
Introduction

Antibiotics are molecules that kill, or stop the growth of 

microorganisms, including both bacteria and fungi (Bennett and 

Brown, 2003). Antibiotics revolutionized medicine in the 20  th

century and have together with vaccination lead to the near 

eradication of diseases such as tuberculosis in the developed 

world. Their effectiveness and easy access led to overuse, 

especially in live-stock raising, prompting bacteria to develop 

resistance. This has led to widespread problems  antibiotic 

resistance, so much as to prompt the World Health Organization 

to classify antimicrobial resistance as a "serious threat is no 

longer a prediction for the future, it is happening right now 

in every region of the world and has the potential to affect 

anyone, of any age, in any country"( Zafarullah, 2014).

 Now days modern pharmaceutical research is 

concerned with all aspects of identifying new chemical 

substances with new mode of action. Scientists is doing to 

modified conventional dosage form for the propose of 

increasing potency of drug, reducing the cost and amount of 

drug, increasing bioavailability decrease the side effect and 

improving the patient compliance. They are followed the 

novel drug delivery technique, modified dosage form (Atal 

and Bedi, 2010).

Many outcomes can be expected because of antibiotic 

resistance; primarily the treatment is inadequate or failure, 

secondly cost of the treatment increases as existing 

antibiotics became obsolete and new one has to be explored, 
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finally the treatment is time consuming involving huge capital 

(Hawkey, 2008). The development of bacterial resistance to 

presently available antibiotic has necessitated the need to search 

for few antimicrobial agents. Gram positive bacteria such as S. 

aureus is mainly responsible for post-operative wound infection, 

toxic shock syndrome, endocarditis, osteomylitis and food 

poisoning(Benayache et al., 2001). Gram negative bacterium 

such as E. coli is present in human intestine and causes lower 

urinary tract infection, coleocystis or septicaemia (Benhassaini 

H, Enabderrahmane, 2003; Benjilali et al.,1986). Different 

antibiotics exercise their inhibitory activity on different 

pathogenic organisms (Chanda and Rakholiya, 2011). Multiple 

drug resistance in human pathogenic microorganisms has been 

developed due to indiscriminate use of commercial 

antimicrobial drugs commonly used in the treatment of 

infectious diseases. The development of antibiotic resistance is 

multifactorial, including the specific nature of the relationship of 

bacteria to antibiotics, the usage of antibacterial agent, host 

characteristics and environmental factors. Drug resistant 

microbe such as methicillin-resistant S. aureus (MRSA) is a 

major cause of nosocomial infections. MRSA infections are very 

difficult to cure because MRSA strains are resistance against 

almost all clinically available antibiotics. For most MRSA 

strains, glycopeptides-type drugs such as vancomycin are the 

only effective antimicrobial agents. However, vancomycin-

resistant S. aureus (VRSA) has been reported. P. aeruginosa also 

causes nosocomial infections as a result of its ubiquitous nature, 

ability to survive in moist environments and resistance to many 

antibiotics and antiseptics. A main problem is the emergence of 

multidrug-resistant P. aeruginosa strains resistant to different 

antimicrobial agent classes. Perhaps, this high degree of 

multidrug resistance related to the presence of antibiotic efflux 

systems which provide resistance to multiple antimicrobial 

agents (Adwan, 2009).

 Multidrug-resistant Enterobacteriaceae, mostly 

Escherichia coli, produces extended-spectrum β lactamases 

(ESBLs) such as the CTX-M enzymes. These enzymes 

were named for their greater activity against cefotaxime 

than other oxyimino-beta-lactam substrates such as 

ceftazidime, ceftriaxone, or cefepime have emerged within 

the community setting as an important cause of urinary tract 

infections (UTIs). Recent reports have also described 

ESBL-producing E. coli as a cause of bloodstream 

infections associated with these community-onsets of UTI. 

This situation has forced scientists to search for new 

antimicrobial substances from various sources as novel 

antimicrobial chemotherapeutic agents, but the cost 

production of synthetic drugs is high and they produce 

adverse effects compared to plant derived drugs (Darwish 

and Aburjai, 2010; Sibanda and Okoh, 2007).

