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A  B  S  T  R  A  C  T   

 
The  aim  of this  study  is to  investigate the  biopotency of methanolic extracts of Vitex mollis, Psidium  guajava, 

Dalbergia  retusa,  and  Crescential  alata   leaves   against various staphylococcal strains isolated from  cattle and 

rabbits. Methicillin-resistant S. aureus  strains were  isolated from  cattle, while  other strains were  isolated from 

rabbits using  standard methodology. The  total  phytochemical phenolic and  saponins contents were  obtained 

being   the  main   groups of  the  antinutritional  factors. The  antimicrobial activity of  the  extracts against the 

standard culture of S. aureus  (control) and  S. aureus  isolated from  cattle and  rabbits were  investigated  com- 

paratively relative to that  of oxacillin. It was found  that  both  the  control S. aureus  and  the  isolated S. aureus  are 

susceptible to  all  the  four  plant extracts, and  sensitive to  oxacillin. Of all  the  S. aureus  including the  control, 

MRSA2 is the  most  susceptible to all  the  extracts at  1000  μg/mL, except that  of V. mollis where it is the  least 

susceptible. Among all the plant extracts, P. guajava is the most active against MRSA2 and SOSA2. Therefore, the 

isolates from  cattle (MRSA1 and  MRSA2) are  more  susceptible to  all  the  plant extracts than the  isolates from 

rabbits. Among  all the  rabbit isolates, CoNS3 is the  least  susceptible to the  extracts. Since  all the  plant extracts 

exhibit remarkable inhibitory activities against all  the  S. aureus  strains, they  are  promising towards the  pro- 

duction of therapeutic drugs. 

 
 

 
1.  Introduction 

 
Staphylococcus aureus is one of the most challenging of all bacterial 

pathogens owing  largely   to  the  dogged   occurrence of  antibiotic-re- 

sistant   strains.   This  is  obvious   in  the  recent   emergence of  oxacillin 

sensitive   S.  aureus  (SOSA1 and  SOSA2),  and  methicillin-resistant S. 

aureus  (MRSA1  and   MRSA2),  which   was  isolated  in  Denmark   and 

United Kingdom [1,2]. The recalcitrance of many S. aureus infections to 

antimicrobials is yet another evidence. 

These infections represent a vital  cause  of mortality and  morbidity 

among  animals  [3].  Therefore, pharmaceutical  companies have  been 

saddled  recently  with   the   responsibility  of  developing  new   anti- 

microbial agents,   particularly due  to  the  perpetual  development  of 

microorganisms resilient  to  conventional antibiotics. Some  bacterial 

species genetically exhibit  capability to develop  and transmit resistance 

against   existing  antibiotics owing  to  the  regular information on  the 

isolation of bacteria, which  are sensitive  to habitually used  antibiotics 

and  develop   diverse   resistances to  other   existing   conventional anti- 

biotics  [4,5]. Therefore, the  common  tactics  approved by pharmaceu- 

tical  companies to design  new  antibiotics is by altering the  molecular 

structure of the  prevailing drugs,  making  them  more  efficient or  de- 

velop  the  ability  to recover  loss of activity  due  to bacterial resistance 

ability  [6].  Consequently, this has resulted in an urgent requirement for 

novel antimicrobial agents.  Prominent among  the drugs are Rifampicin, 

Chloramphenicol, Cefepime,   Ciprofloxacin, Sulfazotrin, Tetracycline, 

Gentamicin, and  Cephalothin. These  drugs  are  mostly  toxic  and  un- 

healthy for human consumption [6].  However, the  use of those  drugs 

are   discouraged  due   to  their   side   effect,   hence,   the   need   for  an 
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alternative antibacterial drugs  [7]. 

There  are  numerous medicinal plants  like  Moringa oleifera leaves 

[8],  Salix babylonica [9],  P. guajava,  and  Cymbopogon citratus  (lemon- 

grass) [6],  V. mollis [10], and Zingiber officinale (ginger)  [6],  with a long 

history   of  curative properties against   various   ailments and  diseases. 

However, it is essential to urgent screen these plants  for their  activity  to 

determine their  biological activity. This  screening could  be  achieved 

either  by their  ethnobotanical understanding of a particular disease  or 

their   chemotaxonomic analysis.   It  is  quite  challenging to  identify   a 

particular compound against  a specific  disease  due to the long process 

involved.  Plant  chemicals could  be classified into  two,  primary meta- 

bolites  such  as  chlorophylls, amino  acids,  proteins, sugars,  etc.  and 

other  category is known  as the  secondary metabolites, which  are  sa- 

ponins,  terpenoids, alkaloids and phenolic compounds. These chemicals 

are  potential antioxidants and/or  hypocholesterolemic agents,  which 

play  a  vital  physiological effect  on  the  mammalian system  [11,12]. 

