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Introduction 
 

Urinary tract infections still remain the most 

commonly observed disease in any 

community settings. It is also one of the 

most frequently occurring nosocomial 

infections (Gastmeier, 1988). Indiscriminate 

use of antibiotics over the years has 

accompanied the evolution of antibiotic 

resistance (Gupta et al., 2011; Talan et al.,  

 

 

 

 

 

 

 

 

 

 

 

 

2008), which is now a worldwide 

phenomenon. The epidemiology of 

antibiotic resistant bacteria, however, varies 

from region to region and from one infection 

type to another. It also differs from one year 

to another (Wagenlehner and Naber, 2004).  

 

Antibiotic resistance is an increasing 
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Growing incidence of β-lactam resistance mediated by Extended Spectrum β-

Lactamases (ESBLs) and Metallo-β-lactamases (MBLs) is a major concern due to 

their extreme resistance towards the commonly used antibiotics. The present study 

was undertaken to determine the in-vitro effect of antibiotic encapsulated 

micro/multiple emulsions on clinical isolates of 68 ESBL and 7 MBL-producing 

uropathogens by agar diffusion method. The water in oil (w/o) microemulsions of 

amoxicillin (particle size 11-15nm) and ceftazidime (particle size 17-19nm) did not 

exhibit antibacterial activity. However, water in oil in water (w/o/w) multiple-

emulsion of both the drugs exhibited activity. Further, the effect of glyceryl 

dilaurate (GDL), a lipid emulgent having inherent antibacterial activity was 

studied. Ceftazidime multiple emulsions, with and without GDL showed zones of 

inhibition against all test uropathogens in the range of 11-32mm. Amoxicillin 

w/o/w multiple-emulsion without GDL was found to be ineffective. However, in 

presence of GDL, comparatively better activity was observed with zones of 

inhibition in the range of 10-13mm. All micro/multiple emulsions showed a PDI 

(Poly Dispersity Index) between 0.1-0.3. This study hereby indicates the potential 

of antibiotic micro/multiple emulsions to be used effectively for intracellular 

targeting. 
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problem in urological practices, the main 

reason being the exhibition of resistance by 

the pathogens towards more than one 

antibiotic due to the presence of multiple 

resistance genes (Ruiz et al., 2013; Sirot et 

al., 1991; Charrakh et al., 2011). 

 

The common problems faced in combating 

pathogens are their ability to evolve as a 

resistant mutant by either acquiring 

resistance by horizontal gene transfer 

(Cotton et al., 2000) or expressing inherent 

resistance genes which are vertically 

transferred (Platt et al., 1986). In such cases, 

the production of enzymes hydrolyzing the 

frequently encountered antibiotics remains 

the most commonly observed resistance 

mechanism by pathogens. Since, the 

antibiotics are hydrolyzed even before they 

reach the cell due to externally produced 

enzymes, they are rendered ineffective. 

 

β-lactamases are one such enzymes that has 

almost ceased the use of most β-lactam 

antibiotics in clinical practices for 

countering UTIs. Amoxycillin, once used as 

a first-line therapy for UTIs, is now rarely 

effective in complicated cases of UTI. Third 

generation cephalosporins such as 

ceftazidime, cefotaxime and ceftriaxone 

which are now preferred for bacterial UTIs 

are also reported to be hydrolyzed by 

production of Extended spectrum β-

lactamases (ESBLs) and Metallo-β-

lactamases (MBLs). ESBLs are enzymes 

capable of hydrolyzing oxyimino-

cephalosporins and are inhibited by β-

lactamase inhibitors (Bush et al., 1995). 

MBLs are bacterial zinc enzymes that are 

able to hydrolyze most β-lactam antibiotics, 

including the newer compounds like 

carbapenems, and are not inhibited by the 

available therapeutic β-lactamase 

inactivators (e.g. clavulanate and 

penicillanic acid sulphones). The incidence 

of ESBL and MBL producing strains among 

clinical isolates has been steadily increasing 

over the past years resulting in limitation of 

therapeutic options (Podschun et al., 1998).  

 

For this reason, it is not only important to 

design the most appropriate new drug for 

empirical therapy, but it is equally necessary 

to modify the drug delivery system in a way 

that makes the existing antibiotics useful. 

This can be done by studying the 

mechanism of antibiotic resistance and 

challenging the bacterial defense system 

with innovative mechanisms that can prove 

useful in combating infectious diseases such 

as UTI. Over the decades, the strategy for 

effective delivery of antibiotics has been 

gradually shifting towards the use of nano-

carriers based on the fact that they can 

deliver the drug more efficiently inside the 

cell owing to their particle size and excipient 

properties (Nagahara et al., 1998).  

