Antimicrobial activity and allelopathic potential of Zygophyllum coccineum L. on
Chenopodium album L.

Abstract

Zygophyllum coccineum L. (Family Zygophyllaceae) was collected from tlwoations
namely Wadi Haguand Deltaic Mediterranean coad¢lethanol, acetone and ethanol
extracts prepared from Zoccineum leaves and they were tested for their antibadteria
activity. The bacterial strains tested weEscherichia coli, Bacillus subtilis,
Saphylococcus aureus, Bacillus cereus, and Pseudomonas aeruginosa. Methanol
extract from desert plant was the most potent ektemgainst bacterial growth
compared with other extracts. Also, the three exsraxpressed antifungal activities
against the tested fun@landida albicans, Aspergillus niger and Aspergillus flavus.
Methanol extract from the desert plant was thensfest in retarding the fungal
growth. The aqueous leaf extract&fcoccinum from both desert and coastal areas
inhibited seed germination and radical growthChénopodium album at 50 and 100
pgmit. The inhibition rate was remarkable with the degéant compared to that of
coastal one and this may be due to the higher ntst# bioactive compounds.
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Introduction

About 80% individuals from developing countries degs on plant based
preparations used in their traditional medicinateyn and human health care (1,2,3).
Plants produce a diverse range of bioactive modsguhaking them rich sources of
different types of medicine (4).

Most of the pathogenic microorganisms are becomiagistant to many
antimicrobial drugs. Natural products are a goagr@® for obtaining low cost, highly
safe and potent antifungal and antibacterial dragsis, the antibiotic resistance of
medically important bacteria became the major mmoblfor human health. In
addition, the antibiotics may also cause side #&ffeon the host including
hypersensitivity, immune-suppression and allergi€bus, there is a need for
developing alternative antimicrobial drugs for ttieatment of infectious diseases

(5,6). Antimicrobials of plant origin have effeatitherapeutic potential. They are



used in treating of infectious diseases and minigithe side effects associated with
synthetic antimicrobials (7).

The high cost of new antibiotics and their non-kllity with limited effective
span resulted in the increase in mortality and mddgb(8). Therefore, there is a need
to search for new drugs from other biological searavith proven antimicrobial
activity (9).

Allelopathy is defined as direct or indirect effettirough which the chemicals
and their metabolic products released by one @tatt the biochemical reactions of
a neighboring plant (10)

The chemical compounds involved in the allelopatleffect are -called
allelochemicals. Allelochemicals are the subsets setondary metabolites not
required for metabolism (growth and development)tied allelopathic organism.
These allelochemicals can be released from plantedrhing from leaves, stems,
seeds, flowers, buds, fruits, and disintegratiord®ad plant parts, exudation from
roots and volatilization (11,3).

Allelopathy has been considered as a mechanisnth®rsuccess of invasive
plants through establishing monoculture and mayrifare to the capability of exotic
species to become dominants in particular invadiaat gommunities (12).

Allelochemicals as biological herbicides becameralitive to current synthetic
chemical approaches (13,14). Weed competes with foronutrients, moisture, space
as well as light and thus affect crop yields (15)has been reported that majority
species of weed allelochemicals stop the crop mtomlu but sometimes also
stimulate seed growth, germination and crop pradodtl6,17).

C. album is responsible for important economic losses incatjure around the
world. Except in the extreme desert climafealbum is found in all inhabited areas
of the world where it thrives on all soil types ameer a wide range of pH values (18)
C. albumreduces crop yield by direct competition for nerits and light.

Allelopathic effects of crop residues or crop ptaonh weeds are important to
farmers but the reverse may cause economic lo€sealbum has been found to
exhibit allelopathic effects on crop plants inchglisoybeans, maize, cucumbers,
carrots, onions, tomatoes, lettuce, squash andbswers and oats (19,20,21).

The main objectives of this research were: 1) soysthe effects of leaf extracts
from Z. coccineum on some pathogenic bacteria and fungi; 2) to ingate the

influence ofZ. coccineum aqueous leaf extract on the growthCofal bum.
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Materialsand Methods

Plant material

Zygophyllum coccineum was collected from inland desert (Cairo-Suez deser
road) as well as from coastal (Deltaic Mediterraneaast) desert of Egypt. The plant
leaves were cleaned, washed with distilled wateersg times to remove dust and
other residues. The leaves were then dried forrabdays in shaded place at room
temperature for complete dryness followed by grigdinto powder. The resulting

powder was then kept in well stoppered bottles.

