyene hydrocarbon chains as hydrophobic and polyhydroxyl chains as hydrophilic as
shown in Fig. 1 [26]. Minor solubility of this drug in solvents (aqueous and organic) is
due to the amphoteric nature of AmB [27]. AmB sodium deoxycholate (Fungizone®) is
used as a parenteral formulated drug [28]. There are many side effects caused by this
form [29, 30]. The results express that when AmB is conjugated with PEG [31] or PLGA
[30, 32], there was an increased solubility in water, reduced toxicity, and increased
effects compared with the other AmB formulation.

In this research, loading AmB on a core-shell structure where the core included Ag
nanoparticles was examined. The Ag nanoparticles were activated and centralized by
magnetic particles. The shell included three types of polymers such as PLGA, PVP, and
PEG with different ratios, named as D1, D2, and D3 respectively. The purpose of using
different polymers was to develop a targeted and controlled release. The effect of the
selected polymers and their amount on the in vitro release rate of the AmB for parenteral
delivery process with modified bioavailability and less toxicity was examined as well.
Fourier Transform Infrared (FT-IR), X-ray diffraction (XRD), Scanning Electron Micros-
copy (SEM), and Transmission Electron Microscopy (TEM) analysis characterized the
structure and the properties of the nanoparticles. Vibrating-Sample Magnetometer (VSM)
was used to examine the superparamagnetic properties of magnetic nanoparticles
(MNPs). Thermogravimetric analysis (TGA) was used to examine thermal decomposition
of composites and polymers. In vitro drug release of AmB was studied in aqueous
medium phosphate buffered saline (PBS) in pH~7.2 at room temperature (due to the
use of the parenteral form of AmB, this research was conducted only in a neutral
medium). Ultra Violet-Visible (UV-Vis) spectrometry was used to examine the release

OH

-\\\\\OH

HO, OH OH OH OH (&}

H
N Y N S /\/\‘/"“’ o
(o]

CHy 0 OH

OH
Fig. 1 Chemical structure of Amphotericin B (AmB) [26]
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process. In vitro antifungal activity of pure AmB and AmB-loaded nanoparticles (D1,
D2, and D3) was studied against Candida albicans (C. albicans).

Materials and Methods
Materials

AmB (101.26% assay, lyophilized bulk, for parenteral preparation) was purchased from
Synbiotics Company. Poly (D, L-lactide-co-glycolide) (PLGA, 50:50, MW 40-75 kDa),
sodium borohydride (NaBH,, >98%), silver nitrate (AgNOs, >99%), and citric acid (>
99.5%) were purchased from Sigma-Aldrich Company. Polyethylene glycol (PEG 6000,
average mol wt 5000-7000), polyvinyl pyrrolidone (PVP), Sabouraud Dextrose Agar plates
(SDA), Sabouraud Dextrose Broth 2%, ammonia (NH3, 25%), sodium chloride, potassium
chloride, Na,HPO,.2H,0, KH,PO,, Fe;S04.7H,0, Fe (NO3);.9H,0, and polyethyleimine
were purchased from Merck Chemical Company. Polyvinyl alcohol (PVA, 88% hydrolyzed)
with Gohsenol Tradename was purchased from Nippon Gohsei. Analytical reagents used in
this work: dimethyl sulfoxide (DMSO), dichloromethane, ethyl acetate, and deionized water
were purchased from Merck Chemical Company.

Equipment

Thermo Nicolet 8700 FT-IR spectrophotometer used to obtain FT-IR spectra. UV-Vis absorp-
tion spectrum was obtained via Varian Carry 100 UV-Vis spectrometer. XRD patterns were
obtained via a Philips X Pert Pro MPD diffractometer with CuK« radiation from 10 to 80 (20)
at room temperature. The results obtained from the Scanning Electron Microscope (SEM,
TESCAN MIRA3) and Transmission Electron Microscopy (TEM, Philips EM 208 Electron
Microscopy) showed the morphology and microanalysis of the nanoparticles. The data resulted
from the Vibrating-Sample Magnetometer (VSM, Lakeshore 735) confirmed the
superparamagnetic properties of the magnetic nanoparticles (MNPs). The data resulted from
the Thermogravimetric analysis (TGA, SDT Q600 V20.9 Build 20) showed the thermal
decomposition of nanoparticles and polymers.

