
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Fereja et al. BMC Complementary Medicine and Therapies          (2024) 24:368 
https://doi.org/10.1186/s12906-024-04668-y

BMC Complementary 
Medicine and Therapies

*Correspondence:
Workineh Mengesha Fereja
workinehmengesha@gmail.com; workinehm@du.edu.et
1Department of Chemistry, and Energy and Environment Research 
Center, Dilla University, P. O. Box 419, Dilla, Ethiopia

2Department of Chemistry, Hawassa College of Teacher Education, P. O. 
Box 115, Hawassa, Ethiopia
3Department of Horticulture, Dilla University, P. O. Box 419, Dilla, Ethiopia
4Department of Biology, Dilla University, P. O. Box 419, Dilla, Ethiopia
5Department of Pharmacy, Dilla University, P. O. Box 419, Dilla, Ethiopia

Abstract
Background  Many diseases are increasingly recognized as public health concerns worldwide because of the 
increasing incidence of multidrug-resistant bacteria. Recently, interest in the use of indigenous medicinal plants to 
treat infectious illnesses has increased, highlighting the need to find new bioactive phytochemicals. Ajuga integrifolia 
is a plant commonly utilized in traditional drugs to treat a wide range of diseases, although its effectiveness has not 
been scientifically validated. The present study aimed to evaluate the total phenolic and flavonoid contents and 
assess the biological activities of A. integrifolia leaf extracts produced via different solvent systems.

Methods  Soxhlet extraction was employed to obtain crude extracts from different solvents (methanol, ethanol 
and water). The 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric-reducing power assays were used to measure the 
antioxidant activity, and the antibacterial activity of the extract was evaluated on the basis of its minimum inhibitory 
concentration (MIC) against two gram-negative bacteria (Escherichia coli (ATCC-25922) and Pseudomonas aeruginosa 
(ATCC-43495)) and two gram-positive bacteria (Staphylococcus aureus (ATCC-25923) and Streptococcus pyogenes 
(ATCC-19615)) via the agar disk-diffusion technique.

Results  A significant amount of total phenolic content (TPC) and flavonoid content (TFC) were present in all the 
extracts. The extracts presented powerful antioxidant activity in all the assays. The disc diffusion and MIC results 
revealed the ability of the methanol and ethanol extracts of A. integrifolia leaves to inhibit S. aureus growth at a 
concentration of 3.125 mg/mL. However, the water extracts were ineffective against E. coli and P. aeruginosa.

Conclusions  These findings indicate that A. integrifolia leaf extracts have reasonable biological activities. These 
findings underscore the importance of A. integrifolia leaves as a source of health benefits.

Keywords  Medicinal plants, Ajuga integrifolia, Phenolic compounds, Flavonoid compounds, Antioxidant activity, 
Antibacterial activity, Minimum inhibition concentration (MIC)
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Introduction
Secondary metabolites derived from various plants play 
critical roles in different biological (antioxidant and anti-
bacterial) activities [1]. These compounds are distinct 
and specific to certain organisms or groups of organ-
isms [2]. Natural products continue to have a signifi-
cant impact on the development of drugs, as they make 
up nearly half of the new chemical entities discovered 
in drug research [3, 4]. According to the World Health 
Organization, approximately 80% of the world’s popula-
tion, particularly in developing countries, primarily uses 
traditional medicines for primary health care needs [5]. 
Additionally, there has been a rise in the international 
trade of traditional medicine and plant-based products, 
leading to widespread acceptance and expansion of 
knowledge in this field across different countries [6]. The 
majority of the antioxidant compounds in a regular diet 
are derived from plants and are classified into different 
groups with diverse physical and chemical characteris-
tics [7]. Moreover, free radicals, their harmful effects, and 
bacterial infections continue to be the leading reasons for 
morbidity and death internationally despite the discov-
ery of many antibiotics [8, 9]. The increasing number of 
bacterial strains resistant to many antibiotics is another 
key problem for human health and can lead to bacterial 
infections [10, 11].

Ajuga integrifolia Buch.-Ham. Ex D. Don (Lamiac-
eae), in the Ajuga genus, is locally known as akorarach 
in Amharic and harmegusa in Afaan Oromo in different 
parts of Ethiopia [12]. A. integrifolia is commonly used 
in traditional medicine to treat various ailments, such as 
diarrhea, stomach issues, the evil eye, retained placenta, 
ascariasis, malaria, swollen legs, hypertension, and jaun-
dice. Additionally, it is also employed for veterinary pur-
poses [13].

