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Abstract: In the present study, we evaluate Acacia karroo (AK) leaf hydrosols' efficacy as reducing 

and capping agents in the synthesis of silver nanoparticles (AgNPs). The evolution of the optical and 

morphological properties was monitored at different temperatures and reaction times. The hydrosol and 

as-synthesized AgNPs were characterized by UV-visible spectroscopy (UV), attenuated total 

reflectance Fourier Transform- Infra-Red spectroscopy (ATR-FTIR), Scanning Electron Microscope 

(SEM), energy-dispersive x-ray spectroscopy (EDS), transmission electron microscope (TEM), and X-

ray diffraction (XRD). The pain-mediating capacity of the AK-AgNPs was examined using the 

formalin-induced in vivo pain model in Swiss mice. We showed that Acacia karroo stem bark hydrosols 

successfully reduced and stabilized the AgNPs, with particle size and stability highly dependent on the 

reaction temperature and time (e.g., at 60°C, particle sizes are small and uniform (~ 17.2 ± 0.6 nm), 

while larger sizes are obtained at 80°C (20.1 ± 0.2 nm). Also, the AKDS-AgNPs synthesized exhibited 

a very high analgesic property, p< 0.01 at a 58% inhibition rate when used in the treatment of Swiss 

mice using formalin as a phlogistic agent. These findings further establish the Acacia species' potential 

as a precursor for silver nanoparticles' biosynthesis and their use as a potential analgesic drug.  

Keywords: Acacia karroo Hayne; silver nanoparticles; analgesic; Swiss mice; neurogenic phase; 

formalin test; inflammatory. 
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1. Introduction 

Metal nanoparticles are unique in their characteristics (optical, electronic, and catalytic) 

due to their small size and high surface-to-volume ratio. This uniqueness makes them 

susceptible to applications such as biosensors, catalysts, data storage, optics, drug delivery, 

packaging, and water purification. Other medical applications include fluorescent bio-labels, 

drug loadings, cancer therapy, and protein detection. Silver nanoparticles (Ag-NPs) have 

generated tremendous interest due to their vast antimicrobial, fascinating catalytic, optical, and 

electrical applications [1–5]. Mohamed, J., Saadh investigated the activity of Ag-NPs on the 

Goatpox virus (GTPV); Ag-NPs caused significant inhibition of GTPV replication by 

preventing virus entry into the host cell [6].  
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Chemical methods, commonly used to synthesize nanomaterials, pose challenges such 

as environmental contamination, energy consumption, and health risks. The toxic chemicals 

used in these methods can induce cancer, cytotoxicity, and environmental contamination, 

especially when organic solvents and reducing agents are involved [7,8]. Green synthetic 

methods that incorporate natural products, such as plants, marine, and terrestrial organisms, 

provide a safe and clean alternative. The bio-reductive and stabilizing potential of these natural 

materials is attributed to the individualistic and synergistic activities of proteins, flavonoids, 

terpenoids, vitamins, and tannins present in living organisms. Singh et al. reported the bio-

reduction and capping of silver nanoparticles by clove plant (Syzygium aromaticum). The 

reaction mechanism was attributed to the inductive effects of the methoxy and allyl groups 

present on the eugenol molecule (the main component of the clove plant) [9]. Keto- and enol-

groups of the quercetin facilitate the synthesis of Ag nanoparticles by Ocimum basilicum [10], 

employing the carbonyl and hydroxyl on C-3 and C-5, respectively, as metal chelation [11].  

Silver nanoparticles synthesized from living organisms, such as plants, exhibit 

biological and pharmaceutical properties. Silver nanoparticles of 10-20 nm were synthesized 

from the root extract of Zingiber officinale and employed in the synthesis of Ag-NPs, which 

inhibit Staphylococcus spp. and Listeria spp. bacteria [12]. AgNPs of 5.7 ± 0.2 nm in size were 

synthesized from Anogeissus latifolia. They significantly inhibited gram-positive and gram-

negative bacteria, demonstrating high antibacterial activity [13].  