 

A simple approach towards the problem of 

extracellular hydrolysis of antibiotics can be 

overcome by intracellular targeting of drugs. 

This can be done by encapsulating it in a 

stable nano-system that prevents the 

hydrolysis of drugs in the external vicinity 

and allows easy permeation through the cell 

membrane of the pathogens. Since micro-

emulsions are thermodynamically stable 

solutions, with ultra-low interfacial tension, 

large interfacial area and inner structure of 

nanodroplets, they can solubilize a varied 

number of soluble as well as partly soluble 

drugs, as well as other biologically 

important components (Spernath and Aserin, 

2006). Moreover, the ease of formulation of 

micro-emulsion favors its use in 

pharmaceuticals where the pathogens can be 

exposed to the optimum concentration of 

drugs using such systems (Fattal, 1992). 

Another important nano-system of interest is 

multiple emulsions which are complex poly-

dispersed systems that provide addition 

stability to formulations especially designed 
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for oral delivery to prevent inactivation of 

drug in the acidic environment of the gastro-

intestinal tract (Khan et al., 2006). 

 

The current study was carried out with an 

attempt to investigate the effect of 

ceftazidime and amoxicillin loaded 

micro/multiple emulsions formulated with or 

without GDL, on ESBL and MBL producing 

uropathogens.  

 

Materials and Methods 

 

Chemicals 
 

Capryol
®
 90 (Propylene Glycol 

Monocaprylate) obtained from Indchem 

International (Mumbai, India) was used as 

an emulsifying agent during the formulation. 

Transcutol
®
 P, Diester (Gattefosse, Mumbai, 

India), Tween
®

 20 (S.D. Fine Chemicals, 

Mumbai, India) and Solutol HS 15 (BASF) 

were used as non-ionic surfactants in the 

preparation of micro/multiple emulsions. 

Other oils used in the formulation of 

multiple emulsions were labrafac, oleic acid, 

capmul MCM. 

 

Micro/multiple Emulsions Formulation 
 

The micro/multiple emulsions were prepared 

as per the method described by Uson et al 

(2004) and Porrasa et al (2004) previously. 

In the present study, since both the drugs 

were hydrophilic, w/o type micro-emulsion 

was prepared. However, many a times, the 

problem which arises due to such binary 

phase emulsion is that the drug may leach 

out due to single barrier and hence it may 

not serve our purpose to encapsulate the 

drug in the micro-emulsion formulation to 

protect it from the acidic environment 

(Constantinides and Scalart, 1997). Keeping 

this in mind w/o/w multiple-emulsion 

system was prepared to get the desired effect 

of the drug against the pathogens. Various 

surfactants were screened on the basis of 

HLB (hydrophilic lipophilic balance) value 

and solubility of the antibiotics. 

 

Formulation of w/o type micro-emulsions: It 

was prepared by dissolving 1g of drug in 

100ml double distilled water. To this 

mixture, transcutol P was added to stabilize 

the emulsion. Caproyl 90 was then added as 

the oil phase with continuous stirring at 

750rpm to form the micro-emulsion system. 

Different ratios of water surfactant mixture 

to oil were studied to minimize the use of 

both. 

 

Formulation of w/o/w type multiple-

emulsion: It was prepared by solubilizing 

the antibiotic in the water/surfactant mixture 

which was then added to the previously 

optimized oil with continuous stirring. 

Solutol HS 15 was added to stabilize this 

system with the external water phase. 

 

Formulation of w/o/w type multiple-

emulsion with GDL: It was prepared as per 

the previous method except that during the 

first stage of formulation of water/surfactant 

mixture, GDL was added. This was done to 

explore the possibility of any further 

enhancement of antibiotic activity 

(Patravale, 2011; Joshi et al., 2008). 

 

Characterization of Micro/multiple-

emulsion Formulations 
 

The formulations were optimized to get the 

nano size and good Poly Dispersity Index 

(PDI). The resultant micro/multiple 

emulsions were analysed for particle size at 

various time points and at various dilutions 

to check the thermodynamic and overall 

stability. 
 

Determination of Mean Particle Size and 

Poly Dispersity Index (PDI) 

 

The average size of the antibiotic 

micro/multiple emulsion was measured 
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using a Zeta-sizer model Nano-ZS, Malvern 

Instrument, which works on the principle of 

dynamic light scattering. The instrument has 

a 4 mW He-Ne red laser at 633nm.  The  

light  scattering  is  detected  at  173° by 

non-invasive back-scatter (NIBS) 

technology  with  measuring range  from 

approximately 0.6 nm to 6µm. The samples 

were placed in the folded capillary cells and 

the readings obtained for particle size and 

PDI were recorded (Elnaggar et al., 2009). 

