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ABSTRACT 

Nowadays we are witnessing an increased interest in phytotherapy and 
implicitly for herbal products that have lower side effects. One medicinal plant 
whose popularity has decreased significantly in recent years is Lythrum salicaria 
L., loosestrife, known in Romanian traditional medicine for its beneficial effects 
against gastrointestinal diseases. 

The aim of this study is to evaluate the biological activity of three different 
extracts (aqueous, alcoholic, acetonic) from the flower tips of Lythrum salicaria L. 
using the BSLA (Brine Shrimp Lethality Assay) test and the antimicrobial activity 
of the extracts on two reference bacterial strains which are important for the medical 
field (Staphylococcus aureus and Escherichia coli) through the diffusimetric 
method. 

We demonstrated the fact that the Lythri herba plant product extracts (aqueous, 
alcoholic, and acetonic) lack acute toxicity, as well as the moderate antibacterial 
effect on the Gram-positive reference strain, Staphylococcus aureus, thus 
highlighting the possibility of using the plant in biomedical applications. 
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INTRODUCTION 

Medicinal plants are rich sources of biologically active compounds, are easy to 
procure, and are inexpensive. For these reasons, they continue to have a growing 
interest in the research and development of new antibacterial and antifungal 
products, for which no resistance has developed. 

Basically, the chemicals produced by plants are divided into two categories, 
primary and secondary metabolites. Primary metabolites are involved in the 
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synthesis of the basic elements of the plant, while secondary metabolites are 
involved in the defense mechanism of the plant against various microbial infections. 
Important secondary metabolites in medicine include flavonoids, alkaloids, 
terpenes, tannins, and phenolic compounds. Unlimited opportunities for drug 
discovery have been offered by plant extracts, whether they are pure compounds or 
standardized extracts, due to their chemical diversity [1]. 

Lythrum salicaria L. (Lythraceae family) is a plant species known in traditional 
European medicine for its healing effects against dysentery, diarrhea, intestinal 
inflammation, hematuria, leukorrhea, epistaxis, dysmenorrhea, lupus, eczema, 
anemia, urogenital inflammation, hemorrhoids, diseases of the gastrointestinal tract, 
colitis and stomatitis [2]. 

Studies on the bioactivity of extracts from the Lythrum salicaria L. plant began 
in the nineteenth century and highlighted pharmacological effects such as 
antidiarrheal, anti-inflammatory, antioxidant, antimicrobial, hemostatic, metabolic, 
antihypertensive, and hypoglycemic effects [3]. 

The antimicrobial activity of Lythrum salicaria L. plant extracts was 
investigated against pathogenic species such as Candida albicans, Micrococcus 
luteus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus aureus, Staphylococcus epidermis, Proteus mirabilis [4]. 

Cytotoxicity studies are the first useful step in determining the potential 
toxicity of a test substance, including plant extracts or biologically active 
compounds isolated from plants. Minimal or no toxicity is essential for the 
successful development of pharmaceutical or cosmetic preparation and, in this 
regard, cell toxicity studies to play crucial roles [5]. 

The low cytotoxic activity of extracts (aqueous and hydro-ethanolic) from the 
Lythrum salicaria L. (Lythri herba) plant, highlighted by the BSLA (Brine Shrimp 
Lethality Assay) test in previous studies, allowed important assessments of the 
possibility of using the extract in biomedical applications [6]. 

Starting from these data, the current paper aimed to evaluate the biological 
effects induced by extracts (aqueous, ethanolic, and acetonic) from the floral tips of 
the Lythrum salicaria L plant species. 

The study was performed on the "in vivo" model BSLA (Brine Shrimp 
Lethality Assay) to indicate cytologically induced manifestations, as well as on two 
bacterial strains of medical importance (Staphylococcus aureus and Escherichia 
coli) [7] for the preliminary evaluation of antimicrobial activity and modern 
perspectives [8]. 