Inflammation is a complex biological response to harmful stimuli such as pathogens, 

damaged cells, or irritants, involving the release of mediators that regulate cellular infiltration 

and tissue repair [14]. When unresolved, chronic inflammation can contribute to various 

diseases [15, 16]. Conventional anti-inflammatory agents like NSAIDs and corticosteroids 

have long been used but are associated with significant adverse effects. NSAIDs, for instance, 

are linked to gastrointestinal toxicity, cardiovascular complications, renal and hepatic 

impairments, and hypertension [17], while corticosteroids may cause systemic 

immunosuppression, increased infection risk, and cartilage degeneration [18]. Historically, 

silver has been employed for treating inflammation and wound healing. More recently, silver 

nanoparticles (AgNPs) have shown promise for similar applications, both topically and 

intravenously [19,20]. Although their precise mechanism remains under investigation, their 

efficacy is thought to stem from their nanoscale size [21,22] and potential to modulate pro-

inflammatory cytokines [23]. 

Acacia karroo Hayne, also known as sweet thorn, is a member of the Fabaceae family 

and is widely distributed across all nine provinces of South Africa [24]. Locally, it is prepared 

as a concoction to treat malaria and stomach ailments, as boiled water to treat diarrhea in goats, 

and as feed forage for herbivores [25]. It contains epicatechin, epigallocatechin, β-sitosterol, 

and high molecular mass decalin derivatives. AgNPs synthesized from Acacia mearnsii were 

highly crystalline with face-centered cubic structures with average sizes between 6-50 nm. In 

this study, hydrosols prepared from the stem bark of A. karroo were used for the biosynthesis 

of AgNPs. The plasmon response was monitored using UV-visible spectroscopy and 

morphologically characterized with SEM, EDS, TEM, and XRD. The functional group 

modifications were analyzed with FTIR spectroscopy. A. karroo dry stem hydrosols (AKDS) 

and AKDS-AgNPs were evaluated for their anti-inflammatory and antinociceptive properties 

in vivo using the formalin assay. In contrast to other Acacia species, the application of Acacia 

karroo as a bio-reductant and capping agent in the synthesis of silver nanoparticles remains 

underexplored. This study presents one of the first in vivo evaluations of its nanoparticle-
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mediated anti-inflammatory and antinociceptive activities, highlighting its distinct 

phytochemical contributions. 

2. Materials and Methods 

2.1. Plant materials. 

Acacia karroo stem bark (AKDS) (Figure 1a) were collected at Walter Sisulu 

University, Mthatha, Eastern Cape, South Africa (31°36'08.35" S 28°45'02.48" E) botanical 

garden and was taxonomically identified at Selmar Schonland Herbarium, Grahamstown 

(GRA), South Africa by Mr. T. Dold; voucher sample was deposited, and voucher number 

(AOK001) was collected at the herbarium. 

2.2. Chemicals and reagents. 

Silver nitrate (AgNO3) was obtained from Sigma-Aldrich and used as acquired. The 

hydrosol prepared from Acacia karroo leaves aided in the reduction and passivation of the 

AgNO3.  

2.3. Preparation of the hydrosol of Acacia karroo. 

The hydrosol was prepared by subjecting about 300 g of dried stem bark to hydro-

distillation using a Clevenger-type apparatus. Upon completion of essential oil extraction, the 

flask extract was allowed to cool, filtered, and kept for analysis. The extract was used after 

three days of preparation to prevent photooxidation and mucus growth on the extract. 

2.4. Synthesis of (AKDS)-AgNPs.  

Approximately 50 mL of the AKDS hydrosol was transferred into a three-necked flask 

fitted with a temperature sensor and positioned in a jacketed heating mantle with a magnetic 

stirrer. An aqueous solution of AgNO3 at 0.1 mol/L, 10 mL, was added to the flask, stirred, and 

heated to 60°C and 80°C. To avoid the auto-reduction of AgNO3 by photosensitivity, the flask 

was covered with aluminum foil and placed in a dark cupboard until the reaction was complete. 

