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Abstract 

In this paper, the effects of drugs acting on bacterial cell wall pentapeptin cross-linked Bridges on 

patient biochemical indices were investigated. The five-peptide cross-linked bridge of bacterial cell 

walls is an important component of bacterial cell walls, and the development of drugs targeting it has 

become a hot field in anti-infection treatment. This article reviews the various drugs that act on 

bacterial cell wall pentapepin cross-linked Bridges and their mechanisms of action, and focuses on the 

analysis of the effects of these drugs on liver and kidney function, blood system, electrolyte balance and 

glucose metabolism indexes of patients. By systematically describing the relationship between drug 

effects and changes in biochemical indicators, this paper provides a theoretical basis for clinical 

rational drug use and patient monitoring, and also provides a reference for future drug development 

and optimization. 
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Introduction 

The increasing severity of bacterial resistance makes the development and use of new antibacterial 

drugs imminent[1]. As a unique structure of bacteria, bacterial cell wall has become an important target 

of anti-infective drugs[2]. Among them, the pentapeptide cross-linked bridge is a key component of the 

peptidoglycan layer of Gram-positive bacteria cell wall, which is involved in the synthesis and 

maintenance of bacterial cell wall[3]. Drugs acting on pentapeptide cross-linked bridge can effectively 
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inhibit bacterial growth and reproduction by interfering with this process. 

In recent years, due to the extensive use of antibacterial drugs, the increase in bacterial resistance has 

become an important factor threatening the prognosis of patients[4]. Therefore, the combined use of 

antibiotics[5] and the continuous development of new antibiotics[6] have provided new options for the 

clinical treatment of multi-drug resistant bacterial infections. However, while these drugs exert their 

antibacterial effects, they may also affect the biochemical indicators of patients, thereby influencing the 

treatment outcomes and prognosis of patients. Therefore, in-depth research on the impact of 

antibacterial drugs acting on the pentapeptide cross-linked bridge structure of the cell wall of 

Gram-positive bacteria on the biochemical indicators of patients is of great significance for optimizing 

treatment plans and improving the safety of medication. 

This article aims to systematically expounding the antibacterial drugs acting on the pentapeptide 

cross-linked bridge of the cell wall of Gram-positive bacteria and their mechanisms of action, and 

focuses on analyzing the impact of these drugs on the main biochemical indicators of patients, 

providing references for rational clinical drug use and patient monitoring. 

 

1. Structure and Function of Cell Wall Pentapeptide Cross-linked Bridge in Gram-positive 

Bacteria 

Bacterial cell wall is an important structure to maintain bacterial morphology and protect cells, among 

which peptidoglycan layer is the main component of the cell wall[7]. The pentapeptide cross-linked 

bridge is an important part of the peptidoglycan layer[8] and consists of five amino acid residues that 

connect adjacent peptidoglycan chains to form a network structure. This cross-linked structure confers 

mechanical strength and stability to the cell wall and is essential for bacterial survival and propagation. 

The biosynthesis of pentapeptide cross-linked bridge is a complex process involving the involvement 

of multiple enzymes. First, pentapeptide precursors are synthesized in the cytoplasm and then 

transported outside the cell membrane. Outside the cell membrane, transpeptidases catalyze the 

attachment of pentapeptide to peptidoglycan chains to form cross-linked structures[9,10]. This process is 

the target of many antibiotics, such as β-lactam antibiotics, which interfere with the formation of 

pentapeptide cross-linked bridge by inhibiting the activity of transpeptidase[11]. The structure and 

function of pentapeptide cross-linked bridge vary in different bacteria, and this difference provides the 

possibility to develop specific antibacterial drugs. For example, the structure of the pentapeptide 

cross-linked bridge differs between Gram-positive and Gram-negative bacteria, which explains why 

certain antibiotics are more effective against specific types of bacteria. Understanding the structure and 

function of pentapeptide cross-linked bridge is important for developing novel antimicrobial agents and 

optimizing the use of existing drugs. 
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2. Drugs Acting on Pentapeptide Cross-linked Bridge and Their Mechanisms of Action 

Drugs acting on pentapeptide cross-linked bridge mainly include β-lactam antibiotics[12], glycopeptide 

antibiotics[13] and new targeted drugs[14]. β-lactam antibiotics, such as penicillins and cephalosporins[15], 

prevent pentapeptide cross-linked bridge formation by inhibiting transpeptidase activity. These drugs 

bind to the active site of the transpeptidase and form a covalent bond, thereby irreversibly inhibiting the 

function of the enzyme[16]. This mechanism of action leads to the block of bacterial cell wall synthesis, 

which eventually leads to bacterial lysis and death[17]. 

Glycopeptide antibiotics, such as vancomycin and teicoplanin, prevent pentapeptide cross-bridge 

formation by directly binding to the D-alanyl-D-alanine terminus of the pentapeptide precursor[18, 19]. 

