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Abstract 

 The surface functionality of nanomaterials (NMs) with suitable biomolecules may enhance their biocompatibility 

and make them more effective for biological applications. Furthermore, the functionalization of various materials with 

biomolecules would also yield more secure and biocompatible nanomaterials for different applications. The present 

research was designed to evaluate the amino acids-based surface functionality of silver nanoprisms (AgNPrs). Silver 

nanoprisms were prepared by chemical method and further capped with amino acids such as L-cystine (Cys), L-glycine 

(Gly), and L-tyrosine (Tyr). Characterization of the newly-synthesized NMs was performed by using various techniques. 

Prepared nanomaterials (NMs) were assessed for their in vitro antioxidant activity using diphenylpicrylhydrazyl 

(DPPH), ferric reducing power (FRP), and hydrogen peroxide (HP) scavenging assays. In vivo, the antioxidant potential 

of the same was evaluated in the cadmium-intoxicated Mus musculus model. Tyr-AgNPrs (p < 0.05), Cys-AgNPrs (p < 

0.05), and Gly-AgNPrs (p > 0.05) showed enhanced DPPH scavenging activity. Whereas the Cys-AgNPrs displayed 

enhanced FRP activity and Tyr-AgNPrs displayed enhanced HP scavenging activity. The AgNPrs and cadmium-

exposed mice displayed a decreased (p<0.05) catalase (CAT) activity in G2 and G3, whereas it increased in G4. The 

superoxide dismutase (SOD) activity was decreased in the G2 (p < 0.05) and G5 (p > 0.05) groups, whereas it increased 

in the G3 (p < 0.05), G4, and G6 groups of mice. The G2 showed a slightly decreased glutathione-s-transferase (GST) 

activity (p > 0.05). The levels of reduced glutathione (p<0.05) and metallothioneins (p>0.05) were elevated in the 

cadmium-intoxicated group. The results revealed that the cystine-AgNPrs and tyrosine-AgNPrs demonstrated higher 

antioxidant potential in comparison to other treatments. It is concluded that biomolecule-conjugated AgNPrs can work 

efficiently with more biocompatibility for various nanotechnological and biomedical applications. 

 

Keywords: Amino acids, Silver nanoprisms (AgNPrs), Oxidative stress, Glutathione, Metallothioneins (MTs), 

Antioxidant NPs. 

 

1. Introduction 

A remarkable revolution and uprising have 

taken place in nanoparticle innovations and 

nanotechnology over the last two decades [1]. 

Nowadays, nanoparticles (NPs) are largely 

utilized in various consumer products. Metallic 

NPs, especially Nobel metal NPs, have 

obtained valuable considerations because of 

their unique optical and physicochemical 

properties, which largely depend upon the 

shape and size of the NPs. These entities are 
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also important for their colorimetric sensing 

ability for various analytes [2-5]. 

Different shapes of Silver NPs portray 

unique physicochemical properties for a variety 

of reactions. Among all shapes of silver NPs, 

silver nanoprisms (AgNPrs) are considered for 

their exceptional and notable optical properties. 

Unique features of AgNPrs make them the best 

fit for biomedical research and exploration. 

These features are important in the 

development of novel biosensors [6, 7], affinity 

sensors [8, 5], signal transducers [9-11], 

biomimetic molecules [12, 13], antibacterial 

[14], and antioxidant NPs for different 

biomedical devices. 

The unique features of NPs make them 

attractive materials for diagnostic [15, 16] and 

therapeutic applications [17]. However, using 

these NPs for biomedical applications or as 

nanomedicine demands their controlled and 

regulated interactions with different 

biomolecules [18, 19]. Tailored NPs with 

improved payload binding capability and 

reduced cytotoxicity may enhance the cellular 

internalization of NPs [20]. Similarly, surface 

functionality may alter the surface properties of 

NPs in different ways to make them ideal for 

specific or selective recognition for different 

biomedical applications [18, 21, 5]. Even 

surface functionality may also alter the specific 

immune response to NPs in the animal body 

[22, 23]. 

Specific ligands may impart specific 

properties to the NPs on functionalization. 

Amino acids are among the naturally available 

low-cost and biocompatible compounds, which 

can provide effective functionality to the NPs 

depending upon their low toxicity and residue 

conformation [24, 25]. Amino acids generally 

provide a long hydrophobic tail (alkyl chain) 

and a hydrophilic head (charged amino acid) 

[24]. Amino acids-based surface functionality 

has been the subject of many studies, because 

of their enormous impending applications in 

food, cosmetic, pharmaceutical, and household 

products [26, 27]. Different studies have 

reported amino acids-mediated 

functionalization of metallic NPs for various 

applications [28-32]. According to the 

information we have, there is no study 

previously described on amino acid-based 

functionalization of AgNPrs for their altered 

oxidative potential in animal exposure studies. 

In the present study, AgNPrs were synthesized 

and functionalized with selected L-amino acids, 

as the L-amino acids are mostly used in protein 

biosynthesis in animal bodies. The resultant 

nanoprisms were characterized and assessed for 

their altered in vitro and in vivo antioxidant 

properties. 

 

2. Materials and Methods 

 

2.1. Chemicals and Reagents 

 

All the amino acids were procured from 

Merck and were used as obtained. Sodium 

borohydride (NaBH4), Iron (III) chloride, silver 

nitrate (AgNO3), polyvinylpyrrolidone (PVP) 

(average molecular weight 40,000), potassium 

hexacyanoferrate (III) (K3Fe (CN)6), 

pyrogallol, trisodium citrate (Na3Cit.2H2O), 

trichloroacetic acid (Cl3CCOOH),  

5,5′-Dithiobis (2-nitrobenzoic acid) (DTNB), 

and 2, 2-diphenyl-1-picrylhydrazyl were 

purchased from Sigma Aldrich, USA. In 
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addition, β-Mercapto-ethanol (purity ≥99.0%), 

phenyl methyl sulfonyl fluoride (PMSF) (purity 

>99%), reduced glutathione (purity ≥98.0%), 

and all other chemicals were purchased from 

best vendors and used as delivered. 