Color change from dark brown to greyish color (Figure 1) provides evidence of reduction.  

 

 
Figure 1. (a) Acacia karroo plant; (b) Color change of extract (i) before synthesis; (ii) 15 mins; (iii) 30 mins; 

(iv) 3 h; (v) 4 h; (vi) 21 h. 

The bio-reduction and stability of Ag-NPs in the colloidal solution were examined at 

15 min, 30 min, 60 min, and 3h by sampling of 2.0 mL aliquots of the solution on a UV−visible 
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(UV−vis) spectrophotometer (SHIMADZU model UV-1650 PC, Japan) in the range of 200-

900 nm. 

2.5. Phytochemical screening of AKDS hydrosol.  

To determine the presence of terpenoids, alkaloids, tannins, flavonoids, phenols, 

reducing sugars, and saponins, an aliquot of the hydrosol was analyzed according to Mogole 

(2020) [26]. 

2.5.1. Alkaloids. 

Alkaloids were detected using Mayer's reagent method. About 0.2g of each extract was 

dissolved in dilute HCl and filtered. The filtrate was treated with Mayer's reagent. A yellow 

precipitate confirms the presence of alkaloids. 

2.5.2. Reducing sugars. 

Reducing sugars were detected using Fehling's reagent method. To 1mL of each extract, 

5mL of distilled water was added, and the solution was filtered. Then, dilute HCl was added to 

the filtrate (Hydrolysis), neutralized using an alkaline solution, and then treated with Fehling's 

solution A and B (2 mL) in the presence of heat. The presence of a red precipitate indicates the 

presence of reducing sugar. 

2.5.3. Saponins. 

Saponins were detected using a Foam confirmatory test. Each extract weighing 0.1 g 

was shaken with 2 mL of distilled water. The formation of foam confirms the presence of 

Saponins. 

2.5.4. Phenols.  

Phenols were detected using the ferric chloride test. About 1 mL of each extract was 

treated with a few drops of FeCl3 solution. The formation of a bluish-black colour confirms the 

presence of phenols. 

2.5.5. Flavonoids. 

Each extract's 1 mL was treated with 2-3 drops of 0.1M NaOH solution to produce a 

yellow solution. Dilute HCl was added to the solution to decolourize it. The disappearance of 

a yellow colour confirms the presence of flavonoids. 

2.5.6. Steroids and terpenoids. 

Steroids and terpenoids were detected using the Liebermann-Burckhardt test. About 1 

mL of chloroform was added to 1 mL of each extract, followed by acetic acid (2-3 mL) and 1-

2 drops of (conc) H2SO4. A dark green color confirms the presence of steroids. A pink colour 

confirms the presence of terpenoids. 

2.5.7. Tannins.  

1 mL of each extract was treated with 2-3 drops of 5% FeCl₃ solution. The formation 

of a blue-black or greenish-black coloration indicated the presence of tannins. Additionally, 
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1 mL of each extract was mixed with an equal volume of 1% gelatin solution containing 10% 

NaCl. The appearance of a white or buff-colored precipitate confirmed the presence of tannins. 

2.6. Characterization.  

2.6.1. UV-visible spectroscopy. 

The UV–visible spectra were recorded using a UV 1650 PC-Shimadzu B UV–visible 

spectrophotometer (Shimadzu, Osaka, Japan).  

2.6.2. Fourier transform infrared spectrophotometer analysis. 

FTIR was used to analyze the biomolecules responsible for the reduction and capping 

of the as-synthesized AKDS-AgNPs. The FTIR spectra were obtained within the range of 370–

4000 cm-−1 utilizing an FTIR spectrometer that has a universal ATR sampling accessory. 

2.6.3. Scanning electron microscopy (SEM) and energy-dispersive X-ray spectrometer (EDS) 

analysis. 

