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Abstract 
A number of ethno-medicinal uses of Lawsonia inermis have been substantiated by biological activities 
studies as it has a wide range of biological activities including wound healing, hepatoprotective, 
antidiarrheal, immunostimulant, anti-inflammatory, anti-sickling, anti-bacterial, anti-fungal, anti-
viral, diuretic activity, analgesic, antiparasitic, Molluscicidal effect, anti-angiogenesis, anti-urolithic, 
anti-diabetic, antimalarial, nootropic activity, antioxidant, antifertility, anti-urolithiasis and 
anticancer effects. This study aimed to determine the antimicrobial efficacy of L. inermis leaf extract 
against pathogenic bacteria and fungi associated with vaginal infections among patient’s attending 
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selected hospitals within Bauchi metropolis, Bauchi State. Methanolic and aqueous extracts of L. 
Inermis leaves were prepared and tested using agar well diffusion. Antimicrobial activity was evaluated 
through measurements of inhibition zones, Minimum Inhibitory Concentration (MIC), and Minimum 
Bactericidal/Fungicidal Concentration (MBC/MFC). Frequencies and percentages were used to 
interpret microbial distribution across demographic groups A total of 384 clinical samples were 
collected, of which 62 (16.1%) showed positive microbial growth. The bacterial and fungal isolates 
detected include Staphylococcus aureus, Pseudomonas sp., E. coli, and Candida albicans. The Chi-
square test revealed significant associations between microbial infections and both age group (χ² = 
11.683, p = 0.019) and marital status (χ² = 6.47, p = 0.039), while associations with education level 
and occupation were not statistically significant (p > 0.05). Methanolic extracts exhibited significantly 
higher antimicrobial activity than aqueous extracts, with maximum inhibition zones of 29 mm against 
S. aureus and 28 mm against C. Albicans. MIC and MBC/MFC values were consistent across 
organisms (31.25 mg/mL and 62.5 mg/mL, respectively). Phytochemical screening confirmed the 
presence of key bioactive compounds such as alkaloids, flavonoids, tannins, steroids and phenols. The 
study has demonstrated the occurrence of Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, and Candida albicans analyzed in the research. The study also revealed the MDR of 
both bacterial and fungal isolates. However, the prevalence shown by PCR technique was remarkably 
lower than that exhibited by culture-based techniques. This paper has highlighted its anti-bacterial, 
anti-oxidant properties, showcasing its versatility as a therapeutic agent as has been advocated in 
Bauchi State. Further research needs to be done to fully understand the health benefits of henna. 
 
Keywords: MIC, MBC, MFC, Analgesic, Antiparasitic 
 
INRODUCTION 
Many contemporary pharmaceuticals trace their roots back to traditional plant-based 
remedies (Zareshahi et al., 2025). Traditional herbal medicine practitioners have long 
recognized the therapeutic potential of numerous indigenous plants for treating various 
diseases. Natural products remain a substantial reservoir for both synthetic and traditional 
herbal medicines and continue to form the cornerstone of primary healthcare systems globally 
(Sen et al., 2023). Traditional medicinal practices, particularly those involving the use of 
medicinal plants, remain integral in meeting basic health needs in developing nations 
(Shubham et al., 2024). 
 
