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Abstract: Euphorbia nivulia a locally occurring plant species possesses antiseptic, analgesic and anti-inflammatory 
properties and is ethnopharmacologically used in various ailments like skin, ear disorders, boils, and worm infestation. 
Preliminary phytochemical screening showed presence of flavonoids, polyphenolics, glycosides, alkaloids, tannins and 
triterpenoids in (70% aqueous-ethanolic) Euphorbia nivulia crude extract (En cr) and its four fractions, i.e., hexane 
fraction (En hex), butanol fraction (En bt), chloroform fraction (En ch), and aqueous fraction (En aq). In current study, 
Agar well diffusion and time-kill kinetic assays were performed for antimicrobial activity. 300 mg/ml concentration 
showed maximum inhibitory zone. Highest zone of inhibition (15.5mm) was demonstrated by En ch fraction against 
Proteus mirabilis. Staphyllococcus aureus was the most sensitive bacteria against whom all fractions except En aq 
fraction were active. Maximum MIC (15.3 mg/ml) was shown by En ch fraction against Proteus mirabilis. Similarly, En 
ch fraction showed (15.1 mg/ml) remarkable MIC against Candida albicans. Significant higher antibacterial and 
antifungal activity was revealed in high concentration. Time-kill kinetics studies revealed bacteriostatic action. 
Noteworthy antimicrobial activity may be due to bioactive compounds of extract which may be a potential antibacterial 
and antifungal agent. 
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INTRODUCTION 
 
Major source of severe bacterial infections are different 
species of bacteria belonging to two main classes, i.e. 
Gram negative and Gram positive, like Staphylococcus, 
Bacillus, Pseudomonas and Salmonella, due to which 
most human beings died worldwide (Zhang et al., 2016; 
Ahameethunisa and Hoper, 2010). After discovery of 
important groups of antibiotics like cephalosporins, 
aminoglycosides, macrolides and tetracyclines during the 
“golden era” in the 1960s, nowadays efficacy of these 
chemotherapeutics is decreasing because of increased 
resistance of microbes (Mayers et al., 2017). Treatment 
failures associated with multidrug-resistant bacteria has 
become a global concern these days (Guschi et al.,  2015; 
Martin et al., 2015). Besides resistance, these synthetic 
antibiotics are costly (Li Chen et al., 2020) for the poor 
patients belonging to developing countries (Walsh and 
Amyes, 2004; Alder, 2005). Moreover, these synthetic 
products treat only one third of the infectious diseases 
because of resistant pathogens (Sen and Batra, 2012); and 

antibiotics may have serious side effects like hyper-
sensitivity/allergic reactions and immune suppression 
(Ahmed Fouda et al., 2020; Freire-Moran et al., 2011). 
Due to this reason, discovery of new antibiotics is 
exclusively necessary. And exploration for bioactive 
compounds may be very helpful in this discovery in 
treating resistant pathogenic microbes. Today natural 
products are considered one of the major sources of new 
drug molecules (Newman and Cragg 2020); they may also 
serve as a model for new antibacterial drugs. Natural 
products may be obtained from such natural sources as 
bacteria, fungi, and plants (Chaudhary and Singh, 2016; 
Alves, 2012). Among these natural products microbes and 
plants constitute the major source of new drug molecules 
including antibiotics (Balouiri et al., 2016). Natural 
products/compounds possess complex and diversified 
chemical structure. Most recently, plant and microbial 
extracts have become focus of research for investigation 
of secondary metabolites like alkaloids, glycosides, 
tannins, essential oils, etc., for synthesis of new potent 
antimicrobial molecule(s) (Mabona et al., 2013; Nazzaro 
et al., 2013; Runyoro et al., 2006). In the past bioactive 
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molecules of plant origin had been a unique source for 
majority of drugs (Bibi et al., 2010). Quinine from 
Cinchona bark and berberine from Berberis are the 
examples of antibiotics obtained from plants which are 
highly effective against certain microbes (Maridass 2008). 
Antibiotics of plants origin are more effective and 
environment friendly and less toxic (Munuswamy et al., 
2013; Koehn and Carter, 2005; Walsh 2003). That is the 
reason that people from all over the world, particularly 
Asians like Pakistanis use herbal medicines in primary 
health care system to treat infections like skin diseases, 
dysentery, malaria, etc. (Munuswamy et al., 2013). 
 

