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A B S T R A C T 

Urinary Tract Infection (UTI) is one of the most common types of 

infection caused by the gastrointestinal tract of humans. UTI is the 

most common in women because a women's urethra is shorter.  In 

the present investigation, four UTI-causing bacteria were isolated on 

MacConkeys as well as on UTI agar media which is selective for UTI 

pathogens only. The isolated bacteria were tested for antibiotic 

resistance towards the selective antibiotics Ampicillin (10µg), 

Penicillin (10µg), and Chloramphenicol (30µg). Based on antibiotic 

resistance and morbific nature, the organism was screened. On the 

basis of morphological, biochemical characteristics and the 16S r-

RNA sequencing method the organism was identified as Kosakonia 

cowanii. The nucleotide sequence was deposited to NCBI and 

received a unique accession number (OQ 073698). The anti-UTI 

activity was performed towards selective medicinal herbs by using 

ethanol, methanol and water as solvent extraction methods.  The 

Embilica officinalis ethanolic extract (1 mg/ml) and standard 

antibiotic chloramphenicol showed 1.8 mm zone of inhibition 

against K. cowanii (OQ 073698). From the present study, it is 

concluded that E. officinalis ethanolic extract was effective to treat 

UTI infection. Another core finding from the present study includes - 

an isolated pathogen that was earlier resistant to ampicillin but 

when combines with E. officinalis and Boerhavia diffusa ethanolic 

extracts separately showed 2.0 mm zone of inhibition. 
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1. Introduction 

Urinary Tract Infections (UTIs) are one of 
the most common bacterial infections, with a 
frequency 50-60% in mature females [1]. 
Additionally, this infection is associated with 
substantial healthcare and societal costs 
which are only in the United States of America 
(USA); UTIs are responsible for 7 million clinic 
visits annually [2]. Except among infants, the 
infection occurs more commonly in women 
than in men and it was estimated that about 
40–50% of women experience one time at 
least in their lives and 20–30% of them have 
other episodes [3]. Urinary tract infections 
could be uncomplicated or complicated. 

Uncomplicated UTIs could be separated into 
an infection of lower UTIs (cystitis) and upper 
UTIs (Pyelonephritis) [4]. 

Fundamental factors responsible for 
cystitis are gender, former UTI infection, 
genetic susceptibility, vaginal infection, sexual 
activeness, overweight and diabetes too [5]. 
UTI is mostly caused by bacteria, through 
other microorganisms such as fungi or viruses 
which are rare etiological agents [6]. Among 
the uropathogens, Escherichia coli is the most 
common bacteria (75–90% of isolates) in both 
community and hospital infections, whereas 
other pathogenic bacteria like Proteus 
mirabilis, Staphylococcus saprophyticus(with 
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particularly frequent isolation from younger 
female), Enterococcus faecalis, Klebsiella 
pneumoniae, and Pseudomonas aeruginosa are 
less occurs [2, 3, 7]. The uropathogenic 
bacteria express fimbrial adhesions to 
glycolipids and glycoproteins on the epithelial 
surface of the cell and by these mechanisms 
bacteria can overcome the flow of urine and 
maintain in the urinary tract. The bacteria 
also produce other substances like toxins, 
hemolysin, and colony-necrotizing factors; can 
disrupt the epithelial integrity, permit 
bacterial invasion, and, therefore, enhance the 
risk of infection also. Uropathogens can 
internalize into host epithelial cells and divide 
inside there so that it provides a reservoir for 
recurrent infection [7, 8]. In most cases, these 
uropathogens begin to colonize the surface of 
the perineum and periurethral and lead to the 
development of infection. Colonization of 
these bacteria could be inhibited by the 
normal microbiota of humans, such as 
Staphylococcus epidermidis, Lactobacillus spp, 
and Corynebacteria [9]. Additionally, bacterial 
colonization and preliminary infection can be 
eliminated by host defense mechanisms in the 
bladder. 