Preparation of Magnetic Nanoparticles

The co-precipitation technique was used to produce magnetic nanoparticles (MNPs) [33, 41,
42]. In sum, FeSO,4.7H,0 (4.2 g) and Fe (NO3);.9H,0 (8.6 g) were weighed and dissolved in
1000 mL water and the mixture was stirred for 1 h. 45 mL of ammonia (25%) was added and
the mixture was stirred for 5 h. Then, 50 mL of citric acid (0.02 M) was added and sonicated at
room temperature for 10 min. The solution was aged at room temperature for 24 h to form a
precipitate, and the obtained precipitate was washed with purified water, then dried at 50 °C for
20 h.

Preparation of Ag Nanoparticles

The method employed in this reference was modified [34]. In sum, 300 mL of aqueous
solution of 2.0 x 103 M sodium borohydride was added to 100 mL of aqueous solution of
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1.0 x 1073 M silver nitrate at 0 °C. In this process, Ag ions turned into Ag metal and a
transparent sol of silver nanoparticle was produced in the medium. The process of stirring the
solution was continued for 1 h for homogeneity and uniformity of the solution in darkness.

Preparation of Fe;0,-Ag Nanoparticles

The method employed in this reference was modified [42, 43]. The wet impregnation was used
to add Ag to MNPs. In sum, silver nitrate was added to MNPs and this mixture was sonicated
for 10 min. Then, the aqueous solution of 50% polyethyleimine was added to this mixture and
sonicated at room temperature for 10 min. Produced mixture was filtered and the obtained
precipitate was washed with alcohol and deionized water, then dried at 60 °C for 10 h.

Preparation of Phosphate Buffer Saline

Phosphate buffer saline (PBS) was provided according to the described instruction [35]. To
prepare 1 L of PBS, NaCl (8.1 g), KC1 (0.2 g), Na,HPO,.2H,0 (1.78 g), and KH,PO, (0.27 g)
were dissolved in 800 mL of distilled water. The pH~ 7.2 was adjusted with HCI and the final
volume was brought to 1 L. This solution was filtered through a filter paper to remove
impurities.

Preparation of AmB-Loaded Nanoparticles

Nanoparticles were produced by an emulsion solvent evaporation technique [36]. At the first,
AmB (0.1 g) was dissolved in 1 mL of DMSO and then it was added to 2 mL of an organic
solvent containing dichloromethane and ethyl acetate (4:2, v/v). Certain amount of PVP-PEG
(100:20, w/w) (also known as D1) was dissolved in dichloromethane. The amount of 0.011 g
Fe;04-Ag was added to this solution. The two prepared organic phases were mixed together.
Final organic phases infused into 10 mL PVA (1%, w/v) and then the mixture was sonicated at
room temperature for 10 min. Produced emulsion was subjected to evaporation under vacuum
at 37 °C to produce the solid nanoparticles. Nanoparticles were separated by centrifugation and
washed with deionized water. The nanoparticle precipitate was suspended in 5% sucrose and
freeze-dried. The other nanoparticles PLGA-PEG (100:20, w/w) and PLGA-PEG (50:10, w/w)
(also known as D2 and D3 respectively) were provided as the same method.

In Vitro Drug Release Study

The in vitro release test in this study was done based on the described instruction. The solution
testing was performed on 20 mL of PBS in pH~7.2 at room temperature. Synthesized
nanocapsules (0.2 g) containing 0.1 g lyophilized drug was dissolved in the medium. At
certain time intervals (every 1 to 70 h), 5 mL of the sample was withdrawn from container and
centrifuged for 5 min. UV-Vis spectrophotometry was used to analyze the supernatant solution.
The testing solution was poured back into the container and kept at room temperature.

In Vitro Antifungal Study

Candida albicans (ATCC 90028) (C. albicans) was selected for examining the efficacy of
AmB-loaded nanoparticles (D1, D2, and D3) and pure AMB. The broth dilution method was
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used to determine the minimum inhibitory concentrations (MICs) of AMB in D1, D2, and D3
according to the National Committee for Clinical Laboratory Standard “NCCLS document
M27-A, (Standards, 2002)”. This is the most commonly used to test the susceptibility of
microorganisms to antibiotics. In sum, C. albicans was diluted in Sabouraud Dextrose Broth
2% growth medium and 100 puL dispensed into board containing a concentration range of
AMB 0.015-2 pg/mL. The board was incubated for 24 and 48 h at 32 °C. The C. albicans was
grown on Sabouraud Dextrose Agar (SDA) and inoculated into Sabouraud Dextrose Broth
2%. The inoculated plates were incubated at 37 °C for 24 h [44, 45]. The growth colony was
appraised oculary. The MIC was presented as the lowest AmB concentration that prevented
visible growth of C. albicans and stated in pg/mL.

