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Penyisihan polutan

- Adsorpsi dengan 1IP dll
- degradasi dengan nanokomposit
- adsorpsi dengan nanopartikel mag

Pengembangan teknik preparasi sampel
- mikroekstraksi (SPE, SOME, DLLME)

- ekstraksi dengan nanopartikel magnetic
- Estraksi dengan material polimer tercetak ion

Biomaterial
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Material penghatar obat berbasis zeolite alam
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Zeolite any of a large group of minerals comprising hydrated
aluminosilicates of sodium, potassium, calcium, and barium.
They can be readily dehydrated and rehydrated, and are
used as cation exchangers and molecular sieves.

Zeolte can be used as a platform for the deltvery of various types of drus. However, because of
the small size of the drugs, they can be easlly released from the structure. Therefore, the
zeolite pore size needs to be adjusted in terms of the desired drug [29]. Mareover, differences
In hydrophibcity between zeolites and drugs can limit their loading capacity, although this can
be overcome vis surface modfication of the reolte [30,31]. Thus, the surface of a zeclite can
be adjusted depending on the drus that needs to be delivered. Table 1 detalls examples of
zeolite structures, properties, and applications in biomedical applications.

Examples of zeolites used in biomedical

applications
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FIGURE 1

Bifunctional zeclites in targeted therapy and imaging Regroduced, with permission, from (9]
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Mordenite purification from natural zeolite

Natural zeolite was ground and sieved with a size of 100 mesh
Then the 200 g of zeolite was washed with 750 mL of RO water
while stirring for 30 min at a temperature of 70 “C. Washing was
carried out four times to remove impurities. Furthermore, natural
zeolite that has been deaned is dried in a heating oven to remove
water. Moreover, purification of mordenite from natural zeolite
was carried out in an alkaline way, namely washing natural zeolite
with 3 M NaOH for 4 h while stiring. The natural zeolite was then
filtered using filter paper Whatman 41 and deaned using RO water
until the pH was neutral. The natural zeolite was then dried at
300 *Cin a muffle fumace for 3 h The results obtained were then
given the name Mor,

NaOH will cause the active site of the 2eclite to be more open and can increase the adsorption

cpacity where Na+ lons play a role In dissolving Si to form a sodium siics zeolite structure that
becomes more negatively

The synthesis was carried out using the method approach Kha-
tamianet d_ |23) with a bit of modification. Mor (0.5 g) was sus-
pended in NaQ solution (5mL, 3 M) and stirred for 24 h. Then, Mor
was separated using centrifugation at 2000 rpm and then washed
several imes using RO water. Mor was then dried at 60 “C. Mor
powder was then added to a solution of Cu{CO,(H;:), (25 mL
1 M), stirred for 24 h, separated by centrifugation at 2000 rpm,
washed with demineralized water and then dred at 60 °C. The
sample was then named Cu-Mor.

NaCl is used to increase the zeolite pore size so that the adsorption capacity increases.

After being washed and then dried, the Mor powder was added to Cu(CH3-C00)2 solution. Coordination cations
are necessary because it is impossible to make uniform and stable composites without coordination cations [23].
The addition of transition metal complexes in the zeolite cavity can promote high chemical, thermal and radiation
stability and good activity and stability. This result is related to the output of research from Shebl et al. [48],
where it can be seen that the encapsulation of Cu(ll) with zeolite in the study showed that Cu(ll)-zeolite has low
toxicity and is biocompatible.

Characterization of drug dehvprv maftpmj;lj

Performing Physico-chemical characterization of Ibu@Cu(ll)- ) 0
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Zeta potential measurement

The dispersion stability of the drug-delivery material was stud- b)
ied using zeta potential Horiba SZ-100, dispersant aquadest, Size 35
range -200 £ 200 mV. Ibu@Cu(ll)-Mor or Mel@Cu(ll)-Mor was 5 30
crushed in RO water with a crusher before measurement. & 25
=
80 g 20
70{ @ £
10
— 60. 5
i :
Z 0] -100-80 -60 40 -20 0 20 40 60 80 100
;E 304 Zeta Potential (mV)
201 it can be seen that the zeta potential of Ibu@Cu(ll)-Mor and
104 Mel@Cu (I1)-Mor shows a considerable zeta potential value
0 (negative value) which is -53.69 £+ 0.3 mV and -46.51 £ 0.2 mV,
-100-80 -60 -40 -20 0 20 40 60 280 100 respectively. It is known that the Zeta potential must have a
Zeta Potential (mV) minimum value of -30 mV before it is considered a drug

delivery material that has good nanodispersion stabilization

Loading ibuprofen or meloxicam on Cu(ll)-
Mor

1000 mg of Cu(ll)-Mor was added to 75 mL of a methanol solu-
tion containing 600 mg of ibuprofen or meloxicam. Then the solu-
tion was stirred for 24 h at room temperature. After the stirring Drug Efficiency (0/,)
process, the drug delivery sample was filtered and dried in an oven Drug Drug . :
at35 °C for 2 h. After that, the drug sample was kept in a desiccator ) Ioadlng
until further processing. Meanwhile, the filtrate was measured at carrier sample
200 nm for ibuprofen and 216 nm for melaxicam. [24]. The per- (%)
centage of drug loading content (DLC, %) and percentage of entrap-
ment effidency content (EEC, %) is still determined through
Equations (1) and (2), respectively [22].