 In recent years, there has been a remarkable surge of interest within the scientific community 
to investigate the pharmacological effects of herbs or validate claims found in ancient texts 
like Ayurveda (Sen et al., 2023). Henna (Lawsonia inermis Linn) is one such plant capturing 
attention from researchers worldwide due to its diverse pharmacological activities, spanning 
from anti-inflammatory to anticancer properties (Moutawalli et al., 2023. Lawsonia inermis Linn 
(Family: Lythraceae) is a highly branched, smooth shrub or small tree (2-6 m tall), cultivated 
primarily for its leaves, although the stem bark, roots, flowers, and seeds have also been 
utilized in traditional medicine (Sen et al., 2023). Lawsonia inermis, is a popular herbal product 
in Iranian culture with a wide range of uses. L. inermis has been reported to contain various 
carbohydrates, proteins, tannins, and flavonoids, as well as phenolic compounds, alkaloids, 
quinones, terpenoids, xanthones, coumarins, and fatty acids (Zareshahi et al., 2025). 
Pharmacological effects of L. inermis have been demonstrated in numerous studies, 
encompassing anti-inflammatory, analgesic, antimicrobial, antitumor, antiproliferative, 
antiangiogenic, and antipyretic properties (Moutawalli et al., 2023). It is used to treat a wide 
range of diseases in conventional medicine, such as kidney stones, jaundice, skin 
inflammation, rheumatoid arthritis, headaches, ulcers, diarrhea, leprosy, fever, leucorrhea, 
and diabetes (Moutawalli et al., 2023). It is also used cosmetically, for example, to speed up 
the growth and dying of hair and nails (Zareshahi et al., 2025). The pharmacological properties 
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of Lawsonia have been the main focus on recent reviews and was described in detail in better 
way (Sen et al., 2023; Muheyuddeen et al., 2023; Moutawalli et al., 2023). In addition, this plant 
has also flourished in the cosmetic industry. However, this plant shows its performance in 
other important but less-considered aspects like use in textile dyeing, UV absorbency, 
sanitization, as anti-pollutant, as biofertilizer, in removal of harmful bacteria from 
wastewater, as bacterial staining, as anti-corrosion agent, as anti-pollutant and farming for 
economic value and many more (Supian and Osman, 2023) Due to all its beneficial uses, we 
can also consider this plant as blessing for environment (Aryaputri et al., 2025). Chemical 
constituents of henna include Lawsone, Esculetin, Fraxetin, Isoplumbagin, Scopoletin, 
Betulin, Betulinic acid, Hennadiol, Lupeol, Lacoumarin, Laxanthone, Flavone glycosides, and 
two pentacytic triterpenes (Zareshahi et al., 2025). It has been reported to possess various 
medicinal properties including analgesic, hypoglycemic, hepatoprotective, 
immunostimulant, anti-inflammatory, antibacterial, wound healing, antimicrobial, 
antifungal, antiviral, antiparasitic, antitrypanosomal, antidermatophytic, antioxidant, 
antifertility, tuberculostatic, and anticancer effects (Shubham et al., 2024). 
 
MATERIAL AND METHODS  
Study Area 
This study was conducted in Bauchi, Bauchi State. Samples were collected from 
selected hospitals within Bauchi Metropolis. Bauchi is a large city with the population 
approaching 1 million people, located in the area known as North Eastern Nigeria. 
 
Study Design and Population  
A cross-sectional hospital-based study was conducted among female patients aged between 
14 and 45 years that presented with symptoms of vaginal infections in some of the selected 
hospitals within Bauchi Metropolis, Nigeria.  
 
Sample Size Determination 
Sample size of this study was calculated using Thrusfield (2007) formula as follows: 

N=    Z2 x p x q 
 d2  

 

Sample Collection and Microbial Isolation 
A total of 384 high vaginal swabs and urine samples were collected aseptically. Samples  
 were cultured using standard microbiological techniques for the isolation and identification 
of bacterial and fungal pathogens. Identification was carried out using colony morphology, 
gram staining, biochemical tests and fungal identification methods including germ tube 
testing. Moreover, a structured questionnaire was administered to each consented participant 
during the period of the study for socio-demographic data as and reported by Ikpeama et al. 
(2023) 
 
Ethical Consideration and Exclusion Criteria  
Ethical approval of 384 sample for this study was sought from the Ethical Committee of 
Bauchi State Ministry of Health of the respective hospitals in the study area. Informed consent 
was obtained from each participant prior to enrolment.   
 

Exclusion Criteria  
This study excluded all males, female patients below 14 years, above 45 years and female 
patients within the target age range whose consent was not be obtained. 
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Collection and Extraction of Plant Material  
Fresh Henna (L. inermis) leaves were obtained from different locations within Bauchi 
metropolis. The collected leaves were authenticated, air dried and powdered. Aqueous and 
methanolic extracts were prepared using standard extraction procedures and stored at 40C 
(Al-Hussaini and Al-Mohanna, 2010). 
 
Phytochemical Analysis  
Qualitative phytochemical analyses were performed to detect the presence of alkaloids, 
flavonoids, tannis, steroids, phenols, saponins, and quinones using standard method (Preethi 
et al., 2010) 
 
Antimicrobial Assay 
Antimicrobial activity was assessed using the agar well diffusion method. Minimum 
inhibitory concentration, Minimum bactericidal concentration, and Minimum fungicidal 
concentration were determined using broth dilution techniques. Ciprofloxacin and 
fluconazole served as positive controls, while Dimethyl Sulfoxide was used as a negative 
control (Doughari et al., 2017). 
 

RESULTS 
Table 1 below shows the distribution and occurrence of bacterial and fungal isolates according 
to sample source which revealed 62 number of positive microbial isolates. 
 

