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Background  

Antibiotic resistance otherwise known as drug resistance is a threat to our society’s health. Mutations in 

bacteria cells allow bacterium to grow in certain forms that are able to withstand a certain drug.  

 Resistance of bacteria to an antibiotic can occur after just 3 exposures, (Hanna, 2012). When we have an 

antibiotic we are on it for about a fortnight, with the microorganisms being exposed to the drug roughly 28 

times.  Mutations here can make taking an antibiotic pointless which takes us back to the time before 

Fleming, when antibiotics didn’t exist. In these times 15% of deaths were bacterial infection based, (Healey, 

2010).  In times around the year 2000 only 1% of human deaths were bacteria based (Healey, 2010). Now 

our society suffers the threat of having a large percentage of deaths once more being bacterial infection 

based. 

Antibiotic resistance to one antibiotic predicts resistance to other antibiotics even those in other groups, 

(Hanna, 2013).  This means that having an antibiotic could result in the next antibiotic you have not helping 

as much, even if it’s a different antibiotic.  In 2005, antimicrobial-resistance infections were responsible for 

the lives of roughly 23,000 people per annum, (Frieden, 2013).  

Even though antibiotics were around then, 23,000 people still lost their lives from bacterial based 

infections. Now, in 2014 antibiotic resistance is a much bigger problem. These figures are much greater 

now.  Mutations in cells are to do with the asexual reproduction of bacteria cells, (Journal of Biology of 

Reproduction, 2005). We are born with DNA from 2 parents but bacteria reproduce by replicating 

themselves, (Journal of Biology of Reproduction, 2005).This means new generations of bacteria that 

happen to have a mutation that makes them resistant to an antibiotic to which they are being exposed, are 

the ones to survive and make more of themselves, (Journal of Biology of Reproduction, 2005).  

Based on Charles Darwin’s theory of Natural Selection you can conclude that only bacterium with 

mutations survive to reproduce young like them, (with resistance), forming the problem of Antibiotic 

Resistance, (Journal of Biology of Reproduction, 2005). Doctors are constantly looking for different ways to 

prevent or slow down resistance. One way that doctors are currently trying is antibiotic cycling. Cycling 

antibiotics is using lots of different antibiotics alternatively, basically trying to ‘confuse’ the bacteria. By 

attacking bacteria with different antibiotics, it is hoped that they do not have the opportunity to become 

very resistant to any one particular antibiotic. 

 The first antibiotic, Penicillin was discovered by Alexander Fleming, (Green, 2011). Despite many attempts, 

he was unable to extract the miracle of the time, (Green, 2011). Penicillin was then later extracted by 

Howard Florey. Alexander is also well known for being the first person to see bacteria. Alexander Fleming 

and Howard Florey are the people who inspired me to do this experiment.  

Antibiotic resistance in the future is a major threat and this is why I am doing this experiment on antibiotic 

cycling. This experiment will attempt to address the question; can resistance of E.coli to Amoxycillin with 

potassium clavulanate be reduced by cycling through one of a variety of antibiotics. 

 In this experiment the main things I used were, Petri-dishes with Nutrient Agar, E.coli broth, Cotton buds, 

Amoxycillin with potassium clavulanate, Mastrings of 4 antibiotics (Ampicillin, Chloramphenicol, 

Streptomycin and Tetracycline).   

http://www.biolreprod.org/
http://www.biolreprod.org/
http://www.biolreprod.org/
http://www.biolreprod.org/
http://www.biolreprod.org/
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My aim was to determine if antibiotic cycling could prevent or reduce the development of antibiotic 

resistance.  In this experiment, I exposed E.coli to Amoxycillin/potassium clavulanate three times and 

compared the third generation with E.coli that had been alternatively exposed to Amoxycillin/potassium 

clavulanate, another antibiotic and then again with Amoxycillin/potassium clavulanate to see if this cycling 

with different antibiotics can reduce the development of resistance in the E.coli. 

Hypothesis 

My hypothesis for this year is that cycling antibiotics does not reduce resistance of Escherichia coli to 

Amoxycillin with potassium clavulanate. 

Method 

I did my experiment using: 

 E-coli broth (K-12 strain) 

 Cotton buds  

 Petri-dishes with Nutrient Agar 

 Tweezers 

 A permanent  marker 

 Antibacterial gel (to clean hands and surfaces) 

 Amoxycillin with potassium clavulanate (400mg/5mL) 

 Mastrings with 6 antibiotics (Ampicillin, Chloramphenicol, Streptomycin, Tetracycline, Penicillin G 

and Sulphatriad) 

 Hole puncher 

 Paper 

 Ruler 

 Water 

 

 

 

 

 

 

 

 

 

Figure 1: This is a mastring. It has 6 antibiotics on it. They are Ampicillin, Chloramphenicol, Penicillin G, 

Streptomycin, Sulphatriad and Tetracycline. 
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Generation 1: 
The aim of Generation 1 was to expose Escherichia coli to Amoxycillin with potassium clavulanate. 

