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Abstract 

 
Desert false indigo (Amorpha fruticosa L.) is an invasive alien shrub, native to Southwest and 

North America, naturalized in Europe as an ornamental shrub species forming mono-dominant 
communities by replacing Salix triandra. A.fruticosa leaves extract was obtained by ultrasound-assisted 
method and the chemical composition was identified through Folin-Ciocalteu method for determining 
the phenolic content and aluminium trichloride method for the flavonoids content. The phytotoxicity 
bioassay was intended to demonstrate a specific traits of invasive plants, namely their ability to remove 
agricultural interest species by determining the effect of this extracts on root elongation and the mitotic 
film cell by Triticum assay. The antimicrobial activity was investigated by disk diffusion and 
microdillution method against Gram positive and Gram negative bacteria and yeast strains. The 
minimal inhibitory concentration varied from 0.09 to 0.66 % of the dried plant. This study demonstrated 
the phytotoxic ability of A. fruticosa invasive species revealed by changes induced to cell division but 
also their potential beneficial effects through their use as a therapeutic agent in antibiotherapy. 
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Introduction 
Exotic plants threaten the integrity of agricultural and natural systems throughout the 

world. Many invasive species competitively eradicate their new neighbors. The main theory for 
the exceptional success of invasiveness consists in their capacity to escape from the natural 
enemies which hold them in check, freeing them to utilize their full competitive potential. Here, 
we argue that some invasive plants may succeed because they bring novel mechanisms of 
interaction to natural plant communities [1].One of the main strategy of invasiveness consists in 
the production of allelopathic substances and their release in the ecosystem [2]. 

Amorpha fruticosa L. is a leguminous shrub indigenous to North America and was 
introduced to China as a windbreak and as soil cover for erosion control [3] and in Europe 
like an ornamental shrub [4]. In the traditional Chinese medicine it was used for the treatment 
of burns, carbuncle and eczema [3]. Previous phytochemical studies revealed that it was rich 
of rotenoids [5; 6], stilbenes [7; 8], flavanones [9-11] and isoflavones [6; 12], some of which 
exhibiting significant cytotoxic [5; 6], antidiabetic [13], and antimicrobial [7] activities, as 
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well as NF κB [8], neuraminidase [9], proliferative and TNF-α [14] inhibitoryeffects [15]. 
The compounds responsible for these effects were considered to be amorfrutin A and B, two 
bibenzyl metabolites [7]. 

In Romania there is not yet a black list of invasive alien species, but however, A. 
fruticosa was identified as an aggressive invasive species in the neighboring countries.  The 
allelopathic effect of A. fruticosa on seed germination of Sinapis alba L. has been described 
in Hungary [16]. 

Therefore, th e aim of the present study consists in the assessment of phytotoxicity, 
offering an argument for including this species in the invasive plants category and, at the 
same time, revealing a potential beneficial application by testing the antimicrobial potential of 
phenols content of A. fruticosa leaves extract.  

 
Materials and methods 

Plant material. The plant material was harvested in August from Scrovistea forest, Ilfov 
and identified by the Department of Botany staff from the Faculty of Biology, University of 
Bucharest. The vouchers were deposited in the herbarium of the Botanical Garden 
"DimitrieBrandza", No. 401256. 

The plant material was manually sorted and dried at room temperature. The extractions 
were performed with ethanol 70% (v/v) using an ultrasonic bath (Elma Sonic 80H), with 
frequencies ranging from 20 kHz to 2000 kHz, making possible the extraction of active 
compounds by increasing the permeability of cell walls and causing cell lysis[17]. The extract 
thus obtained was filtered and brought to 100 mL with 70% ethanol. The extracts were stored 
in tightly closed brown bottles at 4°C. 

Determination of total phenols content (TP) was done by the Folin-Ciocalteu method 
[18]. The total phenolic content was assayed by homogenizing 0.5 mL sample or standard 
(gallic acid) in 5 mL Folin-Ciocalteu reagent and adding 4 mL of 1 M sodium carbonate. 
Absorbance was measured after 15 minutes compared with a blank sample (containing 
ethanol 70% v /v) in 1 cm glass cuvettes. The absorbance of samples was determined at 746 
nm with a Shimadzu UV-1240 spectrophotometer (Japan). A calibration curve was plotted 
with standard solutions of gallic acid with concentrations varying between 5 and 150 mg / L. 
TP content was expressed as mg of gallic acid equivalents (GAE) per gram of plant. 