 

2.2 Synthesis of AgNPrs 

 

Synthesis of AgNPrs was accomplished as 

per the protocol of previously published reports 

[33, 34]. In a 250 mL sterilized flask, the 

following chemicals were added in order: 2 mL 

silver nitrate (0.37 M), 2.5 mL trisodium citrate 

(12.5 mM), and 1.5 mL hydrogen peroxide 

(30% by weight) alongside constant agitation. 

The volume of the solutions reached 100 mL 

with deionized (DI) water. After 10 minutes of 

continuous agitation at 40 °C, 3 mL sodium 

borohydride (5 mM) was added dropwise. As 

the reaction proceeded, shifts in color were 

observed from transparent to light yellow to 

dark, which eventually changed to blue color. 

The change in sodium borohydride 

concentration produces a variety of colors, 

which indicate the different sizes of formation 

of AgNPrs. Stable AgNPrs was obtained after 

about 3 minutes, purified, and stored. 

 

2.3. Fabrication of nanoconjugates 

 

The AgNPrs was capped with L-tyrosine, 

L-cystine, and L-glycine, as per previously 

reported methods [35, 36]. Briefly, amino acid-

conjugated AgNPrs was developed by the 

conjugation of selected amino acids onto the 

PVP-stabilized AgNPrs under constant stirring. 

Change in the original color of chemically 

synthesized AgNPrs was taken as an indicator 

of capping. The solution was centrifuged at 

13000 rpm for 15 minutes and the pallet was  

resuspended in deionized (DI) water.  

 

2.4. Characterization of nanoprisms 

 

The synthesized materials were 

characterized by utilizing different facilities 

such as zeta potential (Zeta sizer Nano ZS-90-

Malvern Instruments, Malvern, UK), Fourier-

transform infrared spectroscopy (FTIR) 

(Shimadzu IR Prestige 21), UV-visible (UV-

Vis) spectroscopy (AE-S70-1U), etc. Zeta 

potential (ZP) values generally describe the net 

surface charges and stability of NPs, while 

FTIR analyses describe the functional groups 

involved in synthesis process. While 

ultraviolet-visible spectroscopy is a widely 

applied technique for assessing and evaluating 

the growth, stability, and applications of 

nanomaterials.  

 

2.5. In vitro antioxidant activity 

 

The DPPH scavenging activity of AgNPrs 

and its conjugates was assessed by using 

previously reported protocols [37-39, 32]. 

DPPH scavenging activity was estimated using 

Equation 1. Ferric reducing power (FRP) 

activity of NMs was evaluated by using 

previously reported methods with slight 

modifications [40, 32]. Briefly, different 

concentrations of samples (1.0 mL, 50-200 

µg/mL) were mixed with phosphate buffer (2.5 

mL, 200 mM, pH 6.6) and K3Fe (CN)6 (2.5 mL, 

1% w/v) and incubated (25 min, 50 °C). Then, 

centrifugation (3000 rpm, 10 min) was 
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performed after the addition of trichloroacetic 

acid (2.5 mL, 10% w/v). 

Then, the supernatant (2.5 mL) was added 

with distilled water (2.5 mL) and ferric chloride 

(FeCl3) (0.5 mL, 0.1% w/v). The absorbance of 

the samples was taken at 700 nm against a blank 

sample (Table 1). The hydrogen peroxide (HP) 

scavenging activity of AgNPrs was calculated 

by using the protocol of Keshari et al. (2016) 

[41]. The HP scavenging % was evaluated by 

using equation 1. 

% of Scavenging = (Pc-Ps/Pc) x 100

  (equation 1) 

Where Pc= absorbance of control and Ps= 

absorption of the sample 

 

  

2.6. In vivo animal trials 

Swiss albino mice (female and male, 

average body weight (BW)=30-35 g,  

age=8-10 weeks old) were obtained from 

Animal House of Government College 

University Lahore, Pakistan. Experimental 

conditions (22±2°C temperature, 12h dark/light 

cycle) for animals were provided during the 

whole experiment. Animal handling ethical 

guidelines was obtained and approved by the 

designated committee of Government College 

University Lahore for animal trials. All animals 

were acclimatized for one week before 

experiment. The animals were provided with a 

standard mouse diet pellet and were supplied 

with a water source (ad libitum). Six groups of 

mice were formed (G1-G6) containing five 

animals (n=5) per group. Where G1 was 

provided with saline water, G2 was fed with 

cadmium metal only (20 mg/kg of BW), G3 

was provided with cadmium metal (20 mg/kg 

of BW) and C-AgNPrs (20 mg/kg of BW), G4 

with cadmium metal (20 mg/kg of BW) and 

Tyr-AgNPrs (20 mg/kg of BW), G5 with 

cadmium metal (20 mg/kg of BW) and Gly-

AgNPrs (20 mg/kg of BW), and G6 with 

cadmium metal (20 mg/kg of BW) and Cys-

AgNPrs (20 mg/kg of BW) (Table 2). The 

Table 1: Concentrations and volume of reagents for 

ferric reducing power assay. 

Reagents 
Test 

(μl) 

Contro

l (μl) 

Sample/Serum 1.0 mL - 

Distilled water - 1.0 mL 

0.2 M Phosphate Buffer 2.5 mL 2.5 mL 

K3 Fe (CN)6 (1% w/v) 2.5 mL 2.5 mL 

Incubation (at 50°C for 20 min) 

Trichloroacetic acid (10%) 2.5 mL 2.5 mL 

Centrifugation (3000 rpm, 10mints) supernatant (2.5 mL) 

collection 

Distilled Water 2.5 mL 2.5 mL 

FeCl3 (0.1%) 0.5 mL 0.5 mL 

Measure OD at 700 nm 

 

Table 2: All animals were treated (n = 5) and dosed for 28 days as per guidelines of Test No. 407 of 

OECD using oral gavage [42]. Where Cad; Cadmium metal, C-AgNPrs; chemically-synthesized silver 

nanoprisms, Tyr-AgNPrs; L-tyrosine-capped silver nanoprisms, Gly-AgNPrs; L-glycine-capped silver 

nanoprisms, Cys-AgNPrs; L-cystine-capped silver nanoprisms. 

