	[image: OEBPS/images/image0001.jpg] 
	Tropical Journal of Natural Product Research
 
Available online at https://www.tjnpr.org
Short Communication
	[image: OEBPS/images/image0002.jpg] 
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	Fungal infections are a serious health concern that poses a danger to global healthcare systems. The innate resistance of fungi to chemical agents has made researchers investigate natural sources with bioactive contents against a wide spectrum of pathogenic microbes. The present study aimed to explore the variability of the mineral profile, as well as the antifungal effect of different extracts of Ajuga iva L. collected from different geographical locations in Morocco. Different extracts (aqueous, ethanol, and methanol) were prepared from Ajuga iva samples using the maceration technique. The mineral profile of the extracts was determined using inductively coupled plasma atomic emission spectroscopy (ICP-AES). Eight pathogenic fungi were used to determine the antifungal effect of different extracts of Ajuga iva using agar disc diffusion method. The results showed high variability in the mineral profile according to geographical origin with the abundance of Na (between 160.52 and 192.40 mg/L), K (between 10.52 and 41.41 mg/mL), Ca (between 32.07 and 58.76 mg/L), Mg (between 4.16 and 8.42 mg/L), and P (between 1.69 and 10.54 mg/L). All the test extracts exhibited considerable antifungal effects against all fungi except Cryptococcus. The findings of the present study confirmed that Ajuga iva is a valuable source of essential minerals and is effective in inhibiting the growth of pathogenic fungi.
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Introduction 
The Lamiaceae family is one of the most important herb families due to its unique beneficial properties for humans.1 This cosmopolitan flowering herb family contains approximately 7136 species spread worldwide.2,3 Several species of the Lamiaceae family have been documented in various publications that describe their different traditional uses, including antibacterial, antidiabetic, cholesterol-lowering, insecticidal, and anticancer effects.4–6 Among the long list of Lamiaceae family members, Ajuga iva L. was included. The plant has been reported to be effective against a wide spectrum of human diseases, such as hyperglycemia, ulcers, inflammation, wounds, and breast hardness.7–12 Unfortunately, infectious diseases place a heavy cost on global healthcare systems. The emergence and spread of chemical drug resistance have led to the search for alternative sources of safer and more effective antimicrobial agents.
Several studies have been carried out in this area to investigate the phytochemistry of different natural sources to identify antimicrobial phytocompounds that are efficient against a range of pathogenic microbes.13–17 Different studies have explored the antimicrobial properties of Ajuga iva against multiple pathogenic microbes.
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These pathogens include Staphylococcus aureus CECT976, Bacillus subtilis DSM6633, Listeria innocua CECT 4030, Escherichia coli K12, Proteus mirabilis, Pseudomonas aeruginosa CECT118, Staphylococcus epidermidis 5994, Staphylococcus aureus BLACT 4IH2510, Streptococcus agalactiae (B)                7DT1887, Escherichia coli sauvage 3DT1938, Escherichia coli BLSE 2DT2057, Enterobacter cloacae 02EV317, Klebsiella pneumoniae 3DT1823, Proteus mirabilis 2DS5461, Pseudomonas aeruginosa 2DT2138, Candida albicans Ca, Candida dubliniensis Cd, Saccharomyces cerevisiae Sacc, Aspergillus niger AspN, Candida tropicalis Ct, Candida krusei Ckr, Candida parapsilosis Cpa, and Candida kyfer C.ky.18,19 The antimicrobial properties of Ajuga iva L. have been linked to its abundant chemical composition. After a thorough analysis of the phytochemistry of the plant, it was discovered that ferulic acid, quercetin, coumaric acid, apigenin-7-(2-O-apiosylglucoside), naringenin, eriodyctiol, and apigenin were implicated.18,20 The isolation and identification of new natural antimicrobial agents constitute a promising approach to combating microbial resistance.16,21 Plant phytochemistry depends on numerous factors, such as herb species, sampling season, pedoclimatic conditions, extraction procedure, and extractor solvent.18 The chemical and biological characteristics of essential plant oil are influenced by the phenological stage of Ajuga iva.22
The present study was conducted to explore the variation in the mineral profile of Ajuga iva samples collected from different regions in Morocco. The antimicrobial activity of the extracts from the plant against eight pathogenic fungi was also determined.
 
