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Abstract:  

Aim: To determine role of Alendronate in inhibiting in-vitro drug resistance transfer  among nosocomial bacterial isolates. 

Background: Majority of Gram negative bacterial isolates from hospitalized patients are becoming  resistant to extremely 

large number of antibiotics. This poses a major problem in treatment of infections caused by such pathogens. Any newly 

introduced antibiotic loses its efficiency in short  span of time.  Hence we have tried a new drug in-vitro that has the 

potential to overcome problem  of transferable drug resistance. 

Material & Methods:  This study was carried out in the Department of Microbiology, Seth G.S. Medical College & 

K.E.M.Hospital, Parel, Mumbai-12;over a period of 18 months from  April-      2009 to November 2010. Total of 30 strains 

of antibiotic resistant Gram negative bacteria capable of transferring resistant markers in-vitro conjugational crosses were 

included in this study. Conjugational crosses of donor & standard recipient E.coli K12 F—Lac+ NalR strain were made in 

duplicate ( one plain & second set with alendronate). Antibiotic susceptibility pattern of transrecipient E.coli from both sets  

were compared to evaluate efficacy of alendronate. 

Results: Out of 30 multidrug resistant donor strains tested , conjugational transfer of some resistance  markers was inhibited 

by alendronate in 19 (63.3%) strains.  

Conclusion: Alendronate even at a very low concentration of 1µgm/ml could inhibit transfer of some  resistance markers in 

about 63% strains tested in this study. Combination of antibiotics with alendronate may prove effective in inhibiting R-factor 

transfer even in-vivo.   
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Introduction: 

Nosocomial infections are those which are acquired 

by the patients following hospitalization, which 

appear 48 hours or more after hospitalization. A 

number of causes have been stated for their 

occurrence. These include: 1. Hospital has a large 

number of people who are sick & with weakened 

immunity. 2. Movement of medical staff from 

patient to patient, provides a way for pathogen to 

spread. 3. Many medical procedures bypass the 

body's natural protective barriers. 4. Protocols,  

equipment sterility, washing & other preventive 

measures may get compromised occasionally due 

to work pressure 5. Patients are prescribed 

antibiotics & other drugs to help treat their illness, 

but which may at times exert selection pressure for 

the emergence of resistant bacteria.
[ 1, 2 ]

   

Development of drug resistance & its rapid spread 

amongst Gram negative bacteria isolated from 

hospitalized patients has posed serious problems in 

management of these infections. Although 

antibiotic therapy has been the leading cause for 

dramatic rise of the life expectancy in 20th century, 

disease causing microbes have become resistant to 

antibiotics at an alarming rate. Bacteria causing 

infections are remarkably resilient & have devised 
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several ways to resist any newer form of antibiotic. 

Increasing use & misuse of existing antibiotics in 

humans, veterinary medicine & agriculture has 

certainly compounded this problem.
[3,4]

      

Nowadays pretty large number of bacteria (>50%) 

that cause infections in hospitalized patients are 

resistant to at least one of the drugs most 

commonly used for treatment. Some bacteria are 

now resistant to all approved antibiotics & can only 

be treated with experimental & potentially toxic 

drugs. Unless antibiotic resistance problems are 

detected as they emerge & action is taken 

immediately to contain them, society will be faced 

with previously treatable diseases that have again 

become untreatable 
[5]

. Bacteria can become 

resistant to antibiotics by virtue of mutation. This is 

because bacteria divide in few minutes, allowing 

them to evolve very rapidly & adapt quickly to new 

environmental conditions. With each 

multiplication, mutations arise & some of these 

mutations help an individual microbe survive 

exposure to an antimicrobial. 
[6] 

Bacteria can also acquire genes from each other via 

bacteriophage (transduction) or via conjugation. 