Groups Treatment (s) 

G1-Negative Control Saline Water only 

G2-Positive control Cadmium (20mg/kg BW) only 

G3-Treatment Cadmium (20mg/kg BW) + C-AgNPrs (20mg/kg BW) 

G4-Treatment Cadmium (20mg/kg BW) + Tyr-AgNPrs (20mg/kg BW) 

G5-Treatment Cadmium (20mg/kg BW) + Gly-AgNPrs (20mg/kg BW) 

G6-Treatment Cadmium (20mg/kg BW) + Cys-AgNPrs (20mg/kg BW) 

 

 



Ditta SA., et al. / IJPS 2022; 18 (3): 192-213 

196 
 

acute-toxicity study was performed using oral 

administration of test materials for 28 days 

according to the guidelines of the organization 

of economic cooperation and development 

(Test No. 407) (OECD, 2008) [42]. Mice were 

monitored and weighed regularly. After 

completion of the animal trial period, all 

animals were sacrificed, and blood samples and 

various body organs, i.e., liver, kidney, and 

intestine, were obtained and stored 

appropriately for analysis.  

 

2.6.1. Endogenous antioxidant enzymes 

 

Superoxide dismutase (SOD) was 

estimated by using a previously published 

method [43], and glutathione-s-transferase 

(GST) and catalase (CAT) activities were 

evaluated by using previously reported 

procedures [44].  

 

2.6.2. Determination of reduced Glutathione 

 

Reduced Glutathione (GSH) was 

estimated by using reported procedures [45, 

32]. Samples were washed in KCl solution 

(150mM, chilled) and stored in liquid nitrogen 

immediately. A 10% tissue homogenate was 

prepared with distilled water (chilled). Tissue 

homogenate (10% w/v, 1.0mL) was added to 

trichloroacetic acid (10% w/v, 1.0mL, chilled). 

Then, incubation (10min, RT) and 

centrifugation (10min, 10000rpm) were 

performed. Then, 5, 5'-dithiobis-2-nitrobenzoic 

solution (pH 7.6, 1.25 mL, 5 mg/50 mL of 

0.05M phosphate buffer) was added to the 

supernatant (0.25mL) and the mixture was 

further incubated (5min, RT). Finally, the 

absorbance of the mixture was measured at 405 

nm. A standard curve of glutathione (freshly 

prepared) was used to evaluate the level of GSH 

in samples, and the results were described as 

mg of GSH per mg of protein. 

 

2.6.3. Determination of Metallothioneins 

 

Metallothioneins (MTs) were evaluated by 

using published methods [46, 47, 32]. 

Homogenate of samples was prepared in PMSF 

buffer. Then, the homogenate was centrifuged 

(15,000 x g, 30 min, 4°C), and the supernatant 

was added in ethanol-chloroform (1:1/ v: v), 

and further, the reaction and analysis were 

performed as per protocol (Table 3). Finally, 

the level of MTs was evaluated by using a 

standard curve (of glutathione), while 

considering 30 cystine residues per MT 

molecule.  

 

2.7. Data Analysis  

 

For the normal data set, ANOVA with the 

Tukey test as post-hoc was performed, while for 

skewed data the Kruskal-Wallis H was used 

Table 3: Reagents and their concentrations used 

during MTs analysis. 

Sample/ Reagents Volume (μl) 

Homogenate supernatant-1 300 

Ethanol-chloroform (1:1 / v:v) 342 

Centrifugation (6000 x g, 10 minutes, 4° C) 

Supernatant-2 490 

Ethanol-HCl (1:1 / v: v) 1.502 

Incubation (1h, 20 ºC) and centrifugation (6000 x g, 10 

minutes, 4 °C) and the resultant pellet was re-suspended 

NaCl (250 mM) 50 

Sodium-EDTA (4 mM in 1M HCl) 50 

Ellman’s solution (2 mM DTNB, 0.2M 

Sodium phosphate, 2M NaCl) 
1000 

Centrifugation (3000 x g, 5 minutes, 4 °C) 

OD was recorded at 412 nm 
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followed by multiple comparisons. The data 

were analyzed by SPSS®. V22. Different other 

software platforms, such as ImageJ®, 

CorelDraw X4®, and Origin 2022®, were 

utilized to analyze the data. 

 

3. Results and Discussion 

 

3.1. Synthesis of AgNPrs and their Conjugates 

 

3.1.1. Ultraviolet-visible Spectroscopy  

 

Silver nanoprisms were synthesized by 

reacting silver nitrate and sodium borohydride in 

hydrogen peroxide as an etching agent. Initially, 

silver NPs were formed as the reaction proceeded, 

and the etching reaction of the hydrogen peroxide 

changed spherical NPs into prismatic triangles or 

AgNPrs. Two types of nanoprisms were 

synthesized, i.e., Large and small. Large 

nanoprisms were blue, while the smaller ones 

were purple. Blue AgNPrs (C-AgNPrs) exhibited 

three peaks, i.e., 980, 649, and 334 nm. The peak 

at 980 nm was very broad and hump-shaped, 

while the peak at 649 nm was not prominent as at 

334 nm (Figure 1a). While purple-colored prisms 

displayed two prominent peaks, i.e., 635 and 337 

nm, the third peak at 464 nm was not so prominent 

(Figure 1b). 

