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ABSTRACT 
Plants are rich source of antibacterial agents because they produce wide array of bioactive molecules, most of which 

probably evolved as chemical defense against predation or infection. A major part of the total population in developing 

countries still uses traditional folk medicine obtained from plant resources with an estimation of WHO that as many as 

80% of world population living in rural areas rely on herbal traditional medicines as their primary health care, the study on 

properties and uses of medicinal plants are getting growing interests. In recent years this interest to evaluate plants 

possessing antibacterial activity for various diseases is growing. Proteus spp. are part of the human intestinal flora and can 

cause infection upon leaving this location. They may also be transmitted through contaminated catheters (particularly 

urinary catheters) or by accidental parenteral inoculation. The specific mode of transmission, however, has not been 

identified. Antimicrobials of plant origin have enormous therapeutic potential and have been used since time immemorial. 

They have been proved effective in the treatment of infectious diseases simultaneously mitigating many of the side effects 

which are often associated with synthetic antibiotics. Many infectious diseases have been known to be treated with herbal 

remedies based on ethno-botanical knowledge. Natural products, either as pure compounds or as standardized plant 

extracts, provide unlimited opportunities for new drug leads because of the unmatched availability of chemical diversity. 

Therefore, researchers are increasingly turning their attention to folk medicine, looking for new leads to develop better 

drugs against microbial infections. Thus, it is anticipated that phytochemicals with adequate antibacterial efficacy will be 

used for the treatment of bacterial infections. The present antibacterial review of the plant extracts demonstrates that folk 

medicine can be as effective as modern medicine to combat pathogenic microorganisms. The millenarian use of these 

plants in folk medicine suggests that they represent an economic and safe alternative to treat infectious diseases. 
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INTRODUCTION 
The genus Proteus currently consists of five species: P. 

mirabilis, P. vulgaris, P. penneri, P. hauseri and P. 

myxofaciens, as well as three unnamed Proteus 

genomospecies: Proteus genomospecies1. Proteus 

myxofaciens is the only Proteus species without any 

significance in the pathogenicity of humans, it has been 

isolated from living and dead larvae of the gypsy moth 

Porteria dispar2. However, a recent study indicated that P. 

myxofaciens may represent a separate genus with low 

similarity to tribe Proteeae, and it has been suggested that 

this organism be renamed Cosenzaea myxofaciens3. A 

striking microbiologic characteristic of Proteus species is 

their swarming activity. Swarming appears 

macroscopically as concentric rings of growth emanating 

from a single colony or inoculum. On a cellular level, 

swarming results from bacterial transformation from 

"swimmer cells" in broth to "swarmer cells" on a surface 

such as agar, in a process involving cellular elongation and 

increased flagellin synthesis. The genus name Proteus 

originates from the mythological Greek sea god Proteus, 

who was an attendant to Poseidon. Proteus could change 

his shape at will. This attribute reminded early 

microbiologists of the morphologic variability of the 

Proteus on subculture, including their ability to swarm. 

Synonym or cross reference 

Former species of genus Proteus now homotypic 

synonyms with other species: P. inconstans with 

Providencia alcalifaciens, P. morganii with Morganella 

morganii, and P. rettgeri with Providencia rettgeri4,5. 

Table 1 shows the common characteristics among three 

genera. While, Table 2 and Table 3 shows the conventional 

biochemical tests necessary for the differentiation of 

Proteus, Providencia, and Morganella6. All three genera 

are positive for phenylalanine deaminase and negative for 

arginine decarboxylase, malonate utilization, and acid 

production from dulcitol, d-sorbitol, and l-arabinose. 

Sources /Specimens 

Samples from urine tract, wounds, and blood samples7. 

Specific sources identified include: 

P. mirabilis: Urinary tract, blood, and cerebrospinal fluid. 

P. penneri: Urinary tract, blood, wound, feces, eye. 

P. vulgaris: Urinary and respiratory tract, wound, and 

stool. 