 Some plants exhibit significant potency against 

human bacterial pathogens. However, at present, plant 

extracts are rarely used as antimicrobials or as a systemic 

antibiotics and this may be due to their low level of activity, 

especially against gram-negative bacteria (Adwan and 

Mhanna, 2008). The concept of bioenhancer is new to the 

modern science. It was first time reported by Bose in 1929, 

who described the increase in the asthmatic effects of 

vasaka (Adhatoda vasica) leaves by the addition of long 

piper to it. A bioenhancer is an agent capable of enhancing 

the bioavailability and the efficacy of a drug with which it is 

co-administered, without any pharmacological activity of 

its own at the therapeutic dose used. They tend to decrease 

the dose activity drug of drug required for the optimal end 

point of the treatment strategy, bypass the need to use 

injectable route of administration to a large extent, might 
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Table 1. Antibacterial activity of ciprofloxacin and cow urine distillate 

Sample Staphyl. aureus E. coli P. auregenosa K. pneumonae

ZOI
(cm)

%
increase

ZOI
(cm)

%
increase

ZOI
(cm)

%
increase

ZOI (cm) % increase

DMSO 0 - 0 - 0 - 0 -
Cipro 3.2 - 3 - 3.5 - 2.05 -

C1 0 - 0 - 0 - 0 -

C2 0 - 0 - 0 - 0 -

C3 0 - 0 - 0 - 0 -

C4 0 - 0 - 0 - 0 -

Ca 3.4 6.25 3.3 10 3.6 2.85 2.15 4.86

Cb 3.6 12.5 3.4 13.33 3.75 7.14 2.41 17.56

Cc 3.8 18.75 3.5 16.66 3.9 11.42 2.65 29.26

Cd 4 25 3.8 26.66 4.2 20 2.95 43.9
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help in overcome the resistance to antimicrobials and saving the 

precious raw materials for the manufacturing of medicines 

(Randhawa and Kullar S, 2011).

Material and methods

Extraction of plant

Powdered roots of Curcuma longa, dried roots of Zinger 

officinalae and dried seeds of Piper nigrum were purchased from 

the local market of Bellur and dried at 40 C for 4 h in hot air oven, o

finely powdered and packed in self-sealing plastic cover until 

further use. Fresh leaves of Moringa oleifera were collected from 

B.G.Nagara in Mandya district. Leaves were separated, dried in 

cool place of laboratory for 5 d, finely powdered and packed in 

self sealing plastic cover until further use. Dried powders were 

extracted with 99% ethanol using a soxhlet extractor apparatus. 

The 100 g power was put in soxhlet thimble and put into a Soxhlet 

thimble tube. 1000 ml of ethanol was added to a Soxhlet flask, 

and then extracted at 60°C until the extract was not clear or about 

8 h. The ethanol was removed under pressure using a rotator 

evaporator (Buchi rota evaporator, Singapore). Then dried 

residue crude extract were stored in dark bottle at 4°C. Cow urine 

distillate was purchased from local market and used as such for 

the experiment.        

Preparation of media plate

The 38 g Muller Hinton agar (Hi-media) powder in one liter of 

deionized water was suspended in a conical flask and sterilized at 

121 C (15 lbs. of pressure) for 20 min, cooled to 40-45 C and o o

pour the molten agar to a depth of ¾ of the sterilized plate in a 

laminar flow then keep the petri dishes horizontally until the 

medium completely solidifies. The petri dishes were turned 

upside-down and stack them up for storage.                             

Bacterial strains 

Strains of E-coli, K. pneumonae, S. aureus, P.aureoginosa were 

used as tested organisms in all antibacterial assays. These ATCC 

grade organism stains were taken from department of 

microbiology, Sri Adichunchanagiri Institute of Medical 

Sciences, B G Nagara (AIMS). Clinical isolates of E. coli, 

and P. aeruginosa were also obtained from AIMS as ATCC 

strains found resistant to ciprofloxacin drug. These 

organisms were selected as they are among many pathogens 

often implicated in food borne outbreak in the world. 

