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A B S T R A C T   

The current study aims to examine the use of horse gram flour and its extracts as a low-cost source 
of mineral content with anti-urolithiatic, anti-diabetic properties and to compare the biological 
activities with its biosynthesized AgNPs. The secondary metabolites and the macro and micro-
nutrients present in the selected herbal product, reinforces the utility of the horse gram as a 
promising herbal. Present investigation reveals that the biomass chosen for the study as a cheap 
natural source with valuable mineral content of calcium (43.06 mg/L), followed by potassium 
(13.78 mg/L) and sodium (6.94 mg/L). The grain’s water extracts found to contain carbohydrate 
as dominating component with the value of (65.10 ± 0.95 mg g− 1 equivalent). Whereas both 
water and ethanol extract contain TPC (phenol) viz; 60.13 ± 2.45 mg g− 1, 68.24 ± 1.33 mg g− 1, 
TTC (terpenoids)53.21 ± 1.4 mg g− 1,51.27 ± 2.65 mg g− 1, followed by TSC (sterol)as 45.58 ±
1.7 mg g− 1, 57.27 ± 1.65 mg g− 1 in moderate amounts respectively. The aqueous extract of Horse 
gram was used for the synthesis the AgNPs through a straightforward green approach and 
characterized by FESEM, TEM, zeta potential, X-ray diffraction, UV spectroscopy and particle size 
measurement. These studies demonstrate the production of AgNPs with an average particle size of 
30 nm–60 nm. Investigation on anti-urolithiatic property with aqueous extract, (HGW), ethanol 
extract (HGE) and its biosynthesized Ag nanoparticles (HG-Ag) reveal that, among the three 
samples chosen, the biosynthesized Ag nanoparticles possess the best inhibiting activity. The 
disintegration of crystals in gel medium further validated the extracts and Ag nanoparticles 
crystal growth inhibitory activity, at concentrations of 2% for extracts and 200 μg/ml for AgNPs. 
Further, it is also found that the HG-Ag nanoparticle exhibit good anti-diabetic activity (75.36%) 
than the other two extracts (HGW Extract-67.18% & HGE Extract-44.29%). Thus, the seed flour 
extracts and its AgNps demonstrated to be a promising natural herbal product with potential 
mineral content, antidiabetic and anti-urolithiatic activities which could be a used as a value- 
added product in the dietary formulations.   

1. Introduction 

The naturally available pulse, horse gram (Macrotyloma Uniflorum) is one of the best pulses for growing in arid climates which is the 
less known grain legume species. It is mostly used as animal feed and also a good source of minerals and proteins [1]. Horse gram was 
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reported to contain epicatechin and daidzein and is a potent cyclooxygenase inhibitor and thus helpful in the management of 
inflammation and pain [2]. It is an edible grain which is generally consumed by Indians as a whole seed or as sprouts. The seed’s high 
fiber content proved to help in reducing body fat, and it is believed that consuming them in the diet makes the body stronger and more 
flexible [3]. 

Urolithiasis is one of the most common problems which are associated with a condition of stones formation in the kidneys. Majority 
of the people are found to suffer from the kidney and related problems due to the poor diet dominated by junk food and fast food. 
Urolithiasis involves a complex process of multiple physiochemical events which consists of different stages namely; (1) Super satu-
ration, (2) Nucleation, (3) Growth, (4) Aggregation, and (5) Retention [4]. When a urease-positive microbe infects the urinary tract, 
struvite stones found to occur. Because of the problems associated with pyelonephritis episode, struvite is difficult to treat, and hence it 
is treated with cutting-edge technology. However, acute tubular necrosis (ATN), fibrosis which leads to injuring the kidney cell and 
ureteral blockage were discovered to be the unfavorable side effects of these procedures [5]. The clinically used pharmacological 
agents, such as alkaline citrates, allopurinol, L-methionine, and anti-inflammatory drugs like ibuprofen and naproxen, were found to be 
ineffective despite their significant advancements in the medical treatment of urolithiasis. This was because the primary processes 
relating to crystal formation and aggregation were not the target, and/or because complications arising from long-term therapy [6]. 

Antiurolithiatic properties, which involve inhibiting the kidney stone formation, are exhibited by various medicinal plants and 
since long it is being treated with herbal plants traditionally. For example, extracts from citrus medium linn [7], Phyllanthus nirruri [8] 
and Nurvala bark [9] were found to inhibit the crystal growth. The most promising lead for the calcium oxalate kidney stone degrading 
biocatalyst and its in-silico studies were determined to for the water extract of Macrotyloma uniflorum seeds (Horse gram) [10,11]. 