Result and Discussion
FT-IR Spectroscopy

FT-IR spectra of the nanoparticles, polymers, and AmB were obtained. Fig. 2 shows the
results in the wave number range from 450 to 4000 cm™!. The important peaks of AmB
included the peak at 3390 cm™! which can be attributed to stretching vibration of the O-H
bond. The peak at 2940 cm™! was attributed to the (C—H) CH; asymmetric stretching band.
The sharp peak at 1691 cm™! can be attributed to C=0 stretch band and NH, in-plane bending
vibration. The peak around 1567 cm™ can be attributed to the stretching band of C=C of the
polyene. The peak at 1402 cm™! was attributed to the C—H bending vibration in polyene ring.
The peak around 1068 cm™! can be attributed to the asymmetric stretching vibration of C=0.
The peak at 1009 cm™! was attributed to the C—H bending out of plane bend (trans-polyene).
The peak around 851 cm™ can be attributed to the C—H bending vibration in pyranose ring
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Fig. 2 FT-IR spectra of D1, D2, D3, AmB, PEG, PLGA, and PVP

@ Springer



502 Applied Biochemistry and Biotechnology (2020) 191:496-510

vibration [32, 37]. The results showed that the IR spectrum of AmB was different from AmB-
NPs. In freeze-dried samples of AmB-NPs, stretching vibration of C=0 was lost because of
the interaction between AmB and used polymers (D2) or it appeared less intense (D1 and D3).
The peak at 1125 cm™! was attributed to the new ether bond because of hydrogen bonding
interplay among PLGA-PEG polymers and the carboxylic acid group of AmB [37]. The
results confirmed that the interplay was completed between AmB and polymers and show
successful addition of AmB and MNPs to PLGA-PEG and PVP-PEG polymers. The results
show that the peak around 3392 cm™! can be attributed highly to formed hydrogen bonding in
freeze-dried samples of AmB-NPs.

SEM and TEM Analysis

The surface morphology of the Fe;04-Ag and AmB-MNPs has been examined and Fig. 3
shows their SEM images. Fig. 3 a indicates that D1 (PVP and PEG) had an agglomeration and
the approximate mean size of 62 nm. After loading AmB in the D3 and D2 (PLGA and PEG
with different ratios), Fig. 3 b and ¢ show that the mean particle size changed to 36 and 14 nm,
respectively [38], and the dispersal of nanoparticles was improved. The images of these
nanoparticles show minor agglomeration. Fig. 3 d indicates that Fe;04-Ag had lower agglom-
eration and the approximate mean size of 20 nm.

Results obtained from TEM demonstrate the nanostructure of the AmB-MNPs as shown in
Fig. 4. As the images show, the nanoparticles include clay-shaped particles whose tissues are
not connected, and they are only discrete particles that are composed together.

SEM MAG: 75.0 kx
WO: 543 men oi: 7.00
View fleld: 2.77 pm _ Date(midly): 0008/18

Fig. 3 SEM images for AmB-NPS containing 100 mg AmB and gathered with a) D1, b) D3, ¢) D2, and d)
FC3O4—Ag
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Fig. 4 TEM images for AmB-NPS containing 100 mg AmB and gathered with a) D1, b) D3, and ¢) D2

XRD

Fig. 5 shows the XRD patterns of Fe;0,4 and Fe;04-Ag. The XRD peaks at 20: 30°(220),
35.4°(311), 43°(400), 53.4°(422), 57°(511), and 62.6°(440), attributed to the Fe;O, in the
cubic lattice. Moreover, four peaks were observed at 20: 38°(111), 44°(200), 65°(220), and
77°(311), attributed to the Fe;04-Ag [39].