Primary hazards 

http://www.ijppr.com/
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Use of contaminated catheters (particularly urinary 

catheters) in medical procedures, and accidental parenteral 

inoculation and/or ingestion of contaminated material8-10.  

Pathogenicity of Proteus spp. 

Proteus rods are opportunistic bacterial pathogens which 

under favorable conditions cause urinary tract infections 

(UTIs), commonly associated with complicated urinary 

tract infections7. They generally affect the upper urinary 

tract (common site of infection), causing infections such as 

urolithiasis (stone formation in kidney or bladder), cystitis, 

and acute pyelonephritis. Rare cases of bacteraemia, 

associated with UTIs, with Proteus spp. have also been 

reported. Other infections include septicaemia and wound 

infections, meningitis in neonates or infants and 

rheumatoid arthritis1,10. Kalra et al. (2011)2 reviewed 

endocarditis due to Proteus species, and Okimoto et al. 

(2010)12 reported P. mirabilis pneumonia. Brain abscesses 

during P. vulgaris bacteremia were described by Bloch et 

al. (2010)13. However, it should be stressed that Proteus 

bacteria cause UTIs with higher frequency. This type of 

infections is classified as uncomplicated or complicated. 

Uncomplicated infections occur in patients, who are 

otherwise considered healthy, whereas complicated 

infections usually take place in patients with a urinary 

catheter in place or with structural and/or functional 

abnormalities in the urinary tract, suffering from another 

illness, immunocompromised, as well as after surgical 

intervention in the urogenital system. It was found that 

Escherichia coli is a common cause of uncomplicated 

infections. Complicated UTIs might be polymicrobial and 

are usually caused by Gram-negative bacteria Proteus 

spp., Providencia stuartii, Morganella morganii, E. coli, 

Pseudomonas aeruginosa, Klebsiella pneumonia as well 

as some Gram-positive bacteria. Proteus species can cause 

hematogenous infections and ascending infections, 

however, the latter are more common for these 

microorganisms14.  An overview of key Proteus mirabilis 

virulence factors that contribute to catheter colonization 

and blockage, infection of the bladder (cystitis) and 

kidneys (pyelonephritis), and to the formation of urinary 

stones (urolithiasis). ATFs, ambient-temperature fimbriae; 

GdhA, glutamate dehydrogenase; IgA, immunoglobulin 

A; MRK, mannose-resistant Klebsiella-like; MRP, 

mannose-resistant Proteus-like; PMFs, P. mirabilis 

fimbriae; Pta, Proteus toxin agglutinin; ZapA, serralysin). 

Proteus mirabilis Fimbriae (PMF) 

Proteus mirabilis fimbriae (PMF) were identified from a 

crude fimbrial preparation of P. mirabilis strain HI4320. 

The PMF were isolated and their operon nucleotide 

sequence was determined by Massad et al. (1994)15. The 

genetic organization of the pmf operon revealed the 

presence of five genes that appear to be contained in one 

operon: pmfA (the major structural subunit), pmfC (a 

putative usher), pmfD (a putative chaperone), pmfE (a 

putative minor subunit), and pmfF (the putative tip 

adhesin). Such genetic organization resembles that of 

uropathogenic E. coli P fimbriae16. The role of PMF in the 

virulence of P. mirabilis was determined by two studies. 

In the first, an isogenic pmfA fimbrial mutant colonized the 

bladders of transurethrally challenged CBA mice in 

numbers 83-fold lower than those of the wild-type strain. 

However, the mutant colonized the kidneys in numbers 

similar to those of the wild-type strain. The authors 

suggested that the role of PMF was just in colonization of 

the bladder but not in the kidney tissue. The second study 

also evaluated a pmfA mutant and the role of PMF in 

colonization, and virulence in UTI was assessed using a 

co-challenge ascending UTI model in CD-1 mice. After 7 

days of infection, the mutant and the wild-type strains were 

enumerated on non-swarming Luria–Bertani (LB) agar. 