A. integrifolia is utilized as a medicinal herb by many 
societies to cure a variety of infectious diseases. However, 
their ability to act as biological agents and phytochemi-
cal entities in the treatment of drug-resistant bacteria 
has not been adequately examined. There is potential 
for greater utilization of plant parts in Ethiopia, but 
owing to the lack of scientific data, this potential is not 
fully realized. Little is known about A. integrifolia, and 
few studies have reported on the phytochemical content 
and biological activity of A. integrifolia extracts in vari-
ous solvents. Furthermore, variations in bacterial strains, 
genotype, soil type, environmental conditions, harvesting 
techniques, extraction procedures, and extraction meth-
ods can influence the composition and efficacy of plant 
extracts [14–18]. The purpose of this work was to ana-
lyze the phytochemical constituents that are responsible 
for the biological (antioxidant and antibacterial) activities 
of A. integrifolia leaf extracts in various solvents with the 

goal of providing scientific knowledge that can contribute 
to drug development.

Materials and methods
Chemicals and reagents
2,2-Diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocal-
teu reagent, gallic acid, catechin, ascorbic acid, ethanol, 
methanol, sodium carbonate, potassium ferric cyanide, 
trichloroacetic acid, aluminum trichloride, ammonia, 
hydrochloric acid, sulfuric acid, ferric chloride, sodium 
nitrite, sodium hydroxide, chloroform, potassium hexa-
cyanoferrate, dipotassium hydrogen phosphate, potas-
sium dihydrogen phosphate, Tween 20, dimethylsulfoxide 
(DMSO), and all other reagents and solvents used in 
this study were of analytical grade and purchased from 
Sigma‒Aldrich (St. Louis, USA). Bacterial media (Muel-
ler Hinton agar) and Mayer’s reagent (mercury chloride 
in potassium iodide) were used. Both solvents (Tween 20 
and DMSO) were used as negative control and ciproflox-
acin were used as positive controls.

Collection, identification and preparation of plant material
Fresh leaves of A. integrifolia were randomly collected to 
eliminate possible selection bias from branches during 
the month of November 2023 from Gelana Woreda in the 
West Guji Zone of Oromia regional state, Ethiopia. The 
sample was subsequently transported to the microbiology 
laboratory of Dilla University, Ethiopia. The taxonomical 
identification and authentication were performed by a 
botanist (Assistant Professor Tariku Berihun, Faculty of 
Biology). Further authentication was reconfirmed at the 
National Herbarium of Ethiopia, Addis Ababa University. 
The authenticated specimen was kept at the Ethiopian 
National Herbarium Center, Addis Ababa University, 
with voucher number WDG.01/2023. The harvested 
plant sample was subjected to washing with tap water to 
eliminate dust. The samples were subsequently dried in 
the dark for 15 days at room temperature (25 ± 3 °C). The 
dried samples were powdered via an electric mill, sieved 
to obtain a uniform particle size (0.25 mm) and kept in a 
clean and dry plastic bag in a desiccator in the dark until 
use.

Extraction of secondary metabolites
The extraction process was carried out according to 
the protocol described by Ismael et al. [19], with minor 
modifications. Briefly, 10 g of the powdered sample was 
added to a beaker containing 100 mL of different solvents 
(methanol. ethanol, and water) to obtain the extracts. The 
obtained mixtures were shaken in an orbital shaker at 
room temperature for ten hours at 120 rpm. The extracts 
were filtered through Whatman No. 1 filter paper and 
then evaporated to dryness under vacuum at 40 °C via a 
rotary evaporator (Buchi, 3000 series, Switzerland). The 
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experiments were performed in triplicate for each sol-
vent to obtain replicate results. The resulting dried crude 
extract was weighed to determine the percentage yield 
of the soluble constituents of the respective solvents via 
Eq.  (1), as described in Goanar et al. [18] and Bandiola 
[20], and then the dried extract was kept in a sealed plas-
tic continuer at ˗20 °C until use.

	
Yield% =

Weight of the dried extract

Weight of the sample taken for extraction
× 100� (1)

Determination of bioactive constituents
Total phenolic content (TPC)
The amount of TPC in the extract was determined by 
using the method described by Ismael et al. [19], Banu et 
al. [21] and Shan et al. [22] with slight modifications, with 
Folin˗Ciocalteu as a reagent (FCR) and gallic acid as the 
standard. Briefly, FCR was diluted ten times, 1 mL was 
added to 0.1 mL of extract (2.5 mg/mL), and after 5 min, 
1 mL of Na2CO3 (75 g/L) was added to the mixture. The 
mixture was incubated for 90 min at room temperature, 
and then, the absorbance of the obtained blue color was 
measured via a UV˗visible spectrophotometer (SPEC-
TRONIC 20) at 765 nm. The TPC was determined from 
the linear equation of the calibration curve (y = 0.024x ˗ 
0.014, R2 = 0.996) drawn from the standard solution (10 to 
100 g/mL) of gallic acid and was expressed as milligrams 
of gallic acid equivalent per gram of dried extract (mg 
GAE/g) Desalegn et al. [23].