 

Effect of Dilution on Particle Size and 

PDI 

 

Different dilutions of the micro/multiple 

emulsions were prepared using saline and 

the resultant particle size and PDI were 

measured to check the compatibility with 

large volume intravenous fluids. 

 

Test Organisms 

 

Drug resistant gram negative uropathogens 

were collected from local pathological 

laboratories and hospitals and characterized 

for ESBL and MBL production in our 

laboratory in a previous study (Aruna and 

Tariq, 2012; Tariq and Aruna, 2015). Sixty 

eight ESBL and seven MBL-producing 

uropathogens were used in the study as 

listed in table 1.  

 

These isolates were maintained on Luria-

Bertani (LB) agar slants supplemented with 

100μg/ml of ampicillin and stored at 

refrigerated conditions. 

 

Qualitative In-vitro Evaluation of Drug 

Solubilized Micro/multiple Emulsion by 

Agar well Diffusion Method 

 

The effect of drug solubilized 

micro/multiple emulsion on the test 

pathogens, were assayed by agar well 

diffusion method as described by Toda et al 

(1989). A loopful of the test isolates were 

inoculated in 10ml of Brain Heart infusion 

(BHI) broth and incubated at 37°C for 24h 

in order to obtain actively growing log phase 

cultures. Sterile 20ml of molten nutrient 

agar was cooled to approximately 40°C and 

0.4ml test culture (0.1 O.D. at 540nm) was 

seeded and poured into sterile petri plates. 

Using a sterile cork-borer (8mm in 

diameter), wells were punched in each plate 

after solidification of the medium. 50µl of 

different concentrations of micro/multiple 

emulsion was then added to the wells and 

incubated at 37°C for 24h to observe the 

zones of inhibition. Control wells were also 

set up using 50µl of micro/multiple 

emulsions prepared without antibiotics to 

check for antibacterial activity of the 

surfactants if present. 

 

Statistical Analysis 

 

All studies were carried out in triplicates and 

results were recorded as mean.  

 

Results and Discussion 

 

Use of micro/multiple emulsions in targeting 

epithelial cells and macrophages to get rid of 

intracellular pathogens is well known for 

decades (Tulkens and Trouet, 1978; 

Tomioka et al., 1991; Price et al., 1994). 

However, recently the studies are more 

focused on targeting the pathogens itself for 

delivering the antibiotics (Saranya et al., 

2012; Karthikeyan et al., 2012). This study 

was carried out to study the in-vitro effect of 

antibiotic micro/multiple emulsions on 68 

ESBL and 7 MBL producing uropathogens. 

 

Micro/multiple Emulsion Formulation 
 

In the present study, amoxicillin and 

ceftazidime encapsulated micro/multiple 

emulsions were prepared aiming at the 

formulation of thermodynamically stable 
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drug delivery systems which can protect the 

drug from degradation in the systemic and 

local environment produced by the resistant 

bacterial strains.  

 

The system was prepared on the basis of the 

nature of solubility of the drug. Since both 

the antibiotics used in the present study were 

highly hygroscopic in nature and hence 

highly water soluble, the W/O system was 

prepared using caproyl 90 as the oil phase. 

Other oils which were used for the 

micro/multiple emulsions formulation were 

capmul MCM, oleic acid and labrafac which 

fall under the GRAS (generally regarded as 

safe) category of oils. Traditionally 

thermodynamically stable micro/multiple 

emulsions have been prepared on this 

principle (Trotta, 1999; Panayiotis et al., 

1994). The systems containing oils, other 

than capmul MCM however, turned turbid 

on the addition of saline to the systems. This 

is an indication of unstable system. Other 

studies have also been carried out that shows 

formulation of more stable micro/multiple 

emulsions in presence of capmul MCM 

(Khoo et al., 1998; Constantinides et al., 

1996).  

 

Surfactants were selected on the basis of 

their respective HLB values. Surfactants 

with higher HLB value are used in 

formulation of micro-emulsion, since, low 

HLB value surfactants will solubilize the 

oils and thus prevent the formation of 

separate phases for trapping the drug 

molecules (Constantinides et al., 1996). 

Since oil was used as the continuous phase 

for w/o system, Transcutol P was used as the 

surfactant. Similar principles were used 

while formulating w/o/w multiple-emulsion 

where Transcutol P and Solutol HS 15 were 

used as the internal and external surfactants 

respectively. In this case, oil was acting as a 

continuous phase internally and water was 

acting as a continuous phase externally. 