Materials and Methods 
Plant collection and identification
The Ajuga iva plant samples were collected during November 2023, from five different locations, including Azzaba (33°55’15” N 4°49’54” W), Immouzzer Kandar (33°44’0.24 N, 5°0’37.8” W), Fez (34°01’26” N 5°00’06” W), Moujou (33°46’31” N 4°57’03” W), and Jbel Zerhou (34°02’02” N, 5°30’42” W). The samples were identified and authenticated under voucher number FE2023/11 in the Functional Ecology and Environmental Engineering Laboratory under the supervision of Professor L. El Ghadraoui in the Faculty of Sciences and Technologies, Sidi Mohamed Ben Abdellah University, Fes 30050, Morocco. The samples were shade-dried and ground into a fine powder for the extraction procedure.
  
Determination of mineral composition 
The mineral content of the different samples under investigation was determined using the calcination technique described by Laaroussi et al. by employing inductively coupled plasma atomic emission spectroscopy (ICP-AES).23 Briefly, the ashes of separate samples were mixed with 5 mL of 0.1 M nitric acid, and the resulting mixtures were agitated using a hot plate to evaporate the nitric acid. To make up to 25 mL, 10 mL of nitric acid were mixed with distilled water.
 
Plant extraction
The extraction procedure was based on the previously described maceration technique,23 combining 10 g of each powder sample with 100 mL of each extractor solvent (water, ethanol, and methanol). The mixtures were agitated for 72 h, and the resulting content was sieved through filter paper in preparation for further analyses. 
 
Source of fungal strains 
Eight fungi were selected to evaluate the antifungal effects of extracts from the Ajuga iva plant collected from different geographical locations in Morocco. Five yeasts, including Candida sp. (LSEAF X3), Pichia sp. (LSEAF X4), Geotricum candidum (LSEAT X1), Cryptococcus sp. (LSEAF X2), Rhodotorula sp. (LESEAT X3), and three molds, which included Aspergillus niger (CSEAF Y1), Fusarium oxysporum (CSEAF Y3), and Penicillium notatum (CSEAT Y4) were obtained. The microorganisms used in the current study were provided by the Laboratory of Functional Ecology and Engineering Environment, Faculty of Sciences and Technologies (FST), Fez, and were clinically isolated.
 
Preparation of inoculum suspension 
The fungal strains were cultured in 1% yeast extract, 2% peptone, and 2% glucose (YPG) to obtain fresh cultures. Inoculum suspensions were prepared by diluting fresh colonies in distilled water and stirring for 20 seconds and the density was adjusted to 6x108 CFU/mL. 
 
Evaluation of the antimicrobial activity of Ajuga iva extracts 
The agar disc diffusion method was used to determine the antifungal effect of the different extracts under study. All fungi mentioned above were grown in YPG medium. An aliquot of 100 µL of the fresh culture of different fungi consisting of 0.5 McFarland standard (6x108 CFU/mL) was prepared in physiological saline. Also, different concentrations (5, 10, and 20 mg/mL) of the test extracts were prepared. Discs (Whatman 6 mm paper discs) were placed in the Petri dishes and impregnated with 40 µL of each concentration. The incubation of cultures was maintained for 24-72 hours at 37oC. Subsequently, the inhibition zones were measured.24 
 
Statistical analysis 
The data are presented as mean±standard error of mean (SEM).  To determine significance, a one-way analysis of variance (ANOVA) was performed using the Past 3 program. Différences at p < 0.05 were considered to be significant.
 