Euphorbia nivulia Buch.- Ham., one of the members of 
Euphorbiaceae family is of interest to natural products 
researchers due to its diverse habitats and biological 
activities (Basak et al., 2009). There is limited literature 
on the biological activities of Euphorbia nivulia 
(Badgujar and Mahajan, 2011). The species is widely 
distributed in tropical Asia, Africa, Australia and Europe. 
The plant is indigenous to India, Myanmar and Pakistan; 
in Northern and central India, it is planted as hedge plant 
often in dry areas and wild in arid soils (Radcliffe-Smith, 
2011). Juices of leaves, bark, root, stem or latex is used 
traditionally for medicinal purpose. Boro community of 
Assam uses leaf juice in pains and boils (Basumatary et 
al., 2004); and fleshy stem is recommended in cough 
(Mahajan and Badgujr, 2008). Plant latex possesses 
purgative properties and is used against worms (Pullaiah, 
2006). Latex of leaf and root is used in skin and ear 
disorders, worm infection, swelling and retention of urine 
(Britto et al., 2010). Stem is applied to bone fractures and 
latex possesses antiseptic properties (Kumar and 
Chaturvedi, 2010). Chemically, it contains tetracyclic 
triterpenes, diterpenes, phenolic compounds, alkaloids, 
cynogenic glycosides, terpenes and tannins (Badgujar and 
Mahajan, 2010). Pakistan is a country with diverse 
biological resources and a vast diversity of naturally 
growing plants; but only 600 to 700 species are used 
medicinally (Ali and Qaiser, 1986). Therefore, there is 
need for exploration of locally occurring species. The 
presence of various valuable constituents in plants has 
urged scientists to screen these plants for discovery of 
new therapeutic agents. Euphorbia nivulia is enrich in 
phytoconstituents including flavonoids and polyphenolics 
and a number of other constituents that may be screened 
for antimicrobial potential, because there are many 
members of Euphorbiaceae family belonging to the genus 
Euphorbia that have shown antimicrobial activities 
against various bacteria and fungi. Various species of 
Euphorbia possess antiseptic, disinfectant and emollient 
properties and are used in different skin ailments like 
dermatitis, psoriasis, skin rashes, itching, acne, 
carbuncles, boils and pustules. Antibacterial activity of E. 
fusiformis was studied against various pathogenic strains 
of Gram positive (B. subtilis and S. aureus) and Gram 
negative bacteria (E. coli, K. pneumoniae, P. vulgaris, P. 
aeruginosa, S. typhii A and S. typhii B). Different extracts 

significantly differed in their antibacterial properties with 
methanolic extract being very effective (Natarajan et al., 
2005). E. hirta (ethanolic extract exhibited a broad 
spectrum antimicrobial activity against E. coli, P. 
Vulgaris, P. aeruginosa, and S. aureus (Sudhakar et al., 
2006). Diterpene, triterpenes and ellagic acid isolated 
from Euphorbia sessiliflora Roxb. showed moderate to 
strong antibacterial activity against B. cereus, B. subtilis, 
M. flavas, M. catarrhalis, N. sicca, and C. albicans at 
concentration 12.5µg/ mL (Sutthivaiyakit et al., 2000). A 
synergistic antifungal activity against Candida spp. and 
Cryptococcus neoformans was displayed by cerebrosides 
isolated from E. peplis (Cateni et al., 2003). No scientific 
validation on E. nivulia, a Pakistani species belonging to 
the Cholistan Desert of Bahawalpur region as 
antibacterial/antifungal agent has been done until now. 
So, the current study was aimed to evaluate its 
antibacterial/antifungal potentials against wide variety of 
bacteria and fungi common in the local community and 
the important causative microbes. Although favourable 
ethnopharmacological properties of En have been shown, 
but its protective potentials against microbes comparing 
with standard antibiotics drug have not been previously 
explored. In our study, the impact of increasing doses of 
En against various microbes was investigated 
 
MATERIALS AND METHODS 
 
Aerial parts of fresh, well grown Euphorbia nivulia plant 
were collected during the months of March and April 
2015 from Hasilpur Road and adjoining areas of 
Bahawalpur region, Pakistan and authenticated by 
taxonomist, Ghulam Sarwar, Department of Botany, The 
Islamia University of Bahawalpur. Voucher specimen 
(EN-AP-05-12-041) was deposited in the herbarium of 
Pharmacology Research Lab, Department of Pharmacy, 
The Islamia University of Bahawalpur, Pakistan.  
 