Several  secondary metabolites of antimicrobial importance have  been 

isolated from  about  12,000 plants  [12–14]. These  vast  potentials  of 

plants  as sources  of therapeutic drugs  with  reference to  antibacterial 

agents  have placed  an urgent demand for the development of new anti- 

staphylococci drugs  from natural sources. 

Several authors have reported the use of plant  extracts as antibiotics 

against  bacterial strains  isolated from difference animal  species 

[13,15,16]. There  are  many  factors  responsible for the  activity  of the 

extracts on bacterial strains.  These include  the chemical form and 

bioavailability of the plant  extract, and the level of K, Na and proton in 

the  Bacterial  isolates.  The category of the  bacterial strain  (Gram-posi- 

tive  and  Gram-negative bacteria) is also  a vital  factor.  Gram-negative 

bacteria are  said  to  be more  susceptible to  antibiotics than  Gram-po- 

sitive  bacteria [16]. 

This  in  vitro  systemic   study   was  undertaken  to  investigate the 

bioactive potential of the  methanioc extract  of V. mollis, P. guajaya,  D. 

retusa,  and  C. alata  leave  against  some  selected  standard cultured S. 

aureus and  isolated S. aureus from rabbits  and  cattle. 

 
2.  Materials and methods 

 
2.1.  Collection and identification of plant samples 

 
V. mollis, P. guajava,  D. retusa,  and  C. alata  were  collected in  the 

State of Guerrero, municipality of Acapulco  de Juárez (20 m above  sea 

level)  during  the  winter period  of 2016,  taking  care  that  they  did  not 

show  signs of stress  such as discoloration, chlorosis, and  leaf color  se- 

nescence. The fresh  and  disease  free  plants  were  sorted,  cleaned, and 

air-dried at room temperature for 8–10 days. The leaves  were cut from 

the  petiole  and  allowed   to  dry  further at  room  temperature.  Leaves 

were  separated from  the  branches in  order   to  obtain   homogeneous 

samples  and  ground  in  a mill  (Pulvex  model  2000,  mesh  20,  Mexico 

City).  The fine  powder  was  stored  at  20 °C in dark  and  moisture-free 

place  until  required for further experimental purposes. 

 
2.2.  Preparation  of plant extracts 

 
Two grams  of the  powdered leaves  of each  plant  were  mixed  suc- 

cessively  into  400  mL of methanol, and  obtained using  an ultrasound 

device    (Shanghai   Xiwen   Biotech    Co.,   model    XW-650Y,   China, 

Shanghai)  in  30  min   cycles   concentrating  in  a  rotary   evaporator 

(BUCHI model  R-3000,  Brazil, São Paulo)  at 40°C until  reaching a final 

volume  of 20 mL. The vacuum  filtration technique was used to separate 

the  biomass  from the extract. The extracts were  stored  in amber  flasks 

at room  temperature for further experimental analysis  [36]. 

 
2.3.  Phenotypic identification of Staphylococcus aureus 

 
Of the typical  S. aureus colonies  that  were identified in the medium 

selective   agar  Baird  Parker,   a  single  colony  was  selected   from  the 

medium  and   seeded   on  agar   and   mannitol  salt  agar   (BD  Bioxon, 

Mexico). The colonies used as positive  salt and mannitol were seeded  in 

13  × 100  mm  glass  tubes  on  blood-based agar  for storage  cooled  to 

4 °C. Subsequently, they  were  tested  for coagulase, catalase, anaerobic 

fermentation of  mannitol, fermentation of  carbohydrates  (Trehalosa 

and  Malthosa), Voges Proskauer, Gram  stain  and  hemolysis  β and  α, 

and triple  sugar iron agar. S. aureus strain  ATCC 43300  was used as the 

positive  control, while  S. epidermidis ATCC 12228  was used  as the  ne- 

gative  strain.  Phenotypic identification of Staphylococcus spp 

Staphylococcus samples  that  were  negative for the  coagulase test  were 

processed using  a commercial analytical profile  index  Staphy  kit  fol- 

lowing  the  manufacturer's recommendations. For the  interpretation  of 

the  positive  and  negative reactions, the  color  gallery  of the  analytical 

profile  index  staphy  color  was used. 

Identification of the  S. aureus antibiotic for the  detection of the  S. 

aureus  antibiotic from  oxacillin  resistant S. aureus,  the  oxacillin  agar 

screen  was tested  from  each  isolation. A direct  suspension of colonies 

was  made  in  Mueller-Hinton broth, with  a  bacterial suspension at  a 

density  of 0.5 McFarland. 