After conjugation with amino acids, all these 

peaks showed a red or blue shift in their UV-

Visible peaks. In the case of L-cystine capped 

AgNPrs (Cys-AgNPrs) prominent peak was 

recorded at 970 nm (AE-S70-1U), while the 

second peak was recorded at 654 nm, and the third 

peak was observed at 335 nm. In L-glycine-

capped AgNPrs (Gly-AgNPrs) main broader peak 

was recorded at 915 nm, while the second peak 

was at 632 nm, and the third peak was recorded at 

335 nm. In L-tyrosine-capped AgNPrs (Tyr-

AgNPrs) main broader peak was recorded at a 

value higher than 1093 nm. The second peak was 

almost negligible, while the third peak was 

recorded at 335 nm (Figure 1a). Chang in color 

and surface plasmon resonance (SPR) peaks 

values after conjugation indicated the successful 

conjugation (Figure 1). Optical properties of the 

nanoconjugates were also utilized to assess the 

successful generation of nanoconjugates, where 

the color of the solution characteristically changes 

after a specific reaction.  The blue AgNPrs 

changed into various shades of blue color after 

reaction with different amino acids; Tyr-AgNPrs 

depicted a purplish-blue color, Gly-AgNPrs gave 

a deep clear blue color, while Cys-AgNPrs 

developed a dull-deep blue color (Figure 2a). 

 

3.1.2. Visual properties and zeta potential of NMs 

 

AgNPrs and its conjugates displayed slightly 

different colors with different values of zeta 

potential, i.e., -35.89 ± 1.14, -26.83 ± 1.78, -51.37 

± 1.01, and -61.46 ± 2.45 mV for C-AgNPrs, Cys-

AgNPrs, Tyr-AgNPrs, and Gly-AgNPrs, 

respectively (Figures 2a and 2b). 

 

Figure 1: UV-visible Spectroscopy of; (a) blue 

AgNPrs and their nanoconjugates, (b) purple silver 

nanoprisms. 
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3.1.3. Evaluation of functional groups through 

FTIR spectroscopy 

 

The data of Fourier-transform infrared 

spectroscopy (FTIR) displayed successful 

capping of amino acids on the chemically-

synthesized AgNPrs (Figure 3). After the 

synthesis of Cys-AgNPrs, different peaks of l-

cystine were reduced or disappeared, i.e., 1230, 

1377, 1516, 1749, and 2355 cm-1 corresponding 

to the presence of C-N, C-H, -C-C=C, C=O, and 

C=N, respectively (Figure 3a).  

Several peaks of l-glycine, such as 1226, 

1558, 1747, 2112, and 2355 cm-1, corresponding 

to C-N, N-H, C=O, COOH, and C=N functional 

groups were seen reduced or disappeared (Fig. 

3b). Followed by the formation of Tyr-AgNPrs, 

several peaks at 840, 1043, 2351, 2644, 2933, and 

3207 cm-1 indicating to C-N, C=N, -OH, -N-H, 

and NH2 were disappeared or reduced (Figure 3c). 

 

3.1.4. Stability of AgNPrs and their conjugates 

 

All the samples of AgNPrs and their 

conjugates were studied for their stability for up 

to one year by using UV-visible spectroscopy 

(Figure 4). Over time, all the samples showed an 

increase in absorbance values in their concerned 

peaks with redshift in their peaks (figures 4a, 4c 

& 4d) except for Cys-AgNPrs, where over time; 

one peak changed into two distinct peaks, 

indicating a change in the shapes of these 

nanoconjugates (Figure 4b). 

 

3.2. Antioxidants activity of modified AgNPrs (in 

vitro) 

 

3.2.1. DPPH assay 

 

The original purplish color of DPPH 

converts to yellowish with the addition of strong 

antioxidants, while mild antioxidants induce a 

mild change in color and absorbance of DPPH at 

517 nm. Chemically-synthesized AgNPrs  

(C-AgNPrs) did not exhibit any antioxidant 

activity. Instead, they showed concentration-

dependent pro-oxidant activity. The Cys-AgNPrs 

and Tyr-AgNPrs showed modified antioxidant 

activity and displayed concentration-dependent 

antioxidant activity, whereby, Cys-AgNPrs 

showed more promising results at 100 µg/mL, i.e. 

11.87 ± 6.74% than C-AgNPrs (-15.25 ± 

10.55%), Gly-AgNPrs (5.75 ± 3.98%), and Tyr-

AgNPrs (7.48 ± 5.25%) (Figures 5a and 5b). 

 
 

Figure 2. Characterization of AgNPrs, (a) AgNPrs and its conjugates, whereas; I= chemically-prepared NMs, II= 

Tyrosine-AgNPrs, III= Glycine-AgNPrs, IV= Cystine-AgNPrs, (b) Zeta potential values of AgNPrs and its 

nanoconjugates, n = 3. 
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Figure 3. Fourier-transform infrared spectroscopy of; (a) L-cystine and Cys-AgNPrs, (b) L-glycine and Gly-

AgNPrs, (c) L-tyrosine and Tyr-AgNPrs. 
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Figure 4. UV-Visible spectroscopy-based stability study of; (a) C-AgNPrs, (b) Cys-AgNPrs, (c) Gly-AgNPrs, (d) 

Tyr-AgNPrs. 

 

 
 

Figure 5. In vitro antioxidant activities of NMs; (a) DPPH scavenging activity of the AgNPrs in comparison 

with ascorbic acid, (b) DPPH scavenging activity of prismatic nanoconjugates. The data shown are Mean ± SD 

values with n = 6. For homogeneity of data (p > 0.05), a statistically significant difference was found in the 

DPPH scavenging activity of nanoconjugates of AgNPrs, Two-way ANOVA followed by posthoc Tukey test 

was conducted, where “*” indicates p < 0.05 when compared with C-AgNPrs, (c) HP scavenging activity of 

AgNPrs, amino acids-capped AgNPrs and ascorbic acid, (d) HP scavenging activity of AgNPrs and their 

nanoconjugates. The data shown are Mean ± SD values, n = 3, for homogeneity of data (p > 0.05), a statistically 

significant difference was found in HP scavenging activity of different conjugates, Two-way ANOVA followed 

by posthoc Tukey test was conducted, where “*” indicates p < 0.05 when compared with C-AgNPrs. 
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3.2.2. HP scavenging activity 

 

Among all the AgNPrs and their amino acids 

capped-nanoconjugates, Tyr-AgNPrs and Cys-

AgNPrs exhibited higher hydrogen peroxide 

scavenging % compared to C-AgNPrs and Gly-

AgNPrs. Gly-AgNPrs also showed very minute 

HP scavenging activity compared to the other 

conjugates (Figures 5c and 5d). 