Some of these genes can make a bacterium highly 

resistant to one or multiple antibiotics, especially 

those carried on transferable R-plasmids. This type 

of spread of multiple drug resistance occurs at very 

high rate among Gram--ve  & also in Gram +ve 

bacteria of clinical origin. Inappropriate use of 

antibiotics, faulty dosages & use of antibiotics 

when they are not needed at all, adds to the 

selective pressure encouraging emergence & spread 

of drug resistant bacteria 
[7] 

Several ways of tackling the problem of antibiotic 

resistance have been suggested. One of these ways 

is, role of some plant products in exerting 

inhibitory effect on the process of R-factor 

conjugal transfer 
[8,9,10]

 . Combination of 

5'methoxyhydrocarpine & Berbine in herbs like 

Hydrastis Canadensis & Berberis vulgaris have 

been shown to block multiple drug resistance 

pumps that cause multiple drug resistance. This 

was demonstrated in Staphylococcus aureus by 

Stermitz, et al 2000 
[9]

. Beg   & Ahmad 2000 
[8]

, 

reported effect of Plumbago zeylanica extract on 

multiple drug resistant bacteria of clinical origin. 

Its alcoholic extract showed curing of plasmid in 

14% strains compared to Ethidium bromide which 

could cure plasmids from 36% while Acridine 

orange could cure plasmids from 14% strains.  

 In a very interesting article Lujan,et al 2007 
[11]

; 

used cell based assays to demonstrate that 

Bisphosphonate group of compounds were highly 

effective at preventing DNA transfer & at 

selectively killing cells harbouring conjugative 

plasmids. These compounds have been in use for 

treatment of bone osteoporosis in orthopaedics for 

many years.  This study demonstrated that these 

compounds specially targeted the DNA relaxases 

required to initiate & terminate the process of 

bacterial conjugation. Etidronate, Alendronate & 

Clodronate were found to be effective in killing F+ 

cells & preventing the conjugative DNA transfer. It 

was also observed by these workers that transfer of 

some R-plasmids in drug resistant bacteria could be 

prevented by using Bisphosphonate group of 

compounds.  

 Clinical studies have been performed to investigate 

the pharmacokinetics and pharmacodynamics of 

alendronate, an inhibitor of bone resorption for the 

treatment of osteoporosis. Alendronate is one of the 

most potent bisphosphonates currently undergoing 

clinical investigation (> 100-fold more potent than 

etidronate in vivo).  When taken after an overnight 

fast, 2 h before breakfast, the oral bioavailability of 

alendronate averages approximately 0.75% of dose 

with substantial variability (coefficient of variation 

55%-75%) both between and within subjects.
[12] 
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In an editorial of Future Microbiology Potts, et al 

2008
[13]

 recommended use of some newer strategies 

for combating the serious problem of antibacterial 

drug resistance in clinically important bacteria. One 

of their recommendations was making use of 

Bisphosphonates in management of multidrug 

resistant bacterial infections along with antibiotics. 

Thus in the present study we decided to work on 

Alendronate, Bisphophonate group of drug 

available in the market & which is used in our 

orthopaedic department for treatment of patients 

suffering from osteoporosis. We were interested in 

detecting if presence of alendronate during in-vitro 

conjugation in broth culture resulted in inhibition 

of drug resistance transfer process between donor 

& recipient bacteria. 

Material & methods:  

A) Preparation of Donor & Recipient culture & 

the Alendronate solution.  

1. Pure cultures of 20 Gram negative multidrug 

resistant bacteria isolated from various clinical 

specimens of patients admitted in our hospital in 

our routine clinical bacteriology section were 

selected as donor strains in this work. The study 

included 6 strains each of  the genus Klebsiella 

pneumoniae, Proteus mirabilis,  Acinetobacter 

baumannii, Pseudomonas aeruginosa  & 

Escherichia coli. Only those strains of these 

bacteria which were confirmed to be donor strains 

capable of transferring drug resistance markers in-

vitro as per our prior study were included in the 

present study. All the donor strains were sensitive 

to Nalidixic acid. 