Total flavonoid content (TFC)
The TFC was determined via the aluminum chloride 
colorimetric assay method as described by Esmael et al. 
[19], with slight modifications. This was accomplished 
on the basis of the appearance of a pink color due to the 
formation of the flavonoid˗aluminium complex. Briefly, 
1 mL of the extracts (2.5  mg/mL) was diluted with 1 
mL of distilled water, and then 75 µL of 5% NaNO2 was 
added to the mixture. After 6 min, 150 µL of 10% AlCl3 
was added, and then, 1 M NaOH was added after 5 min. 
The absorbance of the pink color solution was immedi-
ately measured via a UV˗visible spectrophotometer at 
510  nm and compared with that of the prepared water 
blank. The TFC was determined via a calibration curve 
(y = 0.011x + 0.132, R2 = 0.97) from concentrations ranging 
from 10 to 100 µg/mL. The obtained result was expressed 
as milligrams of catechin equivalents per gram of dried 
extract (mg CE/g) via the method described by Gulcin et 
al. [24].

Antioxidant activities
2,2-Diphenyl-1-picrylhydrazyl radical scavenging activity
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging activity of the extracts was evaluated via the 
methods described by Ismael et al. [19] and Desalegn 
et al. [23], with slight modifications. Briefly, test tubes 
with 1 mL of extract at concentrations ranging from 
50 to 1000  µg/mL were made. Each test tube received 
a freshly prepared 2 mL solution of DPPH in methanol 
(0.06% w/v). The reaction mixtures, along with the refer-
ence standard (ascorbic acid), were vortexed and kept at 
room temperature in the dark for 30 min. The absorbance 
of the resulting solutions was measured at 520 nm, and 
water was used as a blank. The percentage reduction in 
DPPH radical activity was calculated via Eq. 2.

	DPPH scavenging percentage (R%) =
(Ac− As)

Ac
× 100� (2)

Ac: absorbance of DPPH without extract; As: absorbance 
of the test extract in the presence of DPPH.

The antioxidant activity of each extract was reported 
as an IC50value. The IC50 value refers to the amount of 
extract in µg/mL required to scavenge 50% of the DPPH 
radical [25]. For those extracts, IC50 values less than 50 
µg/mL were obtained by extrapolating the graph to zero 
via Origin 8 software.”

Ferric ion reducing power
The reducing ability of the extracts to decrease ferric 
ions was evaluated to determine their antioxidant activ-
ity. This was performed via the methods described by 
Djamila et al. [1] and Ismael et al. [19], with slight modi-
fications. The increased absorbance value indicates the 
reducing power ability of the extract. By monitoring the 
production of Perl’s Prussian blue at 700 nm, one can see 
how the extracted antioxidants reduce the yellow ferric 
cyanide complex [K3Fe(CN)6] to the blue ferrous form. 
Briefly, 2.5 mL of sodium phosphate buffer (0.2  M, pH 
6.6) and 2.5 mL of potassium ferric cyanide (1%) were 
mixed with 1 mL of extract at a concentration of 1 mg/
mL. The obtained mixture was incubated for 20  min at 
50 °C. After adding 2.5 mL of (10%) trichloroacetic acid, 
the mixture was centrifuged for 5 min at 3000 rpm (Cen-
turion, 1000 series, UK). An aliquot, 2.5 mL of the super-
natant mixture, 2.5 mL of distilled water, and 0.5 mL of 
0.1% FeCl3 were combined to form a mixture. Finally, 
the absorbance was measured at 700 nm via a UV˗visible 
spectrophotometer, and the value was expressed via 
an ascorbic acid calibration curve (y = 0.004x + 0.231, 
R2 = 0.98) in milligrams of ascorbic acid equivalent per 
gram of dried extract (mg AAE/g).
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Antibacterial activity
Culture and maintenance of bacterial strains
The antibacterial effects of the extracts were evaluated 
according to the method described by Goaner et al. [18] 
with minor modifications via the disc diffusion method 
against two Gram˗negative bacterial strains (E. coli 
(ATCC-25922) and P. aeruginosa (ATCC-43495)) and two 
Gram˗positive bacterial strains (S. aureus (ATCC-25923) 
and S. pyogens (ATCC-19615)). The pure cultures of bac-
terial strains were supplied by the Ethiopian Biodiversity 
Institute in Addis Ababa, Ethiopia, in March 2022. Before 
use, the bacterial strains were maintained on Mueller–
Hinton agar media at 4  °C, and they were periodically 
subcultured on the same media to ensure that the bacte-
rial population grew. The solvent used for extraction and 
Tween 20 were used as negative controls, whereas the 
ciprofloxacin disc was used as a positive control.

