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Nano Composite Fe-Co-V/Zeolite as a Nano Carrier for Folic Acid Drug Con-
trolled Release
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Abstract

Having large reserves of zeolites is one of the comparative advantages of Iran which provides eco-
nomic justification for its use in a variety of applications, including medical and pharmaceutical fields such
as artificial kidney manufacturing, wound dressing, controlled drug release, and bone tissue engineering. In
this study, in order to protect folic acid drug (folate) in digestive system acidic environments, zeolite nano
carrier (Fe-Co-V/zeolite) was used. After being dissolved in ethanol, a certain amount of this drug was
placed on zeolite and extracted at different time periods. The release rate of folic acid in similar conditions
of stomach and intestine was measured by placing samples of zeolite containing this compound in aqueous
solution with the acidic pH of 5.4 and 8.9. The release rate in acidic medium was 17% higher than the re-
lease of drug in alkaline medium. SEM test was performed to measure the morphology of the pores and to
measure the changes in the acidic grade and evaluate the buffering properties of this material. The findings
revealed that folic acid was very unstable in acidic conditions and the use of zeolite significantly protected
folic acid. This can be to note that the highly porous structure of zeolite can affect the initial absorption at-
tributed to the nature of automatic control of the acidic degree in the tolerable range of the drug (chemical
protection). The release of desired amount of vitamins in an area of chemical protection is also important.
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1. Introduction groups: matrix and vesicular. Matrix nanoparticles

In recent years, the use of nanoparticles
produced from mineral or organic materials in
drug delivery, peptides-proteins, genes and vac-
cines has attracted much attention (1-5). In gen-
eral, the nanoparticles used in drug delivery have
a size less than 1,000 nanometers and with the
help of chemical reaction activators, are able to be
trapped inside, dissolved, wrapped, or adsorbed on
their surface.

According to the internal structure of
nanoparticles, they can be classified into two
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are homogeneous systems in which chemical reac-
tion activators are dissolved or dispersed through-
out the particles. Vesicular nanoparticles, also
called nano capsules, are heterogeneous systems
that are surrounded by mineral or organic mem-
branes with the help of active materials in an aque-
ous or oily cavity (6-7).

Dimensions and surface chemistry play an
important role in determining the function of drug-
containing nanoparticles and their therapeutic ef-
ficacy. Nanoparticles with intravenous application,
due to their sub-micro dimensions, have very per-
meability and aggregation. This means that they
tend to accumulate in target areas such as tumor
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tissue and damaged organs with the help of bio-
logical mechanisms and show their proper effec-
tiveness (8).

Nanoparticles with a very small size (less
than a hundred nanometers) prevent the drug from
being absorbed by the reticuloendothelial system
(part of the body's immune system: composed of
a group of cells such as phagocytosis) that excrete
excess substances and as a result, can increase
blood circulation (9). When consumed orally or
locally (for example, by inhalation, cornea, etc.),
due to the large specific surface area, they usually
have a longer durability and provide high concen-
trations of local drugs that increase the availability
of drug amount in the desired location (10).

Nanoparticle dimensions also have an
important role in the drug delivery at the cellular
level. Entrance of nanoparticles into cells (cancer
cells, intestinal cells and others) depends on its
size. The smaller the particle, the more increase in
the rate of entry into the cell (11-12). As a result,
nanoparticles containing of active materials may
have more cell toxicity (due to higher cell absorp-
tion) than tumor cells (13).

In other words, nanoparticles - based on
their small size - have the ability to cross physio-
logical barriers (e.g., gastrointestinal, blood-brain
and other barriers) and this increases the availabil-
ity of the drug at the desired location (14).

Zeolites are hydrous porous alumino sili-
cate that contain alkaline or alkaline earth metal
elements, especially sodium, potassium, magne-
sium, calcium, strontium and barium. (15) Most
zeolites with low or medium Si (Si to Al ratio of
1.5/1 and 2/1.5, respectively) decompose in acidic
solutions with pH below 3 (16-17).

Some compounds with large amounts of
Si, such as clinoptilolite and mordenite, are stable
at pH range of 2 and are stable for shorter periods,
even at pH below 2. This material is neutralized by
the placement of monovalent or divalent cations
such as K, Ca2*, Mg2?* and Na* (18).

Exchangeable cations are not stable within
the zeolite lattice and exchange in the vicinity of
other high concentration cations (19-20). The bio-
compatibility of some zeolites and the manufac-
ture of artificial kidneys and bone tissue by them
in recent years shows the potential of this material
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for use in medical and surgical applications. Other
medical applications of this substance include the
development of anti-cancer, anti-diarrheal, and an-
ti-diabetic drugs as well as their use as biosensors
and wound dressings.