Each culture was inoculated in duplicate into  Mueller-Hinton agar 

plates  added  with  4% NaCl and  6 μg/mL  oxacillin  and  incubated for 

24 h at 35° C. For this test, isolates  that  resisted this concentration were 

considered as MRSA. Strain  ATCC 29213  (sensitive) and  strain  ATCC 

43300  (resistant) were  used as positive  controls. In vitro  susceptibility 

to  β-lactam  antibiotics  of  S  aureus   isolation  was  assessed   by  the 

Mueller-Hinton  agar   diffusion  method,  with   amoxycillin/clavulanic 

acid  (10/20 mg)  units  incubated at  37  °C and  Mueller-Hinton agar 

plates  (4%  NaCl)  and  oxacillin-methicillin units  (1  μg and  6  μg)  in- 

cubated at 35 and  42° C (López et al., 2013). 

 
2.4.  Antimicrobial susceptibility testing 

 
The indicator bacteria viz. Staphylococcus aureus  (S. aureus)  ATCC 

25923, S. aureus  ATCC 29213, S. aureus  ATCC 43300, methicillin-re- 

sistant   S. aureus  (MRSA1 and  MRSA2),  oxacillin   sensitive   S. aureus 

(SOSA1 and SOSA2), and coagulase negative Staphylococcus epidermidis 

(CoNS1,  CoNS2,  and  CoNS3)  were  used  for  the  antibacterial  assay. 

Control  strains  viz. ATCC 25923, ATCC 29213, and  ATCC 43300  were 

obtained from the Center for Research  and Advanced  Studies in Animal 

Health    (CIESA),  Autonomous  University    of   the   State   of   Mexico 

(UAEMex).  Methicillin-resistant  S.  aureus  was  isolated  from   cattle, 

while  other  strains  were  isolated from  rabbits  using  standard metho- 

dology.  Brain-heart infusion  broth  (BIOXON, DF, Mexico) medium was 

used  for sub-culturing bacterial strains. 

 
2.5.  Disc diffusion assay 

 
Bacterial  cultures were  prepared in  5  mL of Brain-heart infusion 

broth, adjusted to a 0.5  McFarland scale  (1 × 106  CFU/mL),  and  in- 

cubated at 37 °C for 24 h in a rotatory shaker.  Bacterial  cultures were 

swabbed on sterilized Mueller-Hinton agar  plates.  Subsequently, 25 μL 

of    methanolic    extracts    of    leaves     at     various     concentrations 

(62.5–1000 μg/mL)  were  transferred to  sterile  discs  (6  mm)  and  al- 

lowed  to soak for 30 min. The discs were  transferred aseptically to the 

plates   seeded   with   the   respective  staphylococci pathogens  and   in- 

cubated at 37 °C for 24 h. After the  required period  of incubation, the 

zone of inhibition (mm) formed  by plant  extracts against  Staphylococcus 

sp. were  measured. Oxacillin  (1μg/disc) was  used  as positive  control, 

while  the  negative control  was dimethyl sulfoxide,  with  no inhibition 

zones found.  All the  experiments were  carried out in triplicate. 

 
2.6.  Determination of relative percentage inhibition 

 
The relative percentage inhibition (RPI) of the leaf extracts based on 

positive  control  was computed as described below. 
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RPI  = 
 IHD EXT   − IHD NC 

×  100 
IHD PC − IHD NC 

 

Where,   IHD  = Inhibition  halo   diameter;  EXT  = Extract;   NC  = 

Negative  control;  PC = Positive  control. 

 
2.7.  Determination of total phenolic and saponins content 

 
Total  phenolic content in  the  leaf  extracts of the  respective plant 

was  calculated based  on  the  methodology of  [17]   with  slight  mod- 

ifications. One millilitre of solvent  extract  (1 mg/mL), 2.5 mL of 10% 

Folin-Ciocalteu's reagent dissolved  in water  and 2.5 mL of 7.5% Na2CO3 

were used as the reaction mixture. The reaction mixture was incubated 

at  45  °C for  15  min  and  the  absorbance was  recorded at  765  nm. 

Ethanol  was  used  as Blank  while  the  calibration curve  was  prepared 

using  gallic  acid  as standard at  the  concentrations of 20–100  μg/mL. 

The total  phenolic content was calculated as milligrams of gallic  acid 

equivalent per  gram  of  dry  weight   (mg  gallic  acid  equivalent/g)  of 

extract. 

The total saponins content in the leaf extracts of the respective plant 

was  determined according to  the  modified methodology of [18]. Ap- 

proximately 50 μL of leaf extract  was added  after the addition of 250 μL 

of  distilled   water.   Subsequently,  about   250   μL of  vanillin   reagent 

(800  mg  of vanillin  in 10  mL of 99.5%  ethanol) and  2.5  mL of 72% 

sulphuric acid was added. The solution  was further incubated at 60 °C 

for 10 min.  After that,  it was chilled  in ice-cold  condition and  the  ab- 

sorbance was observed at 544 nm. The total  saponins was calculated as 

diosgenin equivalents (mg diosgenin equivalents/g extract). 

