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ABSTRACT 

Beta-lactam antibiotics were the first and most common therapy in the treatment of bacterial infections. Multiple resistance emerged and 

became a major public health problem. To overcome this problem there are several techniques. The main objective of this research is to 

systematically review and evaluate of b-lactam antibiotic. In this paper, will try to answer the question: what are the techniques and 

modification that use to enhance drug activity and prevent bacterial resistance. Will start by explaining the meaning of β-lactam antibiotic, 

then followed by reviewing a type of technique found to decrease bacterial resistance, in the literature review part. It is not in detail, but covers 

some about b-lactam antibiotic and techniques that overcome the problem of bacterial resistance. Finally, a discussion and the result will be 

presented to answer the asked question and the conclusion summarizes the reasons why antibiotic resistance is very critical. 
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INTRODUCTION 
Types of antibiotics and its mechanism: Antibodies are divided into three groups according to their mechanism of action 

on the bacteria as shown in Fig (1) there are three attack sites for antibiotic: a) Biosynthesis of protein, b) Cell wall 

synthesis and c) DNA replication (1). 

 

 

  
       Figure (1):show the mechanism of action of antibiotic class. 

β-lactam antibiotic and the bacterial resistance: β-lactam antibiotic means all antibiotic that contains β-lactam in its 

structure, mechanism of action of these antibiotics by inhibiting cell wall synthesis of the bacterial organism. By 

permanently bind between the bacterial cell wall  and a b-lactam ring of antibiotic, These types of antibiotics the most 

widely used for all groups of antibiotics (2-6). This group includes penicillin, penicillin combination (penicillin with 

inhibitors) and cephalosporin and its generation. The bacteria quickly develop resistance to Antibiotics As soon as they 

are released and started to use. In fact, rapid clinical resistance usually occurs in months to several years after the release 

of the antibiotic (7). The resistance against this group emerges when continuously used.  Bacterial enzymes called β-

lactamase that inhibit the therapeutic effect of the β-lactam antibiotic. β-lactamase attacks the lactam loop and prevent 

the therapeutic action of an antibiotic, the increase of this clinical problem led to discovering  β-lactamase inhibitor that 

used to restore antibiotic action (8-9). 

II. Research Question: The aim of this research paper is to get the answer to this question: Q1 what are the techniques 

and modification that use to enhance drug activity and prevent bacterial resistance? 

III. Research methodology: My research methodology by following a systematic mapping of the published article and 

researches related to my topic. And to discover the technique use to prevent bacterial resistance. I reviewed the set of 

paper in the literature part and analyze it. All the paper that I reviewed was published from 2010 to 2019, and collected 

from the Science Direct library. My research methodology steps are summarized in table 1,2 and 3. After the exclusion 

criteria 37 papers remain, when just focus on techniques used to prevent the resistance become 10 papers. 
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 Search strategy 

Science direct. Academic database searched: 

Google scholar. Other data sources: 

Journal papers & conferences. Target item: 

Title, abstract, and key word. Search applied to: 

Papers written in English. Language: 

2010-2019 Publication years: 

                                               

 Table1: search strategy 
 

Alternative term Major term 

---- B-lactam antibiotic. 

                                                            

Table2: search string. 

 Inclusion & exclusion criteria 

Publication date : 2010-2019 Journal paper& 

conferences related with research term. 

Publication title: advanced drug delivery review. 

Inclusion criteria: 

Papers don’t focus on b-lactam antibiotic and 

techniques used to overcome the problem of 

bacterial resistance. 

exclusion criteria: 

                         Table3:  selection strategy. 

IV. The techniques that are used to enhance drug activity and overcome the problem of bacterial resistance are:                                                                                             

1. Drug combination:β-lactamase inhibitor:  

Majority  study in bacterial  resistance at today  is on the b-lactamase field in gram positive and gram negative bacteria 

(10). B-lactamase inhibitors, non therapeutic agent, but when combined with antibiotic, act to restore the activity of 

antibiotic by preventing bacterial resistance (11). Up to now, just three b-lactamase (b-lactam class)  discovered 

(Tazobactam, Clavulanic acid, and Sulbactam). Also, a new inhibitor that discovered lately (Avibactam) as a b-

lactamase inhibitor (non-b-lactam class) (12). For now only four β-lactamase inhibitors approved by FDA, and more 

than fifty β-lactam Class antibiotics approved, this is encouraging the discovery  of other b-lactamase inhibitors (13,14).   

2. Antimicrobial delivery system: 

2.1. Antimicrobial polymers: In contrast to conventional antibiotics, antimicrobial polymers were designed to treat 

surface-related bacteria (15,16,17). Active polymers significantly reduced the burden on systemic antibiotics and also 

contributed to prolonging the life of traditional antibiotics and inhibiting the development of resistant microbes. In the 

past, amino acids were the preferred fraction To develop antibiotic polymers, research has recently expanded to include 

polymers with chemical modifications, polymers with organic or inorganic compounds against bacteria (18,19,20). The 

combination of an antibiotic with polymers leads to the stability of antibiotics and reduce their toxicity and increase 

the half-life of the antibody and its effectiveness. 