The number of viable bacteria counted from bladder and 

kidneys showed that the mutant strain was significantly 

out-competed by the wild-type strain in colonizing the 

bladders and kidneys. This suggests that PMF play a role 

in localization of uropathogenic P. mirabilis to the bladder 

and kidney17. 

Uroepithelial cell adhesion (UCA)  

Uroepithelial cell adhesin (UCA) was initially discovered 

in an uropathogenic isolate of P. mirabilis (strain HU1069) 

during a screen designed to identify outer membrane 

proteins that facilitated binding to uroepithelial cells17. The 

identified UCA protein, the major structural subunit later 

designated ucaA was purified to homogeneity for 

characterization; the purified protein retained the ability to 

bind to uroepithelial cells and, additionally, organized into 

long, flexible filaments with a diameter of 4 to 6 nm, 

consistent with the appearance of fimbriae. N-terminal 

sequencing was performed on purified UCA. The sequence 

of the first 25 amino acids of the UCA protein displayed 

more similarity to the K99 pilus of E. coli (which mediates 

binding to intestinal epithelium) than to adhesins from 

uropathogenic E. coli. Subsequent determination of the 

sequence of the ucaA gene revealed that ucaA has the 

highest similarity to F17 and F111 fimbriae from bovine 

enterotoxigenic E. coli. These findings led to postulation 

that UCA may function as a primary adhesin for Proteus 

in the intestinal tract, although this hypothesis has not been 

experimentally tested18. UCA fimbriae have since been 

renamed non-agglutinating fimbriae (NAF) to distinguish 

them from other P. mirabilis fimbriae that contribute to 

adherence. Tolson et al. (1995)19 confirmed that what they 

designated the NAF subunit was identical to the previously 

identified UCA subunit based on N-terminal sequencing. 

Pre-incubation with monoclonal antibodies specific for 

NAF significantly reduced binding of P. mirabilis to HEp-

2 and uroepithelial cells in vitro, providing additional 

evidence of a role for NAF in adherence to host cells20.  

Motility 

There are conflicting results concerning the importance of 

flagella in the infection. Since flagella mediate motility of 

bacteria, they seem to be required for virulence of 

uropathogens, particularly during ascending infection21. 

Indeed, it was shown in vivo that flagella-negative mutant 

of P. mirabilis is less virulent, compared to the wild strain, 

which suggests an important role of these bacterial surface 

structures in the pathogenicity22. However, it must be 

stressed, that lack of flagella on P. mirabilis human isolate 

was found16. Flagella play a role of H antigen and are 

strongly immunogenic. Bacteria can avoid immune 

response of human organism due to the antigenic variation 

http://onlinelibrary.wiley.com/doi/10.1111/j.1574-695X.2007.00284.x/full#b24
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process. This phenomenon is based on flagellin genes 

rearrangement. Flagellar antigenic variations allow 

bacteria to evade the action of secretory IgA antibodies 

directed against these organelles23. In general, flagella on 

the surface of bacterial pathogens are thought to assist in 

host colonization and dissemination, initial attachment, 

and sensing of the extracellular environment. For Proteus 

species, these surface structures are important in the 

process known as swarming, a distinct characteristic of 

these organisms. Swarming may play a role in the 

migration of Proteus strains on catheter materials. Flagella 

play a role of H antigen and are strongly immunogenic. 