In the current scenario nanotechnology is proved to be a promising approach with potential medical uses in phytomedicine. 
Especially biosynthesized nanomaterials are gaining its importance owing to their production through greener and environmentally 
friendly methods. Thus obtained M-Nps are non-toxic; possess high catalytic activity, chemical stability, and antibacterial charac-
teristics etc., which were found to be the contributing factors for their outstanding therapeutic applications [12]. Many works are 
carried out with green synthesized metal nanomaterial like Ag, Cu, Ni, Cd and Zn and they were tested for the biological applications 
[13]. Silver nanoparticles are one of the significant metal nanoparticles tried by various researchers and demonstrated its’ medicinal 
applications. Silver nanoparticles synthesized with Allium fistulosum demonstrated a good zone of inhibition against both bacterial and 
fungal strains [14]. Synthesized pure and 20% Ag-doped CuO Nps produced from Moringa Oleifera leaf extracts are found to induce the 
production of ammonium magnesium phosphate hexahydrate crystals which comes a decrease in the nucleation rate of urinary tract 
infections that cause struvite stones [15]. Silver nanoparticles derived from Hybanthus enneaspermus stem bark extract had the greatest 
in vitro antiurolithiatic activities [16]. 

It is evident from the literature that, there is worldwide increase in the incidence of diabetes and many studies have also reported 
that, with an estimated 8.7% of adults in India between the ages of 20 and 70 have diabetes and this disease is becoming more and 
more of a problem. This can be due to the rapid urbanisation, sedentary lives, poor diets, cigarette use, and rising life expectancy which 
could be reasons of the factors contributing to the rising prevalence of diabetes and other noncommunicable diseases. A large portion 
of the burden associated with diabetes can be avoided or postponed by altering one’s behaviour to favour a balanced diet and frequent 
exercise [17]. It is evident in the literature that green synthesized nanomaterial open up a new avenue for its applications in phy-
totheraphy. Recently its application expands to treat the metabolic diseases also. The green synthesized silver nano particles from 
calophyllum tomentosum leaves extract is found to strongly inhibit the alpha glucosidase compared to alpha amylase [18]. 

Thus based on the literature we can conclude that few studies have been carried out with plant extracts to treat urolithiasis. 
However the detailed investigation involving the comparison of the extracts and its biosynthesized nanoparticle-Ag is not reported in 
the literature to our knowledge. Hence in this study we made an attempt to screen the horse gram extracts and its biosynthesized nano 
particle with reference to its struvite crystal inhibiting property. In addition to this, comparisons also has been discussed in the above 
property with biosynthesized AgNPs. Further, the antidiabetic property of horse gram extracts and its bio synthesized AgNPs are also 
examined in this research. 

2. Materials and methods 

2.1. Authentication and preparation of horse gram seed (HG) flour extract 

The horse gram plant was authenticated by Dr. M.U. Sharief, Scientist ‘F’ & Head of office, Botanical survey of India, Southern 
Regional Centre, Coimbatore. A voucher specimen was deposited (BSI/SRC/5/23/2022/Tech/610) for further reference. The raw 
material for the experiment was obtained from village at Vellore district nearer to the institute and it was further processed by drying at 
the controlled temperature and were stored for further use. 

2.2. Chemicals 

The chemicals used to carry out the experiments were procured from Himedia, Sigma Aldrich and Spectrochem with the purity 
grade as silver nitrate (99%), Sodium metasilicate (98%), Ammonium dihydrogen phosphate (98%), Magnesium acetate (97%) and 
3,5-dinitrosalicilic acid (98%) etc. 
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2.3. Analysis of macro, micro nutrients and heavy metals in HG 

HG flour is subjected to the analysis of macro, micronutrients and heavy metals by using various spectroscopic techniques (VARIAN 
SpectrAA 280 AAS and flame emission spectroscopy (OPTRONIC FP8500)). Acid digestion method was followed to extract the metal 
ions and further diluted to obtain the known volume of the sample solution. The standard metal ions solutions of Cd, Co, Cr, Cu, Mn, 
Na, Ca, K, Li were prepared as per the standard procedures [19]. The prepared sample and standard solutions were used to test the 
presence of mineral content by AAS and Flame Emission Spectroscopy respectively. 

