
INTRODUCTION
Hydrogels are three-dimensional interlocking hydrophilic 
polymeric networks manufactured from natural or synthetic 
materials. Hydrogels have a degree of f lexibility that is 
remarkably comparable to live tissue because of their large 
water content. Therefore, they are suitable to be used in many 
areas, such as drug delivery, contact lenses, making artificial 
muscles, tissue engineering, wound dressings, pharmaceuticals, 
agriculture, as well as the manufacture of hygiene and health 
care products, such as diapers, water purification, and 

decontamination with organic waste.1-4 Hydrogels swell and 
contract in response to changes in environmental stimuli, 
particularly chemical (ionic strength, solvent composition, 
pH), physical (magnetic or electric field, light, pressure, 
temperature, sound), as well as biochemical. Apart from that, 
adsorption is the adhesion or accumulation of atoms, ions, 
or molecules (liquid or gaseous) on a solid surface and is a 
physical or chemical bonding of molecules of materials at the 
active sites of the surface by weak Van der Waals forces, or by 
forming chemical bonds with the active sites on the surface.5-9 
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It accumulates on the solid surface called the adsorbate, and 
the surface on which the adsorbent accumulates is called the 
adsorbent. The cause of the adsorption phenomenon is the 
presence of unsaturated active site residues on the adsorbent 
surface. This is due to the binding of an insufficient number 
of particles on the surface and the appearance of unbalanced 
intermolecular forces on the solid surface to eliminate 
these forces as the solid surface tends to attract and retain 
particles.10-12 Metformin hydrochloride (MFH) is the most 
widely prescribed oral drug for the management of type 2 
diabetics and used as an anti-diabetic drug. MFH was also 
utilized as anti-cancer therapy besides uses in the treatment of 
endocrine disturbances. Recently MFH has been assumed to 
be among the highest released pharmaceuticals into the aquatic 
system due to low, high pKa and high mobility in aqueous 
solutions with the concentration range in domestic wastewater 
(64–98 g/L).13,14 Here, we incorporated Ag nanoparticles in 
the (SCC-g-Poly (AAc-AAm) hydrogel was prepared using 
initiators for the generation of free radicals .utilized this 
AgNP/SCC-g-poly (AAc-AAm) hydrogel to drug release of 
metformin hydrochloride (MH) was studied at different acid 
mediums (pH = 7.4 and 1.2) and temperatures of 37℃.

MATERIAL AND METHODS

Chemicals and Materials
Metformin hydrochloride (MH) is a Samarra company (Iraq) 
manufactured drug. N, N’-Methylene-bis-acrylamide (MBA), 
sodium carboxymethyl cellulose (SCC), acryic amide (AAm), 
acryl acid (AAc), potassium persulfate (KPS), hydrochloric 
acid (HCl) and NaOH Soduim hydroxide (0.1N) from Sigma-
Aldrich.
Drug Release
The release of MH hydrogel-loading drug was studied by 
taking the weight (0.1 gm) of the drug-loading surface in 
different acidic media (pH = 7.4 and 1.2) at temperature 
(37 °C) and concentrations (500 mg/L) during different times 
(15–24 hours).
Loading of Silver Nanoparticles onto Hydrogel 
The mass (0.1 g) of hydrogel in (100 mL) of distilled water 
and the hydrogel surface are left in distilled water for three 
days to increase hydrogel swelling. Besides that, silver nitrate 
was added at the concentration (1000 mg/L) for about one day 
to load silver ions on the surface. After that, the solution of 
sodium borohydride (NaBH4) was added to reduce silver ions, 
left in the solution for (24 hours) and then dried to obtain the 
used powder.
Biological Activity 
The antibacterial effect of nanosilver-loaded hydrogel was 
tested based on two types of gram-negative and gram-positive 
bacteria. (Mueller-Hinton agar) was used as a culture medium 
for bacteria by dissolving (83 g) of agar in (1000 mL) of distilled 
water at a temperature of (37℃). Note that the disc diffusion 
method was used to test the effectiveness of the silver-bearing 
hydrogel on the two types of bacteria.