Bacteria can avoid immune response of human organism 

due to the antigenic variation process24. Swarming cell 

differentiation is important for the virulence of Proteus 

strains during UTIs since several virulence factors, 

including flagellin, urease, hemolysin HmpA, and IgA 

metalloprotease ZapA, are upregulated in the differentiated 

swarmer vs. swimmer cells25. Swarming is a multicellular 

differentiation phenomenon that allows a population of 

bacteria to migrate on a solid surface in a coordinate 

manner. It is important in movement of Proteus species to 

new locations and most probably helps them in the 

colonization of macroorganisms. It involves cell to-cell 

signaling and multicellular interactions and is connected 

with the possibility of morphological differentiation of 

bacteria depending on growth media. Proteus are 

dimorphic bacteria, which in liquid media are motile, 

peritrichously flagellated short rods (1.0 to 2.0 µm in 

length with 6–10 flagella). These bacteria are called 

swimmer cells. However, when transferred onto solid 

media these short rods change into elongated (20–80µm in 

length), hyperflagellated, multinucleated, nonseptated 

swarmer cells. The latter migrate out from the inoculation 

site as long as the population of swarmer cells is reduced 

on solid surfaces. Then, the consolidation process takes 

place. In this period of swarming growth, the long rods 

disintegrate to short bacteria. The processes of 

differentiation and dedifferentiation of Proteus bacteria are 

cyclic. It results in the formation of characteristic rings of 

bacterial growth on the agar plate (Figure 1)26. 

Differentiation of swimmer cells into swarmer cells is 

induced by the contact of bacteria with a solid surface and 

the inhibition of flagellar rotation. It was found that the 

addition of thickening agents to liquid media resulted in 

differentiation of short rods to swarmer cells. A similar 

effect was obtained when antiflagellar antibodies were 

added to liquid medium23. A number of factors playing a 

role in swarming regulations have been recognized (Figure 

2)27,28. The most important gene involved in upregulation 

of flagellin production is flhDC, class 1 gene of flagellar 

regulon. This gene encodes FlhD2C2 complex, a 

heterotetrameric transcriptional regulator, which also 

regulates the expression of additional genes required for 

swarmer cells differentiation. The expression of flhDC 

increases 10-fold during initiation of swarmer cells 

differentiation and it is influenced by a variety of 

environmental factors and regulating genes. FlhD2C2 

activates class 2 genes coding basal body and hook 

proteins of flagella, as well as σ28 factor, which activates 

class 3 genes required for synthesis of flagellin and 

flagellum assembly. FlhD2C2 activity is regulated by two 

identified factors DisA (decarboxylase inhibitor of 

swarming) and Lon protease (ATP-dependent protease) 

DisA most probably inhibits the assembly of 

heterotetramer or its binding to DNA26. Proteus has 16 

predicted two-component systems – TCS29. TCS consists 

of sensor kinase, which activates response regulator DNA 

– a binding protein controlling gene expression. Two of 

TCS - Rcs and Rpp are involved in swarming regulation. 

Rcs system contains RcsC sensor kinase, RcsB response 

regulator, RcsD intermediate transferring phosphate to the 

RcsB and RcsF which is an outer membrane lipoprotein. 

Mutation in the genes coding Rcs system in P. mirabilis 

lead to the hyperswarming phenotype, most probably due 

to an increased expression of the flhDC. P. mirabilis. Rcs 

mutant grows in liquid media as elongated cells. The Rpp 

system consists of RppA response regulator and RppB 

histidine sensor kinase like protein. Mutation in the Rpp 

system in P. mirabilis also results in a hyperswarming 

phenotype. flhDC expression is also regulated by several 

proteins including Umo, MrpJ, WosA, Lrp and RsmA. Umo 

A-D proteins (umo – upregulated expression of the flhDC 

master operon) are located in the cell membrane and 

periplasm. Mutant defective in production of UmoD 

protein is not able to swarm, however, such effect was not 

noticed in the case of UmoA and UmoC30. mrpJ gene is 

located in the mrp operon encoding MR/P fimbriae, which 

are required for sessile lifestyle of bacteria. It is opposite 

to the swimming or swarming phenotype of bacteria. The 

existence of bacteria in one of two forms is regulated by 

mrpJ gene product – MrpJ protein, a transcriptional 

regulator. It binds the flhDC promoter, which causes its 

repression and results in loss of motility of bacteria. wosA 

gene coding WosA protein, is overexpressed in strains 

exhibiting hyperswarming phenotype (wos – wild type 

onset superswarming). WosA overexpression increases the 

expression of fhlDC and leads to a differentiation of 

swarmer cells in liquidmedia. The hyperswarming wosA 

bacteria move quickly and spend less time in the 

consolidation phase. wosA expression is growth phase 

dependent, as well as it is partially dependent upon the 

expression of flaA gene encoding the flagellar filament31. 