Shortly the procedure involves using 2 g of HG powder with 10 ml of Concentrated HNO3, which was cold soaked for 30 min and 
then raised the temperature to 120 ◦C for about 2 h. It is then cooled to room temperature. The solution is diluted with 25 ml of distilled 
water and filtered. The filtrate is transferred into a 100 ml volumetric flask and diluted to the mark and used for both the spectral 
studies [19]. 

2.4. Pharmacognostical evaluation 

A systematic pharmacognostical analysis was carried out for its organoleptic characteristics, swelling power, and foaming Index. 
The flour is also subjected to physicochemical analysis for loss on drying, pH, total ash, acid insoluble ash value, water-soluble ash 
value, water-soluble and alcohol-soluble extractives as described below [20]. 

2.4.1. Organoleptic property 
The organoleptic character of the sample was evaluated for its color, taste, texture as per the standard procedure. 

2.4.2. Physiochemical parameters 
The physiochemical parameters of the crude HG flour are evaluated for loss on Drying, pH, total ash, acid insoluble ash value, 

water-soluble ash value, water-soluble and alcohol-soluble extractives as per the standard protocol. 

2.4.3. Determination of swelling power 
About 1 g of HG flour was taken in a 25 ml stoppered cylinder and 25 ml of water was added to it. It is shaken occasionally for 23 h 

and kept aside for 1 h. The volume occupied by the powder was measured. 

2.4.4. Determination of foaming index 
About 1 g of HG flour was taken in a 500 ml conical flask and boiled for 30 min after adding 100 ml of water. The content was 

cooled and filtered. The filtrate was added to a 100 ml standard flask and adjusted the volume by the addition of water. A measured 
volume of the filtrate 1 ml, 2 ml, and 3 ml was pipetted out into a different stoppered test tube and adjusted the volume to 10 ml by 
addition of water and shaken the test tubes for 15 s. The height of the foam formed was measured after 15 min. 

2.5. Ultra sonic assisted preparation of extracts 

About 5 g of HG flour was taken in a two different conical flask and 100 ml of extracting medium water, ethanol was added 
respectively each conical flask. This was subjected to ultra-sonic agitation for 5 h at room temperature. This resulted in the two 
different extracts of horse gram which was obtained by filtering through Whatman filter paper and drying and the yield was calculated. 
It was stored at − 4 ◦C for further study. The extracts are identified as HGW – (Horse Gram Seed Water Extract) and HGE – (Horse Gram 
Seed Ethanol Extract) in the further discussions. 

2.6. Identification of secondary metabolites of HG 

The nature of secondary metabolites presents in the both extracts of HG was identified using the reported procedure [21]. The 
Mayer’s test and the Wagner’s test were used to determine the alkaloids. The presence of flavonoids and phenols were determined 
using the ferric chloride test, lead acetate test, and alkaline reagent test. To check for the presence of carbohydrates, three tests were 
performed namely; the Molish test, Benidict’s test, and the Fehling test. Biuret and Ninhydrin tests were carried out for proteins and 
copper lead acetate test for terpenoids. Presence of glycosides was identified by Bontrager and saponin by Legal tests. Salkowski’s test 
was performed for the detection of phytosterols present in the HG extracts. Based on the qualitative findings, the extract’s total phenol 
(TPC), total flavonoid (TFC), total terpenoid, (TTC) total carbohydrate (TCC) and total sterol (TSC) contents were determined through 
quantitative analysis of the extracts [23,28]. 

Compositional Analysis of HG Extracts: The compositional analysis of HG extracts was carried out with reference to the most 
contributing secondary metabolites such as phenol, terpenoid, steroid, carbohydrate and protein content viz by following procedures 
reported earlier with slight modification [22–27]. In general, spectroscopic quantification method was followed by recording the 
absorbance at 765 nm, 538 nm, 650 nm, 490 nm and 750 nm for TPC, TTC, TSC, TCC and total protein content (TPrC) respectively. 