Ag-NPs were obtained from the synthesized suspension by centrifuging 5 mL of 

solution at 40,000 rpm (Eppendorf Centrifuge 5702 R). The fine particles obtained were 

dehydrated in an oven at 50°C to obtain a powdered form and were used further for EDX 

investigation. A powdered sample of the AKDS and AKDS-AgNPS was spread evenly on a 

Cu block. A JEOL JSM 6390 LV SEM at 15Kv (Japanese Electron Optical Lab.) was used for 

SEM analysis. The specimens were coated with a thin layer of gold to avoid charging effects.  

2.6.4. XRD measurement. 

The crystallinity of the AKDS-AgNPs was examined on a Bruker D8 Advanced X-ray 

diffractometer. The patterns were recorded at a scan speed of 4°/min with Cu Kα radiation (λ 

= 1.5406 Å) operated at 40 kV and 30 mA.  

2.6.5. TEM analysis. 

The size, shape, and morphology of as-synthesized AgNPs were observed using the 

Transmission electron microscope (TEM). TEM analysis was performed using a JEOL JEM 

2100 (TEM) operating at 200 kV. The samples were placed on a carbon-coated copper grid 

and subsequently dried on filter paper.2.7. Analysis of the analgesic. 

2.7.1. Ethical clearance. 

An ethical clearance certificate was secured from the Research Ethical Clearance Committee 

(RECC) of the University (Approval no: 013/2019/LASU/BCH).2.7.2. Toxicity assay. 

The physiological biosafety of AKDS and AKDS-AgNPs on Swiss mice was analyzed 

using 50, 100, and 200 mg/kg of the extract. A total of 25 Swiss mice, weighing 150-200 grams 

and representing both genders, were used in the toxicity study, organized into groups of 5 

animals each. Swiss mice were administered 50, 100, and 200 mg/kg of AKDS and AKDS-

AgNPs by oral route. The negative control group received normal saline. 
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2.7.3. Formalin assay. 

The formalin test was carried out using the Prabhu et al method with some 

modifications [27]. Four groups of mice were selected for the present study and grouped as 

follows:  

Group I: Vehicle treated Control Group   0.09% 

Group II: Aspirin Group (standard)    10 mg/kg 

Group III: AKDS extract      200 mg/kg 

Group IV: AKDS-AgNPs      200 mg/kg  

Briefly, formalin solution (1% in distilled water; 0.5 mL per paw was administered via 

an intraplantar injection into the hind paw of the grouped animals. The duration (in seconds) 

spent intensely licking or biting the injured paw was recorded during two intervals: 0–5 minutes 

(the first phase indicating neurogenic pain) and 15–30 minutes (the second phase indicating 

inflammatory pain). Oral administration of Aspirin (10 mg/kg; serving as the positive control) 

was also provided, along with the vehicle. (water, 10 mL/kg), AKDS (200 mg/kg) and AKDS-

AgNPs (200 mg/kg) were given 60 min prior to formalin administration.  The evaluation of 

percentage inhibitions is conducted using:  

Percentage inhibition = [(1 – T/C)] × 100                (1) 

From the equation, T represents the frequency at which treated Swiss mice licked or bit their 

injected paw, while C denotes the frequency at which control mice licked or bit the treated paw.2.7.4. 

Statistical analysis. 

Unless stated otherwise, the data are expressed as Mean ± SEM for the assessed 

parameter and were subjected to statistical analysis using one-way analysis of variance 

(ANOVA) followed by Dunnett's multiple-comparison test for the formalin-induced assay, 

using GraphPad Prism (version 7.02), San Diego, CA, USA (www.graphPad.com). The lowest 

threshold for significance that was considered was P < 0.05. P < 0.01. was considered 

statistically significant between the means.  