Table 1: Distribution of Bacterial and Fungal Isolates According to Sample Type 
Isolates  Sample type No. of positive isolate Percentage % 

Pseudomonas aeruginosa  Urine  05 8.06 
Staphylococcus spp HVS 26 41.94 
Escherichia coli HVS 04 6.45 
Candida albicans HVS/Urine 27 43.5 

 

The results in Table 2 outline the age, marital status, and possibly other sociodemographic 
variables of participants, offering insight into which groups were more prone to infections, it 
gives details on how infection rates vary across different demographic categories including 
age, marital status, education level, and occupation. 
 
Table 2: Distribution of Bacterial and Fungal isolates according to demographic 
Characteristics of Patients 

Variable  
No. of Samples Collected 
 (n=384) 

No of Positive 
(n=62) 

Percentage (%) 

Marital status 
Married 
Single 
Divorced 
Age (Years) 
15-20 
21-25 
26-30 
31-35 
36-40 
Education level 

192 
80 
112 
 
72 
120 
40 
49 
48 

18 
12 
32 
 
14 
8 
24 
10 
6 

29.03 
19.35 
51.61 
 
22.58 
12.90 
38.71 
16.13 
9.68 

Primary 
Secondary 
Tertiary 

30 
98 
128 

24 
22 
16 

38.70 
35.49 
25.80 

Occupation 
Students 
Employed 
Un-employed 

 
200 
122 
62 

 
24 
17 
21 

 
38.71 
27.42 
33.8 
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The Table 3 below depicts the resistance patterns across bacterial and fungal isolates 
to various antibiotics and antifungals 
 
Table 3: Distribution of Bacterial and Fungal isolates according to multidrug 
resistant pattern 

Antibacterial 
agents 

    

Flucloxacillin  11(31.4)  22(64.9)  02(5.7)  N/A 
Oxacillin  17(48.6)  18(51.4)  00(0.0)  N/A 
Amoxycillin  15(42.9)  20(57.1)  00(0.0)  N/A 
Tetracycline  18(51.4)  17(48.6)  00(0.0)  N/A 
Gentamycin  02(5.7)  17(48.6)  16(45.7)  N/A 
Metronidazole  00(0.0)  00(0.0)  05(8.06)  N/A 
Antifungal agents     
Ketoconazole  N/A  N/A  N/A  22(81.5) 
Nystatin  N/A  N/A  N/A  03(11.1) 
Griseofulvin  N/A  N/A  N/A  02(7.4 

 
The table 4 below presents the presence (+), absence (-), or abundance (++) of key 
phytochemical compounds in aqueous and methanolic extracts of L. inermis. The extracts 
contained alkaloids, flavonoids, tannins, steroids, and phenols compounds 
 
Table 4: Phytochemical Components of L. inermis leaves extract in this study 
        Extracts and Test Inference  

Phytochemicals  Ethanolic  Aqueous  Methanolic  

Alkaloids  + + + 

Flavonoids + + + 

Tannis + + + 

Steroids + ++ - 

Phenols + + ++ 

Quinones - + = 

Key; + Presents, - Absent, ++ Highly present 

 
The Table 5 below shows sensitivity/inhibitory results of aqueous and methanolic extracts 
of L. inermis Leaves on S. aureus and C. albicans antimicrobial activity of L. inermis 
extracts was evaluated against clinical isolates. 
 
Table 5: Inhibitory Potential of Aqueous and Methanolic Extracts of L. inermis 
Leaves against S. aureus and C. albicans isolates in this study 
    Diameter zone of inhibition/Concentration(mg/ml)       Control 

 Test organism 200 150 50 25 Cip/Ket/Met DMSO  

Aqueous S. aureus 18 15 11 09 32/- 00 
 C. albicans 24 20 16 13 -/30 00 
Methanol S. aureus 29 24 18 15 -/30 00 
 C. albicans 28 22 17 13 -/34 00 

 
DISCUSSION   
The distribution of bacterial and fungal isolates according to sample Source shows the origin 
of the 62 positive microbial isolates: 54.8% were obtained from High vagina swab (HVs) 
samples and 45.2% from Urine. That is to say HVs samples were slightly more diagnostic in 
identifying infections, which could influence future screening and sampling methods in 
gynaecological diagnostics which collide with findings of Okungbowa et al. (2010) Also, out 
of 384 samples, 62 showed positive microbial growth. Among bacterial isolates, S. aureus was 
the most prevalent (41.94%), followed by Escherichia coli and Pseudomonas aeruginosa. 
Staphylococcus is innocuous in most environment but with remarkable adaptability and 
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versatility which has equipped it as a commensal and pathogen. S. aureus is one of the most 
infectious agents with high prevalence in various communities and healthcare institutions 
(Nwoire et al., 2013). 
 