Leucine responsive protein (Lrp) is a transcriptional global 

regulator involved in regulating different processes 

including amino acids synthesis, peptide transport, and 

pilin biogenesis28. In P. mirabilis strains Lrp plays a role 

in the regulation of the swarming phenomenon, most 

probably its action leads to the inhibition of 

hyperflagellation. Mutation in lrp results in a decrease in 

the flhDC, flaA and hpm (hemolysin) expression and, in 

consequence, a non-swarming phenotype32. Thus, 

initiation of swarming requires the integration of numerous 

signals and is intimately connected to the metabolic status 

of the bacterium, membrane integrity, and cell wall 

changes associated with surface contact. The role of the 

swarming phenomenon in the pathogenicity of Proteus 

bacteria is till now unclear. It was shown that swarmer cells 

demonstrate higher production of urease, HpmA 

hemolysin and IgA metaloprotease ZapA, as well as 
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flagellin synthesis, as compared to swimmer cells28. There 

is some controversy concerning invasiveness of swarmer 

cells. Allison et al. (1992)33 showed in vitro that this 

morphotype could invade uroepithelial cells, whereas 

nonflagellated and nonswarming forms were noninvasive. 

These results were confirmed by Jansen et al. (2003)34 in a 

mouse model of ascending UTI. These authors have found 

that the predominant cell type in the urinary tract are short 

swimmer cells but not elongated swarmer cells. Recently, 

Fujihara et al. (2011)35 suggested that P. mirabilis cells 

differentiate into hyperflagellated and multinucleated 

swarmer cells in acidic pH of the host’s urine and 

differentiate back into swimmer forms, when the urinary 

pH is increased and it is alkaline after urease action. In 

acidic condition swarmer cells exhibit higher cytotoxicity 

against T24 line. In alkaline condition P. mirabilis showed 

few elongated cells with high number of flagella and 

cytotoxic activity. Formation of the Dienes line require 

direct cell-cell contact by living bacteria, and is thought to 

involve killing of one strain at the boundary. Interestingly, 

competitive killing is only observed during swarming as 

strain sensitive to killing on swarm agar are not 

outcompeted in broth culture or on agar that is not 

swarming –permissive36. One explanation for the 

formation of the Dienes line involves the production of 

proticine capable of killing sensitive strain. Indeed, 

boundaries form between P. mirabilis strains that differ in 

proticine production and sensitivity36,37. However some 

strains deficient in proticine production still for 

boundaries, even with other strains lacking proticine 

production, indicating that another underlying mechanism 

mediates Dienes line formation38. In the research for this 

mechanism, a transposon mutant was identified that 

formed a boundary with its parent strain rather than 

merging and the disrupted locus was named ids for 

identification of self38. Further work involving the ids 

locus determined that idsABCDEF constitutes an operon, 

and that idsD and idsE appear to encode strain-specific 

factors essential for self-recoginiation while idsB, idsC and 

idsF encode factors essential for self-recognition that can 

be complemented by ids gene from other strain38. As two 

swarm fronts merge, only a subset of cells in the advancing 

swarm express the ids gene and can traverse the boundary 

of the approaching swarm, and this subset is sufficient to 

somehow propagate the signal of self-versus non-self38. 

Furthermore, ids expression decreases as an advising 

swarm approach another swarm of the same strain. The ids 

system alone, however, does not fully explain the 

differences in strain interactions that occur within this 

locus allow for boundary formation but without the 

formation of rounded cells or any apparent competitive 

killing38. As the ids locus encodes putative type six 

secretion system (T6SS) effector proteins Hcp and VgrG, 

it was hypothesized that T6SS may be involved in Dienes 

line formation. In agreement with this hypothesis, 

Mobely's laboratory has identified additional loci encoding 

T6SS effector and structural proteins involved in Dienes 

line formation. The T6SS of Proteus mirabilis along with 

proticine and the ids gene may therefore mediate a 

combination of inter bacterial killing during swarming and 

Dienes line formation, competition on the catheter surface, 

or even some form of interaction with host during UTI.  