3. Results and Discussion 

3.1. Phytochemical screening. 

Plant materials are composed of natural products that impart pharmacological 

properties when either consumed by animals or humans. These phytochemicals are present in 

plants' specialized cells and can be released using extraction methods that involve organic 

solvents, high temperatures, extended sonication, and maceration. Table 1 shows the presence 

of alkaloids, steroids, terpenoids, flavonoids, saponins, reducing sugars, and tannins in the 

hydrosol of Acacia karroo. The hydrosol is composed mainly of high-phenolic compounds, 

such as flavonoids and phenols. Compounds such as epicatechin, epigallocatechin, and β-

sitosterol were isolated from parts of the plant [28]. 

Table 1. Phytochemicals present in AKDS hydrosol. 

Phytochemicals Present or Absent (+/-) 

Alkaloids + 

Steroids and Terpenoids + 

Flavonoids + 

Saponins + 

Reducing sugars + 

Tannins + 
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Phytochemicals Present or Absent (+/-) 

Phenols + 

3.2. Optical characterization. 

3.2.1. Ultra-violet spectroscopy. 

Specific noble-metallic nanoparticles, especially Ag and Au, exhibit strong interactions 

with visible light, enabling electron conduction at the metal surface and leading to collective 

oscillation. This phenomenon, called Surface Plasmon Resonance (SPR), results in strong 

scattering and absorption. Specifically, AgNPs can display an effective extinction (scattering 

+ absorption) cross-section ten times larger than their physical cross-section. This collective 

oscillation leads to the observed UV spectrum of a typical AgNP. Furthermore, the metal 

nanoparticle's resonance frequency depends on its shape, size, and type, as well as the 

surrounding medium. 

In this study, by keeping the volume and concentration of the AgNO3 precursor solution 

constant (10 ml, 0.1 M), the effect of temperature on the bio-reduction and stability of 

nanoparticles was investigated. As the reaction time increased, the solution's color shifted from 

dark brown to a grey-brownish color, indicating the formation of Ag-NPs (Figure 1b (image i-

vi). Figure 2a and b show the UV spectra of the AKDS-AgNPs synthesized at 60°C and 80°C, 

respectively. In this oxidation-reduction reaction, silver nitrate serves as the oxidant, and the 

AKDS extract serves as the reducing and capping agent. At the same time, AKDS-AgNPs are 

the reducing product. A peak in surface plasmon resonance (SPR) associated with the 

excitation of longitudinal plasmon vibrations of silver nanoparticles (Ag-NPs) was detected at 

470 nm, as shown in the SPR spectra in Figure 2A. The position of the SPR peak remains the 

same for the 15, 30, and 60 minutes. The steady SPR peak position and shape at these reaction 

times indicate a uniform size distribution. However, at the 3rd h, the SPR peak position 

gradually red-shifted to 474 nm, indicating an increase in particle size distribution. 

On the other hand, at 80°C, the SPR peak position and shape, centered at 484 nm, 

remained steady across all reaction times. This could result from the stability of the AKDS-

AgNPs over the reaction time. The broadening observed beyond this wavelength can be 

attributed to the formation of particles of different sizes, as shown in Figure 2B. AKDS-AgNPs 

synthesized in this reaction condition show that an increase in temperature favors the stability 

of the synthesized Ag-NPs. Murugan et al. reported size variation in Acacia leucophlae-AgNPs 

synthesized at different temperatures [29].  

 
Figure 2. (A) Absorption spectra of AKDS-AgNPs synthesized using 0.1 mol/L AgNO3 at 60°C; (B) at 80°C at 

different reaction times. 
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The SPR peak of several Acacia species has been reported; Acacia mearnsii-Ag-NPs 

were observed at 480 nm, Acacia cyanophylla-AgNPs at 460 nm, and A. catechu-AgNPs at 

470 nm [30, 31]. We previously reported the stability in shape and position of the SPR peak of 

Acacia mearnsii silver nanoparticles synthesized at room temperature and at 40°C [32]. 

Increased molecular kinetic motion and a higher collision rate are the results of elevated 

temperature, leading to higher nucleation, whereas nanoparticles synthesized at low 

temperatures result in larger particle sizes [33]. 