Disc diffusion assay
The antibacterial activity of A. integrifolia leaves 
extracted via different solvent systems (methanol, etha-
nol, and water) was examined via the disc diffusion assay 
method described by Bauer et al. [26] following the 
Clinical laboratory Standard Institute (LSI) Method for 
performance standards for antimicrobial susceptibility 
testing. To perform this experiment, a sterile cotton swab 
was used to spread 100 µL of each inoculum suspension 
(concentration 106 CFU mL− 1 in each well) adjusted 
to that of the McFarland 0.5 turbidity standard evenly 
across the surface of 20 mL Mueller–Hinton agar set in 
90 mm petri dishes. Discs with a diameter of 6 mm were 
sterilized at 121  °C for 15  min and impregnated with a 
positive control (ciprofloxacin 30 µg/mL) and A. integri-
folia leaf extract solutions of 20 µL at various doses. After 
the disc was dried for 5 min, the impregnated discs were 
applied to the inoculated plates via flamed forceps. Each 
disc was pressed down firmly to ensure total contact with 
the Mueller–Hinton agar surface, and the plates were 
labeled and incubated at 37  °C for 24  h. The obtained 
result was observed, and the diameter (millimeter) that 
inhibits the growth of bacteria was measured by using a 
digital caliper.

Determination of the minimum inhibitory concentration 
(MIC)
The antibacterial activity potential of the extracts was 
evaluated by determining the MIC values of the extracts 

via the disc diffusion method reported by Goanar et al. 
[18] and Nasro et al. [27], with slight modifications. The 
extracts were first diluted to a concentration of 100 mg/
mL. After cooling to 45  °C, the concentration of each 
plant extract in molten Mueller–Hinton agar was serially 
diluted twofold to achieve final concentrations of 100, 50, 
25, 12.5, 6.25, 3.125 and 1.563 mg/mL in the agar plate. 
To do this, the agar and plant extracts were well mixed in 
a sterile container and dispensed into a Petri plate labeled 
with a specific concentration of diluted plant extract. 
The plates were incubated at 37 °C for 24 h before all the 
plates were examined for bacterial growth. The minimal 
concentration at which each solvent extract completely 
inhibited the growth of the tested bacterial strain was 
taken as the MIC.

Statistical analysis
The data were analyzed via ANOVA, Origin 8 soft-
ware, and Duncan’s multiple range tests to differentiate 
means at p < 0.05. The IC50 value was calculated via lin-
ear regression analysis. The results are presented as the 
means ± standard errors of triplicate measurements.

Results and discussion
Extraction yield and phytochemical screening
The yield of crude extracts from A. integrifolia leaf pow-
der obtained via different solvents was determined to 
assess the effectiveness of different solvents in extracting 
specific components. Table  1 shows the mass and per-
centage yield of the samples dried with various solvents. 
The methanol leaf extract yielded the highest mass yield 
and percentage yield of secondary metabolites, whereas 
the water root extract had the lowest percentage yield 
in the following order: methanol > ethanol > water leaf 
extract. This trend is often observed in the extraction 
of bioactive substances and is believed to be due to the 
capacity of methanol to partially dissolve both polar and 
nonpolar compounds [28].

The yield of the methanol leaf extract was the highest 
(27.56%), followed by the ethanol extract at 16.985%. The 
ethanol and methanol extracts provided higher yields 
than did the water extract, probably because alcohol 
solvents contain both polar and nonpolar substances, 
enabling them to dissolve both polar and nonpolar com-
pounds. Moreover, alcohol solvents are more effective at 
breaking down cell walls and extracting a greater number 
of polar molecules with intermediate and small polarities 
[29]. These results indicate that the secondary metabo-
lite compounds found in A. integrifolia are mainly polar 
compounds and might be influenced by the nonpolar 
properties of the solvent [30].