2.7. Green synthesis of silver nanoparticles (HG-AgNp) 

The experiment was carried out at room temperature by adding 10 ml of HG water extract to 90 ml of 1 mM silver nitrate solution 
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and stirring for 5 h at room temperature. The completion of reaction was identified by observing the change in the color from light 
brown to dark brown which indicates the formation of silver nanoparticles. The bio reduction process was followed by measuring the 
absorption in the UV–Visible spectral range from 200 nm to 800 nm (Make: JASCO). Repeated centrifugation of the silver nano-
particles formed resulted in the pure biosynthesized silver nanoparticles. Further, the precipitate of AgNp’s was washed thrice to 
obtain pure nanoparticles. The individual HG-AgNP and HGW (blank) were produced in KBr pellets containing 1% (w/w) of the 
samples in order to determine the functional groups through FT-IR spectroscopy and was scanned in the frequency range; 400–4000 
cm− 1 (Shimadzu, Japan), HG-AgNPs were subjected to X-Ray Diffractometer (Bruker, D8-Advance) study to determine the samples’ 
crystallinity and phase structure. The surface morphology and elemental makeup of the HG-AgNPs were examined using an EDX and a 
scanning electron microscope (Carl Zeiss). The particle size of the formed nanoparticle was first measured using ImageJ’s “Analyze 
Particles” approach by converting the photographs to black and white. Each element was quantified using EDX area analysis. Dynamic 
light scattering study (DLS) and Zeta potential measurements were done on a HORIBA Scientific and Horiba SZ 100 model. For the 
measurement, the sample was prepared by dissolving 10 mg of the sample followed by sonication in distilled water to dissolve all the 
particles. For TEM (JEOL JEM 2100 model) analysis the sample was prepared by coating with carbon on a copper grid and then blown 
with a hand drier to remove any extra particles. The substance was then formed into thin films for imaging. 

2.8. In vitro anti-urolithiatic activity 

The anti urolithiatic property of the plant extract and its biosynthesized nano material were conducted using the conventional 
process involving nucleation and aggregation in the hydrogel medium. The inhibition rate of struvite crystals was monitored first by 
growing the crystal using sodium metasilicate (SMS) (Na2SiO3⋅9H2O) with specific gravity 1.3 which is obtained by dropwise addition 
of 0.5 M ammonium dihydrogen phosphate (ADP) (NH4H2PO4⋅2H2O). The entire gel medium was adjusted to pH 6. The study was 
performed by using HGW extract (0.5, 1, 1.5 and 2%), HGE extract (0.5, 1, 1.5 and 2%) and Green synthesized HG-AgNp (100, 150, 
200, 250 μg/mL) in 1 M magnesium acetate (C4H6MgO4⋅4H2O) which is used as the control solution. Once the gel medium is firmly set, 
the tubes were incubated in aseptic condition at 37 ◦C till the completion of the study. Using a travelling microscope, the average 
crystal length was measured every 24 h and statistical analysis was carried out using the one way-ANOVA test. The grown struvite 
crystals were characterized by powdered XRD analysis [5]. 

2.9. Invitro anti-diabetic activity 

Invitro anti-diabetic activity was performed by α-amylase inhibition model by dissolving α-amylase in sodium phosphate buffer 
(0.5 ml, 0.02 M, pH 6.9). It was then added to different concentration of horse gram extracts and Hg-AgNPs of concentrations varying 
from 20 to 100 μg/ml 1 ml of starch solution (1%) was added to each the tubes, which were further incubated at 37 ◦C for 15 min. The 
reaction was then terminated by adding 1 ml of dinitrosalicylic acid and heating it in a boiling water bath for 10 min [14]. The tubes 
were then cooled and the absorbance was recorded at 540 nm.  

%inhibition = (Abs control − Abs sample/Abs control) × 100  

2.10. Statistical analysis 

All the studies were done in triplicate and values are expressed as the mean ± standard error of the mean. The result is also 
expressed as IC50 value. IC50 value was calculated using regression analysis. Statistical analysis was performed using one-way ANOVA 
test. 

3. Results and discussion 

3.1. Pharmacognostical evaluation 

The physicochemical characteristics are the salient features in judging the quality of an herbal drug which gives information on its 

Table 1 
Physiochemical analysis of horse gram powder.  

S. No Parameters Percentage 

1 Loss On Drying 6.85% 
2 pH Neutral 
3 Total ash value 10.4% 
4 Acid insoluble ash 1.8% 
5 Water-soluble ash 5.8% 
6 Water-soluble Extractives 79.6% 
7 Alcohol soluble Extractives 12.47%  
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purity. The studies reveal the suitability of horse gram powder as the herb and also helpful in setting the quality parameters for its 
identification as a drug. The pharmacognostical studies carried out includes the parameters such as loss on drying, pH, total ash value, 
acid insoluble ash, water soluble ash, water soluble extractives, alcohol soluble extractives along with organoleptic properties which 
are required to assess the nature and taste of the drug. 