 

3.2.3. Ferric reducing power (FRP) activity 

 

Chemically synthesized AgNPrs and amino 

acid-capped AgNPrs were also assayed for FRP 

activity. Cys-AgNPrs exhibited higher FRP 

activity than all other nanoconjugates. 

Chemically-synthesized AgNPrs also 

demonstrated FRP activity, but it was less than the 

activity of Cys-AgNPrs but higher than Gly-

AgNPrs. Here Tyr-AgNPrs displayed an inverse 

relationship between FRP activity and 

concentration, i.e., with the increase in 

concentration, the FRP activity of Tyr-AgNPrs 

decreased (Figure 6). 

 

3.3. In vivo Antioxidant Activity of silver 

nanoprisms 

 

In-vivo antioxidant potential of AgNPrs was 

assessed by evaluating superoxide dismutase 

(SOD), reduced glutathione (GSH), catalase 

(CAT), glutathione-s-transferase (GST), and 

metallothioneins (MTs) in different tissues 

(Table 5). 

 

3.3.1. Bodyweight 

 

A slightly increased in body weight (BW) of 

mice was recorded in all the experimental groups 

(Figure 7a, Table 4). All animals appeared to be 

fine and stable through the entire trial period 

except for one mouse in the G3 group that 

developed a shoulder tumor. 

 

3.3.2. Endogenous enzymes in exposure to 

AgNPrs  

 

The Catalase (CAT) activity in the liver 

tissues was reduced (p<0.05) in the G2 and G3 

groups of mice, however, it was elevated in the 

G4 group. While, CAT activity in serum samples 

was elevated (p<0.05) in group G3 and G4 and 

non-significantly increased in the G5 group, while 

the G2 group showed decreased (p>0.05) CAT 

activity (Figure 7b). 

The SOD activity in the liver samples was 

reduced in G2 (p<0.05) and G5 (p>0.05) groups, 

while it was increased in G3 (p<0.05), G4, and 

G6. Whereas in serum samples, G2 and G5 

groups demonstrated significantly decreased (p < 

0.05) SOD activity, while it enhanced in G3 

(p<0.05), G4, and G6 (p>0.05) (Figure 7c). 

 

 
Figure 6. Ferric reducing power assay of AgNPrs 

and its conjugates, the data shown are Mean ± SD 

values with n = 3. For homogeneity of data p > 0.05, 

different nanoconjugates showed a statistically 

significant difference in FRP (df 6, 24; mean square = 

0.002; F = 6.05; partial ղ2 = 0.60 and p < 0.05), 

Two-way ANOVA with posthoc Tukey test was 

conducted, where “*” indicates p < 0.05. 



Ditta SA., et al. / IJPS 2022; 18 (3): 192-213 

202 
 

 

 

 

 

Table 4: Body weight of the animals during the exposure period of NMs. 
 

Baseline 1st week 2nd week 3rd week 4th week 

G1 27.325 ± 1.54 29.65 ± 1.19 30.5 ± 1.16 29.85 ± 1.14 28.75 ± 0.91 

G2 26.55 ± 2.64 28.93 ± 0.90 29.5 ± 0.68 30.63 ± 0.74 30.36 ± 1.01 

G3 29.78 ±  1.31 29.55 ±1.28 28.93 ± 1.36 29.48 ± 1.72 30.05 ± 1.52 

G4 24.85 ± 1.26 25.33 ± 1.08 26.03 ± 1.14 26.63 ± 1.27 27.05 ± 1.37 

G5 26.00 ± 0.69 25.20 ± 1.12 26.83 ± 0.94 27.18 ± 0.96 27.83 ± 1.01 

G6 27.80 ± 1.36 26.85 ± 1.23 26.53 ± 1.68 25.90 ± 2.60 28.40 ± 1.72 

 

 
 

Figure 7. Exposure trial of AgNPrs and its conjugates; (a) animal body weight, (b) CAT-activity, For CAT, the data shown 

are Mean ± SE values (liver tissues n = 5, serum samples n = 3), for homogeneity of data (p > 0.05), a statistically significant 

difference was found in CAT activity among different groups, one-way ANOVA and Tukey test as post-hoc were conducted, 

where “*” indicates p < 0.05 when compared with control, (c) For SOD activity, the data shown are Mean ± SE values (liver 

tissues n = 5, serum samples n = 3), for homogeneity of data (p > 0.05), a statistically significant difference was found 

between different groups, one-way ANOVA followed by post- hoc Tukey test was applied, where “*” represent p < 0.05 

when compared with control, (d) For GST, the data shown are Mean ± SE (liver tissues n = 5, serum samples n = 3), for 

homogeneity of data (p > 0.05), no statistically significant difference found in GST level between different groups, one-way 

ANOVA with post-hoc Tukey test was conducted;  where G1 = control group supplied with saline water only, G2 = 

cadmium metal (20 mg/kg of the BW), G3 = Cadmium (20 mg/kg of BW) + C-AgNPrs (20 mg/kg of BW), G4 = Cadmium 

(20 mg/kg of BW) + Tyr-AgNPrs (20 mg/kg of BW), G5 = Cadmium (20 mg/kg of BW) + Gly-AgNPrs (20 mg/kg of BW), 

G6 = Cadmium (20 mg/kg of BW) + Cys-AgNPrs (20 mg/kg of BW). 
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Table 5: Comparison data of all the results obtained for cadmium metal (Cd), C-AgNPrs, and amino acids-capped AgNPrs. 