 

The emulgent i.e GDL was further added to 

see if it helps in enhancing the overall 

activity of the antibiotics loaded multiple 

emulsions. The interesting observation 

found was the multifold reduction in 

emulsion size by addition of GDL. This may 

be due to the additional surfactant property 

provided by GDL, which causes the 

formation of compact and stable nano 

structures. 

  

Determination of Mean Particle Size and 

Poly Dispersity Index (PDI) 

 

Figure 1 shows the particle size distribution 

and Figure 2 shows the PDI of the various 

micro/multiple emulsions. The particle size 

was found to be below 25nm in case of w/o 

emulsions while w/o/w multiple emulsions 

were found to be in the range of 150 to 

200nm. Interesting observation was made on 

the addition of GDL to w/o/w multiple 

emulsions where the particle size was 

reduced by multiple times to less than 30nm.  

 

The PDI was found to be less than 0.3 in all 

cases indicating uniform particle size 

distribution. 

 

The effect of dilution on particle size and 

PDI was carried out using Malvern particle 

sizer in order to check the thermodynamic 

stability of the system. Each formulation 

was diluted 5X, 10X and 50X times. Figures 

3 and 4 indicate the effect of dilution on the 

particle size and PDI respectively. 

 
The extent of dilution in case of amoxicillin 

loaded w/o micro emulsion did not show 

significant effect till 10 fold dilution. But it 

showed dramatic effect on the particle size 

upon 50 fold. As shown in figure the particle 

size increased from 20 nm to 50 nm on 50 

fold dilution. 

 

http://www.sciencedirect.com/science/article/pii/S0378517397002482
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In case of w/o/w and w/o/w with GDL 

however, the effect was not much significant 

at all the dilutions. No phase separation was 

seen in any of the multiple emulsion 

prepared. This shows an excellent 

thermodynamic stability of the system.   

 

Usually drug delivery by w/o micro-

emulsions for oral or parenteral route is 

difficult by the fact that they are destabilized 

extensively by an aqueous phase (Narkhede 

et al., 2014). This can be seen in our study 

too when w/o microemulsion is diluted 

beyond 50 times. Due to the increase in the 

volume, fraction of the aqueous phase to 

surfactant is also increased which also 

causes change in the ratio of water to oil. 

This ultimately leads to the droplet size 

increase and percolation eventually. If 

continuous dilution takes place then phase 

inversion or separation may occur which 

may results in load dumping (Muzaffar et 

al., 2013). 

 

Phase inversion phenomenon which might 

take place in case of w/o micro emulsion, on 

dilution with the aqueous phase does not 

happen in o/w or w/o/w kind of 

micro/multiple emulsions.  

 

Also both the drugs in the current studies are 

hydrophilic so increase in the volume 

fraction of the aqueous phase to the 

surfactant doesn’t result in the dramatic or 

major changes in the particle size. This 

particular property of these micro/multiple 

emulsions prepared will be helpful post-

delivery of the formulation as it will result in 

the controlled release in the in vivo 

environment. 

 

Qualitative In-vitro Evaluation of Drug 

Solubilized Micro/multiple Emulsions by 

Agar well Diffusion Method 

 

Amoxicillin w/o micro-emulsion as well as 

w/o/w multiple-emulsions did not show 

antibacterial activity against the test 

pathogens. This may be explained by the 

fact that all test isolates used in the study 

were resistant to amoxicillin as well as 

ceftazidime and, drug encapsulated micro-

emulsions can be used for enhancement of 

antibacterial activities only, if present. 

Inherent resistance in pathogens may occur 

due to reasons like presence of efflux 

systems, intracellular enzymes, alteration of 

drug binding proteins on their surface etc. 

(Wagenlehner and Naber, 2004). This 

allows proliferation of pathogens even in 

presence of high concentrations of 

antibiotics. Since amoxicillin was used as a 

first line drug for treatment of infections 

since a very long time, it is apparent to 

experience resistance of pathogens towards 

this antibiotic. In a longitudinal study 

carried out in Mumbai for a period of 15 

years has shown development of resistance 

towards amoxicillin and similar antibiotics 

among 75% of uropathogens by 1980s 

(Acharya et al., 1989). Most of ESBL and 

MBL producing uropathogens are 

completely resistant to amoxicillin as 

observed in recent studies (Aruna and Tariq, 

2012; Tariq and Aruna, 2015). 