3.2.2. Infra-red spectroscopy. 

FT-IR spectra of the crude and as-synthesized Ag nanoparticles are shown in Figure 3, 

with further elucidation in Table 2. Changes in peak intensity, band shifts, and the appearance 

and disappearance of peaks are characteristic features of nanoparticle reduction and 

stabilization. The crude sample exhibits a broad absorption peak at 3409.8, characteristic of the 

stretching vibrations of the alcoholic groups present in flavonoids, phenols, and terpenoids of 

A. karroo. Other prominent peaks include those of the C-H stretching of sp3, which appeared 

at 2948 cm-1, C=O of the amides at 1615.8 cm-1, and C-N stretching peaks of the amine/amide 

family, which appeared at 1400 cm-1. These peaks can be attributed to the proteins and the 

alkaloids present in the stem bark. After the synthesis, some characteristic peaks observed 

include: 3754.0 and 3136.2 cm-1, which are peaks within the region of –OH and the N-H's 

stretching vibrations. Mohan et al. have attributed the reducing ability of silver by acacia gum 

extract to the hydroxyl group in the polymeric chain via an oxidation mechanism [34], which 

is consistent with our observed peak for the –OH group. Absorption at 2078.2 cm-1 

corresponding to the - Diazo (RCH=N-N, stretching) peak was shifted from 2078.2 cm-1 to 

2176.6 cm-1.  

 
Figure 3. FTIR spectra of AKDS hydrosol and AKDS-AgNPs. 

This could be attributed to the effect of resonance or conjugation of the diazo functional 

group. A Shift was also observed for the C-N bond (1284.6 to 1279.9 cm-1), C-O-C bond 

(1213.8 to 1136.4cm-1), and the N-O symmetric stretch (1345.9 to 1341.6 cm-1). Other peaks 

include the O-H bend (950-910), 910-665 N-H wag, and the 900-675 C-H (“oops”) bending 

vibrations [35]. These functional groups’ synergistic effects could have reduced the metallic 

salt and subsequent capping of the nanoparticles. The spectral changes indicate the 

bioreduction and capping ability of Acacia karroo in synthesizing silver nanoparticles. 

3.3. Morphological characterization. 

3.3.1. SEM and EDS study. 

The morphology of the synthesized nanoparticles was further characterized by a 

scanning electron microscope (SEM). Figures 4a and b show the micrograph of the crude 
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sample and the synthesized nanoparticles. The micrograph showed that the silver nanoparticles 

are spherical and polydispersed with large agglomeration. A similar observation was reported 

using the extract of Ocimum sanctum [36] and Ipomoea indica flowers [37]. 

Table 2. Changes in absorption bands in AKDS and as-synthesized AKDS-AgNPs. 

AKDS 

(cm-1) 

AKDS-AgNPs 

(cm-1) 
Functional groups inference Ref. 

3409.8 3410.1 -OH or NH of tertiary amines [38] 

Absent 3136.2 -OH or NH vibrations of 1°, 2° amines, amides or alcohol [39] 

2948.0 2927.9 C-H asymmetric stretch of CH3 [40] 

2078.2 2173.7 RCH=N=N stretching of the diazo compounds [41] 

1883.0 Disappear 5-membered pyran resulting from the pyranose group/ Ag-O bond [38,42] 

1615.8 1613.4 C=O of the amides from the proteins [42] 

1522.0 1515.9 C=C-C aromatic ring stretch common to chromone moieties of the flavonoids [42] 

1447.9 1400.0 C-N bonds of the amino groups/ symmetric vibrations of the carboxylate group (-COO-) [43] 

1345.9 1341.6 N-O Aromatic nitro groups [38] 

1284.6 1279.9 C-N bonds of aliphatic amines [39] 

1213.8 1136.4 C-O stretch of phenol [38] 

1055.8 Disappear -C-O stretch of alcohols [43] 

1034.9 1028.3 -OCH3 of the ether linkage in the chromones [44] 

900-540 Below 800 
C-H bending of the Vinyl group, C-halogen bonds stretch, C-H "oops" of aromatic, N-

H wag of 1° and 2° amines 
[38] 

 
Figure 4. SEM analysis of (a) AKDS hydrosol; (b) AKDS- AgNPs. 