Samples & Details Cadmium C-AgNPrs Tyr-AgNPrs Gly-AgNPrs Cys-AgNPrs 

Characterization 

UV-Vis-SPR peak Not studied 
980, 649, and 

348nm 
1093, negligible, 339nm 915, 632, 344nm 

970, 654, 

343nm 

ZP Values Not studied -35.89 ± 1.14 -51.37 ± 1.01 -61.46 ± 2.45 -26.83 ± 1.78 

Stability Not studied Over one year Over one year Over One year 
Over 6 

Months 

FT-IR Not studied Not studied 
-NH2, -OH, -C-N, -C-H, -

N-H 

-N-H, -C-N, -C-H, 

C=O, COOH 

-C=N, -C-N, -

C-H, C-C=C- 

Antioxidant activity (in vitro) 

DPPH Not studied Pro-oxidant Enhanced Activity Enhanced activity 
Enhanced 

activity 

FRP Not studied Mild-antioxidant Reduced activity 
Slightly reduced 

activity 

Enhanced 

activity 

HP Not studied Mild-antioxidant Enhanced activity Reduced activity 
Enhanced 

activity 

Antioxidant activity (in vivo) 

Catalase (μmol/ml/min) * -38.68% -33.76% 5.21% -8.75% -2.07% 

SOD (U/mL) * -25.30% 48.30% 18.07% -16.13% 9.89% 

GST (µmol/mL/min) * -10.00% 8.04% 1.49% 5.62% -3.72% 

GSH in the kidney (µmol/g of 

tissue) * 
0.37% 1.59% 1.89% 1.71% 1.77% 

GSH in the liver (µmol/g of 

tissue) * 
7.89% 2.26% 5.64% 4.15% 3.74% 

MTs in the liver (µg/mg of the 

protein)  * 
5.07% 0.77% -0.77% 0.29% 1.69% 

MTs in the kidney (µg/mg of the 

protein) * 
2.87% 0.58% -1.12% -0.14% -0.29% 

 

 
 

Figure 8. (a) For GSH level in the liver, the data shown are Mean ± SE values (liver tissue n = 4, kidney samples 

n = 4), for homogeneity of data (p > 0.05), a statistically significant difference in GSH level was present in liver 

tissues but not in kidney tissues, one-way ANOVA with posthoc Tukey test was applied, where “*” indicates p < 

0.05 when compared with G1, (b) MTs level in tissues, the data shown are Mean ± SE values (liver tissues n = 4, 

kidney samples n = 4), for homogeneity of data (p > 0.05), no statistically significant difference was observed in 

both tissues in MTs between different groups, one-way ANOVA with Tukey test was conducted. 
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 The G2 group displayed a slightly 

diminished (p>0.05) GST activity in serum and 

liver samples, while G3 and G5 groups exhibited 

a slightly increased activity. The G6 group 

showed a negligible change in activity compared 

to the control group (Figure 7d). 

 

3.3.3. Metallothioneins (MTs) and reduced 

glutathione (GSH) 

 

In liver and kidney tissue samples, GSH was 

increased in all treatment groups (G2-G6), 

however, it significantly increased in the liver 

tissue of the G2 group (p>0.05) in comparison to 

the G1 (Figure 8a). MTs were elevated in the G2 

(p>0.05) in kidney and liver tissues, while in 

group G6 only liver tissues displayed enhanced 

production (p>0.05) of MTs (Figure 8b). 

 

3.4. Synthesis of AgNPrs and their 

characterization 

 

For the synthesis of AgNPrs, hydrogen 

peroxide-induced etching reaction on the surface 

plane of pre-formed AgNPs leads to a change in 

the surface morphology of NPs and yields 

prismatic AgNPrs. Furthermore, conjugation with 

amino acids depicted a slight change in the 

original peaks and color of AgNPrs (Figure 1). 

Jin et al. (2001) reported three distinct SPR peaks 

or AgNPrs, i.e., 340, 470, and 770 nm indicating 

the presence of out-of-plane quadrupole, in-plane 

quadrupole, and in-plane dipole plasmon 

resonance, respectively [48]. The peak at 770 nm 

also corresponds to the tips of the prisms [48, 4]. 

Sunder et al. (2022) suggested that silver 

nanospheres (Ag seeds) aggregated on proper 

planes to form AgNPrs [5]. Polarization of the 

conduction electrons in the plane parallel to the 

flat surface of nanoprisms corresponds to the 

presence of in-plane dipole plasmon resonance. 

Various other bands also develop due to the 

interaction of conduction band electrons with NPs 

[49, 50]. Chen et al. (2004) [51] also reported the 

synthesis of AgNPrs with an average edge size of 

68 nm with four different SPR peaks, i.e., 352, 

431, 465, and 552 nm, related to distinct planes. 

Contino et al. (2017) reported the synthesis of 

amino acid-capped anisotropic AgNPrs. The 

concentration of precursor salt influences the edge 

size and truncation of the tips of prismatic NMs 

[52]. 

Repeated UV visible studies revealed that 

the AgNPrs and their conjugates displayed more 

than one-year of stability except for Cys-AgNPrs 

(figure 4). Furthermore, the development of two 

distinct peaks in Cys-AgNPrs indicated a change 

in shape over time. Various functional groups 

present in amino acids are crucial in the capping 

and conjugation process. Few other studies with 

comparable results have been reported [53, 54]. 

After the synthesis of Cys-AgNPrs, different 

peaks of l-cystine on FTIR spectra were reduced 

or disappeared i.e., 1230, 1516, 1749, and 2355 

cm-1 indicating the presence of C-N, -C-C=C, 

C=O, and C=N, respectively (Figure 3a). Various 

peaks of glycine, i.e., 1226, 1558, 1747, 2112, and 

2355 cm-1 indicating to C-N, N-H, C=O, COOH, 

and C=N, respectively, were reduced or 

disappeared (Figure 3b). In Tyr-AgNPrs, several 

peaks at 840, 1043, 2351, 2644, 2933, 3207 cm-1 

indicating to C-N, C=N, -OH, -N-H, and NH2 

were reduced or disappeared [55]. 