The physicochemical properties observed for the HG flour is given in Table 1. HG flour is observed to be dull brown in color, 
astringent taste and powdery in nature. The ash content represents the inorganic composition of salts, which occur in the flour and 
generally used to identify the purity of the crude drugs. The total ash value includes the contents of carbonates, phosphates, silicates, 
and silica which could be the less significant composition of the drug. In the present study the total ash content is found to be 10.4% 
which is within the permissible limit as per European pharmacopeia (not more than 14%) indicating the suitability of the drug in the 
acceptable range with less contaminants. The higher ash value signifies the adulteration by minerals and represents both physiological 
and non-physiological ash. The extractives obtained by exhausting the crude drugs in different solvents are indicative of the 
approximate measurement of their chemical constituents. The extractives presented in Table 1 shows that the crude extract contains 
more water-soluble compounds than the alcohol soluble. This suggests that the aqueous extract can be a potential source of phyto-
constituents which could be used for detailed analysis of its constituents. 

3.2. Metal analysis 

Plant sources are rich in mineral contents basically. Horse Gram seeds are found to be an important source of minerals and in the 
present study it is observed that it is enriched with calcium (43.06 mg/L), followed by potassium (13.78 mg/L), sodium (6.94 mg/L) 
and manganese (4.22 mg/L). Further it also contains copper (2.54 mg/L), cobalt (1.38 mg/L), cadmium (0.41 mg/L), and lithium 
(0.64 mg/L) in a minimum amount. Trace amount of chromium (0.28 mg/L) is also detected to the HG flour. The studies on mineral 
content reveal that, the horse gram is rich in minerals and other nutrients which are essential for human health, especially it is found be 
rich in calcium which good be a natural supplement of calcium. 

3.3. Qualitative and quantitative analysis of phytoconstituents 

The preliminary phytochemical analysis of HG extracts reveals that carbohydrates, phenols, proteins, saponins, terpenoids, and 
sterols are present in HGW extract. Whereas HGE extract is found to contain significant amount of phenol, terpenoids, proteins, and 
sterols and the findings are given in Table 2. The quantitative phytochemical analysis revealed that the horse gram seed extracts have a 
high TCC of 65.10 ± 0.95 mg g− 1 equivalent, in water extract. TPC of 60.13 ± 2.45 (HGW) mg g− 1, 68.24 ± 1.33 (HGE) mg g− 1 gallic 
acid equivalent, and TTC of 53.21 ± 1.4 mg g− 1 (HGW), 51.27 ± 2.65 mg g− 1 (HGE) linalool equivalent, both of which were found in 
moderate amounts. The extract has a low sterol concentration of 45.58 ± 1.7 mg g− 1, which is roughly similar to 57.27 ± 1.65 mg g− 1 

cholesterol. These finding suggest that water extract contains carbohydrate as the major constituent and ethanol extract contains 
phenol as the major constituent. Thus, the analysis reveals HGW extract as a potential source of carbohydrates. The presence of 
valuable secondary metabolites such as carbohydrates, phenols, terpenoids present in the extracts can contribute to the health benefits 
while consuming the seed flour regularly in the diet. Exceptionally, the higher content of carbohydrates present in the water extract 
can contribute to the antidiabetic property as reported in the literature [37]. 

3.4. Synthesis and characterization of (HG-AgNp) 

3.4.1. UV–Vis spectroscopy 
Hg-AgNp’s were biosynthesized as per the procedure explained in the experimental section were characterized by using various 

spectral techniques. The ratio of AgNO3 to plant extracts was optimized as 1:9. The color change of mixture of solution containing the 
metal nitrate and the biomass was noted and found to be characteristic which indicate the development of AgNps. This is owing to the 
major composition of phenol in the extract and conversion of silver ion solution to silver metal (Ag+ − Ag0) [26]. This is further 
supported by the OH group which are available in the polyphenols in the HG extracts. In the control the absorption due to Ag+ ions 
were not observed. The HG-AgNp exhibited UV–Visible maxima in the range of 400–500 nm Fig. 1a1 which is due to the surface 
plasmon resonance developed due to the secondary metabolites of HG. UV–Vis spectra of extract showed in Fig. 1a2. 

Table 2 
Phytochemical screening of aqueous and ethanol extracts of horsegram.  