MATERIALS AND METHODS 

Obtaining plant extracts 

The floral tops of the Lythrum salicaria L. plant, harvested in July 2020 from 

temperature, in the shade. The plant material was then extracted with different 
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solvents (water, 96% ethyl alcohol, and pure acetone) by refluxing for two hours 
and then filtered through filter paper. After filtration, the aqueous extractive 
solution was concentrated by rotavapor and lyophilized, and the alcoholic and 
acetonic extractive solutions were left in porcelain capsules to evaporate under a 
niche. The dry extracts obtained were stored in sealed glass vials in the desiccator 
until the next evaluations could take place. 

Evaluating the cytotoxicity of the plant extracts by BSLA test 

The larvae were obtained by incubating cysts of Artemia sp. (Hobby, 
Grafschaft, Germany), in artificial salt water (35 ppm), with aeration and 
continuous lighting. The larvae from stage I naupliar, obtained after hatching, in the 
first 24 hours, were introduced in the test vessels. Between 15 - 20 specimens of 
stage, I larvae were transferred to each well of the test microplates and evaluated 
under a stereomicroscope (Optika B-350, Italy) every 24h. 

Concentrations of 50, 100, 200, 250, 300 µl / mL of each extract were analyzed 
in a total volume of 1 mL. Larvae introduced into saline without extract were 
evaluated as negative control samples. 

The plant extracts (alcoholic and acetonic) were solubilized in 0.1 % 
dimethylsulfoxide solvent (DMSO), achieving a ratio of 1:20 (v:v). The Artemia 
salina L. larvae were not fed throughout the test period (48 hours), thus avoiding 
interaction between test solutions and their food. The larvae were assessed for 
motility, survival, or mortality within 24 hours of testing. Statistical analysis was 
performed with StatPlus Mac Pro, version v6, Analyst Soft Inc statistical analysis 
program for MacOS. 

Microscopic observations were made on living organisms, the preparations 
being analyzed directly, the larvae being transparent. 

Antimicrobial evaluation of plant extracts, using the diffusimetric method 

Two reference bacterial strains were chosen, namely Staphyloccocus aureus, a 
Gram-positive, aerobic, unencapsulated coke, also called "superbacteria", because 
it no longer responds to the action of many antibiotics, and Escherichia coli, a 
Gram-negative bacterium from the enterobacteria group. Further information on 
microbial strains is provided in Table 1. 

Table 1. Microbial species, reference source, cultivation medium and assay 
medium 

Microbial species Reference 
source 

Cultivation medium Assay medium 

Staphylococcus 
aureus 

ATCC* 29213 Columbia + 5 % sheep 
blood** 

Mueller-
Hinton*** 

Escherichia coli ATCC* 25922 Columbia + 5 % sheep 
blood** 

Mueller-
Hinton*** 

Note:*ATCC - American Type Culture Collection, 
** Columbia + 5 % sheep blood  Lot 64379472, 
*** Mueller-Hinton  Lot 64372104. 
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The antimicrobial activity was determined by the diffusion method in a culture 
medium seeded with the reference strains we mentioned in the table above.

On the Petri dishes, each bacterial strain used was seeded in the Mueller-Hinton 
medium, then the plate was divided into four equal parts in which sterile filter paper 
rounds impregnated with constant volumes (10 µl) were applied with sterile 
tweezers from each test solution (negative control solvent DMSO 10%, aqueous 
extract, ethanolic and acetonic solubilized in DMSO 10%). The plates were then 
thermostated at 37°C for 24 hours. Following this, each diameter of the inhibition 
area around the filter paper impregnated in the test substance was recorded. The 
expression was performed using the grades "sensitive" (S), "intermediate" (I), and 
"resistant" (R) to the action of the extracts tested by Lythri herba. 

RESULTS AND DISCUSSIONS 

Obtaining plant extracts 

Lythri herba plant product extracts (aqueous, alcoholic, acetonic) were 
obtained according to the following image (Figure 1) and their phytochemical 
composition was synthesized in Table 2 depending on the nature of the solvent 
according to the literature. 