 
2.8.  Statistical analyses 

 
Experiments  were   performed  in  triplicate  and   results   were   ex- 

pressed  as mean   ± standard deviation. Statistical analyses  were  per- 

formed  using  Microsoft  Excel 2007. 

 
3.  Results 

 
3.1.  Total phytochemical composition 

 
Table 1 presents the preliminary phytochemical composition, which 

shows  the  presence of phenolics (activity expressed as mg gallic  acid 

equivalent/g of extract) and  saponins (activity expressed as mg dios- 

genin  equivalents/g of extract) in the  leaf extracts, indicating that  all 

the plants  are potentials, antimicrobial agents.  The total phenolics 

concentration were  in  the  order  of V. mollis  > C. calata   > D. re- 

tusa   > G.  guajava,   while   the   saponins  concentration  follows   C. 

alata   > D. retusa=V. molis > P. guajava. 

 
3.2.  Oxacillin free radical scavenging activity in the presence of various S. 

aureus 

 
In Table  2, presents the  zone  of inhibition determined free radical 

scavenging activity  of oxacillin  against  standard cultured S. aureus and 

S. aureus  isolated from  cattle  and  rabbits   using  disc  diffusion assay. 

 
Table 1 

Total phenolics and  saponins content in leaf  extracts. 

 

Plants                                        Total phenolics 

(mg  GAE/g extract) 

Saponins 

(mg  DE/g extract) 

 

Dalber  giaretusa                          31                                                              26 

Crescentia alata                          35                                                              43 

Psidium  guajava                       12.5                                                5.6 

Vitex mollis                                     68                                                              26 

 
mg GAE/g: milligrams of gallic acid  equivalent per  gram of dry  weight; mg DE/g extract: 

milligrams of diosgenin equivalent per  gram of dry  weight. 
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However,  ATCC 25923   and  ATCC 29213,  P.  guajava  exhibited the 

highest  activity  due  to low phenolic content. The oxacillin  scavenging 

activity  of the studied plant extracts was in the order of P. guajava  > D. 

retusa=C. alata   > V. mollis for  ATCC 25923, and  P. guajava   > V. 

mollis > D. retusa=C. alata  for ATCC 29213. For ATCC 43300, D. re- 

tusa and C. alata exhibited the highest  activity  due to moderate phenolic 

content. The oxacillin  scavenging activity  of the  studied plant  extracts 

was in the  order  of D. retusa=C. alata   > P. guajava  > V. mollis. For 

MRSA1, D. retusa  and  C. alata  exhibited the  highest   activity   due  to 

moderate phenolic content.  The  oxacillin   scavenging activity   of  the 

tested   plant   extracts was  in  the  order   of  D. retusa=C.  alata   > V. 

mollis > P. guajava. For MRSA2, V. mollis exhibited the highest  activity 

due  to high  phenolic content. The oxacillin  scavenging activity  of the 

studied plant  extracts was in the order  of V. mollis > P. guajava  > D. 

retusa=C. alata.  For SOSA1, D. retusa and C. alata  exhibited the highest 

activity   due  to  moderate phenolic content. The  oxacillin   scavenging 

activity  of the  tested  plant  extracts was  in the  order  of D. retusa=C. 

alata   > V. mollis  > P. guajava.  For  SOSA2, V. mollis exhibited the 

highest  activity  due to high phenolic content. The oxacillin  scavenging 

activity  of the studied plant  extracts was in the order  of V. mollis > D. 

retusa=C. alata   > P.  guajava.  For  CoSN1 and  CoSN1,  V. mollis ex- 

hibited the highest  activity  due to high phenolic content. The oxacillin 

scavenging activity  of the  tested  plant  extracts was  in the  order  of V. 

mollis  > D. retusa=C. alata   > P. guajava.  For CoSN3, The oxacillin 

scavenging activity  of the  studied plant  extracts was in the  order  of P. 

guajava   > D. retusa=C. alata   > V. mollis for  ATCC 25923, and  P. 

guajava   > V. mollis=D. retusa=C. alata.  D. retusa  and  C. alata  ex- 

hibited similar  activity  due to the  closeness  of their  phenolic contents. 