It must be noted that the use of zeolite for
manufacturing the drug delivery systems is one of
the largest and newest medical uses of this mate-
rial. The method of absorption and release of drugs
such as metronidazole, sulfamethoxazole and ibu-
profen in various zeolites has been studied in re-
cent years (21-24).

In terms of solubility, vitamins are divided
into two groups: fat-soluble vitamins and water-
soluble vitamins. Most vitamins are absorbed in
the end part of the gastrointestinal system and
most of them (especially folate) are sensitive to
pH changes in this device. Therefore, a carrier
which can pass this vitamin from the beginning of
the gastrointestinal system, ensures the stability of
this vitamin for longer periods.

The anti-acid property of clinoptilolite as
one of the zeolites has been proven in the release
of drugs such as aspirin, metronidazole and sul-
famethoxazole in the recent ten years (25-27). In
continuation of our work on the medicinal chemis-
try (28-31), we synthesized zeolite nano structure
as a carrier for folic acid and evaluated its stabil-
ity and its release in an environment similar to the
stomach and intestines medium.

2. Materail and methods
2.1. Instruments

Fourier transform infrared (FT-IR) pat-
terns were obtained on a Perkin Elmer BX-II
spectrophotometer (Perkin Elmer Company, USA
400-4000 Cm-1). A FESEM, Zeiss SIGMA VP-
500 (sigma company, USA) equipped with side
detectors of EDS and high-resolution elemen-
tal mapping was utilized to characterize surface
morphology and elemental compositions. UV-Vis
DRS was performed by a UV-Vis spectrophotom-
eter (Avaspec-2048-TEC. 200-1100 nm. Avantes
company, Holland). The morphological features
of sample were investigated with a Zeiss (EM10C
-Germany) transmission electron microscope
(TEM) operating at 100 kV.
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2.2 Experimental

The zeolite sample was initially prepared
as blocks from different parts of the Semnan mine.
The rocks were crushed by mechanical methods
and powders to particle size of 700 to 850 microns
using electric mortars and ball mills. Then all the
particles were dried in the oven for 2 hours at 105
°C. Then 0.1 g of vanadium pentoxide (V205) was
dissolved in one liter of 3 M sodium hydroxide so-
lution.

The resulting pale yellow solution was fil-
tered to remove solid impurities. At this stage, the
solution was titrated with 6 M nitric acid to PH=6.
At this time, most of the vanadium is in the form
of a decavanadite solution complex (pink color)
(V100286). The zeolite powder was then added
to a balloon containing decavanadite solution and
equipped with a magnetic stirrer and the contents
of the balloon were stirred for 24 hours at 60 °C.

At this time, almost all decavanadite ions
are adsorbed on the zeolite. All zeolites became
uniformly pink. At this time, a molar solution of
iron nitrate and cobalt nitrate was added drop wise
to the contents of the stirring flask. The contents
of the balloon were stirred for another 5 hours at
60 °C. Finally, the contents of the balloon were
filtered and air-dried and placed in a reactor and
regenerated with hydrogen at 20 bar and 500 °C
for 5 hours. After the reduction step, structure and
morphology of the catalyst were studied by XRD
and TEM devices.

3. Results and Discussion
3.1. Nano Zeolite Characteristic

The types of chemical bonds and vibra-
tional properties of the synthesized samples were
investigated using FT-IR spectroscopy. Figure 1.
shows the FT-IR spectra of Fe-Co-V / Zeolite CNS
at wavelengths of 400-4000 Cm-!.

This peak also depicts the internal quad-
rilateral flexural vibration of the TO4 zeolite
structure. It also shows the presence of Al™3 and
SiO4 in the zeolite. Peaks at 665 Cm-! can refer to
Si-O-Si, while peaks at 715 and 728 Cm-! can be
symmetrical due to traction (T-O-T, T=Si, Al). The
peaks of 835 and 837 Cm-! can be attributed to the
bending vibrations of Fe-OH.

The peaks of the solid bands seen around
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Figure 1. IR spectrum of Fe-Co-V / Zeolite nano struc-
ture.

995 and 999 cm-! can be attributed to the overlap
of the symmetrical vibrations of the Si-O (bridg-
ing) and Si-O- (non-bridging) joints. The peaks
of 1383 and Cm! 1388 can be attributed to the
bending vibrations of C-N. For Fe-Co-V / Zeolite,
a weakly observed peak may be due to the weaker
interaction of V metal with the zeolite surface.
The peaks at 1530 and 1622 ¢cm! can be related
to the stretching vibrations of water molecules,
while those at 3416 and 3462 Cm-! are due to OH
stretching vibrations.