RESULT AND DISCUSSION

FTIR
Figure 1 shows the infrared spectrum of the sodium 
carboxymethyl cellulose-grafted-Poly (acryl acid-acrylic 
amide) (SCC-g-Poly (AAc-AAm) hydrogel that appears at the 
range (3200–3500 cm-1). It indicates that there is an interaction 
between the two hydroxyl groups, OH belonging to sodium 
carboxymethyl cellulose (SCC), and amine (NH), belonging 
to acrylamide (AAm). The bands visible within the range 
(2900–2960 cm-1) are of aliphatic CH groups. Other than that, 
the carbonyl (C=O) group in AAc causes the package to be 
at (1745 cm-1). The C=O group of AAm is responsible for the 
small peaks in the region (1600–1700 cm-1). The COO-negative 
carboxylate ion is stretched symmetrically and asymmetrically, 
resulting in the peaks at (1396 and 1542 cm-1) accordingly. 
Due to C-N bonding, the peak at (1204 cm-1) is present. Note 
that the C-O-C correlation is seen by the apparent peak at 
(1010 cm-1). The infrared spectrum of AgNP/SCC-g-poly (AAc-
AAm) hydrogel can also be observed after loading of silver 
nanoparticle. It is observed that there is a shift or decrease in the 
functional group’s sites of the hydrogel post-drug adsorption 
because of an overlap between the functional groups of both 
the drug and hydrogel.15

X-ray Diffraction 
The prepared SCC-g-Poly (AAc-AAm) hydrogel was examined 
via XRD using an angular range (2θ=10–80) and a wavelength 
(1.5406 Ao). It was observed that a wide band appeared at the 
angular range (2θ=15–25), especially at the angular range 
(2θ=20.224°) within the interlayer distance (d=4.391A°), 
indicating the amorphous nature of the hydrogel as in  
Figure 2 (a). Meanwhile, in Figure 2 (b) the XRD spectrum of 
the loaded hydrogel by silver nanoparticles that the intensity 
decreases at (2θ=20.244°). This indicates the crystalline nature 
of the hydrogel after silver loading.16,17

FESEM
The results of FESEM are shown in Figure 3(a) hydrogel, (b) 
hydrogel after the adsorption process, and (c) hydrogel after 
loading silver nanoparticles. The hydrogel in Figure 3(a) is 
rough and porous because of the weak bonds before adsorption. 

Figure 1: FTIR spectra of a) SCC-g-poly (AAc-AAm) hydrogel and b) 
AgNP/SCC-g-poly (AAc-AAm) hydrogel
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However, the adsorption process was deemed successful 
because the hydrogel surface became smooth after the drug 
particles were filled into the active sites and formed a layer, 
as illustrated in Figure 3(b).18 Furthermore, after loading the 
nanosilver onto hydrogel, the surface became very smooth, as 
evidenced by nanosilver loading. Therefore, it is to confirm the 
nanosilver loading on the surface through the energy dispersive 
X-ray analysis (EDX) technique19 as in Figure 3 c and d.
Atomic Force Microscopy
AFM was used through the topography of the SCC-g-Poly 
(AAc-AAm) hydrogel. It gives three-dimensional images 
through which we obtain information about the thickness, 
homogeneity, and surface roughness (surface roughness 
relative to the square root of mean square roughness (MSR)). 
The hydrogel surface is porous and rough, evidenced by the 
high average roughness value. Furthermore, the peaks on 
the surface are more than the dips, which is evident from the 
positive value of Rks. At the positive value of Rks, the peaks 
are more than the dips.

On the contrary, at the negative value of Rks, the peaks are 
less than the dips. However, if the value of Rks equals zero, 
this means there exists a symmetrical distribution of highs 
and lows at the surface4 as in Figure 4. Statistical values of 
hydrogel roughness as show in Table 1.