 

Contrary to amoxicillin, ceftazidime is a 

third generation cephalosporin antibiotic, 

introduced during 1985 in the Indian 

markets (Acharya et al., 1989). The 

resistance to this antibiotic is not as 

widespread as amoxicillin. However, most 

of ESBL and MBL producers exhibit 

resistance towards this antibiotic (Aruna and 

Tariq, 2012; Tariq and Aruna, 2015). In our 

study, ceftazidime w/o micro-emulsion was 

found to be equally ineffective as compared 

to amoxicillin. However, w/o/w multiple-

emulsions of ceftazidime showed 

appreciable zones of inhibition (in the range 

of 11-32 mm) against the test pathogens 

(Table 2).  
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Table.1 Test Organisms used in the Study 

 

 

Pathogens ESBL producer MBL producer 

Escherichia coli 39 3 

Klebsiella pneumoniae 8 2 

Proteus mirabilis 4 - 

Proteus vulgaris 3 - 

Pseudomonas aeruginosa 3 1 

Citrobacter amalonatius 1 - 

Citrobacter diversus 9 1 

Enterobacter aerogenes 1 - 

Total 68 7 

 

 

 

Table.2 Effect of Micro/multiple Emulsions on Test Pathogens 

 

 

Isolates 

Zone of inhibition range in mm (n=75) 

500 μg/ml ceftazidime 

multiple-emulsion 

500 μg/ml Amoxicillin 

nano-emulsion 

E
m

u
ls

io
n

 

co
n

tr
o
l 

A
n

ti
b

io
ti

c 

C
o
n

tr
o
l 

w/o/w 
w/o/w with 

GDL 
w/o/w 

w/o/w with 

GDL 

ESBL producers 

E. coli 11.33-30.28 11.67-32.82 - 10.52-11.66 - - 

P. aeruginosa 17.28-22.67 12.66-20.92 - - - - 

K. pneumonia 17.52-38.84 16.33-22.58 - 12.67-12.82 - - 

Citrobacter  spp. 13.92-36.33 12.68-24.33 - 10.75-12.58 - - 

Proteus spp 12.67-23.33 12.33-26.33 - 10.66-12.72 - - 

MBL producers 

E. coli 15.33 13.66 - - - - 

E. coli 32 12.33 - - - - 

P. aeruginosa - 16 - - - - 

E. coli 30.66 24.33 - 11.66 - - 

P. aeruginosa 22.66 22 - 12 - - 

K. pneumonia 21.33 17.33 - - - - 

C. amalonatus - 23 - - - - 

 

 



Int.J.Curr.Microbiol.App.Sci (2016) 5(2): 190-201 

197 

 

Figure.1 Particle Size Distribution of Formulations 

 

 
 

Figure.2 Poly Dispersity Index Distribution of Formulations 

 

 
 

 

Figure.3 Effect of Dilution on Particle Size of Formulations 
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Figure.4 Effect of Dilution on Poly Dispersity Index of Formulations 

 

 
 

 

In addition to inherent resistance, ineffective 

antibacterial activity may be a result of 

reduced stability of drugs carriers, less than 

optimum drug concentration etc. The higher 

activity of w/o/w multiple emulsions may be 

due to their higher kinetic stability owing to 

the presence of many surfactants and hence 

higher exposure of the pathogens (Shinoda 

and Lindman, 1987). Unlike similar 

antibacterial studies carried out (Al-Adham 

et al., 2012; Teixiera et al., 2007), where 

solubilization of hydrophobic drugs was the 

key aim, this study was carried out to 

prevent the hydrolysis of β-lactam 

antibiotics by extracellular β-lactamase 

enzymes. This is possible only in presence 

of a kinetically as well as 

thermodynamically stable system as 

observed in w/o/w multiple-emulsions of 

ceftazidime. To the best of our knowledge, 

this is the first study carried out to evaluate 

the enhancement of antibacterial efficacy of 

antibiotic loaded micro- and multiple-

emulsions against uropathogens, by 

preventing extracellular hydrolysis of the 

same. 

  

The antimicrobial activity of ceftazidime 

loaded w/o/w multiple-emulsions was 

comparatively lower but appreciable zones 

of inhibition (in the range of 11-25 mm) 

were observed on addition of GDL. 

Reduction of particle size in presence of 

GDL may be due to the additional surfactant 

property provided by it. Decrease in particle 

size with or without enhancement of 

antimicrobial activity can help in the 

preparation of specific emulsions where 

particle size is of prime importance. 

 

In conclusion, the study shows the possible 

use of antibiotic encapsulated 

micro/multiple emulsions in targeting the 

pathogens that produce extracellular 

enzymes like β-lactamases. With the use of 

such micro/multiple emulsions the existing 

antibiotics can be useful in combatting 

infections by drug resistant bacteria, which 

are otherwise ineffective or requires 

extremely high dose for its activity. 
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