The net surface charge of molecules or 

nanoparticles is called zeta potential (ZP). 

Particles with higher negative ZP values seem to 
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be more stable. Gly-AgNPrs displayed the highest 

negative ZP values, whereas Cys-AgNPrs 

exhibited minimum values. Different interactions 

of molecules or nanoparticles with surfactants, 

such as polymers, or other biomolecules may alter 

zeta potential (ζ), i.e., dissociating different 

surface functional groups, shifting slipping 

planes, and displacing counter-ions [56]. These 

factors affect the ZP values of colloids or 

molecules. Various functional groups and their 

concerned ionic nature; negatively charged 

groups, e.g., -COOH, or, positively charged 

groups, e.g., -NH2, assign negative or positive 

zeta potential, respectively [57]. 

Among all NMs, cystine-capped AgNPrs 

showed the lowest negative ZP values, which 

indicates their lower stability in colloidal 

solutions. It may be linked to the positively-

charged group such as -NH2 on the surface of 

AgNPrs. The pH of the colloidal solution also 

affects ZP values, as it influences intramolecular 

and intermolecular properties and interactions of 

the molecules [57, 58]. All silver nanoprisms 

were maintained at higher pH (7.4) than the 

corresponding isoelectric point (pI) of their amino 

acids. At higher pH values, the solution has a 

higher level of OH− group, which helps to remove 

H+ ions from positively-charged amine groups, 

which results in an overall negative thus having a 

negative zeta potential value [59]. Similarly, the 

samples of silver nanoprisms displayed negative 

charges. AgNPrs exhibited triangular-shaped 

(prismatic)-morphology with an average edge 

size of 63.40 ± 4.02 nm displaying three SPR 

peaks, i.e., 980, 649, and 348 nm. Silver 

nanospheres (Ag seeds) aggregated on proper 

planes to form AgNPrs [5]. Different bands also 

develop due to the interaction of conduction band 

electrons with the surface of NMs [49, 50]. 

 

3.5. In vitro antioxidants activity of NMs 

 

Capping of tyrosine and cystine on AgNPrs 

enriched DPPH scavenging activity, while 

glycine further reduced it. Chemically-prepared 

AgNPrs showed pro-oxidant activity. According 

to Bedlovičová et al. (2020) [60] and Blois (1958) 

[61], DPPH is a radical that provides purple color 

in ethanol and accepts hydrogen atoms from an 

antioxidant or a scavenger molecule. Chemical-

AgNPrs are very toxic, whereas their surface 

functionality with suitable biomolecules may 

reduce their toxicity. The enhanced antioxidant 

perspective of tyrosine and cystine conjugates 

might be associated with the phenolic group on 

tyrosine or the disulfide bond on cystine. No data 

are available to date on the DPPH scavenging 

activity of AgNPrs or their conjugates. Thus, it is 

the first report on the antioxidant activity of 

surface-modified AgNPrs. 

Nanomaterials also displayed ferric-

reducing power (FRP). Among all the 

nanoconjugates, Cys-AgNPrs exhibited higher 

FRP activity than the other nanoconjugates of 

silver nanoprisms. Chemically-synthesized silver 

nanoprisms also demonstrated FRP activity, but it 

was lower than the activity of Cys-AgNPrs but 

higher than Gly-AgNPrs. Increased absorbance of 

the mixture validates the high reducing power 

activity of the samples [62]. Silver conjugation 

with tyrosine and cystine displayed enhanced 

FRP activity. This activity measures the capacity 

of molecules to reduce ferric ions (Fe+3) to ferrous 

ions (Fe+2) [63]. Different functional groups of 

amino acids, when present on the surface of NMs 
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largely modulate redox and metal chelation 

reactions [64-66]; thus, influencing the FRP 

activity of AgNPrs.  

Capping of tyrosine amino acids produced 

NMs with comparable hydrogen peroxide (HP) 

scavenging activity. Various biochemical 

pathways or enzymes generate hydrogen peroxide 

(as a by-product), which forms free radicals in 

high amounts resulting in the onset of oxidative 

stress [67, 68]. 

 

3.6. In vivo antioxidant activity 

 

On exposure to AgNPrs, a slight increase in 

body weight (BW) was recorded in all the animal 

groups. Metabolism and nutritional uptake remain 

uninfluenced during the dosing period. Cadmium 

ions generally activated pro-survival signaling 

leading to the development of tumors and toxicity 

in the body [69-72]. Excessive orotic acid (OA) is 

generated during glycine metabolism, which 

promotes tumor development in some cases [73]. 

Another study by Zhang et al. (2012) [74] 

reported that the metabolism of glycine and serine 

is somewhere influenced by glycine 

decarboxylase (GLDC), and these changes in 

metabolic pathways further influence pyrimidine 

metabolism which further influences tumor 

development. 

The body produces different types of 

antioxidant enzymes during metabolic activities. 

The kidney or liver clears them off using 

appropriate pathways and actions. Kidneys help 

to filter SOD, while hepatocytes of the liver clear 

catalase. Superoxide ions are converted into 

hydrogen peroxide (HP) in the presence of SOD, 

while HP changes to oxygen and water with the 

help of CAT. Glutathione-s-transferase (GST) 

help in the efficient disposal of xenobiotic from 

the body [32]. According to Jamakala and Rani 

(2015) [75], SOD, GST, and CAT activity was 

depressed in cadmium-exposed mice. Different 

factors influence alteration in antioxidant 

enzymes within the animal body including 

chemicals and their concentration, exposure time 

and route, and synthesis method. Wu and Zhou 

(2013) [76] reported that the decrease in 

endogenous enzymes might be linked to their 

higher consumption rate during oxidative stress.  

Beytut and Aksakal (2002) [77] reported 

decreased production of CAT and higher 

production of ROS in cadmium-exposed mice. 