Anti–swarmer agents 

Many methods and addition of many chemical substances 

to the agar medium are recommended in order to inhibit 

the swarming. For example, the use of very dry plates, 

MacConkey medium containing bile salts, addition of urea 

and ethanol39, resveratrol40, p-nitrophenyl glycerin41, 

sodium azide, barbiton, activated charcoal and 

sulfonamide41-43. 

AHL mediated quorum sensing in Gram-negative bacteria 

The best-studied quorum sensing systems in Gram-

negative bacteria use LuxI-type enzymes, which produce 

AHLs as small diffusible signal molecules that get bind 

and activate members of the LuxR transcriptional activator 

protein family44,45. AHL based quorum sensing system 

functions through three key components: i) AHL signal 

molecules, ii) AHL synthase protein for synthesis of AHL 

signals, and iii) a regulatory protein which responds to 

surrounding concentration of AHL signal46. This process 

initiated with the synthesis and release of AHL signals into 

the surrounding environment which accumulates in a cell-

population-density-dependent manner. When the 

concentration of AHL signals reaches at higher level; the 

quorum sensing cells starts responding allowing them to 

regulate the production of secondary metabolites and 

control the expression of quorum sensing genes. A 

majority of Gram-negative bacteria regulates various 

phenotypes through the secretion and detection of such 

signaling molecules. However, the efficacy of expression 

of quorum sensing phenotypes depends upon the presence 

or absence of surrounding cells. Using quorum sensing 

bacteria can act to express a specific set of genes 

responsible for variety of physiological behaviors 

including bioluminescence, antibiotic production, 

extracellular polymer production, biosurfactant synthesis, 

sporulation, release of virulence factors and biofilm 

formation47-52. Bacterial virulence factors are regulated by 

quorum-sensing molecules. There is no evidence that 

quorum sensing receptors and AI-1 signal molecules are 

associated with swarming motility in Proteus23. Whereas, 

Daniels et al. (2004)27 showed that the QS signal 

acylhomoserine lactone enhances swarming motility in 

Serratia liquefaciens. 

Culture   

Clinical specimens should be cultured on MacConkey 

agar/ Teepol lactose agar, 6% blood agar and in case of 

urine on CLED (Cysteine lactose electrolyte deficient 

agar). Culture media are incubated at 37ºC for 18-24 hours. 

non fermenting pale colonies, around 2-3 mm in size are 

formed. On non-inhibtory solid media such as blood and 

nutrient agar53. Proteus mirabilis and P. vulgaris show 

characteristic swarming growth in the form of a uniform 

film, which spreads over the whole surface of the plate. In 

young swarming cultures, many of the bacteria are long, 

curved and filamentous, sometimes reaching up to 80 µm 

in length. When two different strains of swarming Proteus 

mirabilis encounter one another on an agar plate,swarming 

ceases and a visible line of demarcation forms. This is 

known as the Dienes phenomenon. Swarming inhibitory  
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methods: Swarming of Proteus can be prevented by 

(Matsuyama et al.,2000)54:  

-Increasing the concentration of agar from 1-2% to 6%.  

-Incorporation of sodium azide, boric acid, or chloral 

hydrate. 

-Introducing growth inhibitors like sulphonamides. 

-On Teepol Lactose agar by Teepol (surface active agent) 

-On MacConkey agar or DCA by presence of bile salts.  

-On CLED agar by the absence of electrolytes.  

In liquid medium (peptone water, nutrient broth), Proteus 

produces uniform turbidity with a slight powdery deposit 

and an ammonical odour. Identification is done by 

standard biochemical reactions mentioned below. 