Weight of drug in Cu(ll) —Mor
Weight ol Cu(ll) = Mor

Entrapment

Ibuprofen 54.74 91.24

Drug loading (%) = <100 (1)

Cu(Il)-

Waght of drug in Cu(ll) = Mor . - -
Meloxics 4. 54.4
Weight of drug Ted initially Mor Meloxicam 34.40 ~4.40

< 100

Entrapment effidency (%) =

Drug release

Samples of Mel@Cu(ll)-Mor or [bu@Cu(ll)-Mor were each put
into 50 mL of pH acid (pH 4). neutral (pH 7) and base (pH 9) bufler
solution. Then the solution was spun for 24 h. Then the sample
solution was taken as much as 5 mL at certain time intervals, then

Oimsaktion (%
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particular wavelength using UV-Vis at a wavelength of 200 nm for
ibuprofen and 216 nm for meloxicam. At the same time, the sam-
ple solution was added 5 mL of RO water again so that the sample 100
volume remained 50 mL. After a spec#fic desorption time, them is
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No  Indicawr | Zero Tart Higuchi  Hinson— Kommeyer- Peppas
Order Owdder Crowell  Peppas Sahlin
Thuprten relcaeed From CalTl) -Moe 2t pfT 3
R adjusted R
2 ss 265321 2
AN 10661
Thuprofen relcaed From Cull]) Moe at pH 7
1 R adjusted 574 VB578 G0 ] T OETGS TEIT
2 ss 298509 23.4408
Al 51.8%4 ¥ L2S 48358
Touproten releaed From CalTl Moe 2 pHT 7
R adjuseed
2 ss
3 AK
Mcloscan relcascd from Gl
R adjusced
2 ss 4716928 1

AKC 450043

Meclosscam relcased from Cu(ID)-Mor 21 pH 7

showed that the dissolution of ibuprofen or
meloxicam from Cu(l1)-Mor at pH 7 followed the
Peppas-Sahlin kinetic mechanism. The Peppas-
Sahlin method was chosen because it has the
highest adjusted R2 value, the lowest sum of
squares (SS), and the Akaike information criterion
(AIC) (Zhang et al., 2010). Based on Figure 7 and
Table 4, this result indicates that the ibuprofen or
meloxicam transport release from Cu(ll)-Mor was
controlled by Fickian diffusion and case Il
relaxations (Unagolla & Jayasuriya, 2018). Peppas
— Sahlin model is the second term of Case-II
relaxational contribution with m is pure Fickian
diffusion exponent for any geometric shape of

S T R TR material drug delivery which shows controlled
2 = MIERNE d140867 release (Peppas & Sahlin, 1989).

A 44.1825
Tloocam nlcoed fom (o Tor s pIT o

R adjustcd 8765 5 T o471 9550 URp)
2 ss ITG859T 1 181361 1.3830 1434185  H5.4438

AK 435251 S 4054 7580 38 Tod o EE

Drug material cytotoxicity test

The MTT assay test is a quantitative colorimetric test that can

- measure cell viability, proliferation and activity (Kumar et al.,
- 2018). The cytotoxicity Ibu@Cu(ll)-Mor, dan Mel@Cu(l1)-Mor
:“ch on Vero cells was evaluated by MTT assay. Figure 8 shows the
3 viability of the vero cell exposed to 6.25 — 200 pg/mL of
:; = Ibu@Cu(II)-Mor or MeI@Cu(!I)-Mor. CytgFoxicity tests were
z. carried out to evaluate the biocompatibility of Ibu@ Cu(ll)-Mor
= and Mel@Cu(ll)-Mor. A compound is said to have low
g - cytotoxicity if it has a cell viability value of more than 80%
13
=

(Fahmi et al., 2018). It is known that mordenite can be used as
a drug delivery system (Hao et al., 2021). The graph (Figure 8)
shows that Mel@Cu(l1)-Mor has a good value of Vero cell
viability at a concentration of 50 g/mL. While Ibu@Cu(ll)-Mor
showed Vero cell viability of more than 90%. This result showed
that Cu(l1)-Mor had better potential to use as a safe drug
delivery agent because it showed good biocompatibility
properties.

Cancentration of compound (ug/ml)
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