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Abstract 
     Disease resistance, including insulin and microbial resistance, is a global challenge. Nano-formulations of plant extracts offer eco-friendly 

solutions by enhancing biological activities. Zygophyllum species, particularly Zygophyllum decumbens (Z. decumbens), are recognized for 
their bioactive compounds and potential to manage diabetes and microbial infections. This study developed silver nanoparticles (AgNPs) and 

nanoemulsion (NE) formulations of Z. decumbens ethyl acetate (ET) and n-butanol (BT) extracts, assessed their physicochemical properties, 

and evaluated their antihyperglycemic and antimicrobial activities. AgNPs from both extracts showed enhanced dose-dependent 
antihyperglycemic activity, where n-butanol extract AgNPs (BTN) exhibited significant α-amylase inhibition (96.09±0.23% and 99.60±0.63% 

at 50 and 500 µg/mL, respectively). Both ET and BT AgNPs demonstrated strong antimicrobial effects, particularly against resistant Gram-

positive bacteria (MIC 0.3125 and 0.00976 mg/mL, respectively). In contrast, NE formulations showed promising antihyperglycemic activity 
with limited antimicrobial efficacy. This study highlights the dual biological activity of green-synthesized AgNPs from Z. decumbens 

extracts, surpassing NE formulations in therapeutic potential. AgNPs appear more effective for managing diabetes and combating microbial 

infections, encouraging further exploration of their mechanisms and clinical applications. 
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1. Introduction 

      Nanotechnology plays a crucial role in addressing the limitation of drug delivery. Many medications face challenges 

such as poor bioavailability, limited permeability, and low solubility, which result in suboptimal pharmacokinetics, 

particularly with certain delivery routes [1]. Several nanopreparations of phytochemicals have recently been successfully 

developed, demonstrating significant improvements in efficacy [2-4]. Recent studies have demonstrated the potential of 

various nanoparticles in drug delivery systems, which have been effectively used for drug, vaccine delivery, and controlled 

release [5]. These nanoparticles have exhibited comparable or even superior activity compared to conventional counterparts 

[6]. Similarly, our study highlights the role of silver nanoparticles (AgNPs) and nanoemulsions (NE) formulations in 

improving bioavailability and therapeutic efficacy, further supporting the growing impact of nanotechnology in medicine. 

The primary goal is to design dosage forms with improved activity. Nanoparticle-based drugs can serve as carriers to deliver 

therapeutic substances to specific areas of the body or function as therapeutic agents themselves [7]. One notable advantage 

of formulating plant extracts into pharmaceutical NE is the ease of uniformly incorporating hydrophobic extracts [8] as lipid-

based nanocarriers facilitate sustained and controlled release of such hydrophobic extracts, reducing dosing frequency and 

improving therapeutic outcomes [9]. NE are homogeneous, thermodynamically stable, and isotropic systems composed of an 

aqueous phase, surfactants/co-surfactants, and an oil phase [10]. Previous studies have highlighted the successful 

development of NE for phytochemicals [11-13]. 

     Green synthesis of silver and gold nanoparticles (NPs) has become a rapidly growing and significant area within 

nanotechnology, gaining popularity for its eco-friendly approach and absence of chemical hazards [14]. AgNPs are widely 

used in medical equipment and as cleaning agents due to their exceptional antimicrobial properties [15, 16]. This non-

hazardous method involves synthesizing AgNPs using plant extracts, leveraging their phytoconstituents such as phenolics, 

flavonoids, and triterpenoids with varying reducing properties. These compounds facilitate the reduction of silver ions (Ag⁺) 

to their metallic form (Ag⁰) and act as surface stabilizers, preventing particle aggregation or oxidation [17-19]. Nano-

formulations of plant extracts are primarily utilized to treat chronic conditions such as diabetes, cancer, and asthma [20].  
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In diabetes, alpha-amylase and glucosidase enzymes play a key role in glucose metabolism, and inhibiting these enzymes is 

a critical strategy for managing diabetes by reducing blood glucose levels by preventing polysaccharide breakdown into 

monosaccharides [21]. Additionally, inhibiting the pancreatic lipase enzyme is particularly significant for managing type II 

diabetes, especially in obese patients [22]. 