2. A standard Reference strain of E.coli K12F-Lac+ 

NalR   was isolated in pure culture on MacConkey's 

agar & was used as Recipient strain in this study. 

This strain of E.coli was sensitive to all the 

antibiotics but was resistant to Nalidixic acid.  

3. Alendronate tablet   of 10 mgm strength was 

dissolved in 10ml.sterile distilled water so as to get 

a concentration of (10,000 µgms in 10 ml) i.e. 1000 

µgms/ml.  

4. This was further diluted to 1:10 in sterile 

distilled water to get a concentration of 100 

µgms/ml. 

5. This was further diluted to 1:10 to get a 

concentration of 10 µgms/ml. 

5. These dilutions were preserved in the refrigerator 

at 4
0
 C

 
 till further use.  

6. Best concentration of Alendronate for the 

experiment was determined by doing few pilot 

experiments as per method explained by Lujan, et 

al. 2007
[11] 

7. We observed that 1 µgms/ml was the lowest 

concentration that showed best results. 

B) Conjugal crosses:  

1. Pure well isolated colonies of each of the donor 

Gram negative bacterial strain were inoculated in 5 

ml of sterile Trypticase Soya Broth (T.S.B.), 

incubated at 37
0
 C for 3-4 hours. 

2. Pure well isolated colonies of recipient E.coli 

K12 F-Nal
R
 were inoculated in 5 ml of sterile 

T.S.B. & incubated at 37
0
 C for 3-4 hours.  

3. Preparation of conjugal mixture: 5 ml. sterile 

T.S.B. was taken to that 0.9 ml of recipient E.coli 

culture was added & 0.1 ml of donor strain culture 

was added. This mixture was incubated at 370 C for 

24 hours. This was termed as CONTROL mixture. 

Tube-A . 

Similar set of mixture of recipient & donor culture 

was made again to which 0.6 ml of Alendronate 

(10µgm/ml concentration) was added so as to get a 

final concentration of 1µgm/ml in each tube. This 

mixture was incubated at 37
0
 C for 24 hours. This 

tube was called as TEST mixture. Tube-B.     

4. After overnight incubation the mixtures in each 

of these 2 sets (Tube-A & Tube-B) were diluted by 

adding 10 ml sterile saline to each. Both these tubes 

were vigorously agitated on vortex rotator for at 
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least 5 minutes so as to facilitate breaking of 

conjugation bonds.   

5. Subcultures were made from each of these 2 

mixtures separately on MacConkey’s agar plate 

containing Nalidixic acid (40 µgms/ml) so as to get 

well isolated colonies of transrecipient 

E.coli.[14,15,16]      

6. Transrecipient E.coli colonies grown from these 

2 tubes ( Tube-A & Tube-B) were inoculated in 5 

ml sterile T.S.B. separately, their turbidity was 

adjusted with 0.5 McFarland standard tube & were 

subjected to antibiotic  susceptibility test by Kirby 

Bauer’s disc diffusion method.  

7. After spreading the culture on Muller Hinton’s 

agar plate, antibiotic impregnated discs were placed 

aseptically using sterile forceps 
[17]

. About 4 discs 

were placed on one plate & remaining four 

antibiotic discs were placed on one more Muller 

Hinton’s agar plate. These plates were kept in 

refrigerator for 1 hour to allow diffusion of the 

antibiotic & then they were incubated at 370 C for 

24 hours. We used limited antibiotics viz. 

Ampicillin (A), Gentamicin (G), Cotrimoxazole 

(CoT), Amikacin  (AK), Tetracycline 

(TE),Netilmycin (N), Ciprofloxacin ( Cx) & 

Ceftriaxone (Cf) in this study. Depending upon the 

number of resistance markers transferred by donor 

strain, the transrecipient E.coli showed absence of 

inhibition zones around those antibiotic discs.  