Table 1  Mass and percentage yield of A. Integrifolia leaf powder 
(10 g) extracted with different solvents
Extraction solvent Mass obtained Percentage yield (%)
Methanol 2.756 27.56
Ethanol 1.6985 16.985
Water 0.9125 9.125
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Total phenolic content (TPC) and total flavonoid content 
(TFV)
The TPC and TFC of A. integrifolia leaf extracts varied in 
different solvent systems (Table  2). The results revealed 
that the extract was rich in phenolic and flavonoid com-
pounds. A comparable TPC was reached at 18.74 ± 0.38 
and 17.45 ± 0.38  mg GAE/g dried methanol and ethanol 
extracts, respectively. The water extract had the low-
est value (6.67 ± 0.15  mg GAE/g dry extract). Similarly, 
the methanol and ethanol extracts had the highest TFC 
(38.47 ± 2.571 and 39.38 ± 2.314  mg CE/g dry extract, 
respectively). However, the water extract had the lowest 
value (6.67 ± 0.257 mg CE/g).

There were no significant differences (p < 0.05) in 
the TPC or TFC between the ethanol, and methanol, 
extracts. However, a significant difference was observed 
for the A. integrifolia water extract compared with both 
the methanol and ethanol extracts. A phytochemical 
screening test of A. remota leaf extracts using aqueous 
and 80% methanol revealed the presence of phenolic 
compounds and flavonoids [31]. Another study reported 
that flavonoids and phenolic compounds were identified 
in aqueous and 70% ethanol extracts of A. remota leaves 
[32]. The results of the previous total phenolic and flavo-
noid contents and the results of the present study sup-
port similar findings, indicating that the phenolic and 
flavonoid contents were relatively high in the leaf extract 
of A. integrifolia.

Antioxidant activity
DPPH scavenging activity
The antioxidant activity potential is the degree of inhibi-
tion of free radical activity and was evaluated on the basis 
of its ability to scavenge stable free radicals by donating 
an electron or hydrogen [1]. The disappearance of the 
purple color of DPPH suggested the presence of anti-
oxidant activity in the crude extract capable of releasing 
hydrogen. The antioxidant potential was monitored by 
measuring the absorbance following the production of 
stable free radicals via a spectrophotometer. A reduc-
tion in the absorbance value indicates that the extract has 
stronger antioxidant activity because it donates hydrogen 
atoms [33]. The methanol and ethanol extracts demon-
strated a greater percentage of inhibition than did the 
water extract, indicating that phytochemicals are soluble 
in these solvents (methanol and ethanol) (Fig. 1).

At all the tested concentrations, the leaf extracts of 
A. integrifolia presented DPPH scavenging activity in 
the following order: ascorbic acid > methanol > etha-
nol > water. At a concentration of 1000 µg/mL, A. integ-
rifolia leaf extract presented greater DPPH scavenging 
activity than did the other extracts, and there was no sig-
nificant difference in DPPH scavenging activity between 
the methanol and ethanol extracts (94.15 ± 1.428% and 

93.190 ± 0.275%, respectively), and results comparable 
with those of commercially available standard anti-
oxidants (ascorbic acid) were obtained. In contrast, the 
water-containing leaf extract had 41.124 ± 1.363% activi-
ties and exhibited the lowest level of antioxidant activ-
ity (Fig.  1). These findings indicate that the dried leaf 
extract of A. integrifolia contains substances that are able 
to easily donate electrons/hydrogen and help neutral-
ize unpaired electrons when extracted with methanol 
or ethanol. However, the utilization of water for extrac-
tion yields small electrons that can easily stabilize free 
radicals.

Moreover, the antioxidant capacity of the extracts was 
evaluated by determining the amount of sample capable 
of reducing the DPPH concentration to 50% (IC50) of 
the initial amount [34]. The IC50 values of A. integrifolia 
leaf extracts were calculated from the graph of percent-
age scavenging activity versus extract concentrations 
tested. An extract that has a lower IC50 value has greater 
antioxidant activity than Ismael et al. [19]. According 
to the results presented in Table  3, the IC50 values for 
the extracts ranging from 103 µg/mL for the water leaf 

Table 2  TPC and TFC of A. integrifolia leaves extracted with 
various solvents
Extraction solvent TPC (mg GAE/g) TFC (mg CE/g)
Ethanol 17.45 ± 0.60a 39.38 ± 2.314c