This binding prevents the recognition and utilization of pentapeptide precursors by the transpeptidases, 

thereby inhibiting cell wall synthesis[20]. Glycopeptide antibiotics are particularly effective against 

Gram-positive bacteria because of their ability to penetrate the thick peptidoglycan layer of these 

bacteria. 

In recent years, the development of new targeted drugs has provided new options for anti-infective 

treatment. These include lipopeptide antibiotics such as daptomycin and novel β-lactam / β-lactamase 

inhibitor combinations. Daptomycin is inserted into the bacterial cell membrane and causes membrane 

potential depolarization, thereby indirectly affecting cell wall synthesis[21]. However, the new β-lactam / 

β-lactamase inhibitor combination can restore the activity of β-lactam antibiotics by overcoming the 

bacterial resistance mechanism [22, 23]. The development of these new drugs not only expands the 

antimicrobial spectrum, but also improves the efficacy against resistant bacteria. 

 

3. The Impact of Drugs on Patients' Biochemical Indicators 

Drugs that act on the pentapeptide cross-linked bridge, while exerting antibacterial effects, may also 

have an impact on the biochemical indicators of patients. These influences are mainly reflected in 

aspects such as liver and kidney functions, blood system, electrolyte balance and glucose metabolism 

indicators. 

3.1 The Impact on Liver and Kidney Functions is one of the Most Common Adverse Reactions of This 

Type of Drug 

3.1.1 β -lactam antibiotics: The nephrotoxicity mechanism of this type of drug mainly occurs by 

inhibiting the ion uptake of mitochondria in renal tissue cells and aerobic oxidative respiration of cells, 

thereby causing irreversible damage to the kidneys[24]. The main manifestations are acute 

tubulointerstitial renal lesions[25], such as acute interstitial nephritis (AIN) and renal tubular injury. The 

incidence of renal damage caused by first-generation cephalosporins like cefotazidime can reach 5-10%. 

The typical manifestations are elevated serum creatinine (increase >50%) and abnormal increase of 

urinary NAG enzymes. Hepatotoxicity presents a drug-specific pattern: ceftriaxone is prone to cause 

cholelithiasis, amoxicillin and clavulanic acid are prone to cause cholestatic hepatitis, and penicillins 

are more likely to cause hepatocellular injury hepatitis[26]. These effects are closely related to the direct 
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inhibition of the bile salt output pump by the drug or the triggering of immune damage. Clinically, 

safety needs to be optimized through therapeutic drug monitoring and individualized administration. 

3.1.2 Glycopeptide antibiotics: Renal injury is the most prominent adverse reaction of this type of drug. 

The incidence of elevated serum creatinine caused by vancomycin is as high as 10-15%, and the 

mechanism is related to the accumulation of the drug in the lysosomes of renal tubular epithelial cells 

and the induction of mitochondrial oxidative damage[27]. Hepatotoxicity is relatively rare but should not 

be ignored. Some patients may develop cholestatic liver injury. 

3.1.3 New targeted drugs: The risk of liver injury for lipopeptide antibiotics (such as daptomycin) is 

extremely low (ALT increase rate <2%), but indirect kidney injury should be watched out for[28]. 

Rhabdomyolysis caused by muscle toxicity (with a 4.9% incidence rate when CK>1000 U/L) can lead 

to myoglobin tubular nephropathy, especially when combined with statins, the risk of renal damage 

increases by 4.6 times[29]. New derivative drugs such as orivacin, due to their single-dose characteristics 

(half-life of 245 hours), significantly reduce the risk of nephrotoxicity (68% lower than vancomycin) [30], 

and have become the preferred option for patients with renal insufficiency. This type of drug offers a 

safer anti-infection option for patients with liver and kidney dysfunction by avoiding continuous 

exposure and reducing the accumulation of metabolites. 

3.2 The Impact on the Blood System is also a Concern for This Type of Drug 

3.2.1 The effects of β -lactam antibiotics on the blood system are mainly manifested as coagulation 

dysfunction and immune cytopenia. Drugs containing N-methylthiotetrazole (NMTT) side chains such 

as cefoperazone can strongly inhibit vitamin K epoxide-reductase, leading to the obstruction of vitamin 

K-dependent coagulation factor (II, VII, IX, X) synthesis, prolonging PT, and in severe cases, causing 

bleeding events[31]. Penicillins are prone to trigger immune hemolytic anemia. The mechanism is that 

the drug adsorbs the surface of red blood cells to form antigen complexes, activating complement and 

causing red blood cell lysis[32]. At the same time, cephalosporin antibiotics can cause positive Coombs 

tests in patients. Therefore, high-risk patients need to monitor the four items of coagulation and blood 

routine when using this type of antibiotic, and supplement vitamin K if necessary. 

3.2.2 The effects of glycopeptide antibiotics (vancomycin, teicotanin) on the blood system are mainly 

characterized by bone marrow suppression and immune-mediated responses. The incidence of 

vancomycin-induced thrombocytopenia reached 7.8%. The mechanism was that drug-dependent 

antibodies (IgG) activated Fcγ receptors on the platelet surface, accelerating platelet clearance[33]. In 

addition, although vancomycin infusion reaction (red Man syndrome) does not directly cause 

hematotoxicity, the large release of histamine caused by the drug can lead to a transient increase in 

white blood cells and symptoms such as flushed complexion and itching[34]. 