 
3.3.  Susceptibility of S. aureus against the plant extracts 

 
Table  3  shows  the  zones  of inhibition determined anti–microbial 

activity  of the plant  extracts against  standard cultured S. aureus and  S. 

aureus  isolated  from   cattle   and   rabbits,  while   Fig.  1  presents the 

bioactivity based  on relative percentage inhibition (RPI). The activity 

was tested  by varying  the extract  concentration from 62.5  to 1000  μg/ 

mL  in  bacteria  inoculum of  1  × 106   CFU/mL.  The  oxacillin   anti- 

bacterial   generated   zones   of   inhibition   ranging   from   10.45    to 

18.60  mm,  and  CoNS3 exhibits  the  highest  (10.45  mm),  while  SOSA2 

the  lowest  (18.60  mm).  For all the  plant  extracts, the  value  of RPI in- 

creases  with  increase  with  an increase  in the  concentration of the  ex- 

tract  in  the  bacteria inoculum (Fig.  2).  P. guajava  gives  the  best  RPI 

value,  and  MRSA1 and  MRSA2 exhibit  the  highest  susceptibility to all 

the plant  extracts almost  throughout the concentrations particularly at 

1000  μg/mL.  An exception to this  claim  was  observed with  V. mollis, 

which  shows  the  least  RPI to MRSA2. 

It is obvious  that  the all the plants  extracts are more potent on the S. 

aureus  isolated from  cattle  than  those  isolated from  rabbits, except  V. 

mollis that   exhibits   the  least  activity   all  through the  concentration 

variation. C. alata  and  D. retusa  are  more  potent towards the  cattle 

isolates,  except  at 62.5  and  1000  μg/mL  extract  concentration that  P. 

guajava became  the most potent. Among the oxacillin  sensitive  S. aureus 

(SOSA1 and  SOSA2), rabbit isolates,  P. guajava  exhibits  the  best  ac- 

tivity.  It is also  worthy to  note  that  CoNS3 exhibits  the  least  vulner- 

ability  to all the  plant  extracts among  the  coagulase negative 

Staphylococcus  epidermidis  (CoNS1,  CoNS2,  and   CoNS3),  as  well  as 

among  all the  isolates  (Fig. 3). 

 
4.  Discussion 

 
The  free  radical   scavenging activities of antibiotic have  been  re- 

ported as a function  of the  phenolic content [19,20]. This is because 

phenolic compounds are potential antioxidants, which  function  by the 

oxidative free radicals scavenging because  of the  presence of hydroxyl 

groups  and  conjugated ring  structures [21]. Oxygen  is very  vital  to- 

wards  aerobic  respiration, nevertheless, it can cause a serious  health to 

the  living  organism  by  formation  of  free  radicals  (reactive  oxygen 

species)  under   certain  conditions. This  could  possibly  lead  to  some 

hazardous  diseases   such  as  ulcer,   diabetes,  atherosclerosis, cancer, 

neurodegenerative  disorders  (AD & Dementia),  aging,   immune-sup- 

pression  and coronary heart  disease [22,23]. Although, almost all living 

organisms are  immune to free  radicals attack  via defence  system  like 

the protective antioxidant system,  which  weaken the rate  of formation 

of free  radicals alongside with  additional system  that  generates anti- 

oxidants (chain-breaker) to  alleviate free  radicals scavenging. Never- 

theless,  when  the rate of formation of free radical  surpasses the defence 

mechanisms capability,  it  leads  to  an  extensive  tissue   injury   [24]. 

Therefore, therapeutic drugs  that  exhibit  abilities to scavenge  free ra- 

dicals  are  essential towards the  therapy and  prevention of these  dis- 

eases  in  living  organisms [25]. Antioxidant compounds function  bio- 

chemically through a  number of mechanisms, which  include   radical 

scavenging, metal  ions chelation, sustained hydrogen abstraction, 

breakdown of peroxides, reductive ability,  and  prevention of chain  in- 

itiation.  Therefore, several   plants   are  proposed as  a  source  of  anti- 

oxidant. 

V. mollis [26], P. guajava [27], D. retusa [28]  and  C. alata  [29]  leaf 

extract  have  been  extensively used  as herbal  medicine to treat  diverse 

diseases like diabetes, pain, inflammation and hypertension due to their 

antibiotic properties. Their  extracts consist  of  phenolics ranging  be- 

tween  12.5  and  68 mg gallic  acid  equivalent/g, and  saponins ranging 

between 5.6 and 43 mg diosgenin equivalents/g extract. Phenolics are a 

group  of the second  metabolite used as antioxidant agents  due to their 

abilities to  scavenge   free  radical   [19]. Saponins   are  a  group  of  the 

second  metabolite, which  consist  of isoprenoidal, a derivative of agly- 

cone,  popularly known   as  sapogenin or  genin.   They  are  covalently 

linked  to one  or more  moieties of sugar  [30]. Saponins  are  promising 

antioxidant [31]  due  to  their  anti-cancer properties in  spite  of their 

hemolytic side effects  [32,33]. 