Methanol 18.74 ± 0.38a 38.47 ± 2.571c

Water 6.67 ± 0.15b 6.67 ± 0.257b

Note: The TPC and TFC values are expressed as milligrams of gallic acid 
equivalents per gram of dried extract (mg GAE/g) and milligrams of catechin 
equivalents per gram of dried extract (mg CE/g), respectively. The results are 
presented as the means ± SDs (n = 3). Significant differences are indicated by 
different letters in the column after the mean (p < 0.05)

Fig. 1  DPPH radical scavenging activity (%) of methanol, ethanol, and 
water leaf extracts of A. integrifolia and the control (ascorbic acid) at dif-
ferent concentrations. The values are expressed as the means ± standard 
deviations (n = 3)
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extract presented the lowest DPPH scavenging activity to 
48.01 ± 2.31  µg/mL for the methanol leaf extract, which 
presented the strongest DPPH scavenging activity.

The results revealed that there was no significant dif-
ference in the IC50 values of the methanol and ethanol 
extracts. Moreover, the DPPH scavenging activities of the 
ethanol and methanol extracts were not significantly dif-
ferent from the DPPH scavenging activity of the standard 
(ascorbic acid). However, these values are greater than 
the IC50 values and indicate the lowest DPPH scaveng-
ing activity, with an IC50 value of 31.88 ± 0.20 µg/mL for 
the standard (ascorbic acid). However, the IC50 value of 
the water extract was significantly lower than that of both 
the methanol and ethanol extracts (p < 0.05). The water 
leaf extract had the lowest DPPH scavenging activity 
(IC50 > 103) of all the extracts. As a result, the IC50 values 
of the extracts decreased in the following order: ascor-
bic acid > ethanol > methanol > water leaf extracts. This is 
because A. integrifolia has high contents of phytochemi-
cals, such as phenolics and flavonoids, which are respon-
sible for its antioxidant properties, which are known for 
its free radical quenching potential [35]. Overall, these 
findings suggest that the leaves of A. integrifolia have a 
strong ability to scavenge free radicals. Hence, they have 
the capacity to react with free oxygen species to generate 
phenoxyl radicals, which are stable and responsible for 
stopping the chain reaction [1].

Ferric reducing antioxidant power
The reducing power of the extract was determined by 
the ferric reducing antioxidant power (FRAP) of the 
bioactive compounds, which is associated with the anti-
oxidant activity of the natural molecules [1]. The abil-
ity of the compound to transfer electrons and reduce 
iron (III) suggests electron-donating activity, which is 
an important mechanism in phenolic antioxidant reac-
tions [36]. The process of converting ferric iron (Fe3+) 
to its ferrous form (Fe2+) is initiated by antioxidants 
present in the sample that donate electrons. Thus, 
this activity is proportional to the antioxidant abil-
ity of the extracts. At a concentration of 1  mg/mL, 
the reducing capacity of the leaf extracts decreased 
in the following order: ethanol (141.224 ± 3.174  mg 
AAE/g) > methanol (85.714 ± 2.597  mg AAE/g) > water 
leaf extracts (27.244 ± 3.3 mg AAE/g) (Fig. 2). Compared 
with the methanol leaf extract and water leaf extract, the 
ethanol leaf extract of A. integrifolia presented the stron-
gest FRAP (the weakest FRAP), with a significant differ-
ence (p < 0.05).

At 1  mg/mL, the ethanol extract had considerably 
greater ferric reducing power (p < 0.05) than did the 
methanol and water extracts (Fig.  2). This finding is 
consistent with the results of the present study, where 
the ethanol extract and water extract had the strongest 
and weakest total antioxidant activities, respectively, as 
determined by the DPPH scavenging activity. There was 
a significant difference in the antioxidant activity of the 
ethanol, methanol and water extracts (p < 0.05).

This study confirmed that the leaf extracts of A. integ-
rifolia presented strong antioxidant properties. Keshebo 
et al. [37] and Mashwani ZUR et al. [38]. reported that 
the methanol leaf extract of A. integrifolia had strong 
antioxidant properties. Moreover, other recent studies 
by Fagbemi et al. [39] and Keshebo et al. [37] on bioac-
tive compounds revealed that the extract has antioxidant 
activity, and the researchers attributed the presence of 
secondary metabolites, including phenolics, flavonoids, 
terpenoids, β-sitosterol, cis-vaccenic acid and other com-
pounds, such as alkaloids and steroids, to these prop-
erties. This study and the previous findings therefore 
confirm the evidence that suggests the involvement of 
A. integrifolia in drug development to combat oxidative 
stress. As a result, this study validates the traditional use 
of this plant and its application in the pharmaceutical 
industry.