All chemicals and solvents/reagents used were of 
analytical grade and were purchased from Merck, Sigma-
Aldrich and B.D.H. Pure cultures of the microorganisms 
were obtained from Microbiology Lab, Department of 
Pharmacy, The Islamia University of Bahawalpur, 
Bahawalpur, Dr Panjwani Center for Molecular Medicine 
and Drug Research and H.E.J research institute of 
chemistry, University of Karachi, Karachi, Microbiology 
Lab, Department of Microbiology, FUUAST, Karachi, 
Pseudomonas aeruginosa (ATCC 9027), Salmonella typhi 
(ATCC No. 19430), Escherichia coli (ATCC 8739), 
Staphylococcus aureus (AB 188), Bacillus 
staphyllococcus Staphylococcus epidermidis, Klebsiella 
pneumonia (ATCC 14), Penicillium species, Aspergillus 
flavu1s, Aspergillus niger, Candida albicans (ATCC 
0383), Proteus mirabilis,Corynebacterium xerosis 
Salmonella typhi para A, Shigella dysenteriae (ATCC 72) 
Bacillus cereus. The stock cultures were maintained at 
4°C.  
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Experimental 
Preliminary phytochemical screening 
Preliminary qualitative phytochemical screening of the En 
crude extract as well as its four fractions, to identify the 
phytoconstituents like alkaloids, glycosides, flavonoids, 
tannins, saponins and phenols, etc., was performed using 
conventional standard procedures (Younus et al., 2019; 
WHO, 1998; Brain and Turner, 1975). 
 
Extraction  
10 kg dried powdered plant material (aerial parts) was 
macerated in 70% aqueous ethanol at room temperature 
for 15 days using cold maceration method with occasional 
stirring. Each time, 12 L of aqueous ethanol was used to 
soak the powder. The macerated mixture was filtered each 
three times with muslin cloth separately and then further 
filtration was done by Whatman Grade-1 filter paper. The 
filtrate was then evaporated under reduced pressure (-
760mm Hg) and controlled temperature (at 45-50oC) on 
the rotary evaporator. A thick and semisolid, dark brown 
gummy mass was obtained which was then placed in 
oven. The dried material was weighed, labeled and then 
stored at 40C in refrigerator in air tight container. The 
percentage yield was calculated. The condensed extract 
was used for further experimentation. Moreover, 
successive solvent extraction was used as previously 
described by Tiwari et al. (2011). Extracts were dried, 
weighed, labelled and then stored at 4°C in refrigerator in 
air tight containers. Aqueous ethanolic crude extract and 
four fractions so obtained were named as follows:  
En= 70% aqueous ethanolic crude extract; EnH= Hexane 
fraction: 
En Ch= Chloroform fraction;      En Bt= Butanol 
fraction; EnAq= Aqueous fraction 
 
Antimicrobial potential 
Agar well diffusion method is widely used method to 
evaluate antibacterial potential of the extracts (Bibi et al., 
2010; NCCLS, 1993). The Nutrient agar (oxoid) plate 
surface was inoculated by spreading a volume of the 
microbial inoculum over the entire agar surface. For 
determination of antibacterial activity, bacterial cultures 
were adjusted to 0.5 McFarland turbidity standard and 
inoculated onto plates (diameter: 15 cm) at 37oC for 18 h. 
For the determination of antimycotic activity, all the 
fungal isolates and Candida albicans were first adjusted 
to the concentration of 106 cfu/ml, and then were 
inoculated onto Sabroud Dextrose at 30°C for 48 h. 
Samples of extract, one positive control (Cefotaxime), 
and one negative control (DMSO) were applied to each 
petri plate; DMSO was used as a negative control, 
Cefotaxime) (500 mg) as a positive control for the 
bacteria and nystatin (100mg) as a positive control for the 
fungi. Antimicrobial activity was recorded by measuring 
the zones of inhibition around the wells. All experiments 
were performed with five replicates. % age growth 
inhibition was calculated by: 

