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In vitro antibacterial, anti-biofilm, 
anti-quorum-sensing, and 
cytotoxic activities of leaf crude 
extracts of Cannabis “Gorilla glue 1”

Shadrack Monyela  1, Prudence N. Kayoka 1, 
Olasunkanmi S. Olawuwo 1, Wonder Ngezimana  2 and 
Lufuno E. Nemadodzi 1*
1Department of Agriculture and Animal Health, University of South Africa, Science Campus, 
Johannesburg, South Africa, 2Department of Horticulture, Faculty of Plant and Animal Sciences and 
Technology, Marondera University of Agricultural Sciences and Technology, MUAST Innovation & 
Agro-Industrial Park Campus, Marondera, Zimbabwe

The resilience of biofilms makes it challenging to treat bacterial infections using 
conventional antibiotics. The study aimed to assess the antibacterial, anti-biofilm, 
anti-quorum-sensing, and cytotoxic activities of acetone extracts of Cannabis 
“Gorilla Glue 1” against fish pathogens. Antibacterial activity was determined using 
the two-fold serial microdilution method, while anti-biofilm activity was assessed 
using a modified crystal violet staining in vitro assay. Anti-quorum-sensing activity 
was evaluated via inhibition of violacein production in Chromobacterium viola-
ceum (ATCC 12472). Cytotoxicity was assessed using a colorimetric assay against 
Vero kidney cells. Solvent extracts from treatment 0.36 g N; 0.12 g P; 0 g K 
showed the lowest minimum inhibitory concentration (MIC) value (0.02 mg/mL) 
against Edwardsiella tarda (ATCC 15947) and Pseudomonas fluorescens (ATCC 
13525) compared with other treatments. All tested solvent extracts demonstrated 
the ability to prevent or disrupt biofilm formation; however, treatment 0.36 g 
N; 0.06 g P; 0.12 g K showed consistent anti-biofilm activity (>50% inhibition) 
against all tested pathogens. All solvent extract treatments exhibited comparable 
anti-quorum-sensing activity, while treatment 0.36 g N; 0.06 g P; 0.12 g K dem-
onstrated the highest inhibition of violacein production (98.61% at 1.25 mg/mL). 
Most solvent extracts were non-cytotoxic to Vero cells, with LC50 values >0.1 mg/
mL, except treatment 0 g N; 0.24 g P; 0 g K, which showed high cytotoxicity 
(LC50 = 0.04 mg/mL). Treatments 0.36 g N; 0.12 g P; 0 g K, 0 g N; 0.36 g P; 0.6 g 
K, and 0 g N; 0 g P; 0 g K exhibited moderate toxicity (LC50 = 0.06 mg/mL). 
Treatment 0.36 g N; 0.12 g P; 0 g K displayed the highest selectivity index (3.00) 
against Vero cells, indicating the most favorable safety profile among the extracts 
investigated. Leaf extracts of Cannabis exhibited useful bioactivities coupled with 
low cytotoxicity, providing impetus for further studies on their potential develop-
ment as protective feed additives against microbial infections in fish production.
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Introduction

The farming of aquatic animals, particularly fish farming, 
remains the largest and fastest-growing sector in global aquaculture 
food production (1). A study revealed that global fisheries produc-
tion reached 96 million tons in 2023, representing a 16.93% increase 
from previous years (2). Fish farming significantly benefits nutri-
tion and food security by providing a rich, affordable source of pro-
tein and micronutrients, particularly in food-insecure areas, while 
simultaneously creating jobs and income opportunities for millions 
of people worldwide (3). However, this sector’s long-term viability 
is threatened by frequent outbreaks of bacterial diseases that affect 
fish and promote resistance to currently used antibiotics. Beyond 
the rising interest in organic seafood, the presence of zoonotic 
pathogens in commercial fish poses a significant public health risk 
to consumers, with fish often becoming contaminated through 
exposure to infected waters, contaminated sediments, or direct con-
tact with pathogens in their environment (4). Thus, bacteria found 
in fish reflect the safety and general condition of aquatic environ-
ments. The most prevalent opportunistic bacteria involved in fish 
diseases belong to families of Gram-negative bacteria (GNB) 
responsible for severe infections (5). Notably, pathogenic bacteria 
such as Aeromonas hydrophila, Edwardsiella tarda, and Pseudomonas 
fluorescens are major pathogens responsible for significant disease 
outbreaks in fish farming (6, 7). These pathogens cause substantial 
yield losses, leading to major global economic setbacks (8). Efforts 
to treat and prevent infections caused by these pathogens have 
largely relied on antibiotics, and their overuse has consistently 
resulted in bacterial resistance (9). More than 80% of fish microbial 
infections are associated with bacterial biofilms (10). Biofilms are 
microbial communities encased in a self-produced extracellular 
polymeric substance (EPS) matrix, which promotes irreversible 
attachment to biotic and abiotic surfaces, enhances protection, and 
contributes to antimicrobial resistance (11, 12). These communities 
play a critical role in preventing antibiotic penetration and resisting 
harsh environmental conditions (13). Biofilms also enhance bacte-
rial growth, antibiotic resistance, immune evasion, and genetic 
material transfer (14). Biofilm formation is closely linked to inter-
cellular communication, known as quorum sensing (QS) (15). 
Through signaling molecules called autoinducers, gene expression 
is regulated, making bacterial communities difficult to eradicate 
using antimicrobial agents or host immune defenses (16). 
Consequently, there is a growing need for alternative or comple-
mentary strategies to combat antibiotic resistance associated with 
biofilm formation. Antimicrobial agents that inhibit pathogen 
growth while exhibiting minimal host toxicity are considered prom-
ising candidates for new drug development (17). Medicinal plants 
such as Cannabis have been used for centuries to treat infectious 
diseases (18) and are rich in bioactive compounds, including can-
nabinoids, tannins, alkaloids, flavonoids, and saponins, which have 
demonstrated antimicrobial properties in vitro (19). Historically 
and traditionally, various parts of this plant, particularly the aerial 
parts, have been used to treat a broad spectrum of conditions, 
including asthma, inflammation, epilepsy, cardiovascular disorders, 
wounds, backaches, diabetes, kidney ailments, hypertension, hem-
orrhoids, gingivitis, shingles, stroke, and various skin conditions 
(20). Cannabis extracts have demonstrated broad-spectrum anti-
bacterial activity (21); however, no plant-derived antibiotics, 
including those from Cannabis, have yet been successfully 

commercialized (22). Some laboratory studies indicate that 
Cannabis extracts are cytocompatible and can counteract the poten-
tial harm associated with individual plant components (23, 24). This 
effect is attributed to the presence of a wide range of bioactive com-
pounds, particularly phytocannabinoids, including tetrahydrocan-
nabinol, tetrahydrocannabinolic acid, cannabidiol, and 
cannabigerol, which act synergistically. These compounds have also 
been shown to exhibit selective cytotoxicity against various cancer 
cell lines while protecting healthy tissue from apoptosis (25). 
Studies further demonstrate that Cannabis extracts rich in tetrahy-
drocannabinolic acid (THCA) exhibit selective cytotoxicity against 
colorectal cancer (CRC) cells, such as the HT-29 cell line, while 
protecting healthy colon cells (26, 27). However, it is important to 
note that the cytotoxic effects of THCA are often observed as part 
of synergistic interactions with other cannabinoids and compounds 
present in Cannabis extracts. While THCA and other cannabinoids 
induce selective cytotoxicity against CRC cells, the anti-infective 
properties of Cannabis also extend to non-lethal mechanisms, such 
as disrupting biofilm formation and inhibiting QS. By targeting 
these less-exploited strategies, novel treatments may be developed 
that eradicate bacterial infections without contributing to the grow-
ing problem of antibiotic resistance. Despite these promising find-
ings, further empirical research on Cannabis extracts is required 
due to limited pharmacological predictability, variability in extrac-
tion methods and product composition, and regulatory and meth-
odological constraints. Therefore, this study aimed to assess the 
antibacterial, anti-biofilm, anti-quorum-sensing, and cytotoxic 
activities of Cannabis “Gorilla Glue 1” (GG1) against fish patho-
gens, particularly A. hydrophila, E. tarda, and P. fluorescens.