Considering the severity of the infection, 
several treatments are applied to treat UTI 
infections however, extensive use of 
antibiotics leads to the emergence of 
antibiotic resistance in microbes. To solve the 
antibiotic resistance problem, Complementary 
and Alternative Medicine (CAM) has been 
recognized as an effective approach [10-13]. 
CAM consists of a wide range of products such 
as natural compounds, dietary supplements 
such as vitamins and minerals and probiotics 
[14]. Clinical research also suggests, the best 
natural option for long-term prevention of UTI 
as the intake of probiotics, medical herbs and 
vitamins [15-17]. Considering the UTI severity 
and antibiotics resistance problem; CAM could 
provide desirable results, especially when 
combined with a routine antibiotic regimen. 
With the same hypothesis, present 
investigation an attempt has been made to 
isolate the UTI pathogens and exploration of 
potential herbal extracts to treat UTI was 
studied.  

2. Materials and Methods 

2.1. Sample collection  

The urine samples from UTI-causing 
patients with their ethical consent were 
collected from the Government Medical 
Hospital Nanded in sterile containers and 
transported to the laboratory and stored in 
the refrigerator separately for further study. 

2.2. Isolation of UTI-causing pathogens  

A loopful of well-mixed urine samples was 
spread on MacConkey’s agar plates. All the 
plates were incubated at 37℃ for 24 h. 
Further, the well-isolated bacterial colonies 
with different morphologies were selected. 
Pure cultured colonies of the isolated bacteria 
were further streaked on UTI agar plate. The 
UTI agar plates were incubated at 37℃ for 24 
h. The well-isolated colonies were further 
stored on to slants for further study [18]. 

2.3. Screening and Identification of 
Antibiotic-Resistant Uropathogen 

 The screenings of the uropathogenic 
were subjected to access antibiotic resistance 
activity on the Muller Hinton agar plate by 
disc diffusion method. Antibiotic resistance 
patterns of all selected isolates were 
determined on Muller Hinton agar plates by 
the Kirby-Bauer disc diffusion method. The 
selected screened isolates were declared as 
sensitive or resistant on the basis of the zone 
of inhibition, following the criteria of the 
Clinical Laboratory Standards Institute [19]. 
The selected antibiotics in the present 
investigation were Penicillin (10ug), 
Ampicillin (10ug), and Chloramphenicol 
(30ug). The isolates had resistance to all the 
antibiotics under study from the selected 
bacteria and were carried forward for further 
study. The selectively screened isolates were 
tested secondarily for the optical density after 
24 h. One of the bacteria having antibiotic 
resistance and observed the highest optical 
density at 24 h was screened for accessing its 
morphological, biochemical and 16S r RNA 
sequencing analysis.  

2.4. Extraction and Screening of herbal 
plants  

About 10 herbal plants were selected for 
assessing their anti-UTI activity. Herbal plant 
materials were collected from the local 
market and were scientifically authenticated 
from SLS, SRTMU Nanded. Herbal plants like 
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Corriander sativum, Abutilon indicum, 
Boerhavia diffusa, Plantago ovata, Bacopa 
monieri, Zingiber officinale, Azadiracta Indica, 
Ocimum sanctum, Cinnamomum cassia, 
Terminalia chebula were selected under study. 
The extraction was done by using the Soxhlet 
apparatus for 5-6 cycles continuously with 10 
gm extract in 200 mL solvents like ethanol, 
methanol and water, separately. After the 
extraction, the filtrates were then evaporated 
to yield pure extracts [20-22]. The percent 
yield was calculated using the formula-  

(1) Percentage Yield (%) = Dry weight of 
extract/ Dry weight of plant material × 100 