Figure 5a and b show the dispersive energy spectrum of the AKDS-AgNPs, which 

confirms the presence of silver. The relative weights of the respective metals are shown as well. 

Metallic nanocrystals mostly display a distinctive optical absorption peak at 3 keV due to SPR. 

They can thus be confirmed for the silver formation in the nanoparticles. 

 
Figure 5. EDS spectra of AKDS (A) pure sample; (b) as-synthesized AKDS-AgNPs at 60°C. 

3.3.2. XRD and TEM studies. 

The crystalline nature of the dried powder of the as-synthesized Ag-NPs was confirmed 

by X-ray diffraction analysis. The XRD pattern shows a number of Bragg reflections that can 

be indexed on the face-centered cubic (fcc) of silver. The peaks at the 2θ degree values of 
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38.37°, 44.35°, 64.60°, 77.06°, and 81.39° correspond to (111), (200), (220), (311), and (222), 

respectively, when compared to the standard silver nanocrystals (JCPDS card No: 89- 3722).  

 
Figure 6. (A) A typical XRD pattern of AKDS-AgNPs synthesized at 60°C and 80°C; (B) HRTEM image of 

AKDS-AgNPs.  

The unassigned peaks at 28.03°, 32.50°, and 46.47° may be ascribed to the bio-

crystalline components or the amorphous bio-organic phase on the silver nanoparticles' surface 

inversely [36]. The lack of any peaks resembling metals apart from pure silver in the spectra 

confirmed the purity of the synthesized Ag-NPs. Also, peak broadening indicated the 

monocrystalline nature and smaller particle sizes. The calculated average crystallite size shows 

that increasing the reaction temperature from 60°C to 80°C led to an increase in size from 17.82 

nm to 20.34 nm. This is attributed to the fact that, as smaller particles form at this temperature, 

they readily agglomerate into larger nanoparticles via Ostwald ripening. 

Figure 6 (B) shows the TEM images of the silver nanoparticles synthesized from the 

Acacia karroo dry stem. The nanoparticles are spherical, polydisperse, and some irregular 

shapes at 100 nm; however, images at 20 nm show well-dispersed, spherical nanoparticles. The 

black spots on the nanoparticles' surface could be attributed to the metabolites' capping effect 

on the plant material. Mohan et al. reported earlier that silver nanoparticles are captured within 

the acacia core-shell structure. A phenomenon attributed entirely to the electrostatic and steric 

effects of the carboxylate groups of the polymeric chains in the acacia species [34].  

3.4. Animal study. 

3.4.1. Toxicity activity. 

The AKDS and AKDS-AgNPs acute toxicity, evaluated at 50, 100, and 200 mg/kg body 

weight, had no adverse effects on the tested mice's behavioral responses after 14 days of 

observation. No mortality, size, or weight changes were noted. As a result, the maximum 

dosage of 200 mg/kg was selected. In this study, it was considered safe. The absence of these 

signals between animal groups suggests that the extract is not toxic under these conditions. The 

report here agrees with Adedapo et al. on the biosafety of A. karroo [45]. Extract of A. mearnsii 

tested against brine shrimp lethality displayed an LC50 in the range of 31.25-112.36 µg/mL, 

indicating that the extract was non-toxic [46]. The loss of body weight is a sensitive marker of 

toxicity upon exposure to toxic substances. A. nilotica extracts administered at different 

concentrations displayed no mortality, no weight changes, nor physiological changes in mice 

[47]. 

3.4.2. Analgesics and the effect. 

Silver has been commonly used for wound healing and dressing since ancient times. 