A type of polymer delivery: 

2.1.1 Polymers with chemical anti-bacterial modifications: Polymers were modified from 1965 to provide 

antibacterial and bacterial resistance (21). These modifications are divided into three sections: 1) Very small particles 

connected to the polymer backbone (22.23). 2) A peptide with antibiotic activity related to biological inactive polymers 

(24.25). 3)  Antimicrobial polymers with biologically inactive polymers (26.27). 
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2.1.2. Polymers that contain antimicrobial organic compounds: This is the most widely used methods for the 

manufacture of antimicrobial polymers. However, this method is complex and may enhance bacterial resistance 

unintentionally. (28)(29.30).  

2.1.3. Polymers that contain inorganic compounds antimicrobial: Inorganic compounds such as minerals and 

mineral oxides. Silver is one of the oldest anti-bacterial polymers in its various forms (ions, salts, Nanoparticles.....), 

There are many studies related to these polymers (31). There are also other successful strategies such as zinc oxide 

(32), gold and titanium oxide (33). All these techniques Used in the nano-barticles form (34). 

2.1.4. Intrinsic antimicrobial activity polymer: Some of the polymers have antibacterial properties in their 

composition, often chemical or other structural elements. The most commonly studied types are polymers with a natural 

-peptides (e.g. Oligo-n-substitutes glycines,( 35) and halogen polymers (Containing fluorine or chlorine), polyphenyl 

ethynylenes (36), polymeric N-halamines (37), and organometallic polymers, and the group may also contain cationic 

polymers (eg, quarternary pyridinium -salts, quaternary ammonium salts, biguanide, and phosphonium salts) (38,39), 

or cationic conjugates (e.g. polyoxazolines , polysiloxanes, polyelectrolytes, polyionenes,…etc).  

 

 

2.2. Nanoparticle /liposome delivery system:  

2.2.1 Nanoparticle: Drug delivery system in the nanopartical form  it is the approach to improve 1) the therapeutic 

index, 2) dose administration, 3) bacterial resistance(40), 4) organ targeting to decrease side effects (41,42). Metal 

nanoparticles like a silver compound used in pharmaceutics and medicine as a carrier of the antibiotic agent(43,44) this 

is in past .put recently the researchers try to mixed the gold nanoparticles with different species of antibiotic for example 

:(ciprofloxacillin, and another fluoroquinolone antibiotic)(45), gentamicin (46), vancomycin (47)....etc but the result it 

is not equal, the researchers found that when decorating the surface of gentamicin with golden nanoparticle enhance 

the activity against gentamicin resistance (47), but other researchers showed no enhancement in gentamicin resistance 

(46). This variation may be because of some affect efficacy parameter: for example 1) the characterization of antibiotic. 

2) nanoparticle size, 3) experimental condition. Relatively, there are a few drugs in nanoparticle form (48), this is 

maybe because of complexation of nanoparticle technology(49). 

 

2.2.2. Liposome: The most route of administration of liposome by Intravenous injection the advantage of this 

technique. 1) Used in biological and hydrophilic compound, 2) antibiotic stability, 3) increase therapeutic index and 

decrease toxicity.4) targeting of organ (50,51). The advantage of this technique his similarity of membrane structure 

that leads to easier to fuse in cellular membranes, then delivers a drug directly to inside cytoplasm and prevents bacterial 

resistance (52). Unfortunately, lipid-based drug delivery has limited efficiency (42), the short half-life of the drug due 

to the instability of lipid bonds, a fusion of liposomes and aggregation, sensitivity to temperature (49), these reasons 

can lead to not enough delivery of the drug. The liposome stability can improve by different modification (e.g. Act on 

a long chain of polymer in hydrophilic part or in charge chain....etc. ). 

 

V. Discussion and result:                                                                                          

distribution of papers by years as shown in figure 2 
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               Figure 2: distribution of papers by publication date  

Also the type of paper that review show in figure 3 

 
                                         Figure3: distribution of papers by type 

Result in techniques thous used to overcome the problem of resistance that collect from reviewing papers {(53), 

(54), (55), (56), (57), (58), (59), (60).}:  

Drug combination: (b-lactamase inhibitor): the Beta-lactamase inhibitors were shown effective as a treatment of 

bacterial infections in infants, children, and adults. The safety and efficacy of Beta-lactamase inhibitors were 

evaluated in six prophylaxis studies and 39 therapeutic studies in both pediatric patients and adult.36 shown in both 

excellent safety and efficacy, with little adverse reported around  10% of patients in most studies. Type of side effect 

different according to the administration route of the combination drug. Gastrointestinal disturbances and diarrhea 

are the side-effects that most frequently reported with the orally  taken antibiotic, this is due to the antibiotic effect 

on the normal bacteria in intestinal flora. In the studies show, side effect rarely leads to incomplete treatment and 

always the problem resolve during therapy or after the end of therapy. It is interesting to note that in the reviewed 

paper reported a reduction in diarrhea side effect in patients taken the antibiotic in the parenteral route.in  Journal of 

International Medical Research 2002 (45) show the clinical and biological response of infection treated with drug 

combinations. The result indicates on greater effective of drug combination against bacterial resistance (60). 