Table 3  IC50 values of various solvents in A. Integrifolia leaf extracts
Solvent used Water Ethanol Methanol Ascorbic acid
IC50 value in µg/mL > 103 53.30 ± 3.39b 48.01 ± 2.31b 31.88 ± 0.20a

Note: Values are averages of triplicate measurements (means ± SDs), and values with different superscript letters are significantly different at p < 0.05

Fig. 2  Ferric reducing power (mg AAE/g) of water, ethanol, and methanol 
extracts from the air˗dried leaves of A. integrifolia. The data are the average 
of triplicate measurements (mean ± SD). Values with different letters in the 
histogram bar are significantly different (p < 0.05)
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Antibacterial activity
Table 4 shows the antibacterial activity of A. integrifolia 
leaf extracts in various solvents. The antibacterial effect 
of Tween 20 (considered a negative control) did not hin-
der the growth of the tested bacterial strains. All extracts 
at the tested concentrations presented lower antibacte-
rial activity than did the antibiotics used (positive con-
trol). In this study, ethanol and methanol leaf extracts of 
A. integrifolia presented increased antibacterial activity 
against the gram-positive bacteria S. aureus, followed by 
antibacterial activity against S. pyrogens, E. coli, and P. 
aeruginosa. However, the results showed that the water 
extract is resistant to gram-positive bacteria (S. pyrogens). 
According to the results of this study, among the bacteria 
tested, gram-negative bacteria were more resistant to A. 
integrifolia water leaf extract.

In this study, the Gram˗positive bacterium S. aureus 
was more susceptible to ethanol and methanol leaf 
extracts of A. integrifolia at all the tested concentrations. 
This is due to the antimicrobial activity of polyphenols 
and flavonoid compounds [40, 41]. Table 4 shows that at 
a concentration of 100 mg/mL, the methanol extracts had 
the strongest bacterial inhibitory effect (9.5 ± 0.5 mm) on 
S. aureus, which was not significantly different from that 
of the ethanol extract. However, the results indicated 
that the extracts are resistant to S. pyogenes, E. coli, and 
P. aeruginosa. The water leaf extract of A. integrifolia had 
the lowest antibacterial efficacy against the gram-positive 

bacteria S. pyogenes, while the gram-negative bacteria E. 
coli and P. aeruginosa were more resistant to the water 
leaf extract of A. integrifolia. Many studies have sug-
gested that the antibacterial effect of plant extracts is due 
to the interaction of the extract with the cell proteins of 
bacterial strains, leading to cell death [19, 42]. The syn-
ergetic effect of the high content of major flavonoids and 
their interaction due to their structure may lead to the 
high biological activities of the extracts.

Minimum inhibitory concentration (MIC)
Table 5 summarizes the minimum inhibitory concentra-
tions (MICs) of the A. integrifolia leaf extracts. The MIC 
values for the investigated bacterial strains ranged from 
3.125 mg/mL to 100 mg/mL. The ethanol and methanol 
extracts displayed the highest activity against S. aureus, 

Table 4  Antibacterial activity of A. Integrifolia leaf extracts in various solvents at various concentrations
Solvent and control used Concentration (mg/mL) Mean zone inhibition ± SD (mm)

Gram˗positive bacteria Gram˗negative bacteria

S. aureus S. pyogenes E. coli P. aeruginosa
Methanol 100 9.5 ± 0.5 7.66 ± 0.16 7.33 ± 0.16 7.16 ± 0.16

50 8.33 ± 0.16 6.5 ± 0.5 6.33 ± 0.16 6.16 ± 0.16
25 7.5 ± 0.33 ˗ ˗ ˗
12.5 7.33 ± 0.16 ˗ ˗ ˗
6.25 6.5 ± 0.33 ˗ ˗ ˗
3.125 6.33 ± 0.16 ˗ ˗ ˗

Ethanol 100 9.00 ± 0.33 7.83 ± 0.66 7.5 ± 0.5 7.5 ± 0.33
50 8.16 ± 0.16 7.00 ± 0.33 6.83 ± 0.16 7.00 ± 0.33
25 7.33 ± 0.5 6.66 ± 0.33 6.5 ± 0.33 6.66 ± 0.16
12.5 7.00 ± 0.33 6.16 ± 0.16 6.16 ± 0.16 6.33 ± 0.5
6.25 6.5 ± 0.5 ˗ ˗ ˗
3.125 6.16 ± 0.16 ˗ ˗ ˗