The peak appeared in 2355 cm'! may be
due to the interaction between Fe-Co-V and TO4
ions in zeolite. Due to the weak covalent bond in
metal V, this peak was observed in this very weak
spectrum.

The morphological characteristics of the
as-synthesized samples were studied by FESEM.
Figure 2. displays FESEM images of Fe-Co-V/
Zeolite in two different magnifications. Figure
2a presents the overall image of Fe-Co-V/Zeolite
consisting of an aggregation of irregular shapes.
The high-resolution image is shown in Figure 2b
indicates rough surfaces for Fe-Co-V/Zeolite due
to the formation of spherical nanoparticles with a
size ranging from 20 to 60 nm.

The surface elemental distribution of as-
synthesized samples was examined by FESEM-
EDS mapping. Figure 3. shows FESEM images
and the corresponding elemental mappings for
Fe-Co-V/Zeolite CNS. Exhibits the uniform exis-
tence of Al, Si, Fe, Co, O, and V elements in the
boxed surface area for Fe-Co-V/Zeolite sample.
The quantitative elemental analysis for Fe-Co-V/
Zeolite was also carried out using recording EDX
spectra as shown in Figure 3. Resulted spectra
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Figure 2. FESEM images of Fe-Co-V/Zeolite nano structure.

indicate the presence of Al, Si, Fe, Co, O, V in
Fe-Co-V/Zeolite CNs, respectively. Table 1. sum-
marizes the numerical analysis of EDX spectra for
as-synthesized samples.

For the closer look of synthesized micro-
structures, used of transmission electron micro-
scope (TEM). Transmission electron microscope
image of Fe-Co-V/Zeolite, showed in the Figure 4.
In the figure (a), TEM image of Fe-Co-V/Zeolite
CNs to be observed with the 50 nm magnification.
According to this figure, it can be said that the par-
ticles have an almost spherical surface morphol-
ogy with the different particle sizes. TEM image
of Fe-Co-V/Zeolite nano particles (figure b), to be
observed with the 100 nm magnification. This im-
age clearly shows that nano particles have an ir-
regular surface morphology (Figure 4).

Nano graphene oxide (GO) have emerged
as an important class of nano materials for a wide
variety of industrial and medical applications. The
use of GO (32) and functionalized GO with other
compounds like metal groups, polymers (33), etc.,
in drug delivery and cellular imaging (34) has been
reported. The drug delivery efficacy of Pt was en-
hanced through the introduction of poly ethylated
GO (PGO), and the final weight ratio of DOX: Pt:
PGO was optimized to 0.376:0.376:1. Drug re-
lease results indicated that both Pt and DOX re-
lease kinetics from pGO-Pt/DOX nanoparticles

15 0
s Sample
£ 10
) ‘Fe-Co-V/Zeolite
| Sample
ol v Ly eCoCo
o2 4 6 & kV Fe-Co-V/Zeolite
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were pH-dependent like the Fe-Co-V / Zeolite.
In other cases, folic acid (FA) was linked to PEG
(4,7,10-trioxa-1,13-tridecanediamine) to form
FA-PEQG, followed by coupling to the GO surface.
Camptothecin (CPT) was further adsorbed on GO
for use as a drug model in the delivery study. GO—
FA indicated a high CPT loading capacity (37.8%).
In vitro studies confirmed prolonged drug release
over 200 h. Acidic pH (5.0) slowed the release
of CPT from the nano carrier compared to that at
physiological pH (7.4) (35).

3.2. Determining the Optimal Loading Amount

Initially, 0.1 g of zeolite nanostructure was
placed in the vicinity of different concentrations
of folic acid in the ratio of 1:3, 1:2, 1:1 prepared
from the synthesis of the synthesized derivative in
deionized water and evaluated its loading on nano
structure at two different times (24 hr and 48 hr).
For this purpose, a magnet was located into each
balloon and each of the concentrations prepared
from the compound along with the zeolite nano
carrier was added to the reaction vessel.

Each balloon was closed and covered with
aluminum foil, and then was placed on a stirrer at
200 rpm for 48 hours. After 48 hours, the samples
were centrifuged at 10,000 rpm for 5 minutes. The
top layer of each balloon was kept in a separate
container according to the concentration added to

Table 1. EDX spectra table of Fe-Co-V/Zeolite nano structure.

Al si Fe
W% o W% o W% o
123 02 1001 02 52 08
__________ o
Wt% o W% o W% %
64 06 527 07 132 05
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Figure 3. Elemental mappings for Fe-Co-V/Zeolite nano structure.

each balloon and kept in the refrigerator to analyze
the load amount.