Materials and methods

Study site and plant material

The pot experiment was conducted in the greenhouse with mini-
mum and maximum air temperatures ranging from 7.4 to 44.9 °C, 
situated at the University of South Africa, Florida Science Campus, 
Roodepoort, at a latitude of −26°9′29.274″ and a longitude of 
27°55′17.663″ (28). The average relative humidity inside the green-
house was maintained at 68%. Certified seeds of Cannabis were 
obtained from Marijuana SA (Pty) Ltd. (2019/092707/07) and planted 
in white disposable foam cups filled with the Hygro-Mix. The seeds 
germinated on day 10 after planting.

Experimental design and layout

The plastic pots were arranged in a completely randomized 
design (CRD) consisting of 12 treatments, replicated three times. 
The treatment combinations consisted of N (0.21; 0.36; 0.54 g L−1), 
P (0.06; 0.12; 0.24 g L−1), and K (0.36; 0.6; 0.84 g L−1). Fertilizers 
were applied at week 2 after transplanting. Fertilizers used as sole 
sources of nitrogen, phosphorus, and potassium were urea 
[CO(NH2)2: 46% of nitrogen]; calcium superphosphate 
[Ca(H2PO4)2: 20%], and potassium sulfate (K2SO4: 60%), respec-
tively. All pots were uniformly irrigated with tap water every second 
day using Addis’s watering can. The experiment was terminated at 
week 13 after planting, at the flowering stage.
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Plant collection and preparation

Cannabis plants treated with different levels of NPK fertilizers 
were harvested for leaves and cleaned at the flowering stage. The leaves 
were air-dried in the Biochemistry Laboratory, Florida Campus, 
UNISA, until completely dry, and then milled and sieved to obtain a 
fine powder. Leaf extracts from different treatments were prepared in 
acetone at a concentration of 10 mg/mL, while the working concentra-
tion of the positive control was 2 mg/mL.

Microbial strains

The antibacterial activity of the acetone crude extracts of leaf 
powder was determined using the two-fold serial microdilution 
method. Bacterial strains of A. hydrophila (ATCC 35654), E. tarda 
(ATCC 15947), and P. fluorescens (ATCC 13525) (Analytical 
Technology, South Africa) were used for the antibacterial assay. The 
strains were maintained in brain heart infusion agar.

In vitro antimicrobial serial microdilution 
assay

The antibacterial assay was performed using a microplate serial 
dilution method (29). Bacterial cultures grown overnight in brain 
heart infusion medium (Sigma-Aldrich, South Africa) were adjusted 
to McFarland standard No. 1 (equivalent to 3 × 108 CFU/mL). A 
100-μL aliquot of sterile distilled water was added to all wells of a 
96-well microtiter plate. Prepared extracts (10 mg/mL stock concen-
tration) were added to the first row of the microplate and serially 
diluted in a 1:1 ratio. One hundred microliters of the adjusted bacterial 
culture was then added to each well. The bacterial inoculum was 
exposed to final extract concentrations ranging from 2.5 to 0.01 mg/
mL. Acetone and gentamicin (2 mg/mL) served as negative and posi-
tive controls, respectively. The inoculated plates were incubated at 
37 °C for 18–24 h. Following incubation, 40 μL (0.2 mg/mL) of 
p-iodonitrotetrazolium violet (INT) was added to each well and incu-
bated for 1 h. The MIC was defined as the lowest extract concentration 
showing growth inhibition, indicated by a decrease in red color result-
ing from reduced INT conversion by actively respiring bacteria. The 
most active extract treatments were selected for further screening.

Anti-biofilm assay

Inhibition of biofilm formation

The modified protocol of (30, 31) was used to investigate the abil-
ity of the acetone leaf extracts from different treatments to prevent 
bacterial attachment and biofilm formation. Two stages of biofilm 
development were evaluated: prevention of biofilm attachment (T0) 
and eradication of a 24-h pre-formed biofilm (T24). For the T0 assay, 
plant extracts were added before biofilm formation, whereas for T24, 
biofilms were pre-formed for 24 h before treatment. Plant extracts 
were added at a final concentration of 1 mg/mL in both assays. For the 
T0 experiment, 100 μL of standardized bacterial culture (OD590 = 0.02, 
equivalent to 1.0 × 106 CFU/mL) prepared in tryptone soy broth 
(TSB) was inoculated into sterile, flat-bottomed 96-well microtiter 
plates, followed by the addition of 100 μL of the plant extract. Plates 
were incubated at 37 °C for 24 h without shaking. For the T24 assay, 
100 μL of standardized bacterial culture was first incubated for 24 h to 

allow biofilm formation before adding plant extracts. In both T0 and 
T24 experiments, the following controls were included: negative con-
trol (culture + TSB), positive control (culture + TSB + antibiotics: 
gentamicin and ciprofloxacin), sample control (sample + TSB), anti-
biotic control (antibiotic + TSB), and media control (TSB only). After 
24 h of incubation, biofilm biomass was quantified using the modified 
crystal violet staining (CVS) assay.

Crystal violet staining assay

After incubation, the contents of the wells were removed, and the 
plates were washed three times with sterile distilled water to remove 
unattached or loosely attached cells. The plates were then air-dried 
and oven-dried at 60 °C for 45 min. To fix adherent cells, 150 μL of 
96% methanol was added to each well for 15–20 min. Methanol was 
removed, and wells were stained with 100 μL of 0.1% crystal violet 
solution for 20 min at room temperature. Excess stain was gently 
removed by washing the plates at least five times with sterile distilled 
water. To semi-quantitatively determine biofilm biomass, the bound 
crystal violet was resolubilized by adding 150 μL of 100% ethanol to 
each well to destain the adherent cells. The plates were gently shaken, 
and the absorbance of each well was measured at 590 nm using a 
microplate reader (Epoch™ Microplate Spectrophotometer). The 
mean absorbance (OD590 nm) for each sample was calculated, and the 
results were expressed as percentage inhibition using the following 
equation:

	

( )
ODNegative control

ODSamplePercentage inhibition % 100
/ODNegative control

  
  −= ×  
  

Biofilm inhibition values ranged from 0 to 100%. Values below 0% 
were categorized as biofilm growth enhancement, values between 0 
and 50% indicated weak anti-biofilm activity, and values above 50% 
represented good biofilm inhibition.