Biochemical Reactions 

Like all other members of the family Enterobacteriaceae, 

all the species of genus Proteus are catalase positive, 

oxidase negative, reduce nitrates to nitrites and show 

fermentative reaction on Hugh Leifson’s of media. All 

members of the tribe Proteeae are PPA positive and, 

hydrolyse urea to ammonia which differentiates them from 

other Enterobacteriaeceae. Proteus spp. are identified by 

the following biochemical characteristics: positive methyl-

red reaction, negative Voges-Proskauer reaction, 

phenylalanine deaminase production, growth on KCN and 

urease production. P. mirabilis and P. penneri are indole-

negative, while other Proteus species are indole-positive. 

The Proteus genomospecies (4, 5, and 6) can be 

distinguished from other Proteus species based on five 

biochemical characteristics: esculin hydrolysis, salicin 

fermentation, L-rhamnose fermentation, and elaboration of 

DNase and lipase24.  

Bioactive compounds  

The medicinal value of plants lies in some chemical 

substances that produce a definite physiological action on 

the human body and these chemical substances are called 

phytochemicals. These phytochemicals were used to cure 

the disease in herbal and homeopathic medicines55. These 

are non-nutritive substances, have protective or disease 

preventive property56. There arises a need and therefore to 

screen medicinal plants for bioactive compounds as a basis 

for further pharmacological studies. With advances in 

phytochemical techniques, several active principles of  

many medicinal plants have been isolated and introduced  

as valuable drug in modern systems of medicine. The most 

important of these bioactive compounds are alkaloids, 

flavonoids, tannins and phenolic compounds57. These are 

the important raw materials for drug production58. Most 

plants contain several compounds with antimicrobial 

properties for protection against aggressor agents, 

especially microorganisms59. Medicinal and aromatic 

plants are used on a large scale in medicine against drug-

resistant bacteria, which are considered one of the most 

important reasons for the lack of success of treatment in 

infectious diseases. Medicinal plants are the major sources 

of new medicines and may constitute an alternative to the 

usual drugs60. Aromatic oils are used in many industries, 

including food preservation, pharmacy, and medicine61,62. 

They are expected to form new sources of antimicrobial 

drugs, especially against bacteria63. The antibacterial 

effectiveness of aromatic oils has been divided into a good, 

medium, or bad64,65. These oils can also produce some 

defense products against several natural enemies. In 

addition, and in order to continue their natural growth and 

development, aromatic oils may produce some secondary 

metabolites in response to some external stress66. The 

antibacterial activity of ethanol extracts was determined by 

agar well diffusion method. The plant extracts were more  

active against Gram-positive bacteria than against Gram-

negative bacteria among all the pathogens, all Gram-

positive bacteria were inhibited by all four plant extract. 

All Gram-negative bacteria i.e. Pseudomonas spp, Proteus 

spp, Escherichia coli, Shigella dysenteriae, Klebsiella 

pneumonia and Salmonella typhi were showed zone of 

inhibition against extract of Ocimum sanctum67. In vitro 

microbicidal activity of the methanol extract of Origanum 

marjorana L. was tested against six bacteria (Bacillus 

subtilis, B. megaterium, Escherichia coli, Proteus 

vulgaris, Pseudomonas aeruginosa and Staphylococcus 

aureus). The methanol extract of O. marjorana can be used 

as an effective herbal protectant against different 

pathogenic bacteria68-100. The inhibitory activity was 

highly significant in the aqueous extracts of Oxalis 

corniculata. Most of the plant extracts showed significant 

antibacterial activity than bacitracin. MIC of aqueous 

extract of twelve plants varied between 4-50 μl. Results 

indicate the potential of these plants for further work on  

 

Table 1: Biochemical characteristics common to the genera Proteus, Morganella and Providencia. 