S. No Phytochemicals Aqueous extract Ethanol extract 

1 Carbohydrate + −

2 Steroids + +

3 Saponins + +

4 Terpenoids + +

5 Phenolic compound + +

6 Proteins + +
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Fig. 1. (a1, a2) UV–vis spectra of HG-AgNPs, Extract. (b1, b2) FTIR spectra of HG-AgNPs, Extract. (c1, c2) XRD pattern of HG-AgNPs, JCPDS.  
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3.4.2. FT-IR analysis 
FT-IR was used to identify the plant biomolecules that are involved in bio reduction of Ag+ and nanoparticle capping and it is given 

in Fig. 1b1. The IR absorbance frequencies were found at 3265.49, 2958.80, 1621.13, 1533.41, 1290.38, 1062.07, 773.46, and 459.06 
cm− 1 in the FTIR spectrum. The stretching frequencies at 2958.80 and 1621.13 cm− 1 can be related to C–H and C]O groups, 
respectively, and the absorption band at 3439.08 cm− 1 corresponded to –OH of phenolic compounds. The C]C, C–O–C, and C–H 
stretching caused the bands at 1533.41, 1062.07, and 773.46 cm− 1, respectively, the phenolic –OH is expected to can contribute for the 
reduction of silver ion [12]. For the seed extract, the FT-IR spectra shows major peaks at 3340.01, 2168.24, 1633.22, and 1213.71 
cm− 1 (Fig. 1b2). The presence of peak at 3340.01 cm− 1 could be due to O–H group in polyphenols. 1633.22 cm− 1 related to carbonyl 
group stretching vibrations. The peaks at 1213.71 cm− 1 may be described to C–O–C [25]. 

3.4.3. Powder- XRD analysis 
The biosynthesis of AgNps were confirmed using p-XRD, which is in Fig. 1c1. The diffraction pattern of biosynthesized AgNPs with 

marked plane indices of 111, 200, 220, and 311 is consistent with JCPDS No. 01-071-4612 (Fig. 1c2) which is characteristic of nano 
silver. 

3.4.4. SEM and EDAX analysis 
SEM studies confirm the morphology of bio synthesized AgNps Fig. 2a. The bio formation of silver nanoparticles obtained from 

Horse gram water extract was also confirmed by EDAX analysis Fig. 2b. This reveals the composition of elements presents as 43.9% of 
carbon, 21.1% of oxygen, and 17.6% of Ag, 11.2% of Nitrogen and minimum percentage of other elements (Cl, P, Ca, S). 

3.4.5. Zeta Potential and Particle Size analysis 
Zeta Potential and Particle Size of biosynthesized AgNps were calculated using the zeta potential graph. The steady dispersion of 

Fig. 2. (a) SEM images, (b) EDAX spectra of synthesized HG-AgNps and (c) Zeta potential of HG-AgNPs.  
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the particles is indicated by the zeta potential of 27.6 mV Fig. 2c. The presence of surface-active chemicals such as phenols, flavonoids, 
and terpenoids in HG may contribute to the production and stability of nanoparticles [5]. 

3.4.6. TEM analysis 
The AgNPs’ dimensions, morphology, and other characteristics were examined using transmission electron microscopy. The size 

distribution histogram is shown in Fig. 3a. The TEM image of the NPs at low magnification and its selected area electron diffraction 
(SAED) pattern are displayed in Fig. 3b. The crystalline structure of the produced nanoparticle was confirmed from the SAED pattern. 
The TEM image shown in Fig. 3c and d confirms the spherical shape with the hexagonal structure for the nanoparticles synthesized. 
The encapsulation of biosynthesized nanoparticles by the secondary metabolites of horse gram is observed in TEM images and also 
confirms reveals the formation of HG-AgNps with an average size of 45.22 nm. 

The observations and conclusions from the spectral characterization studies such as TEM, UV–Vis and SEM carried out for the 
biosynthesized AgNPs are as follows; The secondary metabolites carbohydrate and phenol present in the horse gram water extract can 
act as an effective reducing agent for the reduction of Ag + ions which can be attributed to their well-known antioxidant activity. This 
biomolecule is expected to promote the nucleation and growth of spherical silver nano particles. 

3.5. In vitro anti-urolithiatic activity 

Crystal growth and its morphology: The struvite crystals that were grown with different concentrations in the gel medium with and 
without extracts are shown in Fig. 4a and they are labeled as I, II, III and IV. The crystals obtained resulted in the growth of struvite 
crystals with three morphological shapes, namely (i) needle type, (ii) X-shaped dendritic type and (iii) feather shape as shown in 
Fig. 4b. The presence of X-shaped crystals near the interface indicates fast development of this morphology [29–34]. The struvite 
natures of the crystals grown were confirmed from the XRD pattern of the crystals. The XRD pattern of the crystal with the assigned 
plane indices matches well with the standard (JCPDS No. 96-900-7675) of struvite crystals [35,36]. The crystal growth inhibiting study 

Fig. 3. (a) Particle size analysis of synthesized HG-AgNPs, (b) SAED pattern of HG-AgNPs, (c) TEM image of HG-AgNPs.  