Plants belonging to the genus Zygophyllum are abundant in polyphenols, flavonoids, triterpenes, sterols, and saponins, 

which contribute to their extensive use in traditional medicine for managing diabetes, fungal infections, hypertension, gout, 

and rheumatism [23]. However, the bioavailability of these phytoconstituents is typically low due to their inherent 

characteristics, such as poor permeability, limited aqueous solubility, and reduced absorption of their glycoside forms in the 

small intestine [24, 25]. Various techniques, including microencapsulation, nano delivery, and microemulsion formulations, 

have been employed to enhance their bioavailability [26].  

There are no reported studies on the nano-formulations or biological activities of Zygophyllum decumbens (Z. 

decumbens) aerial parts. Therefore, to address the scarcity of published research, this study was designed to assess and 

compare the effects of ethyl acetate (ET) and n-butanol (BT) extracts of Z. decumbens with their respective nano-

formulations- green synthesized AgNPs and NE. Characterization of each formulation was conducted using techniques such 

as ultraviolet (UV)-visible spectroscopy, transmission electron microscopy (TEM), and dynamic light scattering (DLS) for 

AgNPs, as well as measurements of globule size, polydispersity index (PDI), and zeta potential (ZP) for the NE formulation. 

These analyses confirmed the successful development of nano-formulations, which were subsequently evaluated for 

antihyperglycemic activity and antimicrobial efficacy compared to their non-formulated extracts. 

 

2. Results  

2.1. Characterization of Z. decumbens extracts in AgNPs formulations 

     Initially, the solutions of both ET and BT extracts exhibited a yellowish color before the addition of AgNO3. However, 

upon adding AgNO3, the solutions turned yellowish-brown.  Figure 1 illustrates the UV-visible spectra of AgNPs 

synthesized by mixing ET or BT extract with 10 mL of 10⁻³ M AgNO3 solution. The spectra revealed an absorption in the 

visible range at 345–365 nm for ETN, while BTN displayed absorption at 345–371 nm, attributed to the SPR band [26, 27]. 

After ten days, no significant shift in the peak position was observed, apart from an increase in absorbance [28, 29]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: The surface plasmon resonance band of AgNPs recorded by UV–visible spectra as a function of addition of A; ethyl acetate, and B; 

n-butanol extracts of Z. decumbens aerial parts 

 

Figure 2 presents the DLS measurements, including the average PS distribution and ZP. The size distribution of the 

synthesized AgNPs was analyzed, revealing a mean PS of 77.15±16.64 nm for ETN extract, and 57.57±18.89 nm for the 

BTN extract (Figure 2A & 2B). Additionally, the average ZP values were recorded as -18.7±6.4 mV and -31.3±8.57 mV for 

ETN and BTN, respectively (Figure 2C & 2D). Moreover, TEM analysis reveals that the average PS of the synthesized 

ETN is 27.13 nm, while that of the BTN is 19.6 nm as shown in Figure 3 A-F. The largest particle size (PS) observed was 

63.33 nm for ETN and 42.49 nm for BTN 

Fig. 2: Particle size distribution of A: ETN and B: BTN extracts and Zeta analysis of C: ETN and D: BTN extracts of Z. decumbens aerial 

parts 
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Fig. 3: The TEM images of ETN and BTN extracts of Z. decumbens aerial parts; A, D: Low magnification, B, E: Diffraction, and C, F: 

Particle size distribution, respectively 

 

2.2. Characterization of Z. decumbens extracts in NE formulations 

    The NE systems of both extracts (ETE, BTE) were successfully formulated, exhibiting clear and homogeneous 

appearances upon visual inspection. Both systems demonstrated small globule sizes within the nanometre range, measuring 

less than 60 nm (56.2 ± 4.2 and 58.2 ± 0.8 nm for ETE & BTE respectively), along with negative ZP values, as detailed in 

Table 1. 