Thus, after the end of the loading time, the
entire filtered top phase was diluted to 25 ml and
with the spectrophotometer and its absorbance was
obtained at a 350 nm. Finally, the nanostructures
loaded in a vacuum oven were dried at 60 °C for 6
hours.

Figure 4. TEM image of Fe-Co-V/Zeolite.
analyze the drug release for the nanostructure. The

results of loading tests are listed in Table 2.

FT-IR and EDX analyses were used to
prove the drug load on the zeolite nano carrier
(Figure 5, 6). As can be seen in Figure 5, the
presence of the oxygen element in this analy-
sis confirms the loading of the compound on the
nanostructure as a nano carrier.

3.3. Folic acid stability test

To 1 g of nano carrier of vanadium, iron,
cobalt on zeolite substrate, 1 ml of solution with a
concentration of 10 ug /I was added. The sample
tube was placed at room temperature to evapo-

Table 2. Drug delivery optimization in 24 hr and

no Drug/nano Loading percent- Loading
carrier age in 24 hr percentage
in 48 hr
1 1:1 85 81
2 1:2 78 72
3 1:3 53 49

Trends in Pharmaceutical Sciences 2021: 7(4): 289-298.

To draw the calibration curve, the drug
loading percentage in the zeolite nanostructure was
calculated from Equation 1. The nanostructures
loaded in the vacuum oven were dried at 60 °C for
6 hr. The results show that the best drug load on the
nanostructure in 24 hours in a ratio of 1:1 is 85%,
because with increasing the delivery percentage,
the drug load decreases, so this ratio is selected to

S

rate its solvent (ethanol). To measure the amount
of folic acid carried by the nano carrier, folic acid
was extracted with a suitable solvent. During ex-
traction, the contents of each tube are poured into
a new tube and the extraction is performed in a
new tube. The method used to prepare the control
sample for folic acid stability test was similar to
the original sample preparation method. The only
difference between the two methods is that the
control sample was without zeolite.

g g

CPS (a.m.u)
E

500

|-
5

m 0 0

Energy (KeV

Figure 5. EDX analysis of loaded nano Fe- Co-V/
zeolite.
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Figure 6. FT-IR spectrum of nano zeolite (blue curve)
and loaded nano zeolite (orang curve).

3.4. Determination of compound release from
nanostructures loaded in simulated fluids

Before examining the release of the com-
pound in the simulated fluids, the calibration curve
of this compound was obtained in each of the sim-
ulated fluids. Then, using the method presented in
the previous section, the drug release percentage
was obtained using the standard amount of ab-
sorption, drug concentration and, as a result, the
amount of drug released in the phosphate solu-
tion. The measurement of the released compound
continued until the concentration of the solution
changed.

In order to calculate the percentage of drug
release at the specified times, after each load, the
absorbed drug was obtained using a spectropho-
tometer (Figure 7) and then the concentration of
drug released in the buffer medium at each step by
the values calculated from the equation of the drug
absorption calibration curve (Figure 8). Using the
initial composition rate, the release percentage of
the compound was obtained using the following
equation.

Equation 1:
. released dru
drug delivery (%) = _fereased AUg 100 Ea.l
lnaded dmo q.
25
2
@ 15
g
3
< o5
0
200 300 400 500 600 700 800
05 .
A (nm)
——Series] =——Series2

Figure 7. UV-Vis spectrum for loaded drug differences
before (blue curve) and after (orange curve) loading
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Table 3. UV absorption of different concentra-
OO e TSI, s

Con

"""""""""" 1.5625
3.125
6.25

12.5

To make an aqueous solution with a pH
of 1.7, 1 N hydrochloric acid with a purity of 37%
was used. Firstly, in order to investigate the effect
of zeolite on the medium pH changes, 5 g of it was
placed in 100 ml of the mentioned acidic solu-
tion and its pH was measured and recorded in a
30-minute sequence from the time of addition. To
evaluate the release of folic acid in an acidic me-
dium, initially 5 ml of 10 g/ml solution was added
to 5 g of nano carrier.

The vessel was placed under the hood for
evaporate the ethanol. The obtained sample was
added to 100 ml of the mentioned acidic solution
under a stirring at a rate of 50 rpm. Every 30 min-
utes, Sampling was performed to measure the folic
acid released into the solution (until 330 minutes).
All samples were stored in a refrigerator at 3 °C
and injected to HPLC, respectively. The amount of
vitamin present in the environment was calculated
from the curve under Area obtained by HPLC.