Determination of total flavonoids. The total flavonoids content of the alcoholic extracts 
was determined by the aluminium chloride method according to the procedures described by 
Woisky and Salatino (1998) [19]. Briefly, to 10 mL solution of alcoholic extract (quercetin 
for standard curve) were added 10 mL of 10% sodium acetate, stirred and filtered. At the 
filtered solution (5mL) were added 3mL 2.5% AlCl3 solution and filled with ethanol in a 
25mL volumetric flask. After stirring and incubation at room temperature for 45 min, the 
absorbance of the reaction mixture was measured at 430 nm with a Shimadzu UV-1240 
spectrophotometer (Japan), in a 1 cm cuvette. The amount of aluminum chloride from 
samples was substituted by the same amount of ethanol in blank. The flavonoids content was 
expressed in mg quercetin (QE) / g of plant and it was calculated using the calibration curve 
obtained for concentrations of quercetin that ranged between 0 and 120 mg/mL. 

Macroscopic determination of the phytotoxic effect. The plant extracts were evaporated to 
driedness and the residue was resuspended with the same volume of distilled water. Wheat 
caryopses selected to be homogeneous were soaked in distilled water for 24 hours and then 
placed in Linhart dishes on a substrate of filter paper and cotton moistened with water and left 
at 25°C for 24 hours. When the main root length reaches 10 mm, 10 of the germinated 
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caryopses are introduced in a Petri dish containing 15 mL aqueous plant extract and stored at 
room temperature. The study of the influence of aqueous extracts on root elongation involves 
measuring linearly the main root length of Triticumaestivumfrom baseline, every 24 h over 5 
days; this period is actually the most active phase of development. The results were compared 
to a control sample containing distilled water. 

Microscopic examination of mitotic film changes. Microscopic examination allowed 
determining the mitotic film changes induced by the studied extracts on root tips of T. 
aestivum. The determinations were compared to blank containing distilled water, maintained 
under similar conditions with the samples. Embryonic roots of T. aestivum were sectioned at 
approximately 5 mm from the top and stained with dilute acetic orcein according to the La 
Cour procedure. The method is based on the affinity of the chromatin for orcein in acid pH, 
necessary for chromatic material hydrolysis of meristems which turn in red-purple. The 
samples were examined using a Nikon Labophot 2microscope, using 40x and 100x objectives 
(the latter with cedar oil immersion). 

Evaluation of the antimicrobial activity. For antimicrobial activity testing there were used 
reference and clinical microbial strains, belonging to Gram positive bacteria (Staphylococcus 
aureus, Bacillus subtilis), Gram negative (Pseudomonas aeruginosa, Escherichia coli, 
Klebsiella pneumoniae, Acinetobacter baumannii) and yeasts (Candida famata, C. utilis, C. 
albicans). In order to test the quality of antimicrobial activity, microbial suspensions were 
prepared adjusted to 0.5 McFarland standards, corresponding to1.5x108 CFU / mL from 18 -
24h grown cultures. The antimicrobial activity was determined by disc diffusion method. The 
obtaining of a mixed inhibition area at the spot level of the culture area was interpreted as a 
positive result. Quantitative analysis was performed by binary serial microdilution method in 
liquid medium in 96-well plates using the solvent control (ethanol 70 %). Concentration range 
of the working stock solutions for alcoholic extracts was from 0.02 to 0.66% dried plant. Each 
well was inoculated with microbial suspension adjusted to 0.5 McFarland from 18 -24h 
cultures grown. MIC was established both macroscopically, as the last concentration with no 
microbial growth was observed, and spectrophotometrically. The absorbance of microbial 
cultures was measured at 620 nm using the Apollo LB 911spectrophotometer. 

Influence of alcoholic extract on the sensitivity of bacterial strains to antibiotics 
commonly used in clinic. The method consists in evenly spreading the plate with an inoculum 
adjusted to a 0.5 McFarland standard and placing the standardized antibiotic discs 
impregnated with stock solution of the tested alcoholic extract on the culture medium. 
Controls were used both simple antibiotic and antibiotic impregnated with ethanol 70%. 
Standard antibiotic discs were chosen according to CLSI and literature data, for each tested 
strain [20; 21]. 