S. Sudha and A. Mary Saral                                                                                                                                                                                        



Heliyon 9 (2023) e16572

9

was monitored for six days by treating with different concentrations of water and ethanol extracts (0.5, 1, 1.5 and 2%) and HG-AgNPs 
(100, 150, 200 and 250 μg) respectively (Table 3). The study reveals that the maximum inhibition concentration for both the extracts 
as 2% and that of HG-AgNPs (250 μg) which resulted in the considerable inhibitory impact with p value < 0.01. On comparing 
HG-AgNPs and HG extracts, the crystal inhibition was found to be greater with HG-AgNPs than that of HG extracts. It was also observed 
that the crystals began to dissolve on the sixth day, demonstrating that the HG extracts and HG-AgNPs possesses significant struvite 
crystal inhibitory efficacy. From the study it is found that the HG extracts showed a significant role in the crystal growth as a natural 

Fig. 4. (a) Development of struvite crystals in gel medium with different concentration of HG-AgNPs (I-100 μg, II-150 μg, III-200 μg and IV-250 μg) 
(b) struvite crystals grown and their morphology (c) struvite crystal growth inhibitory effect of extracts and its nanoparticles. 

Table 3 
Struvite crystal growth inhibitory effects of Aquoues, Ethanol Extracts and HG-AgNps.  

No of 
days 

Control HGW-Extract HGE- Extract HG-AgNps 

0.5% 1% 1.5% 2% 0.5% 1% 1.5% 2% 100 μg 150 μg 200 μg 250 μg 

1 0.539 ±
0.01 

0.48 ±
0.05 

0.374 
± 0.03 

0.335 
± 0.02 

0.264 
± 0.01 

0.493 
± 0.06 

0.474 
± 0.03 

0.456 
± 0.02 

0.387 
± 0.01 

0.443 
± 0.02 

0.415 
± 0.01 

0.324 
± 0.02 

0.243 
± 0.02 

2 0.591 ±
0.03 

0.448 
± 0.04 

0.315 
± 0.01 

0.304 
± 0.04 

0.248 
± 0.06 

0.452 
± 0.02 

0.446 
± 0.01 

0.443 
± 0.04 

0.365 
± 0.02 

0.429 
± 0.04 

0.305 
± 0.03 

0.304 
± 0.04 

0.235 
± 0.03 

3 0.613 ±
0.02 

0.431 
± 0.03 

0.264 
± 0.02 

0.28 ±
0.01 

0.241 
± 0.03 

0.447 
± 0.04 

0.438 
± 0.04 

0.427 
± 0.01 

0.317 
± 0.02 

0.410 
± 0.02 

0.254 
± 0.01 

0.243 
± 0.01 

0.134 
± 0.01 

4 0.772 ±
0.01 

0.391 
± 0.05 

0.232 
± 0.06 

0.214 
± 0.05 

0.163 
± 0.02 

0.417 
± 0.02 

0.397 
± 0.03 

0.386 
± 0.03 

0.296 
± 0.01 

0.373 
± 0.03 

0.221 
± 0.04 

0.212 
± 0.03 

0.123 
± 0.018 

5 0.875 ±
0.04 

0.375 
± 0.03 

0.217 
± 0.03 

0.184 
± 0.01 

0.129 
± 0.01 

0.395 
± 0.01 

0.384 
± 0.02 

0.366 
± 0.02 

0.275 
± 0.04 

0.354 
± 0.01 

0.201 
± 0.02 

0.176 
± 0.01 

0.110 
± 0.03 

6 0.931 ±
0.02 

0.365 
± 0.01 

0.174 
± 0.02 

0.143 
± 0.03 

0.095 
± 0.02 

0.381 
± 0.03 

0.355 
± 0.04 

0.325 
± 0.02 

0.256 
± 0.03 

0.278 
± 0.02 

0.165 
± 0.02 

0.132 
± 0.01 

0.086 
± 0.03  
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inhibitor by attaching itself to the crystals growth site and thus prevent the crystals from growing and aggregating further. This is 
expected to slow down the growth of the struvite crystals [5]. The bioactive constituents present in Horse gram water extract, such as; 
carbohydrate, phenols, terpenoid, and sterol, is expected to inhibit the formation of struvite crystals by forming a compound with 
magnesium ions and therefore preventing crystal growth as reported [24,25]. The inhibitory function could possibly be attributed to 
the active components which can influence on pathogenic organisms that can prevent struvite crystal formation [26,27]. 