100
PC

SCTS
(%) Inhibition 






 

  

where TS: test sample, SC: solvent control and PC : 
positive control (Cefotaxime for bacteria and nystatin for 
fungi as standard). 
 

Minimum Inhibitory Concentration (MIC) 
Determination 
Method of Omura et al. (1993) with little modification 
was performed to determine MIC of extracts. The 
concentration which showed the smallest zones of 
inhibition was regarded as the MIC value. All 
experiments were performed in three replicates. 
 
Time-kill kinetics assay/test 
Time-kill kinetics of En crude extract as well as its four 
fractions was carried out following the procedure 
described by Tsuji (Tsuji et al., 2008). Concentrations 
equal to MIC, twice the MIC, and four times the MIC of 
the extracts were prepared. Concentrations used were 
determined by MIC and % killing by using the formula: 
 
Log reduction (L) = Log10 [Inoculum cfu/mL] – 
Log10[After treatment cfu/mL] 
% Reduction = 1- 10-L × 100 
 
STATISTICAL ANALYSIS 
 
Graph Pad Prism Version 7.0 for Windows (Graph Pad 
Software Inc., San Diego, CA, USA) was used to analyze 
data obtained from study by using one way ANOVA 
followed by Dunnett’s post hoc test. 
 

RESULTS 
 

Phytochemical screening  
Results for presence of various phytochemicals like 
alkaloids, glycosides, flavonoids, phenols, tannins, 
saponins and carbohydrates in crude as well as various 
fractions are shown in table 1.  
 
Antimicrobial potential of crude drug and extracts 
Antimicrobial activity of the En crude extract as well as 
various fractions are shown in table 2. Dose used for all 
samples was 100mg/ml.  

 
Fig. 1: MIC of En cr against E. coli, S. aureus, A. flavus 
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Agar well diffusion method 
Maximum antibacterial activity was observed against 
Gram-negative bacteria. Highest zone of inhibition i.e., 
15.5 mm was demonstrated by En ch fraction against 
Proteus mirabilis followed by zone of inhibition shown 
by En cr against Escherichia coli, i.e., 15.4 mm. Only En 
bt fraction was active against Salmonella typhi. Gram-
positive bacteria also showed susceptibility against En cr 
and its fractions. Staphyllococcus aureus (Gram-positive 
bacteria) was the most sensitive species against whom all 
fractions except En aq showed remarkable antibacterial 
activity. A similarity in antifungal activity was observed 
for En crude extract and its fractions. Highest zone of 
inhibition 14.3 mm was noted by En ch fraction against 
Candida albicans followed by zone of inhibition 
exhibited by En bt fraction against the same species, i.e., 
14.1 mm. Aspergillus flavus was found to share similarity 
in sensitivity along with Candida albicans against whom 
En cr and En hex fraction showed activity (table 2). Zones 
of growth inhibition around Petri plates were measured 
after 18 to 24 hr of incubation at 37°C for bacteria and 48 
to 96 hr for fungi at 28°C. Sensitivity of microorganisms 
to extracts was determined by measuring size of 
inhibitory zones (including disk diameter) on agar surface 
around plates, and values <8 mm were considered as non-
active. 

 
Fig. 2: MIC of En hex fraction against S. aureus, A. flavus 

 
Fig. 3: MIC of En bt fraction against S. typhi, P. 
mirabilis, C. albicans 
 
MIC of En crude extract and fractions  
Results of MIC are shown in Table 3 and figs. 1-5. The 
results show that the highest MIC (15.3 mg/ml) was 
shown by En ch fraction against Proteus mirabilis, next to 

this was 15.2 mg/ml against Escherichia coli shown by 
En cr. Similarly, both En Ch and En bt fraction showed 
MIC against Candida albica, but En Ch fraction showed 
(15.1 mg/ml) highest MIC against Candida albicans; 
MIC for En cr and En hex was also noted against 
Aspergillus flavus.  