 

Table 1: Characterization of nanoemulsions of ethyl acetate and n-butanol extracts of Z. decumbens aerial parts 

 

Formula 
Visual 

inspection 

Globule size 

(nm) 

Polydispersity 

index 
ZP (mV) 

ETE Clear 56.2±4.2 0.822±0.05 -13.9±1.7 

BTE Clear 58.2±0.8 0.441±0.06 -7.1±0.6 

2.3. Determination of antihyperglycemic activity 

     Table 2 demonstrates that the ETN extract significantly enhances the percentage inhibition of α-glucosidase and α-

amylase (97.25±0.07, and 97.99±0.11% at 1000 µg/mL and 500 µg/mL, respectively), when compared to the reference 

standard drug, acarbose, as well as ET extract. Strong antihyperglycemic activity was observed for the BTN extract, marked 

by a significant increase in the inhibition percentages of lipase and α-amylase (90.52±3.10, 99.60±0.63% respectively) at 

500 µg/mL. For NE, both ETE and BTE extracts exhibited a notable increase in α-glucosidase inhibition percent 

(86.85±5.62, 96.22±2.01% respectively) at 1000 µg/mL, as well as enhanced lipase inhibitory activities (90.19±6.45, 

95.12±2.21% respectively) at 500 µg/mL  

 

Table 2: Determination of the antihyperglycemic activity of nano-formulated extracts of Z. decumbens aerial part 

Samples 

% inhibition 

α-glucosidase inhibitor assay Lipase inhibitor assay α-amylase inhibitor assay 

100µg/mL 1000µg/mL 50µg/mL 500µg/mL 50 µg/mL 500µg/mL 

ET 46.79±2.46 63.89±3.28 61.18±6.78 87.73±6.19* 19.67±0.29 49.71±3.89 

ETN 67.13±3.67 97.25±0.07 N/A 87.46±3.29 N/A 97.99±0.11 

ETE 38.66±3.12 86.85±5.62 60.46±3.31 90.19±6.45 20.07±0.47 39.34±2.52 

BT 95.65±1.36 99.82±1.85 45.62±5.12 64.38±2.89 N/A N/A 

BTN 95.53±0.39 97.24±0.05 58.00±4.36 90.52±3.10 96.09±0.23 99.60±0.63 

BTE 90.07±0.70 96.22±2.01 85.79±5.14 95.12±2.21 N/A N/A 

Standard 

Acarbose Orlistat Acarbose 

10.08µg/mL 161.25µg/mL 0.001µg/mL 0.1µg/mL 7.8 µg/mL 125 µg/mL 

9.26±0.42 84.54±1.54 33.70±1.22 73.30±6.13 38.47±3.43 91.68±1.08 
*ET extract was tested at 250 µg/mL as it represents 100% inhibition, *N/A indicates no activity, *ET: Ethyl acetate extract, BT: n-

Butanol extract, ETN: Ethyl acetate extract silver nanoparticle, BTN: n-Butanol extract silver nanoparticle, ETE: Ethyl acetate extract 
nanoemulsion, BTE: n-Butanol extract nanoemulsion 

 

2.4. Determination of antimicrobial activity 

The results in Table 3 reveal that among the four nano-formulations tested, only ETN and BTN extracts exhibited significant 

antimicrobial activity against the selected Gram-negative and Gram-positive bacterial species, with a notable reduction in 

MIC compared to both their original corresponding extract and the reference standard ciprofloxacin. Additionally, these 

extracts demonstrated strong antifungal activity against the C. albicans strain, outperforming fluconazole. 
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Table 3: Determination of Antimicrobial activity of nano-formulated extracts of Z. decumbens aerial parts 

M.os 

ET ETN BT BTN Fluconazole Ciprofloxacin 

IZ 

(mm) 

MIC 

(mg/m

L) 

IZ 

(mm) 

MIC 

(mg/m

L) 

IZ 

(mm) 

MIC 

(mg/m

L) 

IZ 

(mm) 

MIC 

(mg/m

L) 

IZ 

(mm) 

MIC 

(mg/m

L) 

IZ 

(mm) 

MIC 

(mg/m

L) 

E. coli 19±0.60 0.625 22±0.54 0.078 19±0.55 0.312 30±0.15 0.00976 N/A N/A 29±0.35 0.00976 

P. 

aeruginosa 
30±0.56 0.625 33±0.5 0.156 28±0.45 0.625 32±0.35 0.039 N/A N/A 32±0.25 0.00976 

S. aureus N/A N/A 19±0.25 0.3125 20±0.60 1.25 35±0.8 0.00976 N/A N/A 30±0.27 0.00976 

C. albicans 25±0.57 0.156 27±0.4 0.039 28±0.5 0.625 33±0.2 0.00976 20±0.40 0.747 N/A N/A 

 * MIC of ETE, BTE was>5 mg/mL & inhibition zone diameter varied between 10-12mm against all microorganisms, *N/A indicates no activity,  

