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Abstract: The aim of this study was to synthesize the organic nanocomposite for drug delivery using
prosopis cineraria, and to investigate the loading and releasing the drug. The release of the tungstophosphoric
acid hydrate was conducted with immersing 0.65 g of nanocomposite containing the drug in 50 ml of phosphate
buffer at 37 °C under magnetic stirring conditions. The synthesis of the nanocomposites using pure merck
silver nitrate (MSN) and silver nitrate from anodic sludge (SSN) after purification was statistically compared
for pharmacological, microbicide and dewatering purposes. Since there was no significant difference between
the two nanocomposites, the nanocomposites synthesized using SSN were used in all experiments.

Keywords: Nanocomposite, Silver, Anodic sludge, Plant prosopis cinaria, Drug Delivery.

INTRODUCTION

The anodic sludge of copper electrical refining in the bottom of copper electrolytic treatment cells
includes valuable elements for extraction such as silver (7.07%), gold (0.88%), selenium (13.66), tellurium
and barite [1]. Organically synthesized, green composites are materials with environmental compatibility
using organisms and microorganisms that are technically and economically viable [2,3]. Hydrogel
nanocomposites including inorganic nanoparticles within three-dimensional polymeric networks, have
become very popular in recent years due to their many advantages over pure hydrogels or inorganic
nanoparticles. These materials have hydrophilic polymeric networks with a high water absorption capacity
of 10 g/g, with improved properties such as mechanical, thermal, optical, electrical, reactivity and also
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improved friction properties [4]. Another type of nanomaterial is the polyester nanocomposites which are
produced with the methods of sol-gel and molten polymerization [5,6]. Since nanocomposites containing
silver particles have antibacterial, antifungal, and antiviral properties, they have received a lot of attention
in this field. Also, nanotechnology-based drug delivery systems have significantly improved drug treatment
due to changes in the drug phases, increased blood flow time, reduced toxicity, and increased drug half-life.
All of these features make it possible to transport drugs purposefully, with the role of nanoparticles as drug
carriers being more prominent than other materials [7,8]. In this study, the organism cineraria prosopis was
used to synthesize organic nanocomposites with biological adaptation conditions. This nanocomposite is
made of silver nanoparticles for drug delivery and microbicide purposes.

METHODS

Materials and equipment

The chemicals used in this project were 98% pure German Merck products, including nitric acid, NaCl
(99.5%), ammonia, ethylene glycol, phthalic anhydride, sodium acetate, tungsten phosphoric hydrate
acid, soda, anhydride acetic acid, phosphoric acid, starch powder, silver, thiourea, di-potassium hydrogen
phosphate. The analysis equipment used included: FTIR spectra using Tensor-27 spectrometer, Sitra
(GBC6) spectrophotometer, particle size analysis with 90 PLUS device, MS14 magnetic stirrer, Model 462
digital metric pH, X-ray diffraction spectrum ( XRD) to confirm the synthesis of nanocomposites using
the French-made XRD (EQUINOX 2000 ELNI) device, elemental analysis of ICP-MS (NexION1000)
to determine the purity of the leaching solution and the purification steps, FCEM electron microscopy
(FESEM) with EDS RMRC (EDS; Inca 300, Oxford Instruments) model, shaker incubator model baSic
130 KS IKA.

Experimentation method

Optimal leaching conditions for anodic sludge with nitric acid were as follows: temperature (90 °C),
nitric acid (3 mol), stirrer (700 rpm), time (5 hours), solid percentage (10%). After the preparation of nitric
acid solution from the mine copper sludge, in the first step to remove silver from the other impurities in
the nitric acid solution, silver was precipitated as insoluble salt of silver chloride (AgCl) with a solution of
sodium chloride (NaCl) (99.5% purity) (optimal recovery of 99.8% silver). The optimal leaching conditions
were obtained using a series of designed experiments (the ICP-MS analysis criteria to determine the purity
of silver nitrate): ammonia (14%), solid percentage ( 10%), time (20 minutes), stirrer speed (700 rpm).

Preparation of prosopis cineraria (Lignin Separation): 80 ml of 10% NaOH was added to 1 g of the
grinded organism, and heated at 60 °C for 3 hours to precipitate. After filtering the obtained precipitate
was dried at 50 °C in an oven. Preparation of starch composite: 5 g of dried cellulose was added to 5%
starch solution and stirred on a magnetic stirrer for 3 hours to obtain a jelly solution. It was then dried in an
oven at 50 °C for 48 hours. Cellulose and starch composite sterilization: 4 g of the dried gel solution was
pounded into a mortar, 8 ml of acetic anhydride and 4 drops of phosphoric acid were added. The resulting
mixture was poured into a test tube and placed in a hot water bath at 70 °C for 2 hours. Then, 10 ml of
distilled water (in drops (0.3 ml per minute)) was added. The resulting mixture was re-placed in a hot water
bath to remove excess acetic anhydride. Finally, the mixture was filtered with filter paper and dried after
washing with distilled water at 50 °C. Preparation of silver-coated nanocomposites: 4 g of the sterilized
cellulose with various concentrations of 0, 0.05, 0.1, 0.15 and 0.2 M of silver nitrate, and the thiourea
with concentrations of 0, 0.01, 0.02, 0.04, and 0.05 M were added to 30 ml of distilled water and 4 ml of
2 M NaOH. The mixture was then stirred vigorously at 60 °C for 20 min on a magnetic stirrer. Finally,
the mixture was microwaved within a microwave at a power of 400 kW for 30 seconds. Synthesis of the
polyethylene phthalate nanocomposite: 0.8 ml of ethylene glycol and 0.1 g of sodium acetate and 2 g of
phthalic anhydride were tested in a test tube in a paraftin bath at 130-150 °C. Due to the heat, the compound
completely melted. Then, 0.5 g of the compound cellulose containing silver nanoparticles with different
concentrations was added to the forming polyester solution in the test tube. The mixture was kept in a
paraffin bath for 5 minutes. Finally, the mixture was dried at 100 °C for overnight in the oven. The release
of tungsten phosphoric acid hydrate was carried out by spreading 0.005 g of the nanocomposite containing
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the drug in 50 ml of phosphate buffer at 37 °C under magnetic stirring conditions. At intervals of 1 min,
4 ml was removed from the solution, and after filtering, the release of tungstophosphoric acid hydrate
was measured by a UV/Vis spectrophotometer at a wavelength of 248 nm. After examining the amount of
absorption of solution, the sample was returned to the beaker containing the stock solution, and this process
continued until the amount of absorbed solution reached a constant value.