Anti-quorum sensing

Inoculum preparation

A single colony of the pigment-producing bacterial strain 
Chromobacterium violaceum (ATCC 12472) was picked from an agar 
plate and inoculated into 10 mL of Luria–Bertani (LB) broth, followed 
by overnight incubation in a shaker incubator (140 rpm) at 30 °C for 
24 h prior to each experiment. The working bacterial suspension was 
prepared by diluting the overnight-grown culture with LB broth to 
obtain an absorbance of 0.1 ± 0.02 at a wavelength of 590 nm, corre-
sponding to McFarland standard No. 1 (3 × 108 CFU/mL).

Quantitative detection of violacein inhibition in 
the presence of plant extracts

The anti-quorum-sensing activity of the extracts was evaluated 
using 48-well microplates following the protocol described by (32) 
with slight modifications. The bacterial suspension was prepared by 
inoculating a single colony of C. violaceum from an agar plate into 
10 mL of LB broth, followed by incubation in an orbital shaker 
(140 rpm) at 30 °C for 24 h before each experiment. Inhibition of 
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violacein production was achieved by transferring 1 mL of the over-
night-grown C. violaceum into a 200-mL sterile flask and diluting it 
with 100 mL of LB broth. The culture was standardized to approxi-
mately 3 × 108 CFU/mL by measuring absorbance at 590 nm and com-
paring it with McFarland standard No. 1. Subsequently, 0.5 mL of LB 
broth was transferred into each well of a 48-well plate, followed by the 
addition of 0.5 mL of extracts (10 mg/mL) and positive controls (gen-
tamicin, ciprofloxacin, and amphotericin B at 1 mg/mL each) to their 
respective wells to obtain final concentrations ranging from 1.25 to 
0.01 mg/mL, except for wells designated as blanks (culture and 
media). Then, 0.5 mL of the standardized overnight culture was added 
to each well, after which the plates were sealed with parafilm and incu-
bated in an orbital shaker (140 rpm) at 30 °C for 24 h. The MIC values 
were interpreted as the minimum concentration of extracts and con-
trols showing clear wells (no growth and no purple pigmentation), 
while the minimum quorum-sensing inhibitory concentration 
(MQSIC) was measured as the presence of growth (turbidity) with no 
purple pigmentation.

Violacein quantification

The anti-quorum-sensing activity of the extracts was determined 
according to (32) with slight modifications. The production of viola-
cein by C. violaceum was measured to evaluate the anti-quorum-sens-
ing potential of the extracts. After measuring the violacein inhibition, 
the plates were sealed and centrifuged at 4,000 rpm for 20 min to 
separate the bacteria from the culture medium. The supernatant was 
discarded, and the bacterial pellet was resuspended in 1 mL of 100% 
dimethyl sulfoxide (DMSO) and shaken in a shaker for 10 min. The 
supernatant (200 μL) was transferred into wells of a 96-well round-
bottomed microplate in triplicate, and absorbance was measured at 
595 nm. The percentage violacein inhibition was calculated using the 
following formula:

	 −= ×control test control%Violacein Inhibition OD OD / OD 100

The extract concentrations at which 50% of violacein production 
was inhibited (IC50) were obtained using linear regression between 
the percentage of violacein inhibition and the corresponding 
concentrations.

In vitro cytotoxicity assay

In general, most drugs or substances are metabolized in the liver 
and excreted by the kidneys. Therefore, Vero African green monkey 
kidney cells were selected to represent one of these organs. The cyto-
toxicity of crude acetone extracts from Cannabis plants was deter-
mined using a tetrazolium-based colorimetric assay, 
3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide (MTT 
assay), as described by Mosmann (33) and slightly modified by 
Mármol et al. (26). Vero African green monkey kidney cells were 
obtained from the tissue culture laboratory of the Department of 
Paraclinical Sciences, Faculty of Veterinary Science, University of 
Pretoria. Cells were cultured in Minimum Essential Medium Eagle 
with L-glutamine (EMEM) (Sigma-Aldrich, USA) supplemented with 
1% penicillin–streptomycin and 10% fetal bovine serum (FBS). For 
the experiment, EMEM supplemented with 5% FBS and 0.1% genta-
micin (Genta50) (Virbac, Centurion, South Africa) was used. A 5-day-
old confluent culture in 75 cm2 flasks was harvested and centrifuged 

at 910 rpm for 7 min, and the pellet was resuspended in growth 
medium to a seeding density of 0.1 × 106 cells/mL. A sterile 96-well 
microplate was used, and cell suspension (100 μL) was added to each 
well of columns 2–11. Columns 1 and 12 were used as blanks with 
200 μL of growth medium to minimize the “edge effect” and maintain 
humidity. The plates were incubated for 24 h at 37 °C in a 5% CO2 
incubator until the cells reached the exponential growth phase and 
attached. The cells were then exposed to different concentrations of 
the extract samples, with doxorubicin hydrochloride (Adriblastina 
CSV, Pfizer, Johannesburg, South Africa) as the positive control and 
acetone as the negative control. From a stock concentration of 100 mg/
mL of the extract sample, working concentrations were prepared using 
the growth medium as a diluent: 1, 0.75, 0.5, 0.25, 0.1, 0.075, 0.05, and 
0.025 mg/mL. The microplates were then incubated for 48 h. After 
incubation, the medium was removed from the wells using a multi-
channel pipette attached to a pump via a plastic tube. The cells were 
rinsed two times with 200 μL phosphate-buffered saline (PBS, Sigma-
Aldrich, Johannesburg, South Africa) and replaced with 200 μL of 
fresh medium. Then, 40 μL of a 5-mg/mL MTT solution of 
3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide (Sigma-
Aldrich, Johannesburg, South Africa) in PBS was added to each well. 
The plates were incubated for a further 4 h at 37 °C in the CO2 incuba-
tor. After incubation, the medium was carefully removed using the 
same multichannel pipette connected to a pump without disturbing 
the MTT formazan crystals in each well. Then, 100 μL of dimethyl 
sulfoxide (DMSO) was added to each well to dissolve the MTT crys-
tals. Absorbance was measured immediately at 570 nm using a micro-
plate reader (BioTek Synergy HT, Analytical and Diagnostic Products, 
Johannesburg, South Africa). Columns 1 and 12 were used as blanks. 
All concentrations were tested in triplicate, and the assay was repeated 
at least three times. The LC50 values were calculated as the concentra-
tion of plant extracts resulting in 50% cell viability compared with 
untreated cells. The selectivity index (SI) was calculated as LC50/MIC.

Statistical analysis

Data obtained from the antimicrobial and cytotoxicity experi-
ments were expressed as mean + standard deviation (SD), as experi-
ments were performed in triplicate and repeated three times.