*ET: Ethyl acetate extract, BT: n-Butanol extract, ETN: Ethyl acetate extract silver nanoparticle, BTN: n-Butanol extract silver nanoparticle,  
ETE: Ethyl acetate extract nanoemulsion, BTE: n-Butanol extract nanoemulsion 

 

3. Discussion 

      Nanotechnology is a multidisciplinary field that enables the manipulation of matter at the atomic and molecular levels to 

create innovative applications. Among its wide range of products and uses, nanomaterials hold significant clinical potential in 

medicine due to their nanoscale properties [30]. The development of drugs in nano-formulations has revolutionized modern 

medicine by enhancing therapeutic agents' efficacy, safety, and bioavailability. Nanotechnology enables the delivery of drugs 

at the molecular level, allowing for targeted therapy that minimizes side effects and improves therapeutic outcomes. Nano-

formulations enhance drug solubility, stability, and bioavailability, ensuring sustained and controlled release [6, 7]. In nano-

formulations characterization, the change in color of the crude extracts is due to the property of quantum confinement, which 

is a size-dependent property of NPs that affects their optical properties. For both ETN and BTN, the increasing intensity of the 

SPR band suggested that more Ag+ ions were converted to AgNPs. Also, the steady absorbance peak indicated that the 

colloidal AgNPs solution of both extracts remained stable over an extended period and that additional particles did not 

assemble. Diabetes mellitus is one of the most common endocrine disorders, which arises due to insufficient insulin 

production. Diabetes mellitus is characterized by symptoms such as hyperglycaemia, polyphagia, polydipsia, and weight loss. 

Natural products, with insulin-potentiating factors, play a crucial role in improving glucose metabolism. Utilizing these 

products offers a practical and cost-effective approach to managing diabetes, particularly in developing countries. Plants of the 

genus Zygophyllum are known to be rich in phenolic compounds, flavonoids, and triterpenoidal saponins [23, 25], which have 

been reported to regulate starch digestion and reduce blood glucose levels [25, 31]. AgNPs have also shown significant 

inhibitory effects on carbohydrate-metabolizing enzymes [32]. The significant increase in the percentage inhibition of α-

glucosidase and α-amylase by ETN at 1000 and 500 µg/mL compared to that of the ET can be justified by the synergistic 

effects of nanoparticle synthesis. Green synthesis with ET enhances the bioactivity of its phytoconstituents via nanoscale 

AgNPs properties. These NPs provided increased surface area thus facilitating greater interaction with enzyme targets, and 

improved the solubility, stability, and bioavailability of the bioactive compounds, leading to more effective enzyme inhibition 

compared to the non-formulated ET and allowing better penetration and interaction with enzyme active sites due to their 

nanoscale size. 

      Triterpenoid saponins, in particular, are bioactive compounds capable of inhibiting pancreatic lipase, the enzyme 

responsible for fat breakdown into absorbable molecules [33]. This property likely underpins the significant inhibition 

achieved with BT and BTN. BTN significantly outperformed BT showing a marked increase in lipase inhibition percentage 

(90.52±3.10% at 500 µg/mL) compared to the BT (64.38±2.89% at the same dose). This is likely due to the green synthesized 

NPs improved bioavailability and surface area. BTN exhibited significantly enhanced α-amylase inhibition percent 

(96.09±0.23% at 50 µg/mL and 99.60±0.63% at 500 µg/mL) compared to the absence of data for the BT suggesting that the 

nanoparticle synthesis activates or stabilizes bioactive compounds responsible for α-amylase inhibition. It is worth mentioning 

that both ETN and BTN exhibit superior inhibition percentages for α-glucosidase and α-amylase compared to acarbose, 

particularly at higher doses, which highlights the potential of the NPs as a more effective alternative for carbohydrate-

digesting enzyme inhibition. 

     The significant improvement of α-glucosidase inhibition percent caused by ETE at 1000 µg/mL (86.85%) over that of ET 

is likely due to enhanced dispersion and solubility of bioactive compounds in the NE system. Although BT showed 

exceptionally high inhibition (95.65% at 100 µg/mL, 99.82% at 1000 µg/mL) indicates that it is rich in highly potent α-

glucosidase inhibitors, its corresponding BTE slightly reduced α-glucosidase inhibition (90.07% at 100 µg/mL, 96.22% at 

1000 µg/mL) suggesting some loss of synergistic effects due to encapsulation as well as possible potential interference from 

the nanoemulsion’s stabilizers or surfactants [10, 34]. 