8. In case of those strains where some resistance 

markers were transferred to E.coli in control 

mixture ( Tube-A: Plates-A), showing very small or 

no zones of inhibition around those discs & when 

transfer of some of these markers was inhibited by 

Alendronate, there was formation of wide zones of   

inhibition around them (Tube-B: Plates -B), this 

was considered as GOOD effect of Alendronate. 

Just a slight increase in zone of inhibition was NOT 

taken into consideration for Alendronate activity.   

Refer to Photograph  A-1 & B-1; A-2 & B-2 ; A-

3 & B-3( Comparison is made in the number of 

antibiotic discs against which no zones are formed 

as in plate-A & number of antibiotic discs against 

which large zones of inhibition are formed due to 

the inhibitory action of alendronate on R-factor 

transfer of those markers as in plate-B)  

 

Photographs showing comparison between antibiotic susceptibilty of transrecipient e.coli from control mixture 

plate-a-1,a-2,a-3 & transrecipient e.coli from test mixture i.e.in presence of alendronate plate-b-1,b-2,b-3 . 

                                                                                       

 

  

PLATE : A-1  Transrecipient E.coli 

resistant to all 4 antibiotics due to transfer  

of resistance markers. Donor: Klebsiella-5 

PLATE: B-1  Same transrecipient E.coli 

showing sensitivity against 3 antibiotics 

due to action of alendronate. 
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PLATE : A-2  Transrecipient E.coli 

resistant to 3 antibiotics due to transfer  of 

resistance markers. Donor: Pseudomonas-

2 

PLATE: B-2   Same transrecipient E.coli 

showing sensitivity against 2 antibiotics 

due to action of alendronate. 

PLATE : A-3  Transrecipient E.coli resistant to 

all 4 antibiotics due to transfer  of resistance 

markers. Donor: Acinetobacter-3 

PLATE: B-3  Same transrecipient E.coli 

showing sensitivity against 3 antibiotics due to 

action of alendronate. 
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Observations & results:   

TABLE-1  

Strain tested, their resistance profile, resistance markers transferred, & effect of Alendronate on conjugal 

transferability is depicted as follows: 