Results and Discussion 
Mineral composition of Ajuga iva samples
The mineral composition of all samples is presented in Table 1. The most abundant minerals were Na, K, Ca, Mg, and P with values ranging between 160.52 and 192.40, 10.52 and 41.41, 32.07 and 58.76, 4.16 and 8.42, and 1.69 and 10.54 mg/L, respectively. The highest potassium value was recorded in the sample collected from Jbel Zerhoun with 41.41 mg/L, while the Immouzzer Kandar sample had the lowest potassium amount (10.52 mg/L). The sample collected from the Azzaba region had the highest amounts of sodium, calcium, and magnesium with values of 192.40, 58.76, and 8.42 mg/L, respectively. The plant Ajuga iva obtained its mineral compounds from the soil and water. The variation in mineral composition observed in Ajuga iva could be explained by the fact that the samples under study were collected from different geographical locations, resulting in different soil and environmental conditions. It has been discovered that the mineral profile of plants is highly affected by numerous factors, including geographical origin and weather conditions.25 The results obtained for the minerals are higher than those reported by Senhaji et al., who found that iron (112 mg/L), potassium (44.071 mg/L), and sodium (16.572 mg/L) were the most abundant minerals present in Ajuga iva. Macro and micronutrients are essential to complete the plant life cycle.26 Minerals are involved in different physiological functions of plant cells, including enzyme activation, cell charge maintenance and water balance, and electron transporters.27 Importantly, several macro and micronutrient supplements are effective at reducing heavy metal uptake and their accumulation in crop culture.28 The absence of heavy metals in all study samples could be attributed primarily to the presence of significant concentrations of zinc, iron, manganese, phosphorus, and selenium. Furthermore, minerals play an important role in phytochemical synthesis, improving the antioxidant profile of medicinal plants.29
 
Antifungal activity of Ajuga iva extracts
The results of the antibacterial activity of several extracts prepared from various Ajuga iva samples are summarized in Table 2. All the fungi were sensitive to the test extracts, except Cryptococcus. Fusarium sp. and Aspergillus niger were the most sensitive fungi, with inhibition zones ranging between 8.22 and 35 mm. Importantly, no growth of Penicillium was observed in plates treated with the methanol extract of the sample collected from Aazzaba. The findings obtained from the present study are consistent with those reported by Saidi et al.18 In the same context, Makni et al. observed that methanol extract was the most effective against Aspergillus clavatus, Aspergillus niger, and Fusarium sp., with inhibition zones of 11, 10, and 18 mm, respectively.30 The extracts obtained from Ajuga iva exhibited the least potent antifungal activity against Candida albicans with an inhibition zone of 11 mm.20 Ajuga iva possesses a wide range of properties, such as antiviral activities against numerous viruses, including Coxsackie Virus type B-3 (CVB-3), Adenovirus type 5 (ADV-5), Respiratory Syncytial Virus type B (RSV-B), and Herpes Simplex Virus type 2 (HSV-2).31 The antifungal effect of Ajuga iva is associated with its rich chemical composition. The phytochemistry of the herb revealed the presence of several active compounds, such as ferulic acid, quercetin, coumaric acid, and apigenin-7-(2-O-apiosylglucoside), which are well known for their antimicrobial properties.18 Ferulic acid exhibited interesting antifungal activity against Candida albicans by altering the morphology and internal structure of the cell surface, resulting in damage to the integrity of the cell and leakage of its contents.32 The combination of ferulic acid and caspofungin was found to be effective against C. albicans by inducing apoptosis.21 Furthermore, p-coumaric acid is found to act as a mitochondrial decoupler, facilitating its passage through cellular membranes and therefore influencing the disruption of the internal stability of fungi.33 The synergistic interaction of different active compounds of Ajuga iva could explain its considerable antifungal effect against a wide range of pathogenic fungi. 
 
Conclusion
In the current study, the mineral profile and antifungal activity of different samples of Ajuga iva L. collected from different geographical locations in Morocco were determined. Significant variability in mineral profile was observed among the samples studied, and significant antifungal activity was noted, particularly in the sample from Aazzaba. The biological properties of Ajuva iva may be related to its geographical origin, mineral profile, and phytochemicals. Ajuga iva is an interesting source of functional minerals and phytocompounds that require further investigation.
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Table 1: Mineral composition of Ajuga iva L. samples
 