FINDINGS AND ARGUMENT

Comparing the IR spectrum of this composite with the polyester shows a new peak associated with Ag
bonding in the absorption band 749 c¢m™, which confirms the properly synthesizing the nanocomposite.
Absorbent bonds related to C-O tensile vibrations in esters are in the range of 1000-1300 cm™. And the
absorption bands associated with the C = O stretching vibrations in the aromatic ring are in the range of 1721
cm. The absorption band is related to the tensile vibration C = O in 1721 cm’!, and the absorption band
is related to the vibration of the O-H tension in the 3300 cm™ region. Dynamic light scattering (DLS) and
scanning electron microscopy (FESEM) were used to evaluate the diameter of the nanoparticles as well as
their surface morphology in the nanocomposites, respectively in the histogram (Figure 1). Specifically, the
two areas in the histogram of the dimensional distribution of nanocomposites show a very good distribution
of almost uniformly divided nanoparticles in a very narrow range (left side of the histogram diagram), and
on the larger particle size distribution (PSD) of the organic bed (right in the histogram diagram) which
accurately describes the successful synthesized nanocomposite. According to the results of the image analyses
performed on 7 of the SEM images and examining more than 143 nanoparticles on the nanocomposite
surface, the average particle size of silver nanoparticles on the composite was about 12.40 nm.

Intensity
[y
-

K : : 50004
Diarneter (nm)

[Pel.int=4328  Cum.nt =6.91 Diam. fnm) = 3.96 |

Figure 1. The PSD histogram in polyethylene phthalate nanocomposite with a concentration of 0.2 M of silver nitrate
(silver nanoparticles (left side), organic composites (right side))

The study of the release of the drug H,[P(W,0,)].xH,O from the nanocomposite was performed
using UV absorption spectroscopy according to Bir-Lambert law. The maximum wavelength of tungsten
phosphoric acid absorption is 248 nm (Figure 2). This range clearly indicated the high-performance release
of drugs in the simulated organic environment.

The loading capacity and efficiency of encapsulation (release) of tungsten phosphoric acid hydrate
(H,[P(W,0,,)].xH,0) in the nanocomposite was calculated according to the equations 1 and 2. The results
are shown in Table 1.

A=p-S I
=b-~ (1)
I(%)=b—§x100 (2)
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Figure 2. Maximum wavelength of absorption of the drug tungsten phosphoric hydrate acid

A is the loading capacity of the drug, b is the weight of the drug for loading, and c is the weight of the
drug deposited in the solution after entering the nanocomposite, d is the weight of the nanocomposite for
loading, and I is the efficiency of drug encapsulation. it was found that in 10 minutes the maximum amount
of drug was released due to swelling, and over time the remaining drug was released due to hydrolysis of
ester bonds of the nanocomposite to the constant value (Table 1).

The concentration of 0.2 M AgNO, was pharmacologically diffused. As such, the higher the AgNO,
concentration, the more pharmacologically emitted drug would be. The results of this comparison are given
in Table 1.

Table 1. Absorption of the drug in the solution after release from the nano-composite according to the different
concentrations of the drug (H,[P(W,0,)].xH,0) in the solution

Time (minutes) 1 2 3 4 5 6 7 8 9 10 12 13

Dosage of the
released drug | 0.116 | 0.117 | 0.120 | 0.140 | 0.145 | 0.165 | 0.170 | 0.177 | 0.178 | 0.18 | 0.18 | 0.18
(gram per liter)

The amount of
UV absorption | 0.61 0.63 | 0.67 | 0.78 0.85 0.92 0.95 0.98 0.99 | 1.02 | 1.02 | 1.02
of the drug

CONCLUSIONS

Silver-coated polyethylene nanocomposite was synthesized via a green procedure as an effective carrier
for the tungsten phosphoric acid hydrate. Accordingly, the prepared nanocomposite with a concentration
of 0.05 M AgNO, had the highest water absorption value, and as a result, the optimal amount of silver
concentration for coating and depositing on the surface of the organic composite was detected. Examination
of the drug delivery from nanocomposite using spectroscopy and calibration methods concluded that the
nanocomposite with a concentration of 0.2 M of AgNO, showed the highest drug loading and emission.
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