 
Fig. 4: MIC of En ch fraction against S. aureus, P. 
mirabilis, C. albicans 

 
Fig. 5: MIC of En aq fraction against P. mirabili 

 
Fig. 6: Kinetics of En cr, En hex and En ch fraction 
against S. aureus under different treatments, where NB = 
nutrient broth (control) 

 
Fig. 7: Kinetics of En cr against E. coli under different 
treatments, where NB = nutrient broth. 
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Fig. 8: Kinetics of En bt fraction against S. typhi under 
different treatments, where NB = nutrient broth. 

 
 
Fig. 9: Kinetics of En aq, En ch and En bt fraction against  
P. mirabilis under different treatments,  where NB = 
nutrient broth. 

Table 1:  Phytochemical evaluation (En cr and fractions) 
 

Test En cr En hex En ch En bt En aq 
Alkaloids      
              Hager’s test + - - - - 
              Mayer’s test + - - + - 
             Wagner’s test + - - + - 
Glycosides      
       Keller-killani test + - - - - 
Tannins      
       FeCl3 test + - - + + 
Flavonoids      
   Test with Alkal sols + + - - - 
Saponins      
        Froth test + - - - + 
Phenolic Contents      
        FeCl3 test + - - + + 

 
Table 2: Antimicrobial activity of En cr & various fractions (Zone of Inhibition (mm) at 100 mg/ml dose) 
 

Micro-organism En cr En hex En bt En ch En aq Cefotaxime   (500 mg) 
Bacteria  

Staphylococcus aureus 11.3±.48 11.1±.49 11.3±.47 11.3±.48 NZ 29.9± .5 
Escherichia coli 15.4±.42* 1.9±.044 1.8±.044 NZ NZ 26.5± .5 
Bacillus subtilis NZ NZ 1.9±.046 1.9±.48 NZ 29.0±.58 
Proteus mirabilis 1.9±.053 1.9±.054 11.2±.56 15.5±.58* 11.3±.55* 24.6±.57 
Salmonella typhi 1.5±.051 NZ 11.1±.52 1.9±.055 NZ 28.6±.57 
Corynebacterium xerosis 1.1±.049 NZ 1.8±.051 1.4±.052 NZ 24.5±.57 
Salmonella typhi para A 1.3±.049 NZ 1.9±.056 1.1±.055 NZ 31.0±1.0 
Shigella dysenteriae NZ NZ 1.8±.053 NZ NZ 34.6±.57 
Klebsiella pneumonia NZ 1.9±.051 1.9±.054 1.9±.041 NZ 30.0±0.6 
Bacillus cereus 1.1±.051 NZ NZ NZ 1.4±0.011 24.5±.57 
Pseudomonas aeruginosa NZ 1.1±.054 NZ 1.3±.053 1.1±.063 29.0±1.00 

Fungi Nystatin( 100mg) 
Candida albicans NZ NZ 14.1±.52* 14.3±.51* NZ 27.66±.57 
Aspergillus niger NZ 0.8±.055 NZ NZ NZ 24.5±.57 
Aspergillus flavus 11.2±.56* 11.4±.55* 1.3±.053 NZ NZ 19.0±0.0 
Penicillium sp. NZ NZ NZ NZ NZ 19.6±.57 

NZ = no zone 
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Fig. 10: Kinetics of En ch and En hex fraction against C. 
albicans under different treatments, where SDB =nutrient 
broth 
 
Time-kill kinetics analysis 
Results of time-kill kinetics of En cr as well as four 
fractions, i.e. En Ch, En hex, En Aq and En bt against S. 
aureus, E. coli, P. mirabilus, S. typhi and C. albicans are 
shown in figs. 6-10.  
 