 
Results and Discussions 

Chemical characterization 
In table 1 there are presented phenols and flavonoids content and the flavonoids 

percentage from total phenolic content. The total polyphenols for A. fruticosa leaves extract 
was measured using a calibration curve and the result is expressed in mg (expressed as gallic 
acid) total polyphenols g-1 of dried plant and the flavonoids content was expressed as mg 
quercetin (EQ) g-1 dried plant. Total polyphenol content was 54.7 mg polyphenols (GAE) g-1 
dried plant and flavonoids content was 5.66 mg flavonoids (QE) g-1 dried plant. 

 
 
 



The phytotoxicity and antimicrobial activity of 
Amorpha fruticosa L. leaves extract  

Romanian Biotechnological Letters, Vol. 20, No. 4, 2015  10673

 
Table 1.Total phenols (mg GAE g-1dried plant) and flavonoids (mg EQ g-1dried plant) 

content of A. fruticosa leaves. 
 

 Phenolic 
content 

Flavonoids 
content 

% flavonoid content from 
total phenolic content 

A. fruticosa leaves extract 54.7 5.66 10.35 
 
 

The A. fruticosa proved to have a flavonoids contentrepresenting approximately 10.35% 
of the total leaves polyphenols.  

 
 
Phytotoxicity activity 
The polyphenolic compounds of invasive plants are known for their allelopathic effect. In 

this context, the phytotoxic effect was evaluated by determining the effectof A. fruticosa 
leaves extract on Triticumaestivum seed germination. 

The results of main root elongation forcontrol and different concentrations of the plant 
extractduring 5 days and macroscopic observations of wheat caryopseswhich have been in 
contact with the studiedextract for 120h are shown in table 2. The macroscopic changes of 
embryonic roots and the epicotyl after 120 h depending on the type and the concentration of 
testedsolution are also shown in table 2. It was observed that the extract concentrations of 
16.5µgmL-1 and 8.3µgmL-1inhibited the kinesis, leading to the total inhibition of root 
elongation observed macroscopically after 120h. 

According to Casisar (2009) [16] the phytotoxic character was depending onthe jugulone 
content and it was observed that at the concentration of 1% of dried plant material was 
obtained an higher index than the rest of the studied invasive species.Thejugulone index does 
not give any informationabout how the species inhibits the growth and development of the 
tested plant[22], therefore this mechanism was investigated by studying the unknown 
allelopathic potential on the germination rate, shoot and root length of white mustard(Sinapis 
alba L.) used as receiver species. 

The main cariokinetic changes produced by the A. fruticosa leaves extract at the last 
tested concentration were several kinetic inhibition areas, tropokinesis telophase 
predominance, rare tropokinesis metaphases, telophases with decks and nuclei with strongly 
hypertrophied nucleoli. The occurrence of these abnormalities may be due to the polyphenolic 
compounds interaction with proteins involved in mitosis for hypertrophy nucleolus, 
clastogenic effect by formation of bridges or due to cell wall degradation leading to the 
release of genetic material from the cell. 

Besides strong phytotoxic character of polyphenolic compounds [23] it is known that 
these compounds have a strong antimicrobial activity [24; 25]. In this context, for 
substantiationthe therapeutic applications we determined for both antimicrobial activity and in 
combination with current antibiotics used in clinic, specific to studied strains. 
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Table 2.Macroscopic evaluation of phytotoxic effects on wheat seedlings maintained 120 hours in the test 

solution and microscopic observation after 24 hours 
 

Concentration of 
A. fruticosa 

leaves (µg mL-1) 

Average (±SD) root elongation related to the number of days Macroscopic 
observation 
after 120h 

Microscopic 
observation after 

24h 

1 2 3 4 5 

16.5 10±0.0 10.11±0.31 10.11±0.31 11.11±1.37 14.22±4.59 - main root 
elongation 
totally 
inhibited, 
brown roots;  
- little green 
epicotyl 
develops; 
- 2-3 secondary 
brown roots 
with white 
filaments. 

- kinesis 
inhibition; 
- unclear aspect, 
diffuse nuclear 
material, non-
delimited 

8.3% 11±0.94 11.11±0.99 13.11±1.85 16.22±5.39 21.22±9.35 - main root 
elongation 
totally 
inhibited, 
brown roots; 
- little green 
epicotyl 
develops;  
-  6-7 
secondary 
brown roots 
with small size. 