Results

Antibacterial activity

Generally, among the solvent extracts of different treatments, 0 g 
N; 0 g P; 0.84 g K exhibited the best average antibacterial activity of 
0.15 against all tested pathogens (Table 1A). In contrast, 0 g N; 0 g P; 
0 g K showed the weakest average MIC value (1.77) across all tested 
organisms (Table 1B). Solvent extract treatment 0.36 g N; 0.12 g P; 0 g 
K exhibited the best MIC value (0.02 mg/mL) against E. tarda and 
P. fluorescens (Table 1A). Solvent extract treatment 0 g N; 0.36 g P; 0.6 g 
K displayed good antibacterial activity against E. tarda and P. fluores-
cens, with MIC values of 0.07 mg/mL and 0.05 mg/mL, respectively, 
while 0 g N; 0 g P; 0.84 g K demonstrated excellent antibacterial activity 
with an MIC value of 0.07 mg/mL against both pathogens (Table 1A). 
Treatment 0 g N; 0.24 g P; 0 g K also showed good antibacterial activity 
against E. tarda (MIC = 0.07 mg/mL) and moderate antibacterial 
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activity against A. hydrophila and P. fluorescens, with MIC values of 
0.31 mg/mL and 0.15 mg/mL, respectively (Table 1A). Furthermore, 
0.54 g N; 0 g P; 0 g K, 0.36 g N; 0.06 g P; 0.12 g K, 0.36 g N; 0.12 g P; 
0.36 g K, 0.21 g N; 0.06 g P; 0.36 g K, and 0 g N; 0 g P; 0 g K displayed 
moderate antibacterial activity against E. tarda with MIC values of 0.31, 
0.15, 0.15, 0.31, and 0.31 mg/mL, respectively (Tables 1B, C).

Plant extract yields

Dried Cannabis leaves collected after exposure to different fertil-
izing regimens were extracted using acetone in this study. The highest 
percentage yield (13.73%) was obtained from solvent extract treat-
ment 0.54 g N; 0 g P; 0 g K, followed by 0.36 g N; 0.12 g P; 0.6 g K, and 
0.36 g N; 0.06 g P; 0.12 g K, which yielded 11.06 and 10.92%, respec-
tively (Tables 2A–C). The lowest percentage yield (0.76%) was 
obtained from the solvent extract treatment 0 g N; 0 g P; 0 g K (con-
trol) (Table 2C). The extraction yield and bioactivities of extracts using 
different extractants vary considerably (34), hence the choice of ace-
tone in this study. The average total antibacterial activity (TAA) values 
of the plant extracts ranged from 11 to 3,199.12 mL/g against all tested 
bacteria (Tables 2A–C, 3). The highest TAA value (3,199.12 mL/g; 
Table 2A) was produced by solvent extract treatment 0.36 g N; 0.12 g 
P; 0 g K against E. tarda and P. fluorescens.

Anti-biofilm activity

The results of the anti-biofilm (ABF) potential of the Cannabis 
acetone extracts against selected fish pathogens are presented in 

Table 3. Extracts or fractions resulting in inhibition above 50% 
were considered to exhibit good ABF activity (++), while those 
with inhibition between 0 and 50% were regarded as having poor 
ABF activity (+), and values <0% (−) were considered to indicate 
no inhibition or enhancement of biofilm development and growth. 
All the tested extracts showed the capacity to either prevent or 
disrupt formed biofilms, while solvent extract treatment 0.36 g N; 
0.06 g P; 0.12 g K displayed the best ABF activity. The results dem-
onstrated that several extracts exhibited both preventive and dis-
ruptive effects against the tested pathogens. Specifically, solvent 
extract treatments 0 g N; 0.24 g P; 0 g K, 0.54 g N; 0 g P; 0 g K, 
0.36 g N; 0.06 g P; 0.12 g K, 0.36 g N; 0.12 g P; 0.36 g K, and 0.36 g 
N; 0 g P; 0.36 g K were effective in both preventing and destroying 
(>50% inhibition) A. hydrophila. In addition, a broader range of 
treatments—including 0 g N; 0 g P; 0.84 g K, 0 g N; 0.24 g P; 0 g K, 
0.36 g N; 0.12 g P; 0.6 g K, 0.54 g N; 0 g P; 0 g K, 0.36 g N; 0.06 g 
P; 0.12 g K, 0.36 g N; 0.12 g P; 0.36 g K, 0.36 g N; 0 g P; 0.36 g K, 
0.21 g N; 0.12 g P; 0.36 g K, 0.21 g N; 0.06 g P; 0.36 g K, and 0 g N; 
0 g P; 0 g K—showed preventive activity against the same patho-
gen. Solvent extract treatments 0 g N; 0.36 g P; 0.6 g K, 0.21 g N; 
0.06 g P; 0.36 g K, and 0 g N; 0 g P; 0 g K were capable of both 
preventing and destroying (>50% inhibition) E. tarda. In the case 
of P. fluorescens, treatments 0.36 g N; 0.12 g P; 0.6 g K and 0.54 g 
N; 0 g P; 0 g K demonstrated both preventive and disruptive effects 
(>50% inhibition), whereas treatments 0.36 g N; 0.12 g P; 0.6 g K, 
0.54 g N; 0 g P; 0 g K, 0.36 g N; 0.06 g P; 0.12 g K, 0.36 g N; 0.12 g 
P; 0.36 g K, 0.36 g N; 0 g P; 0.36 g K, 0.21 g N; 0.12 g P; 0.36 g K, 
0.21 g N; 0.06 g P; 0.36 g K, and 0 g N; 0 g P; 0 g K were effective 

TABLE 1A  Antibacterial activity of acetone extracts of Cannabis (GG1) against selected fish pathogens.

Minimum inhibitory concentration [MIC (mg/mL)]

Organisms Plant extracts Controls

0.36 g K; 
0.12 g P; 0 g 

K

0 g N; 
0.36 g P; 
0.6 g K

0 g N; 0 g P; 
0.84 g K

0 g N; 
0.24 g P; 

0 g K

Gentamicin Acetone

Aeromonas hydrophila 1.25 0.62* 0.31* 0.31* 0.06 >2.50

Edwardsiella tarda 0.02 0.07 0.07 0.07 0.06 >2.50

Pseudomonas fluorescens 0.02 0.05 0.07 0.15* 0.06 >2.50

Average 0.43* 0.74 0.15* 0.18* 0.06 >2.50

Bold values indicate MIC ≤0.1 mg/mL (significantly active), 0.1 < MIC ≤ 0.625 mg/mL (moderately active), and MIC >0.625 mg/mL (weak). * = moderate activity.

TABLE 1B  Antibacterial activity of acetone extracts of Cannabis (GG1) against selected fish pathogens.

Minimum inhibitory concentration [MIC (mg/mL)]

Organisms Plant extracts Controls

0.36 g N; 
0 g P; 0.36 g 

K

0.21 g N; 
0.12 g P; 
0.36 g K

0.21 g N; 
0.06 g P; 
0.36 g K

0 g N; 0 g 
P; 0 g K

Gentamicin Acetone

Aeromonas hydrophila >2.5 0 >2.50 1.25 >2.50 0.06 >2.50

Edwardsiella tarda 0.62* 0.62* 0.31* 0.31* 0.06 >2.50

Pseudomonas fluorescens 1.25 0.62* 0.62* 2.50 0.06 >2.50

Average 1.46 1.25 0.73 1.77 0.06 >2.50

Bold values indicate MIC ≤0.1 mg/mL (significantly active), 0.1 < MIC ≤ 0.625 mg/mL (moderately active), and MIC >0.625 mg/mL (weak). * = moderate activity.
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in preventing its growth. These findings highlight the broad-spec-
trum potential of some extracts, particularly treatments 0.54 g N; 
0 g P; 0 g K, 0.21 g N; 0.06 g P; 0.36 g K, and 0 g N; 0 g P; 0 g K, 
which showed activity across multiple pathogens. Furthermore, 
inhibition of biofilm formation at T0 against A. hydrophila and 
P. fluorescens was higher (>50% inhibition) than at T24. In contrast, 
inhibition at T0 against E. tarda was lower (0–50% inhibition) than 
that observed at T24.