	 
	K
	Na
	Ca
	Mg
	P
	Fe
	Al
	Si
	Zn
	B
	Mn
	Cd
	Cr
	Cu
	Pd
	Ni
	Ag

	Azzaba
	16.62
	192.40
	58.76
	8.42
	8.34
	2.29
	2.09
	1.67
	0.50
	0.12
	0.08
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	Immouzzer Kandar
	10.52
	165.54
	32.07
	4.93
	2.37
	1.03
	1.20
	1.35
	0.21
	0.08
	0.04
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	Fez
	13.62
	173.26
	55.27
	8.28
	10.54
	2.13
	8.42
	1.58
	0.48
	0.12
	0.12
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	Moujou
	14.42
	161.85
	38.79
	4.19
	1.69
	0.68
	0.76
	1.45
	0.16
	0.07
	0.04
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	Jbel zerhoun
	41.41
	160.52
	43.62
	5.54
	3.44
	0.61
	0.87
	1.48
	0.19
	0.11
	0.02
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01


 
 
Table 2: The diameter of inhibition zones of different concentrations of Ajuva iva extracts under study
 
	Area
	Extract
	Dose
mg/mL
	Candida sp.
	Pichia sp.
	Geotricum Candidum
	Cryptoccocus  sp.
	Rhodotorula sp.
	Aspergillus niger
	Fusarium oxysporum
	Penicillium notatum

	Azzaba
	Aqueous
	5
	-
	14.83 ± 0.02
	-
	-
	-
	31 ± 1.9
	16.83 ± 0.25
	-

	10
	-
	16.33 ± 0.04
	-
	-
	-
	20.3 ± 0.28
	22.66 ± 1.03
	-

	20
	-
	15.99 ± 0.04
	-
	-
	-
	15.1 ± 0.21
	19.49 ± 1.29
	-

	Ethanolic
	5
	15.66 ± 0.09
	15 ± 0.28
	11.33 ± 0.42
	-
	 
	-
	15.88 ± 0.55
	-

	10
	14.99 ± 0.09
	12.5 ± 0.07
	18.33 ± 0.04
	-
	-
	18.99 ± 0.04
	13.22 ± 0.13
	-

	20
	10.49 ± 0.02
	14.49 ± 0.16
	15.5 ± 0.07
	-
	-
	15.99 ± 0.33
	15.2 ± 0.13
	-

	Methanolic 
	5
	10.49 ± 0.02
	14.83 ± 0.02
	11.33 ± 0.42
	-
	-
	13.33 ± 0.09
	8.8 ± 0.24
	No growth

	10
	14.99 ± 0.09
	16.33 ± 0.04
	15.5 ± 0.07
	-
	-
	22.83 ± 0.11
	13.22 ± 0.13
	No growth

	20
	15.66 ± 0.09
	15.99 ± 0.04
	18.33 ± 0.04
	-
	-
	25.49 ± 0.16
	15.88 ± 0.55
	No growth

	Immouzzer Kandar
	Aqueous
	5
	-
	13.99 ± 0.04
	-
	-
	-
	19.33 ± 0.42
	24.49 ± 0.82
	-

	10
	-
	-
	-
	-
	-
	14.66 ± 0.23
	19.33 ± 0.66
	-

	20
	-
	-
	-
	-
	-
	16.33 ± 0.56
	18.16 ± 0.68
	-

	Ethanolic
	5
	11.66 ± 0.04
	16.16 ± 2.1
	17.49 ± 0.11
	-
	18.33 ± 0.04
	-
	-
	-

	10
	8.69 ± 0.23
	 
	10.83 ± 0.16
	-
	16.83 ± 0.16
	23.33 ± 0.04
	-
	-

	20
	19.66 ± 0.09
	14.33 ± 0.04
	15.66 ± 0.09
	-
	17.83 ± 0.02
	28.34 ± 0.61
	-
	-

	Methanolic 
	5
	8.69 ± 0.23
	-
	10.83 ± 0.16
	-
	16.83 ± 0.16
	-
	6.77 ± 0.08
	8.66 ± 0.15

	10
	11.66 ± 0.04
	-
	15.66 ± 0.09
	-
	17.83 ± 0.02
	14.99 ± 0.04
	17.55 ± 0.75
	10.11 ± 0.25

	20
	19.66 ± 0.09
	-
	17.49 ± 0.11
	-
	18.33 ± 0.04
	16.33 ± 0.09
	25.33 ± 1.03
	16.66 ± 0.92