Bacterial strain Resistance pattern  of Donor 

strain 

Antibiotic markers 

transferred to recipient 

E.coli 

Alendronate inhibited  

transfer of this marker   

Klebsiella 

pneumoniae-1 

A, Cf, AK,N, Cx,CoT,TE A, AK, Cx, TE  A, TE 

Klebsiella-2 A, G, Cf, N, Cx, CoT, TE A, G, Cf,CoT, TE  CoT,TE 

Klebsiella-3 A, G,Cf,N, Cx, CoT,AK  A, G, CoT  Nil 

Klebsiella-4 A, G, AK, Cx, Cf, CoT,TE A, G, AK, Cx, CoT A, G, CoT, AK 

Klebsiella-5 A,G,AK,Cx,,TE,CoT A,G,AK,CoT A,G,CoT 

Klebsiella-6 A,G,AK,TE,CoT A,G,CoT Nil 

Proteus  mirabilis-

1 

A, G,Cf,N, Cx, CoT,AK A, N, Cx, AK A, N 

Proteus -2 A, G, Cf, N,Cx, CoT A,G,Cf, CoT, Cx  Nil 

Proteus-3 A, Cx, Cf, N, CoT, G A, Cx, Cx,G,CoT  Nil 

Proteus-4 A, G,Cf,N, Cx, CoT,AK,TE A, G, CoT, Cf G, CoT 

Proteus-5 A,G,Cx, N, TE,CoT A,G,Cot A,CoT 

Proteus-6 A,G,N,AK,CoT A,G,AK,CoT A,CoT 

Acinetobacter 

baumannii-1 

A, G,Cf,N, Cx, CoT,AK,TE A, G, Cx, CoT, Cf,  A,G,Cx,Cf 

Acinetobacter-2 A, G,Cf,N, Cx, CoT,AK A,G,Cx,CoT, Cf, A A,G 

Acinetobacter-3 A, G, CoT, TE,Cx A, G,CoT, TE A,G,CoT 

Acinetobacter-4 A, G,Cf,N, Cx, CoT,AK A, CT, N, Cx Nil 

Acinetobacter-5 A,G,N,CoT, AK A,G,AK,CoT Nil 

Acinetobacter-6 A,G,AK,N,TE,CoT A,G,AK,N,CoT A,CoT 

Pseudomonas 

aeruginosa-1 

A, G,Cf,N, Cx,TE, CoT,AK A, G, Cx, CoT,TE Nil 

Pseudomonas-2 A, G,Cf,N, Cx, CoT,AK A, G, AK G 

Pseudomonas-3 A, G,Cf,N, Cx, CoT,AK A, G, CoT, AK Nil 

Pseudomonas-4 A, G,N, Cx, CoT,AK A, G, Cx, CoT A, CoT 

Pseudomonas-5 A,G,AK,N,Cx,TE A,G,AK,N A 

Pseudomonas-6 A,G,AK,N,Cx,Cf A,G,AK,N,Cx A,G,Cx 

Escherichia coli-1 A,CoT,N,Cf,TE A,CoT, Cf,TE Nil 

E.coli-2 A, G, CoT, Cx, AK A, G, CoT, Cx A, CoT 

E.coli-3 A, G,Cf,N, Cx, CoT,AK A, CoT, Cx Nil 

E. coli-4 A, G,Cf, CoT,AK,TE A, G, CoT, TE,AK A, G, CoT,TE 
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E.coli-5 A,G,AK,TE,CoT,N A,G,TE,CoT A,G 

E.coli-6 A,G,CoT, TE,Cf A,G,CoT Nil 

Total  strains tested  Resistance marker 

transferred 

Alendronate inhibited 

transfer of some 

resistance marker in 

30  30 19 (63.3%) 

 

 

TABLE-2:  Number of Resistance marker transfer inhibited by Alendronate 

Number of Resistance marker/s 

inhibited by Alendronate  

   Number of bacterial strains Bacterial genera involved 

ONE marker 2 Pseudomonas -2 strains 

TWO markers 11 Klebsiella -2 strains 

Proteus- 4 strains 

Acinetobacter-2 strains 

Pseudomonas -1 strain 

E.coli- 2 strains  

THREE markers 3 Klebsiella-1strain 

Acinetobacter- 1 strain 

Pseudomonas-1 strain 

 

FOUR markers 3 Klebsiella- 1 strain 

Acinetobacter- 1strain 

E.coli -1 strain 

 

TABLE- 3  Number of occasions on which Transfer of a particular Resistance marker was Inhibited by 

Alendronate : 

 

RESISTANCE MARKER & its abbreviations used NUMBER OF TIMES ITS TRANSFER GOT 

INHIBITED 

Ampicillin (A) 16  times 

Cotrimoxazole (CoT) 11 times 

Gentamicin (G) 10 times 

Tetracycline (TE) 3 times 

Ciprofloxacin (Cx) 2 times 

Netilmycin (N) 1 time 

Ceftriaxone( Cf) 1 time 

Amikacin (AK) 1 time 
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Results:   

Our study included 30 strains of bacteria belonging 

to 5 different Gram negative genera viz. Klebsiella 

pneumoniae, Proteus mirabilis, Acinetobacter 

species, Pseudomonas aeruginosa & Escherichia 

coli. All these strains were isolated from different 

clinical specimens of patients admitted to our 

hospital & they were all multiple drug resistant as 

seen in Table No.1 & as per our prior observations 

they possessed transferable R-plasmids having 

ability to transfer some of their resistance markers 

in vitro. 

Table No.1 demonstrated the ability of 

Alendronate to inhibit transfer of some  resistance 

markers from these resistant bacteria to recipient 

E.coli.  Alendronate prevented transfer of 

resistance markers in as many as 63.3% strains. 