The dramatic increase in lipase inhibition by BTE (85.79% at 50 µg/mL, 95.12% at 500 µg/mL) is likely due to enhanced 

solubility and dispersion of bioactive compounds in the NE, in addition to improved enzyme interaction facilitated by the 

smaller droplet size and better stability of the NE system [34, 35]. 

    Regarding the assessment of antimicrobial activity, AgNPs show significantly lower MIC values compared to their 

respective non-formulated extracts. BTN even displayed promising activity across all microorganisms, with MIC values 

comparable to or better than the standard drugs (ciprofloxacin and fluconazole). This highlights the role of NPs in improving 

antimicrobial activity by increasing bioavailability and targeting efficiency. The nanoscale size of AgNPs alters the physical 

characteristics of the extracts, offering a larger surface-to-volume ratio. This enhances the interaction with bacterial and fungal 
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cell walls, increasing their permeability. These interactions disrupt the respiratory chain and interfere with cell division, 

ultimately leading to cell death [36]. Both Gram-positive (S. aureus) and fungal strain (C. albicans) showed higher 

susceptibility to ETN and BTN than Gram-negative bacteria (E. coli and P. aeruginosa) which can be attributed to structural 

differences in the microbial cell membranes that influence nanoparticle penetration and activity [36]. 

Unfortunately, the NE formulations displayed only mild antimicrobial activity. This may be attributed to the extract's 

encapsulation within the lipid phase, which could limit its immediate availability to interact with microbial cells. Additionally, 

surfactants in NE might interfere with the antimicrobial effects or create barriers that restrict their interaction with microbial 

targets [11, 37]. 

 

4. Experimental 

4.1. Chemicals and Reagents 

The enzymes used were porcine pancreatic α-amylase, α-glucosidase from Saccharomyces cerevisiae ATCC 204508 (S. 

cerevisiae), and pancreatic lipase from the pig pancreas (CAT numbers: A3176, G5003, & L3126 respectively). The 

substrates utilized included para-nitrophenyl β-D-glucopyranoside (pNPG), 2-chloro-4-nitrophenyl-α-D-maltotrioside, and 

para-4-nitrophenyl dodecanoate (pNPD) (CAT numbers: N7006, 93834, & 61716 respectively), along with isopropyl 

myristate (IPM) and Tween 80, all of which were acquired from Sigma-Aldrich, USA. Polyethylene glycol 400 (PEG400) was 

purchased from Fluka, Buchs, Switzerland. Other chemicals and standards were of analytical grade. 

4.2. Plant Material and Extraction 

In April 2022, Z. decumbens was gathered from Wadi Hagol on the Cairo-Suez Road, Cairo, Egypt with authorization 

from the Agricultural Research Centre, Cairo, Egypt. The plant was collected under the guidance and identification of a 

specialized taxonomist at the Horticultural Research Institute (HRI), Flora and Phyto-taxonomy Research Department, 

Agricultural Research Centre, Giza, Egypt. The collected specimen was verified against herbarium sheets stored at HRI and 

was assigned voucher number 4752 (CAIM). 

At room temperature (rt), 1 Kg of shade-dried aerial parts of Z. decumbens was extracted using a cold maceration method with 

70% ethanol (2L × 7). The extract was filtered through Whatman No. 1 filter paper, and the solvent was concentrated using a 

rotary evaporator (Buchi, AG, Switzerland). The concentrated extract (70g) was suspended in 300 mL of distilled water and 

defatted with petroleum ether (500mL × 6). The defatted extract was then fractionated sequentially with ethyl acetate and n-

butanol (500mL × 3 each) and dried under vacuum yielding dried residues (1.7g and 2g of ET and BT respectively). 

4.3. Preparation of AgNPs 

AgNPs were synthesized at rt by mixing 10 mL of AgNO3 solution (1 mM) with 30 μl of ET and BT extracts from a stock 

solution (0.030 g extract dissolved in 2.5 mL solvent that derived from), forming ETN and BTN nanoparticles, respectively. 