Anti-quorum-sensing activity

Interference of the Cannabis acetone extracts with 
QS-mediated purple pigment production in C. violaceum is indic-
ative of QS inhibition. The results in Table 4 indicate that the 
solvent extracts of different treatments exhibited anti-quorum-
sensing (AQS) activity against C. violaceum. All solvent extract 
treatments showed good anti-quorum-sensing activity, while 
treatment 0.36 g N; 0.06 g P; 0.12 g K achieved the highest viola-
cein inhibition (98.61%) at a concentration of 1.25 mg/mL, fol-
lowed by 0.36 g N; 0 g P; 0.36 g K, which demonstrated 97.85% 
inhibition at the same concentration.

TABLE 1C  Antibacterial activity of acetone extracts of Cannabis (GG1) against selected fish pathogens.

Minimum inhibitory concentration [MIC (mg/mL)]

Organisms Plant extracts Controls

0.36 g N; 
0.12 g P; 
0.6 g K

0.54 g N; 
0 g P; 0 g K

0.36 g N; 
0.06 g P; 
0.12 g K

0.36 g N; 
0.12 g P; 
0.36 g K

Gentamicin Acetone

Aeromonas hydrophila 0.23* 2.50 2.50 >2.50 0.06 >2.50

Edwardsiella tarda >2.50 0.31* 0.15* 0.15* 0.06 >2.50

Pseudomonas fluorescens 0.62* 0.62 0.94 2.50 0.06 >2.50

Average 1.12 1.14 1.20 1.72 0.06 >2.50

Bold values indicate MIC ≤0.1 mg/mL (significantly active), 0.1 < MIC ≤ 0.625 mg/mL (moderately active), and MIC >0.625 mg/mL (weak). * = moderate activity.

TABLE 2A  Percentage yields and total antibacterial activity (TAA) of acetone extracts of 

Cannabis (GG1) against selected fish pathogens.

Total activity (mL/g)

Organisms Plant extracts

0.36 g 
N; 

0.12 g 
P; 0 g 

K

0 g N; 
0.36 g 

P; 0.6 g 
K

0 g N; 
0 g P; 
0.84 g 

K

0 g N; 
0.24 g 
P; 0 g 

K

Aeromonas 

hydrophila

51.191 102.44 222.54 92.57

Edwardsiella 

tarda

3,199.12 907.00 985.00 409.00

Pseudomonas 

fluorescens

3,199.12 1,270.00 985.00 191.00

% Yield 7.83% 8.19% 8.86% 2.66%

Average 2,149.81 759.81 730.86 230.86

TABLE 2B  Percentage yields and total antibacterial activity (TAA) of acetone extracts of 

Cannabis (GG1) against selected fish pathogens.

Total activity (mL/g)

Organisms Plant extracts

0.36 g 
N; 

0.12 g 
P; 

0.6 g K

0.54 g 
N; 0 g 
P; 0 g 

K

0.36 g 
N; 

0.06 g 
P; 0.6 g 

K

0.36 g 
N; 

0.12 g 
P; 

0.36 g 
K

Aeromonas 

hydrophila

388.07 45.52 36.13 2,907.02

Edwardsiella 

tarda

35.00 367.00 602.00 522.00

Pseudomonas 

fluorescens

1,496.10 183.00 96.00 31.00

% Yield 11.06% 13.73% 10.92% 9.00%

Average 639.72 198.51 244.68 1,153.34

TABLE 2C  Percentage yields and total antibacterial activity (TAA) of acetone extracts of 

Cannabis (GG1) against selected fish pathogens.

Total activity (mL/g)

Organisms Plant extracts

0.36 g 
N; 0 g 

P; 
0.36 g 

K

0.21 g 
N; 

0.12 g 
P; 

0.36 g 
K

0.21 g 
N; 

0.06 g 
P; 

0.36 g 
K

0 g N; 
0 g P; 
0 g K

Aeromonas 

hydrophila

38.26 32.95 66.40 111.89

Edwardsiella 

tarda

154.00 132.00 269.00 90.00

Pseudomonas 

fluorescens

76.00 132.00 133.00 11.00

% Yield 8.70% 8.39% 9.94% 0.76%

Average 89.42 98.98 156.13 70.96
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Cytotoxicity and selectivity index (SI)

The cytotoxicity activity against Vero kidney cells and the selectiv-
ity indices of solvent extracts from different fertilizer treatments are 
presented in Table 5. Solvent extract 0 g N; 0.24 g P; 0 g K was the 
most toxic, with an LC50 value of 0.04 mg/mL against Vero cells, while 
solvent extracts 0.36 g N; 0.12 g P; 0 g K, 0 g N; 0.36 g P; 0.6 g K, and 
0 g N; 0 g P; 0 g K showed moderate toxicity with LC50 values of 
0.06 mg/mL. The LC50 values for the other solvent extracts were all 
greater than 0.1 mg/mL, indicating that they are non-cytotoxic to 
mammalian (Vero) cells. Specifically, solvent extracts 0 g N; 0 g P; 
0.84 g K, 0.54 g N; 0 g P; 0 g K, and 0.36 g N; 0.06 g P; 0.12 g K showed 
LC50 values of 0.10 mg/mL, followed by 0.36 g N; 0.12 g P; 0.6 g K, 
0.36 g N; 0 g P; 0.36 g K, and 0.21 g N; 0.06 g P; 0.36 g K with LC50 
values of 0.09 mg/mL. Solvent extract 0.21 g N; 0.12 g P; 0.36 g K had 
an LC50 value of 0.08 mg/mL, while solvent extract 0.36 g N; 0.12 g P; 
0.36 g K had an LC50 value of 0.07 mg/mL. Cytotoxicity (mg/mL) and 
MIC (mg/mL) values were used to calculate the selectivity index (SI) 
of plant extracts (SI = LD50/MIC), which represents the safety margin 
of the extract (35). In this study, solvent extract 0.36 g N; 0.12 g P; 0 g 
K displayed the highest SI (3.00) against E. tarda and P. fluorescens, 
followed by 0 g N; 0 g P; 0.84 g K with an SI of 2.29 against the same 
pathogens. Solvent extract 0 g N; 0.36 g P; 0.6 g K showed a good SI 
(1.20) only against P. fluorescens.