 
Fig. 1. Lythri herba extracts 

 A  Aqueous extract, B  Alcoholic extract, C  Acetonic extract. 
Table 2  Phytochemical profile of the Lythri herba extracts 

Lythri 
herba 

extracts 
Contents References 

Aqueous 
 total polyphenols (16.39 %) 
 tannins (10.53 %) 
 anthocyanins (0.3598 %) 

[6] 

Alcoholic 
 total polyphenols (8.3-27.3 %) 
 tannins (6.6-21.9 %) 

[4] 

Acetonic 

 total polyphenols (278 ± 3.04 mg gallic acid equivalents/g 
extract) 
 flavonoids (4.38 ± 0.13 mg rutin equivalents/g extract) 
 hydroxycinnamic acids (69.6 ± 0.81 mg caffeic acid 

equivalents/g extract) 
 condensed tannins (not detected) 

[9] 

Evaluating the cytotoxicity of the plant extracts by BSLA test 

The plant is known to have a complex composition. It is appreciated due to its 
polyphenols, tannins, flavonoids, phenolic acids, etc. content [3]. 
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At the same time, more and more studies reveal different pharmacological 
effects given both the solvent used in the extraction and the model ("in vivo" or "in 
vitro") used for evaluation [10]. 

The effects observed during the experiment show differences which correlate 
with the level of concentrations (Figure 1), for both extracts. Important and 
quantified manifestations were those related to the motility of the tested organisms, 
respectively the reduction of swimming and the appearance of jerky, spasmogenic 
movements. The changes were identified after 20 hours of exposure and persisted 
in the same percentage until the end of the experiment (24 hours). 

Sublethal manifestations of larvae were recorded during the observations. The 
lack of acute toxicity is explained by the low toxicity of the Lythri herba extract, 
but also by the dilutions obtained in DMSO. 

The alcoholic extract (ALCLy) analyzed induced percentage increases of 
quantified effects (jerky movements), but below the 50% mark, at concentrations 
between 50 µl / mL and 250 µl / mL. However, the decreases of these manifestations 
at the maximum tested concentration of 300 µl / mL are surprising. The 
explanations can be given by the high level of carbohydrates and proteins [10] 
which, possibly, blurred the discomfort created to the larvae by other 
phytochemicals. 

The jerky motility can be compared to muscle spasms, the larvae have cells 
similar to myocytes with which they ensure swimming movements. In the literature, 
the spasmogenic effects of the extract have been mentioned and studied. Thus, the 
in vivo

intestinal muscles with the level of caffeic acid or catechin in the extract. It has also 
been observed that alcoholic extract of Lythri herba induces acetylcholinesterase 
(ACE) inhibition [10]. ACE inhibition may also be possible in these tested 
organisms, which would explain the altered movements of the larvae. 

The enzyme acetylcholinesterase (ACE), is present in these organisms since 
the embryonic period and has a significant increase in the early stages of larval 
development [11]. 

 
Fig. 1. The larvae abnormal motility evaluated (%), after 24 h exposure (ALCLy- 

alcoholic extract of Lythri herba, ACTLy  acetonic extract of Lythri herba) 
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The acetone extract is less known in terms of its biological effect. Observations 
show an increase in abnormal manifestations of motility (Figure 1), in a significant 
proportion (76-95%). The effects are recorded at high concentrations (200, 250, 300 
µl / mL) (Figure 1), compared to larvae exposed to 50 and 100 µl / mL, as well as 
to control samples, without extract. 

Statistical analysis indicates a linear stimulus-effect correlation for organisms 
exposed to concentrations between 50-250 µl / mL of alcoholic extract - ALCLy 
(Fig. 2 A), (p <0.001) and at concentrations between 50-300 µl / mL of acetonic 
extract -ACTLy (Fig. 2 B), and the prediction has statistical significance [12], [13]. 

 
Fig. 2. Representation of the tested larvae response A - in the alcoholic extract 

(ALCLy) by linear regression (CI - 95% Confidence Interval, PI -95% Prediction 
Interval, p - value = 0.00037), B - in the acetonic extract (ACTLy) by linear 

regression (CI - 95% Confidence Interval, PI - 95% Prediction Interval, p-value = 
0.00016 

In addition to the response related to the change in larval motility, observations 
on cytomorphology were made. The analysis was relevant by observing general 
changes in the larval body as well as inhibiting organogenesis and appendicular 
buds, respectively (Figure 4, A-F). 