The extracts are  used  against  standard cultured S. aureus 

(ATCC25923, ATCC29213, and ATCC43300) and S. aureus isolated 

(MRSA1,  MRSA2, SOSA1, SOSA2, CoNS1,  CoNS2  and  CoNS2)  from 

rabbits  and  cattle.  We observed that  all the  investigated plant  extracts 

are  potential antibiotic with  antioxidant abilities to inhibit all the  ex- 

amined S. aureus. 

For all the  plant  extracts, the  inhibitory activity  increases with  in- 

crease  in the concentration of the extract  in the bacteria inoculum. The 

inhibitory activity  of the plant  extracts on each S. aureus solely depend 

on the  concentration applied. For instance, at 62.5  μg/mL,  it was  ob- 

served  that  the  best  antimicrobial agent  for MRSA1 and  MRSA2 is D. 

retusa and  C. alata.  V. mollis is the best for CoNS1, CoNS2, CoNS3, and 

ATCC43300,  while   P.  guajava  is  the  best  for  SOSA2,  MRSA2,  and 

CoNS1. The best antimicrobial agent  for ATCC29213 is C. alata,  while 

that  of ATCC25923 is D. retusa. The observation at 125 μg/mL is almost 

the  same  as  that  at  62.5  μg/mL,  it  was  observed that  the  best  anti- 

microbial agent  for  MRSA1 and  MRSA2 is D. retusa  and  C. alata.  V. 

mollis is the best for CoNS2, CoNS3, and ATCC43300, while P. guajava is 

the  best  for SOSA1, SOSA2, and  CoNS1. The best  antimicrobial agent 

for  ATCC29213  is C. alata,  while  that  of ATCC25923  is D. retusa.  At 

250  μg/mL,   it  was  observed  that   the  best  antimicrobial  agent   for 

MRSA1 and  CoNS1 is D. retusa  and  C. alata.  V. mollis is the  best  for 

ATCC25923  and  ATCC43300,  while  P. guajava  is the  best  for  SOSA1 

and  SOSA2. The best antimicrobial agent  for CoNS3, ATCC29213, and 

MRSA2 is C. alata,  while  that  of CoNS2 is D. retusa. 

At 500 μg/mL,  it was observed that  the best antimicrobial agent  for 

MRSA1 and MRSA2 is C. alata.  V. mollis is the best for ATCC29213 and 

ATCC43300,  while  P. guajava  is the  best  for SOSA1 and  SOSA2. The 

best  antimicrobial agent  for and  ATCC25923 is C. alata,  while  that  of 

CoNS3 and  CoNS1 is D. retusa.  Furthermore, at  1000  μg/mL  extracts 

concentration, the best antimicrobial agent  for MRSA is D. retusa and C. 

alata.  V. mollis is the  best  for only  MRSA1 and  ATCC43300,  while  P. 

guajava  is the  best  for only  MRSA2. The best  antimicrobial agent  for 

SOSA and CoNS3 is P. guajava, while for CoNS1 and CoNS2 is D. retusa 
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Table 3 

Zone  of inhibition determined anti – microbial activity of the  plant extracts against standard cultured S. aureus and  S. aureus isolated from  cattle and  rabbits. 
 

 Conc.  (μg/mL) ATCC 25923 ATCC 29213 ATCC 43300 MRSA1 MRSA2 SOSA1 SOSA2 CoNS1 CoNS2 CoNS3 

Control 0 14.50 ± 0.30 14.63 ± 0.51 12.37 ± 0.40 12.43 ± 0.45 18.53 ± 0.40 14.34 ± 0.30 18.60 ± 0.23 18.60 ± 0.23 14.25 ± 0.30 18.53 ± 0.50 

V. mollis 62.5 5.37 ± 0.15 4.65 ± 0.14 6.31 ± 0.25 5.47 ± 0.38 5.73 ± 0.25 6.10 ± 0.17 6.80 ± 0.20 5.99 ± 0.62 6.68 ± 0.28 6.92 ± 0.10 
 125 7.15 ± 0.27 6.71 ± 0.25 6.84 ± 0.15 6.64 ± 0.41 6.64 ± 0.15 7.18 ± 0.28 8.44 ± 0.21 6.79 ± 0.23 7.58 ± 0.10 9.42 ± 0.09 
 250 9.15 ± 0.30 8.32 ± 0.65 8.63 ± 0.50 8.60 ± 0.28 8.57 ± 0.28 9.23 ± 0.21 10.37 ± 0.27 9.00 ± 0.26 8.63 ± 0.32 9.58 ± 0.13 
 500 10.23 ± 0.52 10.54 ± 0.50 9.50 ± 0.30 9.32 ± 0.16 9.37 ± 0.24 10.40 ± 0.20 11.50 ± 0.21 10.23 ± 0.11 9.25 ± 0.51 10.33 ± 0.30 
 1000 11.20 ± 0.25 11.79 ± 0.26 10.37 ± 0.35 10.10 ± 0.26 10.40 ± 0.33 11.52 ± 0.21 12.60 ± 0.25 11.63 ± 0.16 10.43 ± 0.16 11.30 ± 0.50 