2.5. Anti-UTI activity  

Each pure extract with solvents like 
ethanol, methanol and water of selected 
medicinal herbs were dissolved in DMSO and 
water to proceed for anti-UTI activity at a 
concentration of 1 mg/mL. Antimicrobial 
activity of all the pure extracts of selectively 
screened medicinal plants was performed by 
agar well diffusion method on Mueller Hinton 
Agar (MHA) plates. The test organism (UTI 
pathogen) was inoculated in nutrient broth 
and incubated overnight at 37∘C to adjust the 
turbidity to 0.5 McFarland standards giving 
final inoculum of 1.5 × 108 CFU/ml. A well of 6 
mm was bored in the inoculated MHA plates 
with the help of sterile cork-borer (6 mm). 
Each well was filled with 100µl extracts from 
different plants. The standard antibiotics 
ampicillin, penicillin and chloramphenicol 
were used under study. Further, these plates 
were allowed to diffuse for about 30 minutes 
at room temperature and incubated for 18-24 
h at 37∘C. After incubation, plates were 
observed for the formation of a clear zone 
around the well which corresponds to the 
anti-UTI activity of tested herbal extracts, 
separately. The zone of inhibition (ZOI) was 
observed and measured in mm. Further, an 
attempt has been made to evaluate the 
combined effect of antibiotics with each 
herbal extract and the zone of inhibition was 
recorded. 

3. Results  

There are 20 UTI pathogens with different 
morphologies isolated from the UTI patients. 
Among these 20 uropathogens, the antibiotics 

resistant pathogens were screened for further 
study. Out of these 20 uropathogens 04 
pathogens were revealed to be resistant for 
selective antibiotics under study. Further, 
these 04 uropathogens were assessed for its 
pathogenicity. Among these 04 uropathogens 
one of the organisms showed the highest 
growth at 24 h (Figure 1). The organism was 
carried forward for 16S r RNA sequencing 
techniques. Thus, obtained nucleotide 
sequence was deposited to NCBI to get the 
unique accession number. Based on the 
morphological, biochemical and 16S r RNA 
sequencing technique the organism was 
identified as K. cowanii (OQ 073698) with a 
unique accession number (Figure 2). The 
phylogenetic tree was constructed in Mega 11 
software with the neighbor-joining method. 

 
Fig.1. Screening criteria for Uropathogen 

The bacterium K. cowanii (OQ 073698) is a 
Gram-negative Bacillus belonging to the order 
Enterobacterales. The bacterium K. cowanii  
(OQ 073698) was reported to be oxidase 
negative while motility, catalase, nitrate 
reduction, Simmons citrate, acid from glucose, 
gas from glucose, sorbitol, mannitol, lactose 
and sucrose test were reported to be positive 
(Table 1). 

In the present study at the primary level, 
we have taken 10 different medicinal plants 
for soxhlet extraction in ethanol, methanol 
and water. From Table 2.it is clear that based 
upon the percent yield 03 herbal extracts 
were carried forward for anti-UTI activity 
against the isolated UTI pathogen K. cowanii  
(OQ 073698).  
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Fig.2. Phylogenetic tree of K. cowanii (OQ 073698) in Mega 11 

Table 1. Biochemical characteristics of K. cowanii 
(OQ 073698) 

Biochemical test Result 

Gram staining Gram negative 
Motility + 
Oxidase - 
Catalase + 

Nitrate reduction + 
Simons citrate (at room 

temperature) 
+ 

Acid from glucose + 
Gas from glucose + 

Lactose + 
Sucrose + 

Mannitol + 
Sorbitol + 
Indole - 

Vogus Proskauer - 
Urease - 

 
Among all the extracts ethanolic extracts of 

Boerhavia diffusa, Bacopa monnieri and 
Emblica officinalis were effective in the anti-
UTI activity. These extracts revealed the 
remarkable zone of inhibition against UTI 
pathogen K. cowanii (OQ 073698). The zone of 
inhibition against K. cowanii (OQ 073698) was 
reported with Boerhaviadiffusa1.6mm, Bacopa 
monnierizone of inhibition were 1.8 mm and 
E. officinalis showed 1.8 mm while the 
standard antibiotics ampicillin 1.6, penicillin 
1.7 mm and chloramphenicol 1.8 mm. The 
present study conclude the fact that E. 
officinalis showed the highest zone of 
inhibition against K. cowanii  (OQ 073698) 

UTI pathogen when treated with individual 
ethanolic extracts (Figure 3a). 