3.2.3 The effects of lipopeptide antibiotics (such as daptomycin) and novel glycopeptide derivatives 

(orlivanin) on the hematological system show the characteristics of "low direct toxicity and high 

indirect risk". Direct myelosuppression by daptomycin is extremely rare, but secondary anemia caused 

by its muscle toxicity should be watched out for: rhabdomyolysis leads to the loss of iron ions along 
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with myoglobinuria, which can cause a decrease in hemoglobin[35]. In addition, eosinophilic pneumonia 

induced by daptomycin is something that deserves our high attention[36]. Due to its special lipid carrier 

design and single-dose administration characteristics, the occurrence of blood system abnormalities 

caused by Olivansin is extremely rare. 

3.3 Effects on Electrolyte Balance and Glucose Metabolism 

3.3.1 β -lactam antibiotics can significantly interfere with electrolyte balance and blood glucose 

homeostasis through multiple mechanisms. Hypokalemia is the most common electrolyte disorder. Its 

mechanism is that drug molecules dissociate into non-absorbable anions in the renal tubule lumen, 

forcing the excretion of potassium ions for exchange. The incidence rate is about 40%[37]. Carbapenems 

(such as meropenem) have a lower risk of hypokalemia compared to traditional administration methods 

because the infusion time is often more than 3 hours. Drugs containing NMTT side chains such as 

cefoperazone can induce hypomagnesemia due to chelation, leading to torsive ventricular tachycardia 

at the tip. The impact of blood glucose is bidirectional: piperacillin tazobactam causes hyperglycemia 

by inhibiting the KATP channel in pancreatic β cells, while fluoxicillin triggers hypoglycemia by 

enhancing insulin sensitivity. 

3.3.2 Glycopeptide antibiotics mainly cause electrolyte imbalance by interfering with the function of 

renal tubules. Their impact on blood sugar is relatively rare but requires vigilance. The incidence of 

hypokalemia can reach 12-18%, and the mechanisms include: dysfunction of Na⁺-K⁺ -ATPase caused 

by renal tubular injury; Drug-induced increase in renal mineralocorticoids is manifested as an increase 

in urinary aldosterone content[38]. Abnormal blood glucose is often associated with high-concentration 

drug stimulation of α -adrenergic receptors. When the drug concentration of vancomycin is above 

25μg/mL, the risk of hyperglycemia will increase by 3.1 times[39]. 

3.3.3 The effects of lipopeptide antibiotics (daptomycin) and novel glycopeptide derivatives (orlivanin) 

on electrolytes and blood glucose mainly result from muscle toxicity and metabolic interference. 

Daptomycin-induced rhabdomyolysis can lead to threatening hyperkalemia, with the mechanism being 

the disintegration of muscle cells and the release of a large amount of intracellular potassium. At the 

same time, an increase in myoglobin content in serum will block the renal tubules and cause acute 

hyperphosphatemia. All these factors lead to a decline in renal function in patients[40, 41]. 

Myolysis-related hyperkalemia requires emergency treatment. For instance, after the administration of 

insulin and glucose, abnormal blood sugar levels can often recover spontaneously. Due to the absence 

of metal chelating groups and the effect of renal tubular damage, there are basically no reports of 

electrolyte imbalance in the new Orovance. In terms of its impact on blood glucose: daptomycin causes 

an increase in fasting blood glucose when insulin resistance is induced by inhibiting the GLUT-4 

transporter in skeletal muscle. However, in an animal experiment, it was found that daptomycin is a 

reliable alternative treatment for severe staphylococcal infection in diabetic mice[42], while tilavanin 

stimulates β cells to cause transient hyperglycemia. 
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Summary 

Drugs that act on the five-peptide cross-linking bridge of bacterial cell walls play a significant role in 

anti-infection treatment, but they may also have multiple impacts on patients' biochemical indicators. 

These influences involve multiple aspects such as liver and kidney functions, the blood system, 

electrolyte balance and metabolic indicators. Understanding the mechanism by which these drugs affect 

biochemical indicators is of great significance for optimizing treatment plans and enhancing the safety 

of medication. 

Future research should focus on developing more precise monitoring methods to identify drug-related 

adverse reactions at an early stage. Meanwhile, the relationship between the mechanism of drug action 

and changes in biochemical indicators should be further explored to provide a theoretical basis for 

individualized medication. In addition, the development of new drugs should take into account both 

efficacy and safety, and minimize the adverse effects on patients' biochemical indicators as much as 

possible. 

In conclusion, drugs acting on the pentapeptide cross-linked bridge provide a powerful weapon for 

anti-infection treatment, but their impact on patients' biochemical indicators cannot be ignored. By 

conducting in-depth research on these influences and their mechanisms, we can better balance the 

efficacy and safety of drugs and provide patients with higher-quality medical services. 
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