Preparation of extract with organic solvents

The plant leaves was shade dried and ground insobseopowder. It was
extracted by cold maceration twice (7 days eachfguscetone, methanol and
ethanol. The extracts obtained were dried usingryoévaporator and stored in air

tight container in a refrigerator until further use

Preparation of aqueous extract

The aqueous extract was prepared according to ¢tieath of EI-Shora and Abd
El-Gawad (14). Leaves were washed several timds tafi water and dried at 60 °C
for 48h, and homogenized to fine powder by grindAbout 200 g of the
homogenated material was soaked in 1 L of disteder allowed on orbital shaker
for 24h at room temperature (23-28 °C) for extkatti The resulting extract was

filtered andvarious concentrations were prepared.

Microbial strains

The clinical bacterial strains &. coli, B. subtilis, S. aureus, B. cereus, and P.
aeruginosa were provided by Prof. Salwa A. Khalaf, Botany Depeent, Faculty of
Science, Zagazig University, Egypt.

Microbial inoculums



A 24 h microbial cultures grown in the bacteriolmi Mueller-Hinton Broth
(MHB) at 37°C and in the fungal Sabouraud DextrBseth (SDB) at 30°C were
adjusted at 2xTcolony forming units (CFU mt) and 2x18 spores.

Antibacterial activity

Antimicrobial activity of various plant extracts waletermined by agar well
diffusion method according to Shinde and Mulay @xmple of 0.1 ml of freshly
grown culture of test organisms was asepticallgagron the surface of sterile Muller
Hilton agar plates. Wells of 6 mm diameter were enadagar plate using of sterile
cork-borer. Fifty microliters of the various plaextracts and the same volume of
extraction solvent for negative control were adatethe wells with the help of micro
pipette.

Ampicillin was used as positive controls for thetézl organisms. Plates were
kept for some time at 4°C till the extract diffusedthe medium with the lid closed
and incubated for 24 hours at 37°C. The plates wraenined for the inhibition zone.
Antibacterial activity effect was evaluated througieasuring the diameter of the
inhibition zone against the tested bacterial paghsg Each assay in this experiment

was replicated three times (22).
Antifungal activity

Agar well-diffusion method (23) was followew determine the antifungal
activity. Candida albicans, Aspergillus niger and Aspergillus flavus were the test
fungi. Potato Dextrose Agar (PDA) plates were sveab(sterile cotton swabs) with 8
hours old-broth culture of respective funglells (10 mm diameter and about 2 cm a
part) were made in each of these plates usinglesteork borer. Stock solution of
plant extract was prepared at a concentrationrafyiml in different plant extracts of
methanol, ethanol and acetone.

About 100ul of various concentrations of plant solvent extsasere added by
sterile syringe into the wells and allowed to dsuat room temperature for 2h.
Fluconazole was used as positive control. The platere incubated at 28°C for 48h

for fungal pathogens. The diameter of the inhibittmne (mm) was measured.

Germination bioassay



The germination ofChenopodium album was carried out according El-Shora
and Ali (24). The germinated seeds were countedy dand the percentage of

germination was calculated.

Allelopathic experiment

This experiment was carried out according to El+&hend Abd El-Gawad (14).
The germinated seeds in a control treatment with-gvewn C. album roots were
supported on plastic bowls containing 0.2 mM Gasblution and two different
concentrations (50 and 100 pg tlof aqueousZ. coccinum leaf extract and

vigorously aerated for 5 days.
Effect of allelopathic on seed germination and radical length

Seeds were treated with the aqueous extrad. aoccinum leaf extract for
various time intervals ( 24,48 and 72 hours) fokoWby calculating the percentage of

seed germination and measuring the radical length.