 
Fig. 4. Cytomorphological details of larvae: in unexposed samples (A and D), 

exposed in ALCLy (B, E), and acetone (C, F); magnification x100 (A); x200 (B, 
C); x400 (D, E, F) 

Antimicrobial evaluation of plant extracts, using the diffusimetric method 
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The results obtained from the evaluation of the antibacterial action of the Lythri 
herba aqueous, ethanolic, and acetonic extracts are summarized in Table 3.
Table 3. Diameters of inhibition areas (mm) of Lythri herba extracts and control 

on bacterial cultures (mean ± SD) 

Microbial species ATCC DMSO 
(mm) 

Aqueous 
extract (mm) 

Ethanolic 
extract (mm) 

Acetonic 
extract (mm) 

Staphylococcus 
aureus (G+) 

29213 0  R (9.66 ± 
1.52) 

R (9.66 ± 2.08) S (17.66 ± 
1.52) 

Escherichia coli (G-) 25922 0  R (< 5 mm) R (< 5 mm) R (< 5 mm) 

Note: 10 % DMSO solvent has no inhibitory effect, R  resistant, S  sensitive. 

As can be seen in Table 3, all three Lythri herba extracts do not generate areas 
of inhibition for the Gram-negative species studied, namely Escherichia coli. In the 
case of the Gram-positive species (Staphylococcus aureus) only the acetonic extract 
has the largest inhibitory zone, unlike the much smaller inhibitory diameters and 
resistant mutants of the aqueous and ethanolic extracts. The 10 % DMSO solvent 
used to solubilize the extracts obtained did not show an inhibitory effect. 

These observations are also supported by the following conclusive images 
(Figure 5). 

In the review of Piwowarski J. (2015) it was observed that the inhibition area 
for Escherichia coli of various Lythri herba extracts is between 0 - 15 mm, and for 
Staphylococcus aureus it is between 0 - 30 mm. The differences between the values 
of the areas of inhibition on these bacterial strains are due to the extraction methods 
and the various solvents used on the Lythrum salicaria L. plant [3]. 

 
Fig. 5. Lythri herba extracts (aqueous, ethanolic, and acetonic) effects on 

Staphylococcus aureus and Escherichia coli (A), Staphyloccocus aureus (B), 
Escherichia coli (C) 

The values obtained in this paper are similar to the results of the 2021 study by 
Turker A. U. et all. [2] in which Staphyloccocus aureus was shown to be sensitive 
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to the action of aqueous and alcoholic Lythri herba extracts, and the representative 
of Gram-negative bacteria, namely Escherichia coli, to demonstrate total resistance 
to both extracts (aqueous and alcoholic) solubilized in DMSO. 

CONCLUSION  

Evaluating the biological activity of Lythri herba extracts (aqueous, alcoholic, 
and acetonic), using BSLA, highlighted their lack of acute toxicity thus allowing 
the use of extracts in future biomedical applications. 

The biological changes identified "in vivo" induced by the action of the 
compounds contained in the extract on the Artemia salina L. larvae are associated 
with behavioral changes, such as jerky movements, and cellular changes such as the 
inhibition of appendicular primordia growth areas. Both ALCLy and ACTLy 
extracts induced a gradual increase in larval discomfort, correlated with the level of 
concentration of the extract to which the organisms were exposed. 

The Lythrum salicaria L. plant showed, through its extracts (aqueous, 
alcoholic, and acetonic), antibacterial activity on the Gram-positive reference 
bacterium, Staphylococcus aureus (ATCC 29213) and total resistance to the Gram-
negative reference bacterium, Escherichia coli (ATCC 25922). These results are 
similar to those in the literature; the differences between the areas of inhibition can 
be explained by the diversity of extraction methods, the nature of the solvents used, 
and the structural specificity of the cell walls of Gram-positive and Gram-negative 
bacteria. 
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