Water 100 6.83 ± 0.66 6.66 ± 0.33 6.33 ± 0.33 6.16 ± 0.5
50 6.5 ± 0.5 6.33 ± 0.16 ˗ ˗
25 ˗ ˗ ˗ ˗
12.5 ˗ ˗ ˗ ˗
6.25 ˗ ˗ ˗ ˗
3.125 ˗ ˗ ˗ ˗

Ciprofloxacin 30 µg/mL 14.00 ± 0.5 15.5 ± 0.5 25.5 ± 0.33 26.5 ± 0.33
Tween 20 5% ˗ ˗ ˗ ˗

Note: Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), and Streptococcus pyogenes (S. pyogenes) indicate no 
antibacterial activity (p < 0.05)

Table 5  Minimum inhibitory concentrations (MICs) of A. 
Integrifolia leaf extracts in various solvents
Bacteria tested MIC value of extracts using different solvent 

systems
Methanol Ethanol Water

S. aureus 3.125 3.125 50
S. pyogenes 50 12.5 50
E. coli 50 12.5 100
P. aeruginosa 50 12.5 100
Note: Staphylococcus aureus (S. aureus), Streptococcus pyogenes (S. pyogens), 
Escherichia coli (E. coli), and Pseudomonas aeruginosa (P. aeruginosa)
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with an MIC of 3.125  mg/mL, followed by moderate 
activity against E. coli, S. pyogens, and P. aeruginosa, with 
MIC values of 12.5  mg/mL for the ethanol extract and 
50  mg/mL for the methanol extract. The MIC value for 
the water extract was 50  mg/mL against Gram˗positive 
bacteria (S. aureus and S. pyogens) and 100 mg/mL against 
Gram˗positive bacteria (E. coli and P. aeruginosa). The 
differences in the MICs obtained among the different sol-
vent extracts were probably due to their ability to extract 
secondary metabolites [14]. Furthermore, S. aureus was 
the most susceptible bacterium to ethanol and methanol 
extracts, with an MIC value of 3.125 mg/mL. However, S. 
pyogenes, E. coli, and P. aeruginosa were more resistant 
to the water extract. Certainly, Gram˗negative bacteria 
are more resistant to the extracts; this could be due to 
their impermeable external membrane, which limits the 
amount of antibiotics that may enter the cell [43].

A comparison of these findings with those of other 
studies confirmed that A. integrifolia has antibacte-
rial activity. Keshebo et al. [37] reported that methanol 
extracts showed antibacterial activity against Escherichia 
coli, Shigella, Staphylococcus aureus, and Bacillus sub-
tilis. Another study by Mashwani et al. [38] on A. inte-
grifolia leaf extract revealed strong antibacterial activity. 
Moreover, Nagarkoti et al. [44] reported the antibacte-
rial activity of Ajuga species (Ajuga brachystemon, Ajuga 
integrifolia, Ajuga macrosperma and Ajuga parviflora) 
belonging to the Lamiaceae family. Similarly, more recent 
studies by Fagbemi et al. [39] and Keshebo et al. [37] on 
bioactive compounds revealed that the extract had anti-
bacterial activity on some tested bacterial strains, and 
the results were attributed to the presence of secondary 
metabolites, including phenolics, flavonoids, terpenoids, 
β-sitosterol, cis-vaccenic acid and other compounds, 
such as alkaloids and steroids, as reported by other 
researchers. The present study and the previous findings 
therefore confirm the evidence suggesting the involve-
ment of A. integrifolia in drug development against 
pathogenic bacteria. Thus, the results of this study vali-
date the traditional application of this plant and suggest 
its application in the pharmaceutical industry for the 
development of drugs from it.

The findings of this study have many important advan-
tages, such as highlighting the potential of this plant for 
biological application. It can also be used for scientific 
communities by paving the way and promoting commu-
nity awareness in conserving plants for medical assets.

Conclusion
In conclusion, the quantitative determination of A. inte-
grifolia leaf extracts via methanol and ethanol yielded 
high total phenolic and flavonoid contents. This extract 
had stronger antioxidant activity and greater bacterial 
inhibition activity, which was proportional to its total 

phenolic and flavonoid contents. The ethanol and metha-
nol extracts showed greater antibacterial efficacy against 
gram-positive bacteria. However, P. aeruginosa, E. coli, 
and S. aureus were resistant to water extracts. This study 
revealed that the leaves of A. integrifolia contain consid-
erable amounts of compounds responsible for biologi-
cal (antioxidant and antimicrobial) activities, which can 
be used as easily accessible sources for pharmaceutical 
applications. However, further studies are needed to iso-
late the pure compounds and evaluate their biological 
activities to better understand their antioxidant and anti-
bacterial potential.
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