Clinical and bacteriological response in various infections treated by b-lactamase inhibitor combination as 

mentioned  in the  papers  reviewed (60). 
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     Figure 4: clinical response in infection treated by drug combination technique 

 

 

 
Figure 5: bacteriological response in infection treated with drug combination techniques 

Drug delivery system: 

Polymer: Advantages and disadvantages of polymer as mentioned  in the  papers  reviewed (57,58) summarized in 

table 4: 

Advantages Disadvantages 

Local delivery of drug. 

Increase sustained drug. 

Stability. 

Decrease frequents taken drugs. 

Decrease side effect. 

Patient compliance improved. 

Some substance may cause the issue to body after 

degradation (toxic) 

High drug release after administration  of drug. 

          Table 4: advantage and disadvantage of polymer 
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Nano-particle and liposome: 

Nano-particle: Advantages and disadvantages of different type of nano-particles as mentioned  in the  papers  

reviewed (53,54,55,56) summarized in table 5: 

 

Type of nano-particle Advantage Disadvantage 

       Metal oxide  

 

_Aproved by FDA for clinical 

use. 

_intrinsic magnetic properties. 

_flexible surface modification 

with different coating. 

_toxicity and bio-compatibility 

concerns. 

_inflammation to respiratory 

system. 

Gold nano-particle 

 
 

_able to absorb light. 

_flexible surface modification. 

_toxicity. 

_expensive. 

Quantum dots 

 
 

_narrow wavelength emission. 

_high fluorescence efficiency 

and Photostability. 

_Toxicity and bio-compatibility , 

especially the heavy metals. 

Carbon nanotube 

 
 

_Intrinsic properties, enabling 

imaging modalities. 

_ultra high surface area with 

inside hollow space for drug 

efficient and bio-conjugation. 

_ Toxicity and bio-compatibility 

Radio and fluorescent molecule 

 
 

_the highest flexible. 

_Ability to perform as non 

invasive real time treatment 

monitoring. 

_short half life. 

_ Toxicity and bio-compatibility 

      Table5: advantages & disadvantages of nano-particle type 
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Distribution of nanoparticle type used in drug delivery system show in figure 6: 

 

 

 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

 

 Figure 6: distribution of nano-particle type used as an antibiotic drug form. 

Liposome: Advantages of Use Liposomes form was mention in papers  reviewed(53,54) can be summarized as:  

reduced toxicity,  increase the time of drug retention, enhance the efficacy of the drug, targeted of specific site delivery 

( only the infected cells affected by the drug), reduce adverse side effects, and finally, Liposomes have shown to 

significantly reduce the toxicity of the drug in the free form. The advantages and disadvantages of liposome should 

be balanced to achieve the desirable results. 

 

In the diagram (figure 7) show the distribution of drug delivery system that used in antibiotic to prevent 

bacterial resistance, this according to  papers  reviewed (59). 

 
              Figure 7: distribution of antibiotic form found in the market. 
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VI.CONCLUSION 

 

Beta-lactam antibiotics the first and most common therapy in the treatment of bacterial infections. Multiple resistance 

with b-lactamas emerged and became a major public health problem. To overcome this problem, Antibiotics are given 

with a combination with a β-lactamase inhibitor. The b-lactam antibiotic combination is an ideal therapy for infections, 

in adult and pediatric patients, it is safe and has a broad spectrum of activity, and it is available in a variety of 

formulations that are suitable for sequential therapy, thus ensuring a smooth transition into community management of 

the hospital. Moreover, a short course of therapy and, simple treatment regimens, that lead to patient compliance with 

this combination. The b-lactam combination becomes increasingly important for the pediatric and adult infections, 

especially if there is no bacterial resistance. 

Nano-particles drug is designed to improve the therapeutic and pharmacological properties of drugs, by protecting a 

drug from degradation and enhance the targeting and controlled release. Due to the small diameters, nano-particles are 

able to cross the blood-brain barrier and act on a cellular level. In comparison with the classical form of drugs, nano-

particles drugs are more effective and selective. They can reduce the toxicity and side effects in normal tissues. 

In the development of drug delivery technology Polymer play a vital role by offering a release of both type of drugs 

(hydrophobic & hydrophilic), repeated dosage,  and constant release of the drug over extended periods. 
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