Different strains of bacteria were streaked onto tryptone soy 

agar (TSA) to obtain pure isolated colonies, following a 

standard aseptic technique and the four-way streak plate 

inoculation. Once the isolated colonies were obtained, the 

bacterial strains were enumerated with Mueller Hinton 

broth (MHB) for the next step of the experiment, the 

antimicrobial assay (Buzby, 2002).

Antimicrobial assay

Prepared bacterial concentrations 1.5 x 10  CFU/ml of were 6

spread on to the surface of the Mueller Hinton using sterile 

swabs. Sample was dissolved in 10% DMSO to make 

different concentration 50, 100, 150 and 200 g/ml. The 9 μ

mm diameter bored in sterile Mueller Hinton agar plate and 

added different concentration of sample in to bored accurate 

100 l. Plates were incubated at 37°C for 24 h in upright μ

position and mean value of zone of inhibition was recorded. 

Measured inhibition zone were recorded as mean diameter 

in mm. 

 Determination of minimum inhibitory concentration 

The minimum inhibitory concentration is defined as the 
lowest concentration of the antimicrobial agent that results 
in inhibition of visible growth after incubation at 30°C for 
24 h. Bacterial concentration 1 x 10 CFU/ml was spread by 6 

cotton swap on Mueller Hinton agar plate. This assay was 
performed in a 96 plate. MICs were determined for each 
crude extract and combination with drug in agar plate bye 
cup plate method. Ciprofloxacin alone was used as a 
positive control as a concentration 10 μg/ml and 10% 
DMSO was used as a negative control. The test was carried 
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Table 2. Antibacterial activity of ciprofloxacin and pepper

Sample Staphyl. aures E-coli P. auregenosa K. Pneumonae

ZOI
(cm)

%
increase

ZOI
(cm)

% increase ZOI
(cm)

% increase ZOI
(cm)

% increase

DMSO 0 - 0 - 0 - 0 -
Cipro 3.2 - 3 - 3.5 - 2.05 -
P1 0 - 0 - 0 - 0 -
P2 0 - 0 - 0 - 0 -
P3 0 - 0 - 0 - 0 -

P4 0 - 0 - 0 - 0 -
Pa 3.5 9.37 3.4 13.33 3.9 11.42 2.3 12.2

Pb 3.7 15.62 3.6 20 4.1 17.14 2.68 30.73

Pc 3.9 21.89 3.9 30 4.43 26.57 2.98 45.37
Pd 4.4 37.5 4.3 43.33 4.52 29.14 3.2 56.1
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out in quadrate. Zone of inhibition were measured in mm after 24 
h of growth (Mallam et al., 2012).

Preparation of ciprofloxacin tablet 

Ciprofloxacin tablets were prepared by wet granulation method. 
In this method, CUD is used in place of water; extracts of pepper, 
turmeric and zinger were 75 mg each; poly vinyl pyrrolidone-
K30 (PVP) (5%) as binder, lactose as diluents (qs), magnesium 
stearate (1%) and talc (1%) as flow property enhancers. All 
ingredients were sieved through 60 mesh separately and blended 
in mortar and pestle. Ciprofloxacin granules were prepared by 
using binding solution which was prepared by dissolving PVP in 
CUD, dried at 60 C in hot air oven (Kemi), mixed with lubricants o

and evaluated for its flow properties such as bulk volume, tapped 
volume, bulk density, tapped density and angle of repose. Tablets 
were prepared using Lab press punching machine and post 
compression parameters such as hardness, friability, drug 
content, weight variation, disintegration time, in vitro 
dissolution rate were evaluated. Stability studies at 40 ±75 % RH o

and 30 ±65 % RH were also carried out for 3 mo using stability o

camber (Labtop, Sky lab Instruments and Engineering) (Chandra 
et al, 2013; Moses et al., 2010).