Transmission Electron Microscopy
TEM images of SCC-g-Poly (AAc-AAm) hydrogel and 
loading of silver nanoparticle AgNP/SCC-g-poly (AAc-AAm) 
hydrogel. The hydrogel is semi-transparent, which indicates the 
homogeneity of the hydrogel components with each other due 
to the effect of cross-linking agent and bonding with Van der 
Waals forces. Whereas, once the drug has been loaded onto the 
hydrogel surface, heterogeneous clumps were observed on the 
hydrogel surface, representing the gathering of drug molecules 
adsorbed on the surface.20 The hydrogel loaded with silver 
nanoparticles showed that single, non-clumped spherical black 
dots represent the adsorbed silver particles. Other than that, the 
nature of the hydrogel chain structure has an important role in 
stabilizing silver particles and not agglomerating them. This is 
because there is a coordination between the carboxyl (COOH) 
and hydroxyl (OH) groups on the one hand and silver particles 
on the other,21 as shown in Figure 5.
Surface Area Analysis and Porosity Nature of Surface 
(BET, BJH)
The AgNP/SCC-g-poly (AAc-AAm) surface properties have 
been studied and shown in Figure 6. It shows the BET isotherm 
for nitrogen gas adsorption for the hydrogel and its pore 
size distribution. Note that the hydrogel’s nitrogen isotherm 
(adsorption-adsorption) is one of the IV types, the term “IV 
type” describes the formation of a monolayer, followed by the 
formation of multiple layers, as well as the characterization of 
the surface area of mesoporous materials. with multi-layered 
hysteresis loops of the type (H3). Furthermore, the irregular 
Barrett-Joyner-Halenda (BJH) pore size and volume analysis 

Figure 2: XRD a) SCC-g-P(AAc-AAm) hydrogel and b) AgNP/SCC-g-
poly (AAc-AAm) hydrogel

Figure 3: FESEM image a) SCC-g-Poly (AAc-AAm) hydrogel after 
adsorption, b) after adsorption, c) AgNP/SCC-g-poly (AAc-AAm) 
hydrogel , and d) EDS of AgNP/SCC-g-poly (AAc-AAm) hydrogel

Figure 4: AFM image of SCC-g-P(AAc-AAm) hydrogel

Table 1: Statistical values of hydrogel roughness

statistical roughness coefficients (nm)CMC-g-P(AAc-AAm)
Ra197.9
Rq237.0
Rsk0.9077
Rku3.011
Rp737.0
Rv257.3
Rz994.3
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distribution of the surface pores is shown, i.e., it contains slit-
shaped porous pores. BJH for the hydrogel has shown that the 
surface area is (1.7542 m2/g), the pore volume is (0.0029 cm3/g), 
and the average pore diameter is (7.5610 nm).22

Drug Release 
The drug release of metformin hydrochloride (MH) from 
hydrogel was studied at different acid and neutral mediums 
(pH = 7.4 and 1.2) and temperatures of 37℃, as shown in 
Figure 7. Note that the best drug release rates were recorded at 
(pH = 7.4), in which the drug release rate was 97.19% after 500 
minutes. This is caused by the hydrogel containing COOH, 
C=O, and OH groups that ionize in the neutral medium 
(pH = 7.4), forming negative ions, which electrostatically repel 
each other with the unshared electron pair of the NH group. 
It then causes the hydrogel to swell and thus allows the drug 
to be released at high rates.23,24 In an acidic medium(pH = 
1.2), tiny swelling percentages of SCC-g-Poly (AAc-AAm) 
hydrogel were recorded. Other than that, the hydrophilic groups 
included in the hydrogel composition are saturated, making 
them bond with hydrogen bonds with each other. Thus, the 
electrostatic repulsion between these groups decreases, and 
the hydrogel is in a state of contraction. Subsequently, the 
percentage of swelling of hydrogel is very small, and the 
drug release is in a few proportions compared to the release at 
(pH = 7.4).25

Biological Activity 
The antibacterial effect of silver nanoparticles loading onto 
SCC-g-Poly (AAc-AAm) hydrogel (AgNP/SCC-g-poly (AAc-
AAm) ) was studied using two types of bacteria, gram-positive 
(S. aureus) and gram-negative (E.coli), predicating on the 
liberating silver process at different times (5, 10, 15 hours). 
The results are shown in Figure 8, showing the effectiveness 
of the hydrogel in inhibiting the two types of bacteria. It was 
discovered that the diameter of the inhibitory zone grows as 

the silver liberation time rises. This condition is greater for 
gram-negative bacteria (for example, E. coli) than for gram-
positive bacteria (S. aureus).26-29

CONCLUSION
Loading silver nanoparticles on the hydrogel surface were 
cross-linked, and the ability of the surface to release silver 
controlled was also studied. The prepared hydrogel has a high 
swelling rate at (pH = 7.4), and the highest rates of metformin 
hydrochloride (MH) drug release loaded on the hydrogel were 
recorded at a pH =7.4. The prepared hydrogel loaded with 
silver nanoparticles AgNP/SCC-g-poly (AAc-AAm) hydrogel 
showed clear biological activity to inhibit gram-positive and 
Gram-negative bacteria.
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