I used 1 Petri Dish to complete this section of the experiment. To start off I labelled the Petri Dish A. A was 

swabbed with fresh Escherichia coli. I then whole punched some paper circles. The next thing I did was I 

measured 1mL of Amoxycillin with potassium clavulanate and squirted it into a cup. I then measured 7mL 

of water and squirted that into the same cup to make a dilution of 1:7.  In 2012 I realised that any stronger 

would kill off all the bacteria. I then used tweezers to pick up a circle of paper. I dipped this into the dilution 

for 3 seconds. This was then placed in the centre of the Petri dish and the bacteria were left to grow. 

Generation 2: 
The aim of Generation 2 was to have bacteria exposed to a different set of antibiotics. As a control, one 

Petri dish was used to expose the bacteria a second time to Amoxycillin with potassium clavulanate. 

I used 5 new Petri Dishes in this step. The first step of Generation 2 was to measure the zone of inhibition 

on A (generation 1). I then labelled the 5 new Petri dishes B, C, D, E and F. Next I needed to swab the 

bacteria marking the zone of inhibition on A onto B, C, D, E and F. Once this was complete I added 

antibiotics to each of the dishes. I took a mastring and cut off the Ampicillin circle. This was laid in the 

centre of B. C had the dilution of Amoxycillin with potassium clavulanate (as a control). I then cut out 

Chloramphenicol and placed it on D. I cut out Streptomycin for E and Tetracycline for F. I didn’t use the 

other antibiotics on the mastrings because last year I discovered that Penicillin G and Sulphatriad didn’t kill 

E.coli. These Petri Dishes were then left to grow. 

Generation 3: 
The aim of Generation 3 was to show whether or not using different antibiotics slows down the 

development of resistance.  

In Generation 3 I used 6 more Petri Dishes. I labelled them A2, B2, C2, D2, E2 and F2. I then measured the 

zone of inhibitions on A, B, C, D, E and F (generation 2). Next I grew the closest bacteria to the antibiotic 

(those around the zone of inhibition) on A onto A2, B onto B2, C onto C2, D onto D2, E onto E2 and F onto 

F2. I then added a paper disc containing the Amoxycillin with potassium clavulanate dilution onto each of 

these new Petri dishes. A2 however was a repeat of C (the control) because the zone of inhibition on A was 

the same as the zone of inhibition on C, indicating that resistance was not yet occurring on my control. This 

must have been an outlier as resistance was shown to develop with each exposure of E.coli to Amoxycillin 

with potassium clavulanate in the past 2 years. I then left the third generation of E.coli to grow. 

Generation 3 Control: 
The aim of Generation 3 Control was to have something to compare to. Since resistance did not develop in 

C (the original second generation), I produced a new second generation from A, exposing this to 

Amoxycillin with potassium clavulanate; A2. The third generation control was then produced. 

This section used 1 Petri Dish. First I measured the zone of inhibition on A2. I then labelled the new Petri 

Dish A3. A3 was swabbed with the closest bacteria to the antibiotic on A2. I then placed a new antibiotic 

disc onto A3 (Amoxicillin with potassium clavulanate dilution). I then left this Petri Dish to grow. 
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Results and Discussion  

Generation 1: 
Petri Dish Zone of inhibition (cm) Antibiotic 

A 2.4 Amoxycillin with potassium clavulanate 

 

This is Generation 1. It only consists of one Petri Dish. It was then later the “parent” of new Petri Dishes. 

 

Figure 2: Petri dish A: zone of inhibition 2.4cm 

Generation 2: 
 

Petri Dish Name Zone of inhibition (cm) Antibiotic 
 

B 1.5 Ampicillin 

C 2.4* Amoxycillin with potassium clavulanate 

D 1.9 Chloramphenicol 

E 1.7 Streptomycin 

F 1.4 Tetracycline 

  

Generation 2 are all descendants of A. C, alongside A is a control.  