	Fez
	Aqueous
	5
	-
	-
	-
	-
	-
	22 ± 0.28
	20.16 ± 0.68
	-

	10
	-
	-
	-
	-
	-
	16.83 ± 0.09
	18.66 ± 0.70
	-

	20
	-
	-
	-
	-
	-
	16.66 ± 0.11
	16.83 ± 0.58
	-

	Ethanolic
	5
	12.83 ± 0.11
	8.5 ± 
	5 ± 0.14
	-
	11.66 ± 0.09
	6 ± 0.84
	-
	-

	10
	-
	8.66 ± 1.22
	10.83 ± 0.02
	-
	-
	11 ± 1.5
	-
	-

	20
	11.99 ± 0.04
	-
	11.16 ± 0.11
	-
	-
	14.66 ± 0.14
	-
	-

	Methanolic 
	5
	-
	-
	5 ± 0.14
	-
	-
	12.33 ± 0.04
	8.22 ± 0.20
	9.88 ± 0.05

	10
	11.99 ± 0.04
	-
	10.83 ± 0.02
	-
	-
	13.66 ± 0.04
	9.88 ± 0.61
	11 ± 0.1

	20
	12.83 ± 0.11
	-
	11.16 ± 0.11
	-
	-
	16.5 ± 0.91
	14.99 ± 0.88
	11.33 ± 0.12

	Moujou
	Aqueous
	5
	-
	14.99 ± 0.09
	-
	-
	-
	23.33 ± 0.61
	20.66 ± 25
	-

	10
	-
	14.66 ± 0.04
	-
	-
	-
	16.99 ± 0.09
	25.83 ± 0.96
	-

	20
	-
	0.98 ± 0.11
	-
	-
	-
	21.16 ± 0.16
	22.33 ± 0.89
	-

	Ethanolic
	5
	11.5 ± 0.07
	-
	13.83 ± 0.11
	-
	17.83 ± 0.11
	10.66 ± 1.50
	 
	 

	10
	13.99 ± 0.04
	12.5 ± 0.07
	-
	-
	13.66 ± 0.09
	17.49 ± 0.02
	 
	 

	20
	14.99 ± 0.04
	14.33 ± 0.14
	13.5 ± 0.07
	-
	14.66 ± 0.18
	21.83 ± 0.16
	 
	 

	Methanolic 
	5
	11.5 ± 0.07
	9.8 ± 0.11
	-
	-
	13.66 ± 0.09
	11 ± 0.28
	16.33 ± 0.78
	10.99 ± 0.20

	10
	13.99 ± 0.04
	14.66 ± 0.04
	13.5 ± 0.07
	-
	14.66 ± 0.18
	11.49 ± 0.25
	20.77 ± 1.11
	11.44 ± 0.12

	20
	14.99 ± 0.04
	14.99 ± 0.09
	13.38 ± 0.11
	-
	17.83 ± 0.11
	14.66 ± 0.09
	20.99 ± 0.76
	11.11 ± 0.05

	Jbel Zerhoun
	Aqueous 
	5
	-
	-
	-
	-
	-
	19.83 ± 0.21
	23.33 ± 1.22
	-

	10
	-
	-
	-
	-
	-
	25.16 ± 1.62
	23.16 ± 0.77
	-

	20
	-
	-
	-
	-
	-
	18.33 ± 0.09
	17.83 ± 1.43
	-

	Ethanolic 
	5
	13.83 ± 0.07
	-
	11.83 ± 0.21
	-
	-
	6.83 ± 0.96
	-
	-

	10
	-
	-
	15.66 ± 0.18
	-
	-
	16.66 ± 0.04
	-
	-

	20
	-
	17.83
	-
	-
	-
	17.16 ± 0.16
	-
	-

	Methanolic 
	5
	-
	-
	-
	-
	-
	13.33 ± 0.14
	12.22 ± 0.18
	10.33 ± 0.1

	10
	-
	-
	11.83 ± 0.21
	-
	-
	15.99 ± 0.09
	12.77 ± 0.34
	12.11 ± 0.18

	20
	-
	14.66 ± 0.28
	15.66 ± 0.18
	-
	-
	17.33 ± 0.04
	35.66 ± 1.03
	15.88 ± 0.06
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