- predominance 
of kinetic 
inhibition areas; 
- diffuse nuclear 
material 

0.6% 16.56±2.22 30.67±4.92 45.22±5.45 57.89±11.58 66.33±14.67 - the main root 
looks normal, 
much lower 
towards control 
development; 
- 4-5 secondary 
white roots; 
- green epicotyl 
well developed. 

- predominance 
of cell divisions 
areas, scarce 
kinetic areas; 
- 
tropokinesistelop
hase 
predominance; 
- rare 
tropokinesis 
metaphases; 
- telophases with 
decks; 
- nuclei with 
strongly 
hypertrophied 
nucleoli 

Control sample 
(distilled water) 

47.9±4.78 71.4±8.08 94.4±10.57 110.4±10.65 120.8±16.43 - the main root 
looks normal, 
without 
swelling at the 
base or top, 
with 4-5 
secondary 
roots. 
- green epicotyl 
well developed. 

- all phases of 
normal mitosis: 
interphase, 
prophase, 
metaphase, 
anaphase and 
telophase 
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The antimicrobial activity 
The antimicrobial activity of the A. fruticosa leaves extract was studied against clinical 

and reference strain belonging to Gram positive (S. aureus, B. subtilis) and Gram negative (P. 
aeruginosa, K. pneumoniae, E. coli, A. baumannii)strains  and yeasts (C. albicans, C. famata, 
C. utilis). In Table 3 it can be noticed that this extract is active on all studied strains excepting 
P. aeruginosa 13202, E. coli ATCC 13202, C. albicans 393 and C. utilis 15.  The minimal 
inhibitory concentration ranged between 0.9-6.6 µg mL-1 of thedried plant material, this 
extract being most active against Gram positive strains.  

The possible mechanisms of action of polyphenolic components are: inhibition of nucleic 
acids synthesis, low concentrations of polyphenols affecting enzymatic activity associated 
with energy production, while large quantities determined protein precipitation [26]; 
disrupting the cytoplasmic membrane, phenols can reacted with the phospholipid component 
of the cell membrane thereby causing an increase in permeability of the cell membrane or 
they can cause significant changes in fatty acid or phospholipids composition from these 
microorganisms structure and inhibition of the energy metabolism [27].  

 
Table 3. Antimicrobial activity of A. fruticosa leaves extract vs. solvent control 

 

Microbial strains 

Plant extract Ethanol 

Qualitative 
MIC 

(µgdried 
plant mL-1) 

Qualitative 
Control 

MIC (ethanol 
concentration 
corresponding 

to plant 
extract- µg 

mL-1) 
S. aureus ATCC 6538 ++ 0.9 - 6.6 
MRSA 1263 + 1.7 +- 6.6 
B. subtilis 6683 + 1.7 + 3.3 
B. subtilis 12484 ++ 0.9 + 6.6 
P. aeruginosa ATCC 
27853 

+ 1.7 +- 6.6 

P. aeruginosa 13202 - 6.6 - 6.6 
P. aeruginosa 326 sc + 1.7 +- 6.6 
A. baumannii 77 sc + 1.7 +- 6.6 
K. pneumoniae 11 + 6.6 +- 6.6 
K. pneumoniae ATCC 
134202 

+ 6.6 +- 6.6 

E. coli ATCC 13202 - 6.6 - 6.6 
E. coliO126B16 + 6.6 - 6.6 
C. albicans 
ATCC101103 

+ 3.3 +- 6.6 

C. albicans 393 - 6.6 - 6.6 
C. famata 945 + 1.7 +- 6.6 
C. famata By.14 +- 1.7 - 6.6 
C. utilis 15 - 6.6 - 6.6 

*Legends: -: 5 mm; +-: 6-8 mm; +: 9-11 mm; ++: 12-20 mm 
 

The synergistic effect with currently used antibiotics  
The comparative analysis of bacterial growth inhibition zones induced by antibiotics and 