3.5. Folic acid evaluation and measurement

The approximate chemical composition of
the samples used in this experiment was measured
by EDX method. Scanning electron microscopy
(Holland, Philips, XL30, SEM) was used to study

60

50 ¥ =29/372x - 0/041
R?=0/9839

SN
S

Absorbtion
&

0 02 0/4 0/6 0/8 1 12 14 16 18
Concentration

Figure 8. Standard curve of loaded drug in buffer
medium.
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Figurer 9. Diagram of drug release from nano carrier in
basic medium at pH=8.

the porosity and microstructure of the particles.
The amount of vitamin in stability and release
tests was measured by 1200 Agilent series (HPLC)
method. So that, after the system setup for folic
acid detection, system parameters include constant
and mobile phase, mobile phase ingredient ratio,
peak recording time and etc. Proved in appropriate
quantities.

The electron microscopic image of the ze-
olite powder particles is shown in Figure 2. Porosi-
ties smaller than 5 micrometers can be seen in this
image. Studies with more magnifications showed
that the smallest porosities in the measurable range
are about 1 micrometer. These porosities can be
considered as suitable places for absorbing and
transporting vitamins. Approximate chemical
analysis performed by EDAX method shows the
ratio of average amounts of silicon to aluminum
equal to 5/2.

3.6. Drug release in basic pH

Figure 9 shows the amount of release (fo-
lic acid) in the basic medium. As can be seen in
this figure, the release rate of the vitamin in the
zeolite sample is initially very high and increases
over time. In the sample containing zeolite, the

Table 4. UV absorbent amount of different con-

centrations in acidic medium.

Abs Conc.(mg/ml)
o 15625
0.23 3.125
0.34 6.25
0.65 12.5
1.16 25
2.23 50
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Figure 10. Calibration curve of loaded drug in acidic
medium.

amount of drug measured in solution in the first 30
minutes was about 40%.

3.7. Drug release in acidic pH

Figures 10 and 11 show the amount of re-
lease (drug) in an acidic medium. As can be seen
in this figure, the release rate of the drug in the
zeolite sample is initially very high and decreases
over time. In the sample containing zeolite, the
amount of drug measured in solution in the first
30 minutes was about 12%. In long periods, the
amount of drug measured in the medium due to the
presence of zeolite was up to 17% more than the
control sample.

The changes observed in the control sam-
ple can be attributed to the fact that a large part of
the drug composition is initially destroyed due to
their sensitivity to the acidic medium and the lack
of zeolite preservatives. In the case of the zeolite
sample, at the first moment, only the drugs on the
surface are exposed to the acid. Due to the buffer-
ing properties of zeolite, the presence of this ma-
terial increases the pH of the medium. Changes
in the acidic degree of the medium in the zeolite
sample have been investigated and the results are
presented. Decreasing the acidity of the medium

a5

pH=5.4

Drug release precentage
bR NN W oW s
nsG38HREGS

5}

o

100 200 300 400 500 600

Time/min

Figure 11. Diagram of drug release from nano carrier in
acidic medium.
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over time, has resulted in the stability of the folic
acid released into the aqueous medium. Absorp-
tion amount of drug loaded on nano zeolite in dif-
ferent concentration in acidic medium mentioned
in table 3.

High porosity composite zeolite has al-
ways been used as a carrier material to protect
various organic compounds and has recently been
proposed in pharmaceutical applications.

According to the diagrams 9, the percent-
age of gradual release of the drug from the nano
carrier at 37 °C in simulated pH phosphate buf-
fer solution (stomach=5.4) and (intestine=8.9) was
observed in the first hour, 13% and 40% have been
released, respectively. Then, by the end of the re-
lease time, the drug release gradually increases and
then stops. In the simulation, the alkaline pH of the
small intestine showed a sharp increase compared
to the acidic conditions of the stomach. The slow-
est release was observed at pH 5.4 (stomach me-
dium) and the fastest release was observed at pH
8.9 (small intestine medium).

4. Conclusion
Due to the interaction between the surface
and inside of nano pores and the study compound,

we see the gradual release of the compound from
the surface of the nano carrier and also because
the interaction is a hydrogen bond type, the release
rate can be adjusted and controlled by changing
the pH. On the other hand, by activating these nano
carriers, the percentage of drug encapsulation can
be increased. In general, it can be concluded that
the nano carrier, due to its unique physical and
chemical properties, acts as an effective nano car-
rier in the loading and gradual release of folic acid.
Therefore, this nanostructure can be used as an in-
telligent nano carrier with the pH control release,
which has the ability to protect the structure of
various drugs to pass the drug through the acidic
conditions of the stomach and transfer it to the in-
testine.
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