The mixture was shaken thoroughly and allowed to stand in the dark. Purification of the AgNPs involved two cycles of 

centrifugation at 10,000 rpm for 10 minutes, followed by re-dispersion in deionized water to remove impurities. Additionally, 

the influence of extract concentration on the size and yield of the biosynthesized NPs was investigated [38].    

4.4. Characterization of AgNPs 

The band metal wavelength (nm) was detected using a V-730 UV-visible spectrophotometer (JASCO, Japan). The 

Nicomp™ 380 ZLS size analyzer (USA) evaluated the average size, size distribution, and ZP by DLS. Laser light scattering at 

170ᵒ was used to detect particle size (PS), with ZP measured at 18ᵒ. Furthermore, the PS and form of the produced NPs were 

studied using TEM (HR-TEM, JEM-2100 PLUS, Jeol, Japan) operating at 200 KV [39].   

4.5. Preparation and characterization of NE 

NE systems were formulated for both ET and BT extracts. The NE composition included 10% IPM as the oil phase, 40% 

Tween 80, 20% PEG400, 20% ethanol as the surfactant-cosurfactant mixture, and 10% water as the aqueous phase. The 

process began by mixing the extracts with IPM using a magnetic stirrer (IKA, MAG HS7, Germany). The surfactant-

cosurfactant mixture was added and stirred until the extracts were fully dissolved. Finally, water was incorporated, and the 

mixture was stirred for 15 minutes to achieve a homogeneous ethyl acetate nanoemulsion (ETE) and butanol nanoemulsion 

(BTE). Each NE was evaluated through visual inspection and characterized by measuring globule size, PDI, and ZP using a 

Zeta sizer (ZS, Malvern, UK) at a temperature of 25±2°C. Each NE was diluted 100-fold with double-distilled water for 

analysis, and measurements were conducted in triplicate [40].  

4.6. Determination of Biological Activity 

4.6.1. Determination of Antihyperglycemic Activity 

Assessment of the antihyperglycemic activity of the extracts (ET, BT) and their corresponding nano-formulations (ETN, 

ETE, BTN, and BTE) was conducted using three distinct parameters: 

4.6.1.1. α-Glucosidase Inhibition Assay 

The assay was conducted using α-glucosidase (50 μl, 0.6 U/mL) in a phosphate buffer (0.1 M, pH 7). Samples (25 μl) and a 

blank were incubated at 37 °C for 10 minutes. Following, 25 μl of pNPG (3 mM) in phosphate buffer (pH 7) was added as the 

substrate, and the mixture was incubated for an additional 5 minutes at 37 °C. A stock solution of acarbose (2 mM) was 

prepared in phosphate buffer (100 mM, pH 7), with subsequent dilutions in water (15.625 and 250 µg/mL) to achieve final 

concentrations of 100 and 1000 µg/mL in methanol. The assay was performed in a 96-well microplate (08-772-2C, Fisher 

Scientific, USA), and glucosidase activity was determined by measuring the release of p-nitrophenol at 405 nm using a 

FluoStar Omega microplate reader (USA) [41]. 

4.6.1.2. Pancreatic Lipase Inhibition Assay 

Lipase activity was assessed by measuring the conversion of para-nitrophenyl palmitate to p-nitrophenol using a FluoStar 

Omega Microplate Absorbance Reader (USA). Orlistat, a reference standard, was tested at 10 and 100 nM. Samples were 
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dissolved in dimethyl sulfoxide and then diluted in methanol to achieve 50 and 500 µg/mL final concentrations. The assay 

was performed in a 96-well microplate. Each well contained 140 μl of Tris buffer (pH 8) mixed with 20 μl of the sample or 

blank. Subsequently, 20 μl of porcine lipase solution (2 mg/mL in Tris buffer) was added, and the mixture was incubated at 

37ºC for 10 minutes. The reaction was initiated by adding 20 μl of pNPD solution (10 mM in isopropanol) and incubating at 

37ºC for an additional 30 minutes. Lipase activity was determined by measuring the release of p-nitrophenol at 405 nm using 

the microplate reader [41].  