Biochemical test Proteus Morganella Providencia 

Arginine dihydrolase _ _ _ 

Lysine decarboxylase _ _ _ 

Ornithine deaminase + + + 

Phenylalanine deaminase + + + 

Growth on KCN + + + 

d-Glucose from acid + + + 

Acid from melibiose _ _ _ 

Nitrite from nitrate + + + 

Oxidase production - _ _ 

ONPG production - _ _ 
Pectate utilization - _ _ 
Tartrate utilization + + + 

Symbols and Abbreviations: +, present; −, absent; KCN, potassium cyanide; and ONPG, o-nitrophenyl-β-d-

galactopyranoside 
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isolation and characterization of the active principle 

responsible for antibacterial activity and its exploitation as 

whereas Oxalis Acacia nilotica varied between 9-35.5 mm. 

Whereas corniculata was effective against all the tested 

bacteria in case of Lawsonia inermis it varied between 9 to 

except Shigella sonnei and Proteus mirabilis101. 

Effectiveness of organic extracts of Piper nigrum fruit 

against pathogenic strains of Escherichia coli (MTCC 

723), Staphylococcus aureus (MTSS 96), Streptococcus 

pyogenes (MTSCC 442), Proteus mirabilis (MTCC 1429) 

by tube dilution method. The study revealed that 70% 

alcoholic hot extract had higher antibacterial activity as 

compared to chloroform hot and petroleum ether cold 

extracts102. The aqueous extract was found to be  

antibacterial and it was studied against various Gram-

positive and Gram-negative bacterial strains by using MIC,  

 
Figure 1: Spatial and temporal cycling of P. mirabilis swarming behaviour and colony formation. Moving clockwise 

from the lower left, vegetative swimmer cells are induced to differentiate into swarmer cell morphology (elongated, 

hyperflagellated, polynucleoid cells) upon contact with a surface such as L agar. The microcolony of swarmer cells 

grows through cell division, but swarming motility is not expressed. This lag period is typically about 3 h on L agar at 

37 °C. At this point, an unknown event triggers swarmer cell migration, which is manifested as a seemingly 

spontaneous uniform movement of swarmer cells outwards from the colony periphery. Migration continues for about 3 

h and is followed by a short (30–45 min) consolidation phase where the cells dedifferentiate to swimmer cell 

morphology and cease to swarm. These events are cyclical, such that on agar media, swarming colony biofilm 

development is observed as a series of everexpanding concentric rings that are composed of morphologically and 

physiologically distinct cell types (arrows indicate areas populated by either swimmer or swarmer cells). This cycle 

leads to the bull’s-eye pattern typical of P. mirabilis colonies. 

 

 
Figure 2: Swarm cell differentiation in Proteus mirabilis. 
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agar well diffusion method to find zone of inhibition. The 

MIC results of aqueous extract of Plectranthus amboinicus 

indicated that Proteus vulgaris, Bacillus subtilis and 

Staphylococcus aureus were least susceptible among the 

organisms tested and Escherichia coli, Klebsiella 

pneumonia and Pseudomonas aeruginosa are not shown 

any inhibition to aqueous extract of Plectranthus 

amboinicus103. 

 

CONCLUSION  

Many medicinal plants have been found effective in the 

cure of bacterial diseases. Due to increasing antibiotic 

resistance in microorganisms and side effects of synthetic 

antibiotics medicinal plants are now gaining popularity in 

the treatment of bacterial infections. The use of traditional 

medicines and medicinal plants in most developing  

countries as therapeutic agents for the maintenance of good 

health has been widely observed. Furthermore, an 

increasing reliance on the use of medicinal plants in the 

industrialized societies has been traced to the extraction 

and development of drugs and chemotherapeutics from 

these plants as well as from traditionally used herbal 

remedies. Medicinal plants are considered as clinically 

effective and safer alternatives to the synthetic antibiotics. 

According to World Health Organization, medicinal plants 

would be the best source to obtain a variety of drugs. 

Extensive research in the area of isolation and 

characterization of the active principles of these plants are 

required so that better, safer and cost effective drugs for 

treating bacterial infections can be developed. 
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