Discussion

Antibacterial activity

For decades, Cannabis plants have been used to treat infections, 
and currently, novel Cannabis-derived antibiotics are highly 

promising and are progressing through clinical trials (36), due to 
their established medicinal properties (37, 38). Solvent extract treat-
ments with MIC values ≤0.1 mg/mL were considered to exhibit sig-
nificant activity, while moderate activity was defined as MIC values 
between 0.1 and 0.625 mg/mL, and MIC values >0.625 mg/mL were 
regarded as weak or poor activity (39). The antibacterial activity of 
Cannabis extract observed in this study is consistent with findings 
from other medicinal plant extracts with promising antibacterial 
activities. In agreement with the present results, (40) reported potent 
antibacterial activity of acetone extracts of Azadirachta indica against 
Pseudomonas species, with the lowest MIC value of 0.18 mg/mL. The 
results obtained by (41) demonstrated that aqueous extracts of 
Terminalia arjuna showed strong antibacterial activity against P. fluo-
rescens at a concentration of 25 μL. Another study reported that 
methanolic leaf extracts of Ziziphus mauritiana exhibited high anti-
bacterial activity against P. fluorescens at concentrations of 25 and 
50 μg/μL (42). Generally, there is limited information on the antibac-
terial activity of medicinal plants against E. tarda. However, (43) 
reported that extracts of Moringa oleifera exhibited strong antibacte-
rial activity against E. tarda at a concentration of 375 mg/L. The pres-
ent findings are also consistent with those reported by (44), who 
showed that coffee leaf extracts exhibited strong antibacterial activity 
against E. tarda at concentrations ranging from 20 to 80%. 
Furthermore, leaf extracts of Lantana camara have been reported to 
inhibit the growth of E. tarda at a concentration of 200 mg/L (45). 
Based on our findings, solvent extract treatment 0 g N; 0.24 g P; 0 g 
K exhibited moderate antibacterial activity against A. hydrophila with 
an MIC value of 0.31 mg/mL, which contrasts with the findings of 
(46), where leaf extracts of Nelumbo nucifera showed potent activity 
against A. hydrophila with an MIC value of 31.25 μL/mL using an 
ethanol–water solvent system. In addition, (47) demonstrated that 
guava leaf extracts inhibited the growth of A. hydrophila at a concen-
tration of 50%. Varying NPK fertilizer concentrations have been 

TABLE 3  Anti-biofilm potential of the selected Cannabis extracts against fish pathogens.

S/N Plant extracts % Inhibition

Aeromonas hydrophila Edwardsiella tarda Pseudomonas fluorescens

T0 T24 T0 T24 T0 T24

1 0.36 g N; 0.12 g P; 0 g K − − − ++ + ++

2 0 g N; 0.36 g P; 0.6 g K − ++ ++ ++ − −

3 0 g N; 0 g P; 0.84 g K ++ − − ++ − ++

4 0 g N; 0.24 g P; 0 g K ++ + − ++ − ++

5 0.36 g N; 0.12 g P; 0.6 g K ++ ++ − ++ ++ ++

6 0.54 g N; 0 g P; 0 g K ++ ++ − ++ ++ ++

7 0.36 g N; 0.06 g P; 0.12 g K ++ ++ + ++ ++ +

8 0.36 g N; 0.12 g P; 0.36 g K ++ ++ + ++ ++ −

9 0.36 g N; 0 g P; 0.36 g K ++ ++ + ++ ++ −

10 0.21 g N; 0.12 g P; 0.36 g K ++ − − ++ ++ −

11 0.21 g N; 0.06 g P; 0.36 g K ++ + ++ ++ ++ −

12 0 g N; 0 g P; 0 g K ++ − ++ ++ ++ −

13 Gentamicin + − − + − ++

14 Ciprofloxacin ++ − ++ + ++ ++

NB: Good (++) ABF activity (>50% inhibition); poor (+) ABF activity (0–50% inhibition); no (−) ABF activity (≤0%).
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shown to influence plant antibacterial activity by affecting the bio-
synthesis of antibacterial secondary metabolites, such as flavonoids 
and phenolics, which possess antimicrobial properties (48). In this 
study, solvent extracts obtained under different fertilizer treatments, 
particularly 0.36 g N; 0.12 g P; 0 g K, 0 g N; 0.36 g P; 0.6 g K, 0 g N; 
0.24 g P; 0 g K, and 0 g N; 0 g P; 0.84 g K, appeared to enhance the 
production of these bioactive compounds, resulting in strong anti-
bacterial activity against E. tarda and P. fluorescens. However, bioas-
say-guided fractionation is necessary to isolate and identify the 
specific compounds responsible for these antibacterial activities. The 
results of this study suggest that Cannabis extracts have promising 
anti-pathogenic potential and warrant further investigation. To the 
best of our knowledge, this is the first study to investigate the anti-
bacterial activities of Cannabis solvent extracts obtained under dif-
ferent fertilizer treatments against fish pathogens.

Plant extract yields

The yield of a plant extract is important for calculating total activ-
ity and comparing plants for bioprospecting (49). In this study, ace-
tone solvents offered the best yields in most of the tested Cannabis 
extracts obtained under different fertilizer treatments; however, this 
does not necessarily translate into efficient extraction of antimicrobial 
substances. Similar to our study (22), acetone has consistently proven 
to be an effective extractant for screening and isolating antimicrobial 
compounds from plants. This is because acetone demonstrates a high 
capacity to extract compounds with a wide range of polarity (49). 
However, this does not imply that other solvents are not equally useful, 
as the solubility of plant extracts differs depending on the solvent and 
plant part used, as well as the phytochemical composition. The 
potency of a plant extract, referred to as TAA, can be determined on 

the basis of both the MIC (mg/mL) and extract yield (mg/g), which 
together indicate the volume (mL) to which the extract obtained from 
1 g of plant material can be diluted while still inhibiting bacterial 
growth. In this study, solvent extract treatment 0.36 g N; 0.12 g P; 0 g 
K exhibited the highest mean TAA (3,199.12 mL/g) against E. tarda 
and P. fluorescens, suggesting that extracts obtained from 1 g of this 
treatment remain effective after substantial dilution and can still 
inhibit bacterial growth. The TAA is therefore useful for identifying 
suitable plant extracts for compound isolation and bioprospecting 
(34). It is worth noting that the antibacterial efficiency of plant extracts 
may be attributed to continuous plant defense against phytopathogens 
in their environment, which stimulates the production of broad-spec-
trum antimicrobial compounds (50).

Anti-biofilm activity

Detecting and diagnosing biofilm-related infections pose signifi-
cant hurdles due to their resilient nature, since mature biofilms inten-
sify the development of antimicrobial resistance. Consequently, the 
efficacy of previously active antibiotics against planktonic cells becomes 
weakened. According to the previous study, the eradication of more 
than 50% of the pre-formed biofilm was considered indicative of nota-
ble anti-biofilm activity (49). Based on our findings, many of these 
Cannabis acetone leaf extracts showed the ability to inhibit or disrupt 
formed biofilms against the selected bacterial pathogens; however, few 
reports have explored their ability to interfere with biofilm formation 
and QS signaling mechanisms. The results obtained in this study are 
consistent with those reported by (51), which showed that the Limonia 
acidissima L. methanol and ethyl acetate extracts exhibited pronounced 
biofilm inhibitory effects, with >50% inhibition against A. hydrophila 
at concentrations of 250 and 500 μg/mL. Similar observations were 

TABLE 4  Anti-quorum-sensing activity and minimum inhibitory concentrations (MICs) of selected extracts of Cannabis (GG1) against C. violaceum (ATCC 12472).