Results and discussion

Powdered roots of C. longa and Z. officinale, dried powdered 
seeds of P. nigrum, and dried powdered leaves of M. olifera, are 
extracted using 99% ethanol and concentrated using rotator 
evaporator. Cow urine distillate is also used as a test sample. 
Antibacterial activity of ciprofloxacin alone and in combination 
with four different concentrations of 50,100,150 and 200 g/ml μ
of extracts in 10% DMSO solution was recorded. 10% DMSO 
solution and ciprofloxacin 10 g/ml acts as negative and positive μ
control. Test samples in all concentrations and negative control 
showed no antibacterial activity however in combination with 
drug showed almost increased activity compared to positive 
control in all four organisms. The activity was found depended 
on the concentration of the extract. These results clearly 
indicated the bioenchancing activity of samples (Figure 1, 2, 3 

and 4). Bioenhancing property was in the following order 
pepper> CUD> turmeric> zinger extracts. Drum stick 
extract did not show any bioenhacing property. 

Figure 1. Antibacterial activity combination of ciprofloxacin and 

CUD

Figure 2. Antibacterial activity combination of ciprofloxacin and 

pepper, ciprofloxacin and zinger

Figure 3. Antibacterial activity combination of ciprofloxacin and 

zinger, ciprofloxacin and turmeric

www.apjonline.in

Table 3. Antibacterial activity of ciprofloxacin and zinger

Sample Staphyl. aureus E-coli P. auregenosa K. Pneumonae

ZOI
(cm)

%
increase

ZOI
(cm)

% increase ZOI
(cm)

% increase ZOI
(cm)

% increase

DMSO 0 - 0 - 0 - 0 -
Cipro 3.2 - 3 - 3.5 - 2.05 -

Z1 0 - 0 - 0 - 0 -
Z2 0 - 0 - 0 - 0 -
Z3 0 - 0 - 0 - 0 -
Z4 0 - 0 - 0 - 0 -

Za 3.3 3.13 3 0 3.62 3.42 2.22 8.3
Zb 3.4 6.25 3.1 3.33 3.75 7.14 2.35 14.63
Zc 3.5 9.58 3.2 6.67 3.89 11.14 3.64 28.78
Zd 3.7 15.63 3.4 13.33 3.92 12 3.76 34.64
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Figure 4. Antibacterial activity combination of ciprofloxacin and 

turmeric

Figure 5. Best antibacterial activity of combination of ciprofloxacin 
and pepper extract in different microorganism (A) Cipro+pepper in 
K.pneumonae P.auregenosa in , (B) Cipro+pepper in (C) Cipro+pepper 
E- coli in S.aureus(D) Cipro+pepper 

Figure 6. Antibacterial activity of combination of ciprofloxacin and 
CUD in different microorganism: (A) Cipro+CUD in (B) K. pneumonae
Cipro+ CUD in  (C) Cipro+CUD in  (D) P. auregenosa E.coli
Cipro+CUD in  S.aureus

Zone of inhibition in K. Pneumonae was increased 
more than 40 % in case of Pc, Pd, Cd, and Td (Figure 5, 6, 7 and 
8). Similarly zone of inhibition of E. coli, S. aereus & P. 
aurigenosa was more than 30 % in case of Pd. Above results 
indicated that the all the herbal extracts and CUD was quite 
active at higher concentration. ATCC strains of E. coli and S. 
aereus was found to be resistant to Ciprofloxacin hence clinical 

isolates were obtained from microbiology department, 
AIMS and continued experiment. Based on the above input, 
herbal extracts of pepper, turmeric, zinger and CUD were 
included in the tablet formulation containing 300 mg of 
ciprofloxacin (Table 1, 2, 3, 4). 