Table 2. The yield of different herbal extracts  

Herbal extracts 
Yield in 

Ethanol 
/(10g) 

Methanol 
/(10g) 

water 
/(10g) 

Coriander sativum 3.2 1.4 2.9 

Abutilon indicum 2.8 3.4 1.6 

Boerhavia diffusa 5.2 4.3 2.1 

Plantago ovata 2.6 3.0 2.7 

Bacopa monnieri 4.1 4.9 4.1 

Zingiber officinale 3.2 2.2 3.6 

Azadiracta indica 3.8 3.2 3.9 

Ocimum sanctum 2.5 3.2 4.2 

Cinnamomum 
cassia 

3.1 3.9 2.1 

Terminalia chebula 3.4 3.9 2.8 

E. officinalis 5.1 4.7 2.8 

 
However, one of the major findings from 

the study was reported that E. officinalis 
ethanolic extracts can replace the standard 
antibiotic chloramphenicol as the observed 
equal zone of inhibition with this 
complementary alternative medicine 
treatment we can minimize the adverse effect 
of antibiotics in certain cases. An attempt has 
been made in the present investigation to 
check the additive effect of antibiotics with 
the herbal extract. When standard antibiotic 
chloramphenicol (30 µg) was combined with 
the E. officinalis ethanolic extracts but no 
additive effects were observed as the zone of 
inhibition was reported 1.8 mm ( Figure 3b). 
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Another result was reported from the 
present study; as the K. cowanii (OQ 073698) 
was ampicillin resistant earlier, though the 
individual ethanolic extracts of E. officinalis 
work but when it again combines with 
Boerhavia diffusa ethanolic extracts showed 
the zone of inhibition 2.0 mm. which was 
reported to be the highest zone of inhibition 
from the present investigation with all the 
herbal extracts tested under study (Figure 4). 
In present investigation triple effect of 
extracts with standard antibiotic ampicillin 
was effective to treat Urinary tract infection 
and which can minimize the adverse effect of 
antibiotics and certainly, we can minimize the 
emergence of antibiotics resistant pathogens.  

 

 
Fig. 4. Triple effect of herbal extract with std. 

antibiotics 
 

 

 
Fig. 3. Zone of inhibition against std. antibiotics 
and herbal extract (a), combine effect of antibiotics 
and herbal extract (b). (Amp-Ampicillin, Pen- 
Penicillin, Clo-Chloramphenicol, Amla- E. 
officinalis) 

4. Discussion  

This bacterium K. cowanii (OQ 073698) 
was dominant as a plant pathogen but it has 
only anecdotally been encountered as a 

human pathogen also. The K. cowanii  
bacterium was isolated from inside of the 
gallbladder and one bile sample during the 
surgery and identified based on MALDI TOF 
spectrometry [23, 24]. However, the 
bacterium K. cowanii was isolated from a 
patient with a urinary tract infection. To treat 
this UTI present study gives a flashlight on the 
effective herbal formulation and based on the 
severity of the infection it can combine with 
antibiotics to treat UTI effectively. Due to 
frequent exposure of antibiotics some cases 
bacteria develop resistance to the antibiotics. 
The emergence and exacerbation of the 
bacterial drug resistance problem, besides 
other problems of antibiotic therapy as the 
adverse effects of hepatoxicity, 
nephrotoxicity, ototoxicity, mutagenicity and 
carcinogenicity; immunosuppression; 
eradication of beneficial gut and mucosal 
surfaces flora and allergic reactions [25, 26], 
made most of the antibiotics worthless in 
treatment of many cases of UTIs and directed 
global attention towards finding new 
therapeutic alternatives. Therefore, the 
present study explores the best CAM approach 
with effective herbal extracts to treat urinary 
tract infections.  

5. Conclusion 

The present study concludes the fact that 
the UTI pathogen K. cowanii (OQ 073698) was 
effective when it was treated with ethanolic 
extracts of E. officinalis (1 mg/mL). Also, the 
same extracts can replace the 
chloramphenicol antibiotics as with the herbal 
we can minimize the side effects of the drug. 
Another major conclusion from the present 
investigation was when the Ampicillin 
antibiotic combined with the ethanolic 
extracts of E. officinalis and Boerhavia diffusa 
revealed the highest zone of inhibition 2.0mm. 
It indicates that the combined effect of both 
herbal extracts works better against the UTI 
pathogen. 
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