3.6. In vitro anti-diabetic activity 

The inhibitory effects of alpha-amylase test were used to investigate antidiabetic efficacy in, in-vitro model for the extracts and the 
HG-AgNps. Diabetes mellitus is a set of metabolic illnesses characterized by persistently elevated blood sugar levels. Inhibiting car-
bohydrate digesting enzymes, which prevents the breakdown of carbohydrates into monosaccharides, is the major cause of hyper-
glycemia. Hence inhibiting digestive enzymes like α-glucosidase is proved to be an effective treatment to treat T2 diabetes [37]. In the 
current study it is observed that identifying drugs that can block carbohydrate hydrolyzing enzymes could be a valuable strategy to 
manage diabetes. In the present study it was observed that α-amylase is strongly inhibited by HG-AgNps in a dose-dependent manner. 
The results show that when the concentration of HG-AgNps increased, the enzyme activity levels decreased dramatically, yielding IC50 
values of 65.2 and 53.8 g/ml, respectively, which were much higher than the extracts. As a result, the biomolecules from Horse gram 
extracts have increased the anti-diabetic potential of the produced NPs. In the present study α-amylase inhibitory effects were observed 
in HGE, HGW and HG-AgNp’s is in increasing order. 

The inhibitory effects of extracts and their NPs on alpha amylase were found to be dosage dependent, as shown by the standard 
curve in Fig. 5. The HG-AgNps had the maximum inhibitory activity of 75.36 ± 0.34% at a concentration of 100 μg/ml, compared to 
water extract at the same concentration which is found to be 68.58 ± 0.38%. At concentrations of 20 μg/ml, 40 μg/ml, 60 μg/ml, 80 
μg/ml, and 100 μg/ml, the HG-AgNps and water extract showed inhibition values as 28.02 ± 0.40%, 34.42 ± 0.26%, 43.82 ± 0.32%, 
59.33 ± 0.46%, 75.36 ± 0.44% and 22.02 ± 0.49%, 37.84 ± 0.76%, 44.79 ± 0.43%, 62.45 ± 0.43%, 67.18 ± 0.16% respectively. For 
the different concentrations of ethanol extracts the inhibition values of 8.12 ± 0.49%, 15.84 ± 0.76%, 22.17 ± 0.43%, 30.45 ± 0.43%, 
and 44.29 ± 0.16% at the same selected concentrations. The IC50 value for HG-AgNPs, water extract and ethanol extract was 
computed using the standard curve and found to be 67.13, 81.19 and 113.41 respectively. As evident in the quantitative analysis the 
carbohydrate and phenols present in the extract is expected to contribute remarkably to the biological activities that are tested. Further 
the silver metal also found to have excellent biological activities which are evident in the biosynthesized nanomaterial. 

4. Conclusions 

The presence of secondary metabolites of the HG extracts generated by the Ultra sonic assisted approach reveal that the extract 
contains considerable amount of carbohydrate and phenol. The other constituents such as terpenoids, sterol, and protein were also 
found to be present in a significant amount in both the extract. The green synthesis of AgNPs using the natural product horse gram is 
demonstrated in the study with its characterization by spectroscopic studies. The study confirms the formation of nanoparticle which is 
representing spherical morphology with average particle size of 45.22 nm. The antiurolithiatic property of the extracts and the HG- 
AgNPs were studied with the respect to the growth of struvite crystals in the gel medium. It was observed that the growth of the 
crystals was effectively inhibited by HG extracts and its silver nanoparticles. The treatment of the crystals treated with the HG extracts 
prevented crystal nucleation and also dissolved the crystals that were formed in the gel medium, with the inhibitory activity of the HG- 
AgNps being even stronger. Both HGW and its HG- AgNPs inhibited the development of struvite stones effectively. The urolithiasis- 
inhibiting action of the HG could be attributed to its high bioactive contents of phenol and terpenoid. The results from the antidia-
betic activity of horse gram extracts and HG-AgNPs showed better antidiabetic activity. According to the findings, Horse gram water 
extract and HG-AgNPs with its duo properties can be used as an alternative therapy for the prevention of urolithiatic conditions and 
diabetics. Further the pharmacognostical properties substantiates its usage in drug formulation which could be a potential herbal drug 
and also the horse gram seed flour could be a value added ingredient in the dietary formulations. 
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