P. guajaba 62.5 6.54 ± 0.32 5.30 ± 0.20 5.65 ± 0.22 5.54 ± 0.23 6.40 ± 0.26 6.12 ± 0.16 6.23 ± 0.61 7.23 ± 0.65 5.67 ± 0.21 5.32 ± 0.13 
 125 8.30 ± 0.20 6.65 ± 0.65 6.23 ± 0.58 6.78 ± 0.40 6.98 ± 0.30 8.47 ± 0.25 6.66 ± 0.30 8.60 ± 0.20 7.32 ± 0.40 8.13 ± 0.61 
 250 9.43 ± 0.25 8.63 ± 0.10 8.50 ± 0.42 8.45 ± 0.12 8.52 ± 0.13 10.34 ± 0.09 7.68 ± 0.15 9.16 ± 0.82 7.83 ± 0.50 9.73 ± 0.60 
 500 10.40 ± 0.21 9.23 ± 0.23 9.46 ± 0.65 9.73 ± 0.61 9.30 ± 0.19 11.43 ± 0.26 9.38 ± 0.57 10.30 ± 0.25 9.61 ± 0.60 10.53 ± 0.26 
 1000 10.63 ± 0.15 10.51 ± 0.58 10.57 ± 0.31 10.33 ± 0.40 12.10 ± 0.46 12.63 ± 0.76 10.12 ± 0.28 11.30 ± 0.17 10.88 ± 0.67 11.78 ± 0.30 

D. retusa 62.5 6.80 ± 0.20 5.45 ± 0.12 6.61 ± 0.20 6.42 ± 0.45 6.33 ± 0.14 6.29 ± 0.20 6.42 ± 0.24 6.23 ± 0.32 5.85 ± 0.23 6.09 ± 0.14 
 125 8.48 ± 0.09 6.54 ± 0.21 8.30 ± 0.11 8.50 ± 0.22 8.22 ± 0.17 8.16 ± 0.16 8.30 ± 0.16 8.76 ± 0.35 6.28 ± 0.43 8.39 ± 0.13 
 250 9.12 ± 0.30 7.62 ± 0.21 9.35 ± 0.27 9.83 ± 0.30 8.56 ± 0.23 10.34 ± 0.21 9.39 ± 0.51 10.55 ± 0.24 9.25 ± 0.34 10.15 ± 0.16 
 500 11.55 ± 0.15 8.32 ± 0.16 10.42 ± 0.14 10.67 ± 0.21 9.30 ± 0.14 12.57 ± 0.24 11.22 ± 0.27 12.43 ± 0.11 10.65 ± 0.24 10.92 ± 0.32 
 1000 12.66 ± 0.23 10.41 ± 0.13 12.26 ± 0.34 11.28 ± 0.34 11.61 ± 0.18 13.30 ± 0.14 12.53 ± 0.31 12.75 ± 0.15 12.46 ± 0.15 11.10 ± 0.18 

C. alata 62.5 5.80 ± 0.20 6.45 ± 0.12 5.61 ± 0.02 6.42 ± 0.45 6.22 ± 0.14 6.39 ± 0.20 6.12 ± 0.24 5.23 ± 0.32 5.45 ± 0.23 6.29 ± 0.14 
 125 6.48 ± 0.09 7.54 ± 0.21 6.30 ± 0.11 8.40 ± 0.22 8.12 ± 0.17 8.56 ± 0.16 8.20 ± 0.16 7.76 ± 0.35 6.18 ± 0.43 8.19 ± 0.13 
 250 8.12 ± 0.30 8.65 ± 0.21 7.35 ± 0.27 9.89 ± 0.30 9.56 ± 0.23 10.24 ± 0.21 9.29 ± 0.51 9.55 ± 0.24 8.25 ± 0.34 10.25 ± 0.16 
 500 10.51 ± 0.15 9.32 ± 0.16 9.42 ± 0.14 10.62 ± 0.21 10.30 ± 0.14 11.57 ± 0.24 10.22 ± 0.27 10.43 ± 0.11 10.25 ± 0.24 10.92 ± 0.32 
 1000 12.56 ± 0.23 10.61 ± 0.13 10.26 ± 0.34 11.38 ± 0.34 11.71 ± 0.18 12.30 ± 0.14 12.33 ± 0.31 12.65 ± 0.15 12.26 ± 0.15 11.50 ± 0.18 

MRSA1 and  MRSA2: methicillin-resistant S. aureus isolated from  cattle; SOSA1 and  SOSA2: oxacillin sensitive S. aureus isolated from  the  rabbit; CoNS1,  CoNS2,  and  CoNS3:  coagulase negative Staphylococcus epidermidis isolated from  the  rabbit. 
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Fig.  1. Bioactivity of the  plant extracts based on  RPI (%)  at  various extract concentrations (μg/mL); (a)  62.5, (b)  125, (c)  250, (d)  500, and  (e)  1000 μg/mL. 