Silver nanoparticles have been shown to promote better healing by decreasing inflammation 

through cytokine modulation [23]. The unique actions of Interleukin-10 (IL-10) include the 
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secretion of pro-inflammatory cytokines and the inhibition of leukocyte migration to the 

inflammation site [48]. The mechanisms of wound healing and inflammation are closely 

related. It involves the formation of edema, followed by the mediation of inflammation 

mediators, such as cytokines, prostaglandins, NO, and histamines. The oral administration of 

aspirin, saline solution, AKDS hydrosol, and AKDS-AgNPs at a 200 mg/kg dose post 

administration of formalin into the hind paw of Wistar rats. Both extracts displayed a relatively 

moderate inhibition against the formalin at the neurogenic phase (0-5 mins). The early phase 

normally peaks at 0-5 min (neurogenic phase), during which the drug interacts with the opioid 

system, leading to the release of substance P via a central mechanism of inflammation, 

followed by a period of remission. Table 3 shows the rate of inhibition of the extracts at both 

phases. AKDS-AgNPs inhibited the cytokine proliferation at the neurogenic phase (51%), more 

than the AKDS hydrosol (38%), with a level of significance of p<0.01. The 2nd phase (anti-

inflammatory) is characterized by the release of several inflammatory mediators inhibited by 

nonsteroidal anti-inflammatory drugs (NSAIDs) [49]. Thus, the mechanism of inhibition is 

compared to that of the NSAIDs. In this study, the AKDS-AgNPs displayed a lower than 39% 

when compared to the AKDS hydrosol (85%). The analgesic properties of the AK-AgNPs 

decrease during the inflammatory stage compared with the neurogenic phase. The rapid activity 

of the synthesized nanoparticles indicates that AKDS-AgNPs exhibit high absorption at the 

early stage of analysis, suggesting that they can be used as an opioid-regulatory drug.  

Silver nanoparticles have been reported to adhere to cells by interaction with lipids. 

Initially, proteins and other cell membrane components followed the energy-dependent uptake 

process [50,51]. Other potential factors contributing to low inhibition during the inflammatory 

phase could include the dose, solubility, and inhibition rate. 

Table 3. Antinociceptive effects of AKDS-Ag-NPs on formalin-induced pain.  
 Neurogenic phase (0-5 mins) Inflammatory phase (10-30 min) 

Treatment Dose (mg/kg) No. of Licks Inhibition (%) No. of Licks Inhibition (%) 

Control Normal saline 42.3 ± 1.5  30.5 ± 1.7  

Standard (Aspirin) 100 7 ± 1.3 ** 83 6.8 ± 1.4 ** 78 

AKDS crude 200 26 ± 2.1** 39 4.7 ± 1.3 ** 85 

AKDS-AgNPs 200 20.8 ± 0.8** 51 20± 2.9 ** 39 

Values expressed as mean ± SEM. (n=5), **p<0.01.  

Conclusively, the synthesized Ag-NPs inhibited the analgesic and inflammation phases. 

However, the effect was more evident in the neurogenic (analgesic) phase. Also, nanoparticles 

synthesized from the stem bark of Acacia mearnsii inhibited pro-inflammatory mediators at a 

higher rate (71%) than opioids (51%) at the stage [32]. 

4. Conclusions 

We have demonstrated the reductive and stabilizing ability of the hydrosol extract of 

Acacia karoo on silver nitrate to yield a nanoparticle having a mean diameter of 10-20 nm with 

optimum synthesis at a temperature of 80°C. The synthesized AgNPs significantly reduced 

pain and inflammation mediators at 51% and 39% for the neurogenic and inflammatory phases, 

respectively. This synthetic pathway is simple, economical, and void of hazardous chemicals. 

The bio-reductive and capping ability of the Acacia karroo hydrosols is attributed to the 

presence of biomolecules, of which tannins, flavonoids, and terpenoids are predominant. More 

robust research is ongoing to elucidate the mechanism underlying the pain-relieving effect 
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using several cytokines and to further understand the synthesized AKDS-AgNPs for drug 

delivery, cytotoxicity, and anticancer properties. 
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