VSM

VSM examined the superparamagnetic properties of magnetic nanoparticles (MNPs). D1,
D2, and D3 were examined by this technique. Fig. 6 shows the obtained results. The
magnetization of MNPs was examined in an applied magnetic field of — 10,000 <H (Oe)
<10,000 at room temperature. The result showed that there is a maximum oscillation in
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Fig. 5 XRD pattern of a) Fe;0,4 and b) Fe;04-Ag
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Fig. 6 VSM analysis for a) MNPs, b) D2, ¢) D3, and d) D1

the range between —4000 and 4000. This pattern confirms the superparamagnetic
behavior of the nanoparticles. Conforming to VSM results, the highest magnetization
that was equalized to 57 emu/g is related to MNPs. By loading the D2 and D3 shells
(PLGA with different ratios), the magnetic behavior was reduced, with the D1 shell
(PVP) founding 51, 47, and 39 emu/g, respectively. The amount of MNPs in the core of
D1, D2, and D3 is fixed which is improved by TGA results. With changing the shells,
the ratio of magnetic mass in the core is reduced to the total mass of nanoparticle. It can
be stated, as increasing the particle size reduced the magnetic properties. The
superparamagnetic particles were enclosed in the core-shell of a drug. Drug release will
have a focused point state using an external magnetic field. Superparamagnetic particles
are activated and absorbed into the magnetic field. This specification can be employed
for barricading scatteredness of the drug and centralizing it in the desirable site. It can be
stated, the presence of magnetic nanoparticle facilitates drug guidance to target cells in
the physiological environment of the body and the drug focusing on the target. After
applying the magnetic field, the accumulation of the components of the AmB nanopar-
ticles (but not AmB itself) was found to be around the magnetic field in the container.
However, such a process is more important and effective in clinical trials. But in this
research, it was measured as an individual parameter.

TGA Interpretation

Thermogravimetric analysis was performed on D1, D2, and D3. This analysis was carried out
in an air medium at a temperature range of 25 to 800 °C. The increasing temperature rate was
applied one degree every ten minutes.

The result showed that in D1, the weight loss of AmB was found to be about 45% at a
temperature range of 180-261 °C. In the temperature range of 261-318 °C, 15% of the
decreased weight was observed that is related to the weight loss of the PEG 6000. In the
range of 318-382 °C, the 12% of thermal degradation was attributed to PVA. The next weight
loss was 25% of the weight of the composite in the temperature range of 400-520 °C related to
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PVP. Less than 2% of the weight of the composite remained that was related to the magnetic
iron oxide.

In D2, the weight loss of AmB was about 6% at a temperature range of 170-210 °C. In the
temperature range of 210-260 °C, 31% of weight loss was observed that is related to the
weight loss of the PEG 6000. In the range of 260-390 °C, the thermal degradation was related
to PVA that contained about 30% of the polymer. The next weight loss was in the temperature
range of 390-530 °C related to PLGA that constituted about 29% of the weight of the
composite. Less than 2% of the composite weight remained that was related to the magnetic
iron oxide.

In D3, the weight loss of AmB was about 12% at a temperature range of 170210 °C. In the
temperature range of 210-270 °C, 30% of the weight loss was observed that is related to the
weight loss of the PEG 6000. In the range of 270-370 °C, thermal degradation was related to
PVA that consists of about 21% of the polymer. The next weight loss was in the temperature
range of 370-500 °C related to PLGA that constituted about 32% of the weight of the
composite. Less than 2% of the weight of composite remained that is related to the magnetic
iron oxide (Figs. 7, 8, and 9).