DISCUSSION 
 
Globally, screening of medicinal plants for various 
diseases is the most interesting topic of research among 
researchers these days. WHO recently estimated that 
approximately 80% of the world population relies on 
plants and their extracts in various forms to treat their 
ailments on the basis of folk medicines prevalent in their 
respective traditional systems/therapies. In the present 
work, Euphorbia nivulia –Ham (70% hydro alcoholic) 
crude extract (En cr) as well as its various fractions show 
good activity against most of the tested bacterial and 
fungal strains. Results were compared with standard 
antibiotics. Results of preliminary phytochemical 
screening show the presence of different chemical 
constituents like glycosides, alkaloids, saponins, 
flavonoids, phenolics, tannins etc. (Younus et al., 2019) 
(table 1). These constituents belong to important classes 
of secondary metabolities that offer defense against many 
microorganisms, insects and herbivores, etc. Exhibition of 
antibacterial activity by this plant species against both 
Gram positive and Gram negative bacteria and various 
fungal strains indicates the presence of several broad 
spectrum antibiotic bio-active molecules. It confirms that 
additive and synergistic effects of phytochemicals (in 
fruits and vegetables) may be responsible for potent 
bioactivity against microbes. It also explains why single 
antimicrobial agent cannot replace natural phytochemicals 

in combination to offer the benefits in a disease (Liu, 
2003). Antimicrobial potentials of various species of the 
genus Euphorbia have been previously reported. For 
example, aqueous extract of E. tirucalli has revealed 
significant antibacterial activity for various bacterial 
strains, and fungi such as Candida albicans (Singh and 
Vidyasagar, 2015; Bhalodia and Shukla 2011). Some 
authorities have suggested that its healing property is due 
to action of phytoconstituents of this plant particularly 
flavonoids, tannins and steroids (Kane and Bhandari, 
2013; Bhalodia and Shukla 2011). Different solvents were 
used to extract various phytochemicals depending on their 
solubility or polarity in the respective solvent. En hydro-
alcoholic (70% aqueous ethanolic) extract might have 
higher solubility for more phytochemicals. Similarly, 
antimicrobial activity demonstrated by aqueous extract 
gives scientific evidence for plant use in treatment of 
diseases as per traditional system of medicines; since 
most traditional healers use aqueous solvent for 
preparation of decoctions in treatment of a disease. The 
above results show that activity of 70% aqueous ethanolic 
extract possesses significant antibacterial and antifungal 
activity. The study also shows the presence of different 
phytochemicals with biological activity that can be of 
valuable therapeutic index. Result of phytochemical 
screening in the current investigation shows that the plant 
is rich in flavonoids, tannins and phenolic compounds 
besides saponin, triterpenoids, steroids, glycosides, amino 
acids and proteins; these are the chemical constituents 
which impart pharmacological activity to the plant. The 
plant displayed significant antimicrobial activity against 
S.aureus and E. coli due to several triterpenes (Khare, 
2008). Our findings show that aqueous EtOH extract of 
En was found to have high phenolic contents and 
flavonoids. Many flavonoids are medicinal agents 
effective against human diseases, like microbial 
infections, AIDS and cardiac diseases (Jiangrong and 
Jiang, 2007; Noriaki et al., 2005; Carlo et al., 1999; Rice-
Evans & Packer, 1998); flavonoids are also used in 
various foods and pharmaceuticals as preservative 
(Slusarczyk et al., 2009; Chlopcikova et al., 2004). 
 
Current investigation also supports previous findings that 
the antimicrobial activities have a direct relation to 
increasing the concentration (%) of the extract (s) 
(Bhalodia and Shukla, 2011). Results also support 
previous findings that ethanolic/alcoholic extracts display 

Table 3: MIC of En cr & various fractions 
 

Micro-organisms 
Sample Conc. 