These results are in agreement to those of Lujan et 

al 2007; who showed ability of Etidronate & 

Clodronate in inhibiting F+ plasmid transfer mainly 

due to action of these drugs on DNA relaxes which 

are crucial for plasmid transfer.    

Table No.2 shows the number of drug resistance 

markers whose in-vitro conjugal transfer was 

inhibited by Alendronate in this study. As seen in 

this table, transfer of 1 marker was inhibited in two 

strains, 2 markers in 11 strains, while transfer of 3 

markers was inhibited in 3 strains & transfer of 4 

markers was inhibited in 3 strains. . This 

observation suggests that our nosocomial strains 

may be containing different types of R-plasmids, 

having different molecular weights & bearing 

different resistance codes. Some of these markers 

may be residing on transposons which are jumping 

genes residing on a plasmid or chromosome of the 

host bacterium. 

Table No.3 Amongst various antibiotic markers 

whose in-vitro transfer was inhibited by 

Alendronate, transfer of Ampicillin marker was 

inhibited 16 times, followed by inhibition of Cotri-

moxazole marker 11times & transfer of 

Gentamicin marker was also inhibited 10 times & 

transfer of Tetracycline marker was inhibited in 3 

strains while the ciprofloxacin transfer was 

inhibited in 2 strains. It is very likely that many of 

our bacterial isolates may be harbouring a plasmid 

having these three/ four markers together. It is also 

very important to note that in-vitro conjugational 

transfer of Amikacin, Netilmycin & Ceftriaxone 

was inhibited only once for each marker. Some of 

these markers may be lying on transposons 

DISCUSSION: Emergence & spread of multiple 

drug resistant bacteria in nosocomial infections is 

posing serious problem in their management. 

Though it appears that newer antibiotics will be 

found at increasing costs, it seems certain that 

bacteria very rapidly begin to erode their efficiency 

by evolving resistance as they have done almost 

with every new antibiotic developed so far [18]. 

Bacteria have proven to be much more innovative 

& adaptive than we imagined & have developed 

resistance to antibiotics at an ever increasing pace.  

These observations clearly indicated that newer & 

newer antibiotics will be needed to combat the 

problem of drug resistance. Hence many workers 

have suggested different strategies to tackle this 

situation such as making use of some chemicals 

which have the ability to inhibit conjugal transfer 

of drug resistance markers.  

Mathur, et al 2003 
[19]

; suggested use of 

Bacteriophages therapy topically, orally or 

systemically to treat infections caused by multiple 

drug resistant pathogens. Many workers have 

reported use of Ethidium bromide, Acriflavine & 

Acridine orange due to their ability to cure 

resistance plasmids from many bacterial isolates in 

vitro. However most of these chemicals have 

shown adverse effects in- vivo hence they do not 

have any role in clinical therapeutics. Ethidium 

bromide has been shown to have teratogenic 
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potential while Acridine orange & Acriflavine 

possess mutagenic properties.
[20,21,22]

. 

Leite, et al 2005[10] demonstrated ability of Carica 

papaya seed macerate in inhibiting R-plasmid 

transfer from Salmonella typhimurium to E.coli in-

vitro & in digestive tracts of gnotobiotic mice. 

They concluded that their results indicate a clinical 

potential use of papaya seed macerate against in 

vivo R-plasmid transfer. 

Thus in contrast to most of these chemicals, use of 

Bisphosphonates in clinical medicine is already 

very well established. They have been found to be 

very safe in treatment of osteoporosis & other bone 

related disorders. Bisphosphonates inhibit digestion 

of bone by osteoclasts & encourage osteoclasts to 

undergo apoptosis [23] .  

Hence in the present study we wanted to check the 

ability of Bisphosphonate group of drug                  

(Alendronate) to inhibit in-vitro, drug resistance 

transfer involving multiple drug resistant bacterial 

strains of nosocomial origin. 