Figure 7. FT-IR spectra of ciprofloxacin

Figure 8. FT-IR spectra of pepper

Figure 9. FT-IR spectra of zinger

An FTIR study was performed to find out the 
suitable interaction between drug excipients in a tablet 
formulation. Ciprofloxacin showed characteristic peaks at 
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Table 4. Antibacterial activity of ciprofloxacin and turmeric

Sample Staphyl. aureus E. coli P. auregenosa K. Pneumonae

ZOI (cm) % increase ZOI (cm) % increase ZOI (cm) % increase ZOI (cm) % increase

DMSO 0 - 0 0 0 -

Cipro 3.2 - 3 3.5 2.05 -

T1 0 - 0 0 0 -

T2 0 - 0 0 0 -

T3 0 - 0 0 0 -

T4 0 - 0 0 0 -

Ta 3.3 3.13 3.1 3.13 3.63 3.13 2.36 3.13

Tb 3.4 6.25 3.2 6.25 3.75 6.25 2.58 6.25

Tc 3.6 12.5 3.4 12.5 3.97 12.5 2.74 12.5
Td 3.8 18.75 3.6 18.75 4.1 18.75 2.92 18.75

1, 2, 3, 4 indicate the concentration of ciprofloxacin in 50, 100, 150 and 200μg/ml respectively and a, b, c and d indicates the combination concentration of 
ciprofloxacin and pepper in 50, 100, 150 and 200 g/ml, respectively.μ
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Figure 10. FT-IR spectra of turmeric

Figure 11. FT-IR spectra of cow urine distillate

Figure 12. FT-IR spectra of combination of ciprofloxacin, pepper, 

zinger, turmeric and urine distillate

3531.004 cm  due to hydroxyl group O-H stretching vibration, -1

intermolecular H-bonded, 2930.54 cm  due to aromatic, -1

cyclicenes, 1701.62 cm  due to CO group of acid peak -1

assignment C=O stretching vibration, at 1621.06 indicate 
quinolines because N-H bending vibration, at 1492.42 indicate δ
carbonyl group because C-O, at 1307 .19 peak assignment by υ
δO-H bending vibration and at 1023.33 indicate fluorine group 
due to C-F stretching. Moreover, same peaks were observed for 
the mixture of drug with different herbal extract pepper, 
turmeric, zinger, and animal product cow urine distillate 
respectively. Hence, it was found that all the herbal extract and 
animal product used in formulations were compatible with 
ciprofloxacin (Figure 9, 10, 11 and 12). 

Flow property of the granules was found to good. The bulk 
density, tapped density and cars index was found to be 0.538 
gm/ml, 0.622 mg/ml and 15.78 respectively. The Hunser's ratio 
and angle of repose was 1.18 and 22.1C respectively.  The 
hardness of the tablet was about 4 Kg and friability was below 
0.18 %. The drug content was above 98% well within the 
specified limit. Disintegration time was found to below 15 min.  
In vitro release studies showed 90 % release in 75 min (Figure 

13). This delay may be due to binding nature of herbal 
extracts.   

Figure 13. Cumlative % drug release of tablet formulation

The release kinetics of tablet was fitted into zero, first, 
Higuchi and Korsmeyer models where 'r' was for first order 
release, zero order and Higuchi's was 0.949, 0.877 and 
0.975. It was understood to be predominant Higuchi's 
release pattern. Further, to understand the drug release 
mechanism, the data were fitted into Peppas exponential 
model M /M =Kt , where M /M  is the fraction of drug t a t a

n

released after time 't' and 'K' is kinetic constant and 'n' is 
release exponent which characterizes the drug transport 
mechanism. The values 'n' was in the 0.928. The 
formulation indicating Class II transport release 
mechanism ('n' values is n>0.89). 

An accelerated stability study as per ICH norms was 
performed for the formulation for 60 days at, 40C/75% RH. 
The stability of the tablet was found be in limit and observed 
no change in the physical appearance, release nature and 
drug content. 

Conclusion

Ethanolic extracts of pepper, turmeric, zinger and cow urine 
distillate are potential candidates to enhance the activity of 
ciprofloxacin. Hence these can be named as bioenhancers. 
Bioenhancing activity is concentration dependent; as 
concentration increases the antimicrobial activity of 
ciprofloxacin increases. The antibacterial activity 
improved in the following order for extracts pepper > CUD 
> turmeric > zinger. This study also suggests that tablets 
with herbal extracts could be formulated with no significant 
drug excipients interaction and kept stable for longer time. 
Further clinical evidence is required to study in animals and 
in humans.   
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