4.6.1.3. α-Amylase Inhibition Assay 

Samples were tested at final concentrations of 50 and 500 µg/mL in methanol, while acarbose stock solutions were prepared at 

concentrations of 0.1 and 1 µg/mL. The assay was conducted using a 96-well microplate. Each well contained 140 µl of 

phosphate buffer (50 mM, 0.9% NaCl, pH 7) mixed with 20 µl of either the sample or blank. Next, 20 µl of amylase enzyme 

solution (1 mg/mL in phosphate buffer, pH 7) was added, and the mixture was incubated at 37°C for 15 minutes. 

Subsequently, 20 µl of the substrate solution (0.375 mM in phosphate buffer) was added, followed by an additional 10-minute 

incubation at 37°C. Enzyme activity was evaluated by measuring the release of p-nitroaniline at 405 nm using a FluoStar 

Omega microplate reader (USA) [42]. The following formula was applied to calculate the inhibition percentage of α-

glucosidase, pancreatic lipase, and α-amylase 

 

 

 

 

Abs. blank: is the absorbance of the control (blank, without inhibitor); Abs. sample: is the absorbance with the inhibitor 

present. 

4.62. Antimicrobial Activity 

4.6.2.1. Materials  

Microbial isolates were obtained from the microbiology lab, Faculty of Pharmacy, Cairo University. Gram-positive 

bacteria (Staphylococcus aureus ATCC 25923) were cultured on Mueller Hinton agar (MHA) (Difco™, Strasbourg, France) 

for 24 hours at 37°C. In contrast, Gram-negative bacteria (Pseudomonas aeruginosa ATCC 9027 and Escherichia coli ATCC 

8739) were grown on Tryptic Soya Agar (TSA) (Difco™, Strasbourg, France) for 24 hours at 37°C. Fungal isolate (Candida 

albicans ATCC 10231) were cultured on Sabouraud Dextrose Agar (SDA) (Hi Media Laboratories, USA) for 48 hours at 

25°C.  

4.6.2.2. Broth micro-dilution method  

A single colony from each isolate was subsequently inoculated into 2 mL of its respective medium and incubated 

overnight. The broth microdilution method was employed for assessing antimicrobial susceptibility. Using a 96-well 

microtitration plate, two-fold serial dilutions of the samples were prepared in Mueller Hinton broth at concentrations ranging 

from 2.5 to 0.078 mg/mL. A microbial inoculum, prepared from a standardized suspension adjusted to 0.5 McFarland scale, 

was added to each well. The inoculated plates were then incubated under optimal conditions for each microorganism. The 

minimum inhibitory concentration (MIC) defined as the lowest concentration of the tested plant extract that completely 

inhibited microbial growth in the wells was recorded [27]. 

4.6.2.3. Cup agar diffusion method 

All microbial cultures were standardized to an optical density (OD) of 0.5 at 600 nm. MHA, TSA, and SDA plates were 

inoculated with 100 µl of the corresponding microbial isolates. Subsequently, 5 mm wells were filled with 100 µl of the 

sample, prepared in sterile water at a 5 mg/mL concentration. The plates were then incubated at 37°C for 24 hours for 

bacterial isolates and at 25°C for 48 hours for fungal isolate. The inhibition zones (IZ) were measured in millimeters, and the 

standard deviation was calculated based on the mean inhibition zone values obtained from three independent repetitions of the 

experiment. 

 

5. Conclusion 

The study highlights the potent antimicrobial and antihyperglycemic activities of Zygophyllum decumbens extracts and their 

nanoformulations. Formulating the extracts into silver nanoparticles (AgNPs) significantly enhanced biological efficacy, 

particularly antimicrobial activity. Ethyl acetate AgNPs exhibited the strongest inhibition against E. coli and P. aeruginosa. 

Moreover, the n-butanol AgNPs demonstrated superior antimicrobial effects against S. aureus and C. albicans. Regarding the 

antidiabetic activity, nano-formulations significantly enhanced enzymatic inhibition. n-butanol AgNPs displayed the highest 

α-glucosidase inhibition and lipase inhibition, while Ethyl acetate AgNPs demonstrated potent α-amylase inhibition. Notably, 

nanoemulsions of Z. decumbens extracts enhanced antihyperglycemic activity but did not significantly improve antimicrobial 

effects. These findings emphasize the potential of nano-formulations to enhance the therapeutic properties of Z. decumbens 

extracts. Further clinical studies are recommended to explore natural products as safer alternatives to synthetic drugs, offering 

fewer side effects. 
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