Saturation of free CAT by an increased level of 

hydrogen peroxide resulted in CAT shortage. The 

surface-functionality of AgNPrs resulted in 

different biological effects. Different functional 

groups present in AgNPrs modified the 

biochemical pathways differently, causing a 

deviation in the endogenous enzymes. The 

surface functionality of AgNPrs with cystine and 

tyrosine resulted in minor changes in the status of 

endogenous enzymes and induced negligible 

toxicity.  

Glutathione-s-transferase shows a 

considerable physiological role in the 

detoxification of various molecules. The Thiol (-

SH) group of GST molecule generally attaches 

with active agents of target molecules, and it 

neutralizes the electrophilic sites and makes 

highly water-soluble by-products. Exposure to 

nanomaterials makes a higher quantity of radical 

species and peroxides. Excessive utilization of 

GST results in decreased GST activity [78, 32]. 

Furthermore, reduced activity of GST may be 

linked with glutathione (GSH) affinity to NPs 

[79].  The synthesis of various complexes induces 
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glutathione oxidation and excessive generation of 

free radicals, which eventually results in 

diminished GST activity. Rajkumar et al. (2016) 

also reported comparable findings [80]. 

Decreased level of GSH is linked 

somewhere with a depressed immune response 

[81, 79], while An increased level of GSH in the 

cadmium-treated group (G2) might be associated 

with an increased immune response. Altered 

levels of MTs in different groups indicated 

metals-induced toxicity in liver and kidney 

tissues. Metallothionein levels in cadmium-

intoxicated groups did not elevate in the presence 

of amino acids-capped AgNPrs. Metallothioneins 

(MTs) are highly important proteins with high 

cystinee content and low molecular weight. MTs 

are important in the detoxification of heavy 

metals and homeostasis [82, 83], and also play an 

important role during oxidative stress, infection, 

and inflammation [84, 85]. They may also work 

as sensitive biomarkers for various medical 

conditions such as cancer [82, 86]. 

 Klaassen et al. (1999) reported a reduction 

in toxicity as a result of metal chelation with MTs 

in different organs [84]. Metallothioneins also 

facilitate GSH to maintain ROS balance in the 

body. Cystinee-rich residues of MTs work as 

binding sites for numerous metallic ions [87].  

According to Atanesyan et al. (2011) [88], 

silver ions led to the up-regulation of MTs genes 

with the help of metal-responsive transcription 

factor-1 (MTF-1) binding metal-response 

elements (MRE). Smulders et al. (2015) reported 

the chelation reaction of NPs in the presence of 

other thiol-group-containing molecules and MTs 

[89]. Liver tissues are damaged in the presence of 

Cd, while MTs help to neutralize Cd and protect 

different organs [90]. Nordberg et al. (1975)[91] 

reported the kidney also as a target organ for 

cadmium toxicity. The formation of the 

cadmium-metallothioneins (Cd-MTs) complex 

further increase the toxicity in different organs of 

animals. Amino acid's capping largely instigated 

the level of MTs in the kidneys and liver, so the 

level of MTs were different in different groups for 

all types of exposure to AgNPrs. Cadmium-

induced the generation of MTs in higher amounts, 

while conjugated amino acids help to revert-

cadmium-induced toxicity and somewhere 

affected the production of metallothioneins. 

Generally, antioxidants reduce Cd absorption in 

the small intestine, and most of the ingested Cd is 

released along with fecal material resulting in a 

minimum reach of Cd to different tissues [92]. 

Tissue damage in the small intestine may impair 

the normal functioning of the intestine, such as 

absorption, digestion, and permeability thus 

influencing animal weight [93].  

The surface functionality of AgNPrs with 

different amino acids may alter their optical, 

biological, and physicochemical properties, 

influencing their roles in biological systems. The 

interaction of various biomolecules or functional 

groups might help to reduce or alter toxicity [94]. 

Thiol group under specific conditions or disulfide 

(S-S) bond from cystine may play a crucial role 

[32]. In the case of the Cys-AgNPrs treatment 

group, it helps to reduce cadmium-induced 

toxicity, but further research is needed to clarify 

the context. Previous studies also reported the 

protective effects of cystine amino acids in mice 

[95, 96]. Several studies have also reported that 

the biomolecules conjugated AgNPs exhibited 

minimum toxicity [97, 98, 32], whereas the 

present study provides the first report on cystine-
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capped-silver nanoprisms for their antioxidant 

potential in reverting cadmium toxicity in mice. 

Surface functionality or surface 

modification of nanomaterials may yield 

environment-friendly and biocompatible 

nanomaterials. Biomolecule-mediated 

functionalization might produce effective, 

safer, and more secure nanomaterials for 

biomedical applications. These nanomaterials 

should be evaluated for their relative 

perspective for medical applications such as 

cancer therapy, medical imaging, and drug 

delivery. Nanomaterials with antioxidant 

potential may provide efficient, targeted 

delivery with higher stability and superior 

bioavailability. These molecules may overcome 

different limitations of small-molecule 

antioxidants.  Molecular and gene expression 

studies should be undertaken to understand the 

detailed mechanisms of their action and 

response; which may help to design innovative 

materials with enhanced biodegradability and 

biocompatibility. Antioxidant nanomaterials 

might provide exceptional materials for 

biomedical applications and therapeutics; 

which can transform healthcare systems more 

innovatively. 

 

4. Conclusion 

 

Surface functionality of different metallic 

nanomaterials (NMs) using suitable 

biomolecules, such as amino acids, may enhance 

their safety profiling and make them more 

biocompatible and effective for their in vivo 

biological applications. During this study, amino 

acids capped silver nanoprisms were synthesized 

and characterized by using, UV-Visible 

spectroscopy, FTIR, zeta potential, etc. Cystine-

AgNPrs and tyrosine-AgNPrs displayed 

enhanced in vivo and in vitro antioxidant 

properties. These results revealed that the cystine-

AgNPrs and tyrosine-AgNPrs can be employed as 

effective nano-tools for various biological 

applications, but comprehensive profiling of these 

NMs is further needed to clarify their in-depth 

potential before using them for any practical and 

health-related application. 
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