 

and  C. alata.  The best antimicrobial extract  agent  for ATCC25923 is C. 

alata,  while  that  of ATCC29213 is V. mollis. 

All the plant  extracts observed a higher  bioactivity against  the 

methicillin-resistant S. aureus (MRSA1 and MRSA2) isolates  from cattle 

than  those  of the isolates  from the rabbits  (oxacillin sensitive  S. aureus 

(SOSA1 and SOSA2), and coagulase negative Staphylococcus epidermidis 

(CoNS1, CoNS2, and  CoNS3). These differences in bioactivity could  be 

ascribed  to variable effects  of the  antibiotics on the  proton and  metal 

movement direction across the cell membrane of the S. aureus, which  is 

eventually a function  of the magnitude of ion gradients through the cell 

membrane [34]. This shows that  the resistance of the cattle  isolates  to 

V. mollis is attributable to  translocation of metal  ions  throughout the 

cell membrane of the cattle,  which  limits  the therapeutic utilization of 

V. mollis. Furthermore, CoNS3 exhibits  a higher  resistance capacity to 
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Fig.    2. Susceptibility of   standard   cultured   S. 

aureus  and   S.  aureus  isolated  from   cattle  and 

rabbits on  (a)  V. mollis,  (b)  P.  guajaba, (c)  C. re- 

tusa,  (d)  C. alata, and  (e)  1000; based on  RPI (%) 

at  various extract concentrations (μg/mL). 
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all  the  plant   extracts. This  is  probably because   CoSN3  maintains a 

higher   K concentration in  its  cells,  and  oust  protons   and  Na  [16], 

thereby limiting  the  biopotency of the  plant  extracts. This shows  that 

the  toxicity  of antibiotic does  not  only  depend on  the  bioavailability 

and  chemical form of the antibiotic but also the bacterial species  [35]. 

Despite  the  stubbornness of  S. aureus,  being  gram  positive   bacterial 

strain,  yet the  plant  extracts exhibit  a remarkable activity  against  the 

isolated Staphloccocus  strains,   making   them  a  promising therapeutic 

drug. 

 
5.  Conclusion 

 
The  antimicrobial activity  of extracts of Vitex mollis, Psidium gua- 

java,   Dalbergia  retusa,   and   Crescential  alata   leaves   against   various 

staphylococcal strains  (standard culture and  isolated from  cattle  and 

rabbits) was  found  to  be  remarkable. All the  plant  extracts demon- 

strated  significant antimicrobial activity   mainly  by  their  antioxidant 

ability,  making  them  suitable broad-spectrum antibiotics for restriction 

of common  pathogens growth. Both  control  S. aureus  and  isolated S. 

aureus are susceptible to all the four plant  extracts. Of all the S. aureus 

including the control, MRSA2 is the most susceptible to all the extracts 

except  that  of V. mollis where  it is the  least  susceptible. Among all the 

plant  extracts, P. guajava is the most active  against  MRSA2 and SOSA2. 

The control  S. aureus (ATCC 25923, ATCC 29213  and ATCC 43300) are 

the  least  susceptible S. aureus strain  to P. guajava,  while  CoNS3 is the 

least  susceptible S. aureus strain  to both  D. retusa and  C. alata  extracts. 

Therefore,  the   methicillin-resistant  S.  aureus  (MRSA1  and   MRSA2) 

isolates  from  cattle  are  more  susceptible to all the  plant  extracts than 
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Fig.  3. Susceptibility of  isolated S. aureus from  cattle and 

rabbits to plant extracts based on RPI (%)  at various extract 

concentrations (μg/mL); (a)  62.5, (b)  125, (c) 250, (d)  500, 

and  (e)  1000 μg/mL. 

MRSA1 and  MRSA2:  methicillin-resistant S. aureus isolated 

from  cattle; SOSA1 and  SOSA2: oxacillin sensitive S. aureus 

isolated from  the  rabbit; CoNS1,  CoNS2,  and  CoNS3:  coa- 

gulase negative  Staphylococcus epidermidis  isolated from  the 

rabbit. 
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the  isolates  from  rabbits. Among  all  the  rabbit isolates,  CoNS3 (coa- 

gulase negative Staphylococcus epidermidis) is the least susceptible to the 

extracts. Since all the  plant  extracts exhibit  remarkable inhibitory ac- 

tivities   against   all  the  S. aureus  strains,   they  are  promising towards 

production of therapeutic drugs. 
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