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Abstract  

Women are susceptible to urinary tract infections (UTIs), especially during pregnancy and in the perimenopausal and postmenopausal stages. 
Significant disabilities and fatalities are linked to UTIs and they have a direct effect on the patients' quality of life. The aim of the current study 

was to prepare the aqueous extract of Dioscorea alata, Embelia ribes and their formulation extract and analyze the efficacy of antimicrobial 

activity against UTI pathogens and its cytotoxic effect. In the research work, the extract was prepared and the antimicrobial efficacy of D. 
alata, E. ribes and their formulation was analyzed using the agar well diffusion technique (50 µL) and the time-kill curve assay. The extracts 

and their formulation were used to determine toxicity and cytotoxic effects using brine shrimp lethality analysis. D. alata, E. ribes and their 

formulation was prepared and color of the extract was confirmed. In antimicrobial activity against UTI pathogens, especially Pseudomonas 

spp., a higher inhibitory zone was observed in D. alata, E. ribes and their formulation extract at the concentration (50 µL) and the cytotoxic 
effect showed lower toxicity in all extract at the higher concentration (80 µL). The formulation extract showed significant extract antimicrobial 

activity with lower toxicity, suggesting its potential use as an antimicrobial agent for the treatment of UTIs.   
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Introduction 

The infection of kidney, urethra and bladder was termed as urinary 

tract infection (UTI). The complication of the UTI, which refers to 

increase the risk of patient including the immunocompromised 

patient, diabetics, urinary track abnormality, stent (1). The common 

UTI pathogens are response to the 75 % of uncomplicated and 25 

% of complicated, the pathogens are Klebsiella spp., Pseudomonas 

spp., Proteus spp., Streptococcus spp., Staphylococcus spp., 

Enterococcus spp. and Candida albicans (2). The microbial 

pathogens were bind and the biofilm formation on the catheter 

surface and it increased the death rate and the infections progress 

the urosepsis, pyelonephritis, etc. (3).  

 The natural therapy of herbal based treatments for UTI 

infections includes leaf/herb extracts, seed/root/resin derived 

products and phytochemical cluster/berry derived products (4). E. 

ribes is a medicinal plant that has been used to reduce microbial 

growth. The biomedical applications of E. ribes extract include 

antimicrobial, anti-diuretic, antifertility, hypoglycemia, 

anthelmintic, anti-inflammatory and antimalarial activities (5). Its 

efficacy in antimicrobial activity has been tested against 

Pseudomonas spp., Klebsiella spp. and S. aureus (6). It has been 

used to manage many kinds of medical conditions, including 

muscle weakness, autoimmune diseases, intestinal problems, 

neurological mental illnesses, healing from injuries and illnesses 

such as the common cold and influenza (7).  

 D. alata is a potent pharmaceutical and dietary plant that 

includes multiple bioactive ingredients. The aerial tuber has 68.51 

% moisture, 5.61 % glucose and 1.39 % protein, while the 

underground tuber contains more calories, vitamin C and 

minerals such as iron and potassium (8). This biologically rich 

ingredient is an essential component of the traditional Odia meal 

Dalma. Along from nutrients, D. alata also contains further 

metabolites such as phenolic acid, flavonoids, coumarins, 

quinines, alkaloids, amines, terpenoids, phytosterols, tannin, 

diosgenin and saponins. D. alata has been demonstrated to 

possess anti-inflammatory, antidiabetic, disinfectant and 

antimicrobial properties (9-11). The ethanol extract showed a high 

phenolic content and had antibacterial activity against E. coli, S. 

aureus and B. subtilis (12). The aim of the current study was to 

prepare the aqueous extract of E. ribes, D. alata and their 

formulation extract, to analyze the efficacy of antimicrobial 

activity against UTI pathogens using agar well diffusion technique 

and time kill curve analysis and to determine toxicity using the 

cytotoxic effect using brine shrimp lethality analysis.  
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Materials and Methods  

Preparation of herbal extract and their formulation  

The fresh leaves were collected from the Nanoherbal garden in 

Saveetha Dental College, Chennai. E. ribes seeds were collected 

from the herbal shops in Poondhamali. Both the leaves and seeds 

were dried in sunshade 40 °C and dried leaves and seeds were 

ground into a fine powder. A total of 2 g of leaves and seeds were 

weighed in a separate flask, mixed with 100 mL distilled water. 