S/N Plant extracts Violacein inhibition (%) MIC 
(mg/
mL)

MQSIC 
(mg/mL)

Concentrations (mg/mL)

0.01 0.02 0.04 0.08 0.16 0.31 0.63 1.25

1 0.36 g N; 0.12 g P; 0 g K 91.90 66.71 92.15 96.22 71.08 94.84 92.53 94.55 1.25 0.63

2 0 g N; 0.36 g P; 0.6 g K 92.80 66.58 91.29 96.48 69.68 93.09 90.99 97.44 1.25 0.63

3 0 g N; 0 g P; 0.84 g K 93.72 65.99 91.79 95.27 71.24 91.44 88.90 94.80 1.25 0.63

4 0 g N; 0.24 g P; 0 g K 91.13 66.67 89.31 91.19 69.60 93.17 87.68 93.28 >1.25 1.25

5 0.36 g N; 0.12 g P; 0.6 g K 92.95 66.50 91.49 91.45 67.17 93.52 90.05 95.38 1.25 0.63

6 0.54 g N; 0 g P; 0 g K 92.10 61.78 91.82 94.60 67.46 94.03 90.28 93.12 1.25 0.63

7 0.36 g N; 0.06 g P; 0.12 g K 92.90 66.75 92.62 94.50 66.88 92.81 91.06 98.61 1.25 0.63

8 0.36 g N; 0.12 g P; 0.36 g K 92.90 61.52 87.62 94.69 64.99 92.81 89.54 95.22 1.25 0.63

9 0.36 g N; 0 g P; 0.36 g K 92.90 61.99 92.62 92.59 70.34 93.90 90.69 97.85 1.25 0.63

10 0.21 g N; 0.12 g P; 0.36 g K 91.36 65.22 90.82 96.32 69.72 94.23 91.67 97.47 1.25 0.63

11 0.21 g N; 0.06 g P; 0.36 g K 92.26 66.12 92.43 96.06 70.13 93.57 89.00 96.58 <0.01 <0.01

12 0 g N; 0 g P; 0 g K 93.21 65.48 94.22 97.66 72.48 94.18 87.95 92.42 1.25 0.63

13 Gentamicin 92.21 65.48 92.29 93.90 66.96 92.08 87.99 93.57 <0.01 <0.01

14 Ciprofloxacin 92.54 65.48 92.65 96.19 69.84 93.27 89.51 95.69 <0.01 <0.01

15 Amphotericin B 63.39 94.61 94.04 78.37 93.07 91.20 86.09 92.98 0.63 0.31

Bold values indicate MIC ≤0.1 mg/mL (significantly active), 0.1 < MIC ≤ 0.625 mg/mL (moderately active), and MIC >0.625 mg/mL (weak). MQSIC, minimum quorum-sensing inhibitory 
concentration; MIC, minimum inhibitory concentration.
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reported by (2), who investigated the ABF activity of tea tree and pep-
permint essential oils against A. hydrophila and found that both exhib-
ited strong ABF activity at concentrations of 0.0078 and 0.015 μL/mL, 
respectively. In addition, our findings are supported by (52), which 
showed that leaf extracts of Dendrophthoe falcata demonstrated good 
ABF activity (>50% inhibition) against A. hydrophila. Similarly, our 
study demonstrated that solvent extract treatments 0 g N; 0.36 g P; 0.6 g 
K, 0.21 g N; 0.06 g P; 0.36 g K, and 0 g N; 0 g P; 0 g K showed good 
inhibitory activity (>50% inhibition) against E. tarda. Most studies have 
investigated the antibacterial activity of plant extracts against E. tarda; 
however, this appears to be the first study to determine the ABF activity 
of Cannabis against this pathogen. In the case of P. fluorescens, solvent 
extract treatments 0.36 g N; 0.12 g P; 0.6 g K and 0.54 g N; 0 g P; 0 g K 
revealed both preventive and disruptive effects (>50% inhibition). In 
addition, solvent extract treatments 0.36 g N; 0.12 g P; 0.6 g K, 0.54 g 
N; 0 g P; 0 g K, 0.36 g N; 0.06 g P; 0.12 g K, 0.36 g N; 0.12 g P; 0.36 g K, 
0.36 g N; 0 g P; 0.36 g K, 0.21 g N; 0.12 g P; 0.36 g K, 0.21 g N; 0.06 g P; 
0.36 g K, and 0 g N; 0 g P; 0 g K were effective in preventing its growth. 
These findings are consistent with those reported by (53), where leaf 
extracts of Hibiscus sabdariffa demonstrated strong biofilm inhibition 
against Pseudomonas aeruginosa at a concentration of 0.151 mg/
mL. Another study reported that methanolic leaf extracts of Bergenia 
ciliata and ethanolic leaf extracts of Clematis grata efficiently inhibited 
biofilm formation of P. aeruginosa, with 81 and 80% inhibition, respec-
tively (54). Our observations are further supported by (55), which 
showed that Trigonella foenum-graceum extracts exhibited strong bio-
film inhibition against P. aeruginosa. These results are also consistent 
with those of (56), who reported that methanol extracts of A. marina 
leaves not only inhibited initial cell adhesion and biofilm formation by 
P. fluorescens but also disrupted pre-formed biofilms, with IC50 values 
of 42.0 and 45.8 mg/mL. Similarly, (57) reported the most significant 
anti-biofilm activity against Salmonella typhimurium by acetone 

extracts of Vachellia xanthophloea. Furthermore, our study showed that 
A. hydrophila and P. fluorescens were inhibited by most extracts at T0, 
indicating that prevention of biofilm attachment and growth is easier 
to achieve than inhibition of pre-formed biofilms at T24. Similarly, (31) 
evaluated the ABF activity of alcoholic extracts of Allium sativum 
against Escherichia coli and observed higher inhibition values for bio-
film formation than for disruption of pre-formed biofilms. Interestingly, 
E. tarda was inhibited by most extracts at T24, highlighting the effective-
ness of Cannabis acetone extracts in preventing and disrupting biofilm 
formation by this pathogenic bacterium.

Anti-quorum-sensing activity

Targeting QS signaling emerges as an innovative strategy, as this 
mechanism focuses on virulence factors such as biofilms and others, 
thereby disarming pathogenic bacteria (58). The preliminary assess-
ment of AQS activity of Cannabis leaf extracts was confirmed through 
the inhibition of violacein formation in C. violaceum. Violacein, a pig-
ment produced by C. violaceum in response to QS signaling, serves as 
an indicator of quorum-sensing activity. The results demonstrated that 
the Cannabis leaf extracts exhibited anti-quorum-sensing activity 
against the biosensor strain C. violaceum. All tested solvent extract 
treatments showed good AQS activity against C. violaceum, while sol-
vent extract treatment 0.36 g N; 0.06 g P; 0.12 g K achieved the highest 
violacein inhibition of 98.61% at a concentration of 1.25 mg/mL. This 
observation aligns with a previous study on Terminalia catappa, which 
reported effective inhibition of violacein production at a concentra-
tion of 0.0625 mg/mL in vitro (59). Similarly, T. catappa, T. bellerica, 
T. chebula, and T. macroptera have been reported to attenuate QS in 
Pseudomonas aeruginosa (16, 59, 60). The findings of this study are 
consistent with those of (61), in which Artemisia argyi leaf extracts 
reduced violacein formation in C. violaceum. Another study by (9) 

TABLE 5  Cytotoxicity (LC50 in mg/mL) and selectivity index (SI) of acetone extracts of Cannabis (GG1) against Vero monkey kidney cells.