Results and Discussion

In the present work, antimicrobial potential offlextracts ofZ. coccinum has
been investigated against five pathogenic bactéha.leaf extracts were prepared by
methanol, acetone and ethanol agalhstoli, B. subtilis, S aureus, B. cereus, andP.
aeruginosa (Fig. 1 and Fig. 2). Ampicillin was used as staddantibacterial.

Also, the antifungal effects of the various leafragts fromZ. coccinum have
been tested again&. albicans, A. niger and A. flavus. Fluconazole was used as
standard antifungal (Fig. 3 and Fig. 4).

The various leaf extracts froéh coccinum exhibited appreciable antimicrobial
properties compared to control. Methanol extraas whe most effective one. This
might be due to the high polarity of methanol. Hmimicrobial activity against both
gram positive and gram negative bacteria by thet@atracts particularly the extract
from desert plant may be indicator for the presemicbroad spectrum of antibiotic
compounds (25,26).

The effectiveness of a medicinal plant could be doeone main active
compound or possibly due to the combined actiodiféérent compounds in the plant
(27,10).



Most of the known medicinal plants exert antimidgeblpotential. Flavonoids
can form complex with soluble proteins and celllsvalf bacteria (28). Tannins bind
with proteins rich with proline and can interferethw protein synthesis (29).
Antimicrobial effect of saponin could be attributéa its ability to cause protein
leakage as well as certain enzymes from the c@)l @kaloids have been suggested
to function as antibacterial agents (31).

The present results confirm the validity of usiigcoccinum leaf extracts in
traditional medicine and suggest that the plant ée@racts contain compounds with
antimicrobial properties. These compounds can lgel @s antimicrobial agents in
new drugs for the therapy of infectious diseases&d by pathogens.

Generally, the use of particular herb in mediceuite safe compared to the
chemically synthesized drug, but further studiesusth be carried out for enhancing
the activity of plant extracts. It is also recommed to test safety and toxicity of any
plant extract before its pharmaceutical application

The present results revealed that aqueous extfagt @occineum at the two
tested concentrations inhibited the seed germingga. 5 and Fig. 6). The inhibitory
effect of aqueous leaf extract was enhanced bgasing extract concentration. This
agrees with the previous results of other investiga(32,33,14,34)Allelopathy can
influence seed germination by two ways. Firstly tiemical constituents hinder cell
division. Secondly, these constituents inhibitelengation of cells (35, 36, and 37).

Soltani et al. (38found that several allelopathic compounds couldicedthe
stimulating effect of some known growth hormoneduding indole acetic acid and
gibberellins. Moreover, allelopathic compounds dodisorder the different activities
of plants through other mechanisms including diespaf oxidative phosphorylation,
respiration and photosynthesis (35) and restriationutritive absorption (39).

Treatments ofC. album seeds with aqueous leaf extractZofCoccinum from
the two habitats caused reduction of radical lergtihpared to control (Fig 7 and Fig
8). Many investigators observed reduction in radicawgh during their allelopathic
studies 4(0,41,42,430ther investigators (32, 33) support our resultgarding the
increase of allelopathic effect by increasing tkieaest concentration.

Plumule and radicle are the first plant organs gmdrom the seeds during
germination since their growth decreases if theg axposed to allelopathic
compounds. Anaya (44) attributed the reductionaidiale length to the decrease in

cell division. Phenolic allelochemicals could altiee ultrastructure of the cells (45).
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The decrease in radical length could be due tgtheence of allelochemicals
including flavonoids, tannins, and phenolic aciégrthermore, the toxicity might be
due to synergistic effect rather than single or@®.(Bhenolic acids in plant extracts
have been investigated to exhibit a toxic effecsead germination and various plant
growth processes (47Phenolic acids inhibited protein synthesis in intsoof Cicer
arietinum (14). Phenolic allelochemicals could cause anease in cell membrane
permeability, inhibit the absorption of nutrientsorh the surroundings and
consequently affect the normal growth of plantg).(#8addition, the inhibition of the
key enzymes activity by allelochemicalsdncoccinum could not be ruled out (34).

In conclusionZ. coccinum leaf extract proved to have appreciable antimiedob
effect and allelopathic potential @henopodium album. Therefore, this plant can be
used for extraction of antimicrobial agents andiwiogical control ofChenopodium
album.
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