The solution was placed in heating mantle at 50 °C for 20 min. The 

boiled extract was filtered using muslin cloth and filtrated was 

concentrated up to 5 mL. The concentrated each extract was 

used for the formulation and their research purpose. A total of 2.5 

mL of each extract  was mixed under the sonication for 15 min 

(Fig. 1). The formulation extract (E. ribes + D. alata) was used for 

the further research purpose.   

Antimicrobial activity  

To determine the efficacy of antimicrobial activity of D. alata,                

E. ribes and their formulation extract using agar well diffusion 

technique against the UTI pathogens (13, 14). The sterilized Muller 

Hinton agar plates was swabbed the fresh microbial culture (UTI 

pathogens - E. coli, Pseudomonas spp., Klebsiella spp. and                      

S. aureus) evenly. The wells were created using the polystyrene at 

9 mm in diameter. The wells were filled with 100 µg/mL of                 

D. alata, E. ribes and their formulation extract and the loaded 

plates were incubated for 24 hr at room temperature. The 

completion of incubation period, the plates were observed the 

inhibitory zone in millimetres (Fig. 2).    

Time-kill curve assay   

To analysis the potential of microbial broth analysis or time kill 

curve analysis of D. alata, E. ribes and their formulation extract 

against UTI pathogens (E. coli, Pseudomonas spp., Klebsiella spp. 

and S. aureus). 1 mL of microbial broth culture was mixed with 

100 µL of extract and the tubes were incubated at room 

temperature for 0, 1, 2, 3 and 4 hr. The optical density of the time 

kill curve assay tubes were measured colorimetrically at 600 nm. 

The standard consisted of microbial broth culture with 20 µL of 

antibiotics (amoxyrite for bacteria), while the control contained 

only the microbial culture.  

Cytotoxic effect  

Brine shrimp lethality method   

A 2 % of saltwater solution was prepared and used for the 

Artemisia salina (nauplii) eggs. A. salina eggs were added in the 

saltwater tank and aerated for 24 hr. under dark conditions. After 

completion of incubation, the newly hatched nauplii were 

collected in a separate container. The cytotoxic effect was 

determines using the brine shrimp lethality assay with the newly 

hatched A. aalina. In 6-well ELISA plates, the samples were added 

at different concentrations (5, 10, 20, 40, 80 and control) and 10-12 

mL of saltwater was filled into each well. Ten newly hatched 

nauplii were added slowly to the wells. The plates were incubated 

for 24 hr at optimum temperature. After incubation, the number 

of nauplii in each well was recorded for all concentrations and the 

control (15, 16).   

 

 

Preparation of Dioscorea alata extract 

Preparation of Embellia ribes extract 

Preparation of Dioscorea alata + Embellia ribes extract 

Fig. 1. The preparation of D. alata, E. ribes and their formulation extract.  
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Results  

Antimicrobial activity  

The agar well diffusion technique was done by the antimicrobial 

activity of E. ribes, D. alata and their formulation extract against UTI 

pathogens (Pseudomonas spp., Klebsiella spp., S. aureus and E. coli) 

shown in Fig. 2. At 100 µg/mL, the D. alata extract produced 

inhibition zones of 18 mm against Pseudomonas spp., 14 mm 

against Klebsiella spp., 13 mm against S. aureus and 13 mm against 

E. coli. Similarly, at 100 µg/mL, the E. ribes extract produced 

inhibition zones of 24 mm against Pseudomonas spp., 13 mm 

against Klebsiella spp., 14 mm against S. aureus and 14 mm against 

E. coli. Their formulation extract was revealed inhibiton zone of 28 

mm against Pseudomonas spp., 17 mm against Klebsiella spp., 15 

mm against S. aureus and 16 mm against E. coli. The higher 

inhibitory was observed in their formulation extract, demonstrating 

excellent antimicrobial activity against UTI pathogens. 

Time-kill curve kinetic analysis  

The broth assay, or time-kill kinetic assay, showed that     D. alata, E. 

ribes and their formulation extract exhibited the antimicrobial 

activity, as compared with standard (bacteria - amoxyrite 50 µL) 

and the control (only microbial culture). At 100 µL of extracts 

significantly reduced microbial growth, especially in Pseudomonas 

spp. and Klebsiella spp. (Fig. 3). Significantly, the formulation extract 

reduced bacterial growth through both bactericidal and 

bacteriostatic effects. Similarly, E. ribes and D. alata reduced 

bacterial cell counts in Pseudomonas spp. and Klebsiella spp. These 

results demonstrate the antimicrobial properties of the formulation 

extract against the tested UTI pathogens. 