S/N Extracts LC50 (mg/mL) Selectivity index

Vero cells

Organisms

A. hydrophila E. tarda P. fluorescens Average

1 0.36 g N; 0.12 g P; 0 g K 0.06 ± 0.01 0.04 3.00 3.00 2.01

2 0 g N; 0.36 g P; 0.6 g K 0.06 ± 0.01 0.09 0.85 1.20 0.70

3 0 g N; 0 g P; 0.84 g K 0.16 ± 0.05 0.51 2.29 2.29 1.70

4 0 g N; 0.24 g P; 0 g K 0.04 ± 0.01 0.13 0.57 0.27 0.32

5 0.36 g N; 0.12 g P; 0.6 g K 0.09 ± 0.04 0.39 0.04 0.15 0.20

6 0.54 g N; 0 g P; 0 g K 0.10 ± 0.03 0.04 0.32 0.16 0.17

7 0.36 g N; 0.06 g P; 0.12 g K 0.10 ± 0.05 0.04 0.67 0.12 0.28

8 0.36 g N; 0.12 g P; 0.36 g K 0.07 ± 0.03 0.02 0.47 0.03 0.17

9 0.36 g N; 0 g P; 0.36 g K 0.09 ± 0.03 0.04 0.15 0.07 0.09

10 0.21 g N; 0.12 g P; 0.36 g K 0.08 ± 0.03 0.03 0.13 0.13 0.10

11 0.21 g N; 0.06 g P; 0.36 g K 0.09 ± 0.04 0.07 0.10 0.15 0.11

12 0 g N; 0 g P; 0 g K 0.06 ± 0.02 0.02 0.19 0.02 0.08

13 Doxorubicin 0.00562 ± 0.00007 – – –

LC50 calculated in mg/ml; the Bold values under LC50 represent the toxic concentration of solvent extract to the Vero cells, while bold values under the selectivity index >1 are more toxic to 
bacterial pathogens.
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reported that Melastoma candidum leaf extracts inhibited violacein 
production in C. violaceum. Furthermore, the findings of this study 
are consistent with those of (62), who observed reduced violacein pro-
duction (up to 38.34%) in C. violaceum for Melianthus comosus, 
Plectranthus ecklonii, and Pelargonium sidoides extracts. These results 
reinforce the notion that Cannabis extracts effectively inhibit quorum-
sensing-regulated violacein synthesis in C. violaceum. Overall, the 
medicinal activities displayed by Cannabis leaf extracts against these 
bacterial pathogens may be attributed to the presence of biologically 
active compounds in acetone extracts, such as cannabinoids, pheno-
lics, flavonoids, quinones, alkaloids, terpenoids, and polystyrenes, 
which play key roles in microbial pathogenicity and are involved in 
the inhibition of QS molecules as well as biofilm formation (63).

Cytotoxicity and selectivity index

The widespread assumption of safety for plant extracts and 
other natural products is erroneous; therefore, it is essential to con-
duct cytotoxicity testing to provide scientific validation of their 
safety. According to (39), when screening plant extracts for antimi-
crobial potential, there is a need to evaluate their safety on mam-
malian cell lines. Plant extracts showing sensitivity to cell lines with 
LC50 values >0.1 mg/mL are considered non-cytotoxic, those with 
LC50 values ≥0.06 and <0.1 mg/mL are considered moderately toxic, 
and extracts with LC50 values <0.06 mg/mL are considered toxic. 
Solvent extracts with good antibacterial activity (from significant to 
moderate) were selected for cytotoxicity testing. Most solvent 
extracts tested were non-toxic against Vero cells, except solvent 
extract 0 g N; 0.24 g P; 0 g K, which was toxic to Vero cells with an 
LC50 of 0.04 mg/mL, and solvent extracts 0.36 g N; 0.12 g P; 0 g K, 
0 g N; 0.36 g P; 0.6 g K, and 0 g N; 0 g P; 0 g K, which showed mod-
erate toxicity with LC50 values of 0.06 mg/mL. A similar study by 
(49) reported that acetone crude extracts of Eugenia umtamvunensis 
and Syzygium legatii had non-toxic effects on Vero cells, with LC50 
values of 0.82 and 0.14 mg/mL, respectively. In addition, (4) 
reported that acetone crude extracts of Searsia leptodictya, S. lancea, 
S. batophylla, Bauhinia galpinii, and B. bowkeri were not toxic to 
Vero cells, with LC50 values of 0.11, 0.20, 0.15, and 0.51 mg/mL, 
respectively. Furthermore, similar to our findings, (57) reported 
that the acetone extract of Elephantorrhiza elephantina had a high 
LC50 value of 3.6945 ± 0.1149 mg/mL against Vero cells. However, 
a variety of cell lines should be used to assess the safety of plant 
extracts, since findings from a single cell model may not apply to 
whole organisms, although the use of Vero cells reflects general tox-
icity. The selectivity index (SI) expresses the relationship between 
antimicrobial and cytotoxic activities of plant extracts on bacterial 
and normal cells, ensuring that biological activity is not attributed 
solely to in vitro cytotoxicity. According to (64), plant extracts with 
SI values <1 indicate that the extracts are relatively less toxic to 
bacteria and more toxic to mammalian cells. Thus, extracts with SI 
>1 may be relatively safer to use in vivo, as they are less toxic to 
mammalian cells but more toxic to pathogens. Therefore, solvent 
extract 0.36 g N; 0.12 g P; 0 g K exhibited the highest SI values 
against Vero cells and could be considered promising for further 
research (65). However, in vivo testing is necessary to validate the 
efficacy and safety of these Cannabis extracts. These results are con-
sistent with findings reported by (66), where acetone extracts of 
Carpobrotus edulis revealed a high selectivity index of 17.07 against 
Enterobacter cloacae. Another study by (11) demonstrated excellent 
SI values of 25.18 and 50.75 for acetone extracts of B. galpinii and 

B. bowkeri against Salmonella enteritidis. These Cannabis extracts 
show potential for development into medicinal products for con-
trolling antimicrobial infections using herbal remedies. 
Alternatively, isolation of active compounds may provide templates 
for the development of new drugs.

Conclusion

Little was known about the different antimicrobial activities of 
Cannabis (GG1) before this study. The solvent extracts of plants 
grown under different fertilizer treatments had good antibacterial 
activity against the planktonic and sessile forms of the bacterial 
pathogens investigated. The different levels of NPK fertilizers 
enhanced the production of bioactive compounds, which are 
responsible for the potent antibacterial activities against these fish 
pathogens. This study highlighted the significance of assessing the 
unexplored ABF and AQS properties of Cannabis extracts. 
Numerous solvent extracts demonstrated no toxicity, positioning 
them as promising options for the development of herbal products 
or for the isolation of novel pure compounds. These pure com-
pounds could function as templates for new antimicrobial medica-
tions. Furthermore, these solvent extracts represent a promising 
candidate for subsequent in vivo testing as phytogenic feed additives 
to combat devastating fish pathogens.
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