In Vitro Release of Amphotericin B

The in vitro drug release of AmB was examined in PBS [40]. This study was conducted in
room temperature and in neutral environments with pH~ 7.2. This condition was selected for
release studies because the solubility of AmB at low pH is severely reduced, so the exact
amount of release cannot be measured. It can be stated, AmB is insoluble in acidic pH. The
efficacy of drug carriers and rate of release in acidic pH was increased [32], but due to
insolubility of AmB in acidic pH, the results were unrealistic. Fig. 10 shows the release rate for
70 h. Release results showed a biphasic release of AmB from the NPs [37]. In the first stage
(10 h), there was a basic rapid release about 18-30% conforming to the ratios of polymers (D1,
D2, and D3) followed by a gradual release stage from 10 to 70 h in which 9-12% of the drug
was released. There was no time that shows a burst in drug release within the first 10 h of the
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Fig. 7 TGA curve of D1
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loaded AmB on the NPs that confirmed the obtained results. There is a maximum release rate
in the first 10 h. Between 10 and 20 h, there was an increase in the release rate with a slight
slope. After 20 h, there was a sustained release up to 70 h. The maximum drug release during
70 h was achieved with D1 (42%) and the lowermost was D2 (27%). Hence, the increase in the
release rate in D2 is very mild and continuous, but it is almost constant in D1 after 20 h and its
release is insignificant. In D3, after 30 h of reducing the rate of drug release, the results indicate
drug re-absorption by polymers. The first stage of release took place maybe due to the
dissolution and dissemination of AmB that was inadequately ensnared in the NPs. Whenever
the slower and sustained release was being observed, it could be attributed to the dissemination
of AmB localized in the core of NPs. Using the polymers owning linking ability to drugs such
as PLGA that contain free carboxylic groups has lowered the burst release, but in some cases,
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Fig. 9 TGA curve of D3
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Fig. 10 In vitro drug release manner for AmB-NPs (error bars are mean = SD, n=15)

it stops or significantly prolongs the drug release. It also has specific features as the residual
particles of this nanomedicine can degrade inside the body and convert into the basic
compounds essential for the body. It can be assumed in the mechanism of drug release of
AmB that AmB-NPs own major hydrophilicity, leading to a major tendency for the medium to
diffuse into the core of nanoparticles inducing its swelling [37]. Therefore, from 0.1 g of AmB-
loaded nanoparticles, according to TGA results, 45% (0.045 g), 6% (0.006 g), and 12%
(0.012 g) and in vitro release of Amphotericin B after the end of 70 h showing 42%
(0.0189 g), 27% (0.0016 g), and 32% (0.0038 g) were founded that is related to D1, D2,
and D3 respectively.

In Vitro Antifungal Study

Table 1 presents the antimicrobial activity of pure AmB and AmB-loaded nanoparticles (D1,
D2, and D3) in C. albicans after 24 and 48 h. The end-point (MIC-0) was reached for pure
AmB 0.5 pg/mL and 1.0 pg/mL after 24 and 48 h respectively. The MIC-0 for AMB in D2
and D3 (AmB-loaded to PLGA-PEG) was reduced more than D1 (AmB-loaded to PVP-PEG).
The MIC of AmB in D2 and D3 was reduced against C. albicans compared with free AmB
more than fourfold. Hence, AmB-loaded to PLGA-PEG (D2 and D3) have high efficacy and
are very effective for treatment of fungal infections containing C. albicans.

Table 1 Antifungal activity of AmB against C. albicans (n=15)

Tested form MIC-0 (pug/mL) after 24 h MIC-0 (ng/mL) after 48 h
AmB 0.5 +0.01 1.0 £ 0.01
D1 0.225 + 0.01 0.225 £ 0.01
D2 0.115 £ 0.01 0.115 £ 0.01
D3 0.115 £ 0.01 0.115 £ 0.01
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Conclusion

Generally, it is deserving to say, the selected polymers and their amount showed that they are
effective parameters controlling the rate of drug release. The results explained that adding PVP
(D1) significantly increases the in vitro release compared with the other formulations. This can
be attributed to the low molecular mass and high solubility of PVP. The drug release can be
done slowly in the presence of PLGA in (D2 and D3) polymers due to its high molecular mass
and its reducing solubility in physiological media. Simultaneously used PLGA and PEG with
the same applying percentage can be effective in increasing and decreasing the drug release
rate. The selected PLGA and PEG with (100:20, w/w) ratio indicated a controlled release rate
for a longer period of time. The results indicated that selected polymers with different amounts
prolonged drug release process for a specific dose of parenteral AmB interval of 10 to 20 h. D1
as a carrier is proper for these cases where the maximum release of the AmB is required in a
controlled period at 10 h. D2 as a carrier is proper for slow controlled drug release for a 20 h or
a long period of time. These results express that oral AmB is still the first-line treatment in
cases where a high dose is required in a very short period of time. PLGA as a biodegradable
and biocompatible polymer can be used as a suitable substrate to load high volumes of
parenteral AmB. The result of the in vitro antifungal study indicated that AmB-loaded to
PLGA-PEG (D2 and D3) have powerful activity against C. albicans.
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