Cytotoxic effect   

In Fig. 4, the cytotoxic effect of the D. alata, E. ribes and their 

formulation extract was analysed using the brine shrimp lethality 

assay. On day 1, 100 % of the nauplii remained alive across all 

concentrations and all three samples. On day 2, D. alata showed 

100 % survival at the lowest concentration (5 µg/mL) and 70 % of 

survival was observed at the highest concentration (80 µg/mL). 

Similarly, to the E. ribes, 80 % of survival was observed at the 

highest concentration (80 µg/mL). For the formulation extract, the 

survival of nauplii at different concentration  (5, 10, 20, 40 and 80 

µg/mL) was 100 %, 90 %, 90 %, 80 % and 70 %, respectively. 

Overall, the herbal extracts and their formulation extract 

exhibited minimal toxicity even at higher concentrations.  

 

Discussions 

Eupatorium adenophorum was collected form the Himalaya and 

its extract was analysed for antimicrobial activity against E. coli 

and S. aureus. At concentrations ranging from 32.6 to 500 µg/mL, 

inhibiton zones of 8-19 mm were observed against S. aureus and 8 

mm at all concentrations against E. coli (17). Based on the 

previous study, aqueous extracts of Sphagneticola calendulacea 

(Chinese Wedelia) showed potential antibacterial activity against 

UTI pathogens. The tested organism, E. coli, exhibited an 

inhibition zone of 7 mm, Proteus spp., 7 mm, Staphylococcus spp., 

10 mm, Pseudomonas spp., 8 mm and Enterobacter spp., 7 mm 

(18, 19). In a similar study, methanol extracts of Andrographis 

paniculata and Rosa were tested at concentrations of 25 µL, 50 µL 

and 100 µL against the UTI-causing microorganism, showing 

Fig. 2. The antimicrobial activity of D. alata, E. ribes and their formulation extract using the agar well diffusion technique against UTI 
pathogens. (A) S. aureus, (B) E. coli, (C) Klebsiella spp., (D) Pseudomonas spp. and (E) represented graphical images of the extracts. 
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higher zones of inhibition at higher concentrations: E. coli (10 

mm), Klebsiella spp. (9 mm) and Enterococcus faecalis (15 mm) 

(20). 

 In previous research, Acorus calamus DMSO extract was 

analyzed using the time-kill curve assay at concentrations of 25, 

50 and 100 µg/mL against S. mutans and Pseudomonas 

aeruginosa. At higher concentrations, bactericidal efficacy was 

observed against Pseudomonas spp. and S. mutans (21, 22). 

Similarly, Croton bonplandianum-mediated ethanolic extract was 

tested with the time-kill curve assay at different duration against 

cariogenic pathogens. For Lactobacillus spp., the highest 

concentration (100 µg/mL) reduced bacterial growth (23, 24).  

 Ficus platyphylla was used to synthesize an aqueous 

methanolic extract, which was analysed using the brine shrimp 

lethality assay at various concentration of 10, 100 and 1000 µg/

mL. Thrity nauplii were added to each concentration and after 24 

hr incubation, 29, 28 and 28 nauplii remained alive, respectively. 

The aqueous methanolic extract showed low toxicity even at 

higher concentrations (25).  Similarly, methanolic extracts of 

Justicia adhatoda leaves were tested for cytotoxic effects at 

concentrations of 10, 100 and 1000 ppm Thirty nauplii were 

added a teach concentration and survival rates were 27, 19 and 7, 

respectively, indicating minimal toxicity at lower concentrations 

(26). Theobroma cacao-mediated acetone extract at 500, 100 and 

10 ppm showed mortality rates of 36.67 %, 56.67 % and 66.70 %, 

respectively (27).  

 

Conclusion  

The studies conducted highlight the diverse pharmacological 

activities of D. alata, E. ribes and their formulation extract. The 

extract exhibited strong antibacterial and cytotoxic effects, with 

efficacy comparable to or greater than that of conventional 

agents under certain conditions. The results demonstrate the 

traditional use of D. alata, E. ribes and their formulation extract in 

Fig. 3. The microbial growth reduction using the D. alata, E. ribes and their formulation extract against UTI pathogens. 

 

Fig. 4. Representation of cytotoxic effect using brine shrimp  lethality assay.  
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alternative medicine, while also providing a scientific basis for 

their therapeutic potential. Further research is required to isolate 

and identify the individual bioactive molecules responsible for 

these benefits. In addition, in vivo experiments should be 

conducted to validate and expand upon these promising findings. 

D. alata, E. ribes and their formulation extract represent potential 

natural sources of bioactive compounds that could be developed 

for application in nutraceutical and pharmaceutical production.  
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