E. coli S. aureus S. typhi P. mirabilis C. albicans A. flavus 
En cr 1 15.2±0.51* 11.3±0.53 - - - 11.2±.72* 
En hex 2 - 11.4±.053* - - - 11.2±.058 
En bt 3 - - 11.4±.049* 11.3±.056 14.3±.054* - 
En ch 4 - 11.1±.53 - 15.3±.54* 15.1±.48 - 
En aq 5 - - - 11.3±.59 - - 
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higher antimicrobial activity than water extracts (Al-
Hashimi, 2012). Furthermore, it has been reported that 
large number of different phytochemicals such as 
phenolic compounds and its derivative compounds, fatty 
acid, terpenes, flavonoids and others present in ethanolic 
extract and various fractions can target multiple sites of 
bacterial cells (Oonmetta-aree et al., 2006; Burt, 2004). 
Phenolic compounds have several mechanisms of action 
against microbes, including change in microbial cell 
membrane permeability through accumulation of 
hydrophobic groups disrupting the membrane integrity 
and leakage of intracellular components and eventually 
cell lysis (Wu et al., 2016; Cowan., 1999). Phenolic 
compounds can also affect functions of enzymes like 
synthesis of proteins, DNA and RNA. Terpene 
compounds like phytol, lupeol and amyrin, present in the 
extract may have disrupted microbial cell membrane. 
 
MIC and bactericidal concentrations do not describe the 
time course of a drug's antimicrobial activity against 
bacteria. A few antimicrobial agents demonstrate 
concentration dependent killing over a wide range of 
concentrations, while others show maximum killing at 
concentrations near MIC. High drug concentrations 
(about 10- fold higher than MIC) are required to prevent 
resistant bacterial subpopulations selection. 
 
Time-kill test is most appropriate method for bactericidal 
or fungicidal effect determination. It is a strong tool for 
obtaining information about dynamic interaction between 
anti-microbial agent and microbial strain. Time-kill test 
reveals a time-dependent or a concentration-dependent 
antimicrobial effect. It has been well standardized for 
bacteria, and described in M 26-A document of CLSI 
(Wayne, 1999). These tests are also often used as basis for 
in vitro investigations into pharmacodynamic drug 
interactions. They typically provide descriptive 
(qualitative) information on pharmacodynamics of 
antimicrobials (Craig and Ebert, 1990). The time-kill 
kinetics profile of En cr as well as four fractions against S. 
aureus, E. coli, P. mirabilis, S. typhi and C. albicans is 
shown in figs. 6-10. Time kill kinetic profile against S. 
aureus was noted for En cr and fractions En hex and En 
ch for time intervals 4, 8, 12, 16 and 24 hours (fig. 6). 
Time kill kinetic exhibited by En cr was also noted 
against E. coli for time intervals of 02, 04, 08, 12, 16 and 
24 hours. It was found that in the initial hours it increased 
very well but in between 08-12 hours it remained 
somewhat same, however maximum activity was shown 
at time interval of 24 hours (fig. 7). Time kill kinetic 
profile for En bt against S. typhi was noted for same time 
intervals as for E. coli. Similarly time kill pattern was 
shared by S. typhi, that was observed for E. coli (fig. 8). 
The time-kill kinetics profile of En bt, ch and aq fractions 
against P. mirabilus is shown in fig. 9. The trend shows 
that a gradual increase pattern in efficacy against growth 
reduction at time intervals of 4, 8, 12, 16 and 24 hours 

exists for these three fractions. Time kill kinetic profile 
displayed by En hex and En ch was noted down against 
test organism C. albicans for time intervals 04, 08, 12, 16, 
20, 24 and 48 hours, respectively. In the initial hours up to 
24 hours activity increased to its maximum value. This 
activity was remained same for next 24 hours i.e., at 48 
hours (fig. 10).  
 
CONCLUSION 
 
The study shows that Euphorbia nivulia (70% hydro 
alcoholic) crude extract (En cr) as well as its various 
fractions exhibit good antimicrobial activity against most 
of the tested bacterial and fungal strains; this may help to 
discover new class of antibiotics that could be used as 
selective agents for treatment and control of infectious 
diseases. Our investigation may open the possibility for 
use of locally occurring medicinal plant species in drug 
development for human consumption, possibly for the 
treatment of skin, gastrointestinal, urinary tract, typhoid 
fever and respiratory tract infections. Furthermore, the 
study validates ethno-pharmacological uses of the plant. 
However, investigation for isolation, purification and 
structure elucidation of antimicrobial bio-active 
constituent(s)from the crude extract as well as various 
fractions of this plant species is suggested. 
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