The study revealed that, the divorce women had the highest infection prevalence (51.61% of 
the positive cases). Ikpeama et al. (2023) revealed the prevalence of candidiasis among single 
and married individuals, in which among the singles were the healthy volunteers which 
showed a prevalence of (16.8%) and (41.6%) in urine and HVS respectively. This could be 
attributed to excessive anti-biotic intake, excessive sugar intake, increased sexual activity and 
use of air tight underwear (Becker et al., 2015). High bacterial resistance was observed to 
flucloxacillin (64.9%) and amoxicillin (57.1%). The isolates‘ resistance to amoxicillin (57.7%) is 
similar to the observation of Tula et al. (2013), who reported amoxicillin as the least sensitive 
antibiotics against Staphylococcus aureus strains in their study. This is also in consonance with 
the observation of Otajevwo and Momoh (2013), who reported 100% resistance of their isolates 
to amoxicillin. Tigecycline is a semi-synthetic antibacterial agent from the tetracycline class, 
developed for the treatment of polymicrobial infections caused by multidrug-resistant gram 
positive and gram-negative pathogens (Yaghoubi et al., 2022). Tigecycline could be considered 
an alternative to penicillin for the treatment of infections caused by erythromycin-resistant 
Staphylococcus sp. (Marc et al., 2024). Candida albicans showed strong resistance to ketoconazole 
(81.5%) and moderate resistance to Nystatin and Griseofulvin. The high resistance rates 
underscore the need for alternative treatments. This supports the study‘s rationale for 
investigating the antimicrobial properties of L. inermis, Similar high resistance rate to 
commonly used antibiotic and antifungal have been reported in previous studies (Olowe et 
al., 2014; Habbal et al., 2011) highlighting the growing challenge of multi drugs resistance 
(MDR) in clinical settings. Methanolic extract showed stronger inhibition zones, especially 
against S. aureus (up to 29 mm) and C. albicans (28 mm), indicating its potent antimicrobial 
properties. No activity was seen in the negative control (DMSO), while standard drugs served 
as positive controls. This finding is line with that of Athiban et al. (2018) who demonstrated 
the activity of L. inermis leaf extracts against both Gram positive and Gram-negative bacteria. 
This finding shows the distribution of bacterial and fungal isolates according to sample source 
shows the origin of the 62 positive microbial isolates: 54.8% were obtained from High vagina 
swab (HVs) samples and 45.2% from Urine. The bacterial isolates are Staphylococcus aureus, 
Pseudomonas aeruginosa and Escherichia coli. While the fungi isolated is Candida albicans. The 
study revealed that, divorce women had the highest infection prevalence (51.61% of the 
positive cases). The highest frequency is within the age group 26 – 30 years (38.71%) and 36 - 
40 years was having the lowest rate of the prevalence (9.68%). High bacterial resistance was 
observed to flucloxacillin (64.9%) and amoxicillin (57.1%). Candida albicans showed strong 
resistance to ketoconazole (81.5%) and moderate resistance to nystatin and griseofulvin. The 
high resistance rates underscore the need for alternative treatments. Alkaloids, flavonoids and 
tannins were found in both the ethanolic, methanolic and aqueous extract Likewise, quinones 
were only present in the aqueous extract, However, quinones absent in the ethanolic and 
aqueous. The steroids and, tannins which were found at highly concentration (++) is in line 
with Nalado and Abduljabbar, (2023) who detected alkaloids, flavonoids, tannins, steroids, 
quinones and phenols.  
 
CONCLUSION 
This study has revealed the occurrence of bacterial and fungal isolates like Staphylococcus 
aureus, Pseudomonas aeruginosa, Escherichia coli and Candida albicans. The also revealed the MDR 
of both bacterial and fungal isolates. It is therefore pertinent to complement culture-based 
techniques with for purpose of bacterial identification in hospital setting. This is with a view 
to preventing misidentification of pathogens and/or wrong diagnosis of infectious diseases, 
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which may negatively impact on efforts aimed at combating and reversing the emerging trend 
of multidrug resistant bacteria in the hospital environment.  
 
RECOMMENDATIONS 
Adequate hygiene in our environment, there should also be a mandatory HVS screenings for 
women of reproductive age. This paper has highlighted its anti-bacterial, anti-oxidant 
properties, showcasing its versatility as a therapeutic agent as has been advocated in Bauchi 
State. Further research needs to be done to fully to understand the health benefit of henna. 
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