*= The zone of inhibition for C was the same as for A, suggesting no resistance had developed after two 

exposures of E.coli to Amoxycillin with potassium clavulanate.  This was different to my results both in 2012 

& 2013 where the second exposure had always resulted in resistance in E.coli. For this reason, I made a 

new second generation control Petri dish from A (A2) to see if I could replicate my previous results. The 

result for this new second generation is as follows:  

Petri Dish Name Zone of inhibition (cm) Antibiotic 
 

A2 1.1 Amox. With Pot. Clav. 
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Figure 3: Generation 2 Petri dishes showing different antibiotic discs. 
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Figure 4: Petri dish A2 – new second generation control dish with Amoxycillin/potassium clavulanate 

antibiotic disc 

 

Generation 3: 
 

Petri Dish Name Zone of inhibition 
(cm) 

Antibiotic Drop in zone of 
inhibition from Gen 1 to 

Gen 3 (cm) 

A3 (no cycling, control) 
 

0.6 Amox. With Pot. Clav. 1.8 

B2 (Ampicillin cycling) 
 

1.1 Amox. With Pot. Clav. 1.3  

C2 (no cycling, initial control) Results for this were disregarded as it was replaced by A3.  
 

D2 (Chloramphenicol cycling) 
 

0.9 Amox. With Pot. Clav. 1.5 

E2 (Streptomycin cycling) 
 

0.8 Amox. With Pot. Clav. 1.6  

F2 (Tetracycline cycling) 
 

0.2 Amox. With Pot. Clav. 2.2  
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Figure 6: Generation 3 Petri dishes – antibiotic disc is once again Amoxycillin/potassium clavulanate 
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For E.coli that was exposed to Amoxycillin/potassium clavulanate 3 times, resistance gradually increased as 

was shown by the decreasing zone of inhibition from 2.4cm to 1.1cm and finally 0.6cm. The drop in zone of 

inhibition from Generation 1 to Generation 3 was 1.8cm.  

As for the E.coli that was exposed to Amoxycillin/potassium clavulanate, then the Ampicillin and then the 

Amoxycillin/potassium clavulanate the resistance increased with the zone of inhibition dropping from 

2.4cm to 1.5cm and then finally to 1.1cm. The drop in zone of inhibition from Generation 1 to Generation 3 

was 1.3cm.  

C2 was disregarded as explained above.  

As for the Petri dish that was exposed to Amoxycillin/potassium clavulanate, then Chloramphenicol and 

then finally Amoxycillin/potassium clavulanate again, the resistance gradually increased with the zone of 

inhibition dropping from 2.4cm to 1.9cm and finally 0.9cm. The drop in zone of inhibition from Generation 

1 to Generation 3 was 1.5cm.  

The E.coli exposed to the Amoxycillin/potassium clavulanate, then the Streptomycin and then finally the 

Amoxycillin/potassium clavulanate also showed increased resistance as the zone of inhibition dropped from 

2.4cm to 1.7cm and then finally 0.8cm. The Drop in zone of inhibition from Generation 1 to Generation 3 

was 1.6cm.  

And finally the E.coli exposed to the Amoxycillin/potassium clavulanate, than the Tetracycline and then the 

Amoxycillin/potassium clavulanate became very resistant very quickly. The zone of inhibition dropped from 

2.4cm to 1.4cm and then finally 0.2cm. The Tetracycline drop in zone of inhibition from Generation 1 to 

Generation 3 was 2.2cm! This indicates significant resistance that was not slowed, but rather sped up by 

the antibiotic cycling. Using Tetracycline in this case sped up resistance by 0.6cm. Cycling antibiotics in this 

case affected the resistance in a dreadful way. 

What these results show is that all exposures of E.coli to three antibiotics, whether the same or by cycling 

different antibiotics, have resulted in the development of resistance.  

However, when cycling of antibiotics occurred with Ampicillin, Chloramphenicol or Streptomycin, the 

development of E.coli resistance was slower than when E.coli was exposed to Amoxycillin/potassium 

clavulanate three consecutive times with no cycling. This is shown by the zone of inhibition in the third 

generations being larger when antibiotic cycling has occurred, compared with the zone of inhibition for 

three consecutive exposures of E.coli to the same antibiotic. 

With Tetracycline however, the opposite effect occurred with antibiotic cycling resulting in resistance being 

more significant than with the same antibiotic three times. This is shown by the large drop in zone of 

inhibition for E.coli that had been cycled with tetracycline and Amoxycillin/potassium clavulanate, 

compared with E.coli that had only been exposed to Amoxycillin/potassium clavulanate. 

This suggests that Antibiotic cycling may work to reduce resistance with certain combinations of antibiotics 

whereas other combinations could lead to the opposite effect, with resistance being increased through the 

cycling.  
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Limitations 

Despite my efforts to make my experiment as fair as possible a few things could have affected the results. 

First of all I accidentally breathed over one Petri dish. 

Also when placing the antibiotic down with tweezers I found it hard to get the antibiotic off the tweezers. 