combinations extract: antibiotics and antibiotics: solvent, respectively was performed. In the 
case of A. fruticosa leaves extract, the best synergistic effect was obtained with Kanamycin 
(K: interacts with the 30S subunit of prokaryotic ribosomes, inducing substantial amounts of 
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mistranslation andinhibits translocation during protein synthesis) [28], Penicillin(P: acting on 
the cell wall synthesis) againstB. subtilis ATCC and withErythromycin(E: binds the 50S 
subunit and interferes with the translocation of nascent polypeptide causing the dissociation 
of peptidyl-tRNA by the ribosome) against S. aureus ATCC [29]. The studied extract 
sensitizes the P. aeruginosa ATCC strain for Ticarcillin-clavulanic acid (TIM: prevents the 
cross-linking of peptidoglycan during cell wall synthesis) and Meropenem (MEM: inhibition 
of cell wall synthesis) for A. baumannii [30] (Table 4).  

The antimicrobial activity and the synergic effect of A. fruticosa leaves extract was 
mainly due to the polyphenolic components. According to Jayaraman et al. (2010) [31], the 
flavonoids and phenolic acids exhibit synergistic antimicrobial activity with antibiotics which 
present different mechanisms of action. But the extracts contain a variety of polyphenolic 
compounds that may interact independently with individual cellular components explaining 
their high synergic effectand also, a low probability to develop resistance. 

 
Table 4.Quantification of the microbial growth inhibitionzonesdiameters (mm) 

induced by A. fruticosa leaves extract + antibiotic (1), respectively 
by solvent (ethanol 70 %) + antibiotic (2) 

 
P. 

aeruginosa 
ATCC 

P. 
aeruginosa  

326 
A. baumanii 

77 

B. 
subtilisATC

C 
B. subtilis 

6683 
S. 

aureusMRSa 
S. aureus 

ATCC 

 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Piperacillin 27 30 14 11 25 24   

Ceftriaxone 20 13 10 9   

Norfloxacin 29 23 - -   

Colistin 18 15 24 23 19 20   
Ticarcillin–
clavulanic 

Acid 8 - - -   

Oxacillin - - - - - - - - 24 23 

Cefotaxime - -   

Penicillin G 34 26 28 26 - - 30 28 
Chloramphenic

ol 30 23 21 23   
Cefaclor 40 36 34 36   

Kanamycin 33 25 30 26 - - 21 20 

Vancomycin 22 22 21 22   
Teicoplanin 22 20 18 20   

Rifampin 40 34 35 32 

Fosfomycin 26 26 32 34 

Erythromycin 23 23 34 26 

Ciprofloxacin 28 27 30 28 

Imipenem 20 23 11 9   

Meropenem - - - - 8 -   

Polimixin B 13 12   

 
The phenolic compounds and flavonoids content of A. fruticosa leaves are for the first 

time presented in this paper as well as the possibility to use this extract simple or in 
combination with different antibiotics. The compounds potentially responsible for the 
antimicrobial activity are, as suggested by other literature data, amorfrutin A and B[7], two 
phenyl terpenoids. 
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Conclusion 
The extract of Amorpha fruticosa leaves (54.7 mg GAE g-1dried plant material) proved to 

contain approx. 10.35%flavonoids, compounds known for their alellopathic and antimicrobial 
effects. The A. fruticosa leaves exhibited a phytotoxic effect common to other invasive plants 
revealed by T. aestivum seed damaging or germination inhibition effect. Phenol compoundsof 
plant extract, especially flavonoids, are considered responsible for the inhibition of root 
elongation.These results demonstrated their mitoinhibitory effect. The induced cell division 
abnormalities were concentration dependent. The alcoholic extract showed good antimicrobial 
activity, especially against Gram positive bacterial strains, the most susceptible ones being S. 
aureus ATCC and B. subtillis 12484. Minimum inhibitory concentrations ranged from 0.9µg 
mL-1 to6.6µg mL-1of dried plant material. The alcoholic extract increased the antimicrobial 
activity of ceftriaxone, penicillin G, chloramphenicol, kanamycin and erythromycin, as 
revealed by the enlargement of growth inhibition zones diameters with approx. 7 - 8 mm. 

This study has proved that the A. fruticosa invasive plant extract, despite its high 
phytotoxic effect could find some beneficial uses, for example as a source of antimicrobial 
compounds, containing polyphenols with intrinsic antimicrobial effects, as well as 
potentiating effect on the current antibiotics activity. 
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