The results of the present study are extremely 

encouraging & it certainly gives a new direction for 

tackling the serious problem of multiple drug 

resistance among Gram –ve nosocomial isolates. At 

a fairly low concentration of 1µgm/ml, alendronate 

could inhibit transfer of few resistance markers 

from about 63.3% resistant donor strains to 

sensitive E.coli K12F-Lac+ Nal
R 

 in-vitro 

conjugational crosses. If the Bisphosphonates 

group of compounds are formulated in slightly 

different combination with the broad spectrum 

antibiotics it may significantly lower down the in 

vivo R-plasmid transfer which in turn will help in 

lowering the population of drug resistant bacteria in 

patients & in nosocomial environment. Similar 

views were expressed by Potts, et al 2008 
[13]

. 

However a more detailed study involving more 

number of bacterial strains of each species 

including the Gram +ve strains is necessary before 

final conclusion about the claims of alendronate in-

vivo use can be made. Slightly higher concentration 

of alendronate may show still better inhibitory 

effect, which needs to be evaluated.      

Lujan et al 2007
[11]

; have predicted that 

Bisphosphonate group of compounds could be used 

alone or in combination with existing antibiotics to 

treat resistant bacterial infections. They even 

hypothesized that their approach may prove 

effective against plasmids involved in propagating 

a wide range of resistance genes & virulence 

markers, many of which may play important role in 

clinical infections.  

Potts, et al 2008[13]; in their editorial have 

suggested that use of Bisphosphonates in 

management of multiple antibiotic resistant 

bacterial infections can be a novel strategy to 

ascertain success. They further reported that 

Bisphosphonates exhibit low absorption & can be 

administered in high oral doses. Some of its 

preparations are available in weekly doses. Even 

treatment of skin infections, using topical 

applications of Bisphosphonates may prove 

effective. 

Lauerman, et al 2007
[23]

; have reported that 

Alendronate & Resedronate are proven to be safe & 

effective for treatment of osteoporosis & other 

bone disorders upto 10 years. This report very 

clearly emphasizes that these compounds can be 

very safely used along with antibiotics for a period 

of 7 to 10 days without any risk. 

Conclusions:  

1. Alendronate when incorporated at a final 

concentration of 1µgms/ml during 

conjugational crosses, inhibited transfer of 

few drug resistance markers in as many as 

63.3% of the strains tested. 

2. Transfer of Ampicillin, Cotrimoxazole & 

Gentamicin markers was most frequently 

inhibited by Alendronate indicating that 
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these markers may be lying on the same 

plasmid. 

3. Transfer of Tetracycline marker was 

inhibited in case of 3 strains but transfer of 

Ciprofloxacin, Amikacin,  Ceftriaxone & 

Netilmycin marker was rarely inhibited by 

alendronate. 

4.  Results of this study are extremely 

encouraging & its worth finding if any 

formulation of Alendronate can be 

coupled with antibiotic, so as to prevent 

in-vivo R-factor transfer process.    

Further research directions: 

A. It will be interesting to find out if slightly 

increased concentration of Alendronate 

can cause inhibition of transfer of more 

number of resistance markers including 

Amikacin, Ciprofloxacin, Ceftriaxone & 

Netilmycin.  

B. It will be worth testing, if inhibition of 

conjugal transfer is any way related to the 

MIC of the drug concerned i.e. if MIC was 

higher, what effect it had on action of 

Alendronate.   

C. Similar study needs to be done on at least 

25 strains of each bacterial genera .Further 

study should also include clinical isolates 

of Gram +ve bacteria like Staphylococci 

(Methicillin resistant strains), Vancomycin 

resistant Enterococci etc.  

D. It is also necessary to perform some 

studies involving laboratory maintained 

animals to determine if Alendronate can 

cause high degree of inhibition of R-

plasmid transfer in-vivo as well.  
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