When they eventually fell, some landed off target resulting in me having to push it over to a more central 

position. This meant that antibiotic was on other parts beside the centre. However, the zone of inhibition 

was still a clear circle, indicating that this probably wasn’t a significant factor. 

 In addition to this when I dipped the paper circle into the dilution of Amoxycillin with potassium 

clavulanate although it was timed (for 3 seconds); there is nothing to say that there wasn’t more antibiotic 

on one than on another. 

 What I am experimenting is not in the human body. I used nutrient agar which is nothing like what’s in the 

human body. To do a more precise experiment I would have to use human subjects. This however is hard to 

do as it would make them sick to have excessive bacteria inside their body.  

A major limitation that occurred was that I compared my dilution of Amoxycillin with potassium clavulanate 

to the other antibiotics for the second generation. I have no information about how weak/strong those 

antibiotics were.  To get around this issue, I used Amoxycillin with potassium clavulanate for all the Petri 

dishes in the third generation such that valid comparisons could be made. 

Also when I made the dilution one time a little water spilt. This would have made the antibiotic a bit 

stronger and therefore could have increased the zone of inhibition. 

Not all of my limitations were my fault. As I used only one Petri Dish per antibiotic, I may have recorded an 

outlier. Had I averaged out my results would have been more precise.  

Another limitation is that I only cycled 2 antibiotics per cycle. Had I used more antibiotics for each cycle 

what I have put forward would be more valid. 

Also had I had more antibiotics to use I could validate my results to a higher level. 

 

Suggestions for Future Research 

Other experiments could include seeing the affects of different agar on cycling antibiotics. Another idea is 

to see if longer cycles of the same antibiotics work. Other experiments could include using seeing if a long 

cycle of more than 2 antibiotics works better. 

It is also important to experiment with more combinations of antibiotics to see which combinations of 

antibiotics work in a way that could slow down antibiotic resistance in bacteria, but to also find out which 

combinations could potentially make antibiotic resistance stronger, and therefore should be avoided. 
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Safety 

Identified Risk 
 
 

Assessment of Risk Management of Risk 

Resistant Bacteria being Cultured 
 

Resistant bacteria could 
potentially cause disease that 

would be hard to treat. 

K-12 strain was used to minimise 
the risk of disease. In addition, I 
disinfected the bench, equipment 
and my hands before and after 
each experimental process. 
 

Possibility of other organisms 
being cultured 

Exposing the plates to other 
bacteria could potentially 

dangerous types of bacteria. 
 

I minimised the time each Petri 
dish was exposed to air and 

avoided breathing near or making 
contact with the agar. 

 
 

Cross Contamination 
 

Working with bacteria could 
result in bacteria contaminating 

other surfaces or skin etc... 

I was supervised at all times and 
was taught aseptic technique by 

my mentor. I also disinfected 
tools and my hands before and 

after each part of the experiment. 
 

Harmful biological waste 
produced 

At the end of the experiment, 
millions of bacteria, many 

resistant to several antibiotics 
have been produced and these 

could potentially spread disease. 

My mentor was responsible for 
the safe handling, storage and 

disposal of all the equipment. All 
contaminated products are 

bleached prior to disposal to 
ensure no microorganisms are 

present. 
 

 

Conclusion  

In this experiment I was attempting to show the effect of antibiotic cycling on the development of E.coli 

resistance to Amoxycillin with potassium clavulanate. Antibiotic cycling is one of the few hopes remaining 

to slow down resistance. Doctors are hoping that by using a variety of antibiotics they might be able to slow 

down resistance in bacteria. According to my hypothesis I was expecting to find that cycling antibiotics does 

not affect the resistance. My hypothesis was incorrect. 

The results showed that cycling Amoxycillin/potassium clavulanate with three antibiotics, (Ampicillin, 

Chloramphenicol and Streptomycin) slowed down the development of antibiotic resistance. Finally one 

antibiotic, (Tetracycline), actually sped up resistance significantly. The results were unexpected as I never 

thought of the resistance being sped up by cycling antibiotics. This shows that cycling antibiotics could 

potentially be a problem in disguise. It’s important to experiment with different combinations of antibiotics 

to see which arrangements of cycling are beneficial to minimise antibiotic resistance and which 

combinations should be completely avoided. 
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This experiment showed that it is good to cycle some antibiotics such as Chloramphenicol, Ampicillin and 

Streptomycin with Amoxycillin/potassium clavulanate.  

Antibiotic resistance remains a major problem in our society, with bacteria developing increased resistance 

but cycling antibiotics brings hope. This experiment needs to be backed up with further research to be able 

to make full conclusions about Antibiotic Cycling. In the meantime it is important that we don’t use 

antibiotics excessively.   
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