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Abstract 

Background: 

The sepsis syndrome is characterized by such clinical changes as hypotension, 

hypothermia or fever, metabolic acidosis, pulmonary hemorrhage, and death within 

several hours to days. Antibiotics are a mainstay of treatment and have been repeatedly 

demonstrated to improve survival in both human studies and animal models of sepsis. 

Appropriate fluid resuscitation is an important component of the initial therapy for 

severe sepsis. The antibody against TNF-a has improved survival in certain models of 

sepsis (Reinhart et al. 2001). 

Hypothesis: 

Timing of antibiotics is pivotal in survival outcome of sepsis and early fluid 

resuscitation is crucial in the maintenance of survival rates. 

Materials & Methods: 

Male Balb/c mice (23-25g) received the cecal ligation and puncture. During the surgery, 

1/3 cecum was ligated and 2 18G needle punctures were made from which feces were 

expressed. During antibiotic treatment strategies, cefotaxime was firstly given at 

different time points (0, 3, 6 & 12h post-surgery) and thereafter every 6 hours for up to 

72 hours. All the mice were given 1ml 0.9% saline fluid at 0 hour post-surgery and 

continuously every 6 hours for up to 72 hours. For fluid resuscitation 1ml 0.9% saline 

fluid was started at 0, 3, 6, 9 or 12 hours post-surgery respectively by subcutaneous 

injection and continuously every 6 hours for up to 72 hours. All the mice were given 
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cefotaxime at 0 hour post-surgery and continuously every 6 hours. Finally, we 

repeated cefotaxime 12 hours (Group 1) and fluid 12 hours post-surgery (Group 2) 

groups. Anti-TNF-a monoclonal antibody was given at 6 hours post-surgery for both 

groups. 

Results: 

After surgery, untreated mice showed signs of sepsis, such as anorexia, hypothermia 

and dehydration, and the mortality was 100% within the first 30 hours. The mortalities 

in cefotaxime 6 & 12 hours post-surgery groups were nearly 100% while cefotaxime 0 

& 3 hours post-surgery groups were 0% and 25% respectively. The mortality in fluid 

resuscitation 12 hours post-surgery group was nearly 100% whereas the other groups 

(0, 3, 6 & 9 hours) were 12.5% respectively. The mortality of group 1 decreased 

significantly (Fisher's exact test) compared to the same treatment group without 

anti-TNF-a while the mortality of group 2 did not. 

Discussion: 

This model provides consistent results of sepsis, which could enable us to control for 

treatment factors that are not controllable in human sepsis. In this model we can 

clearly show the impact of timing of antibiotics on survival. Despite early antibiotics 

administration (time 0), mortality of this model is still high when fluid resuscitation is 

delayed. Anti-TNF-a can decrease the mortality under condition that fluid resuscitation 

are given at an early time point. 
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1. Introduction 

1.1. History of Sepsis 

Sepsis originates from the Greek word "ox\yic,". Its meaning is "decomposition, 

decay", which has been observed and described since the dawn of medicine. There are 

a number of landmarks in our understanding of sepsis: A surgeon named John Pringle 

first used the term "antiseptic" in 1752. Richard Pfeiffer identified "endotoxin" in 

1892 and John Stenflo discovered protein C in 1975. In recent years, considerable 

advances have been made in understanding the pathogenesis and management of 

sepsis. 

1.2. Definition 

Sepsis is a complex syndrome that is difficult to define, diagnose and treat. Because 

the symptoms and signs of sepsis may occur without a definite infection, the concept 

of systemic inflammatory response syndrome (SIRS) was created in 1995 (Bone 

1996). A patient with SIRS has two or more symptoms: body temperature < 36°C or 

>38°C, heart rate > 90/min, respiratory rate > 20 or white blood cell (WBC) 12000/mL 

or > 10% immature cells (Liolios 2003). 

Sepsis is SIRS caused by overwhelming infection, which can be caused by any 

infectious agent from viruses, bacteria, fungi or parasites. If associated with a blood 

infection, the term bacteremia is used. Clinical presentation can be due to bacteria 

and/or bacterial products, such as cell wall, lipopolysaccharide (LPS) or toxins. 
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Severe sepsis is defined as sepsis with organ dysfunction, such as hypotension or 

hypoperfusion (lactic acidosis), oliguria and mental status changes. If sepsis induces 

hypotension (<90mmHg) that does not respond to 500mL intravenous (IV) fluid 

replacement, this stage of sepsis is called septic shock. If the septic shock lasts for 

more than one hour and does not respond to fluid and vasopressor administration 

(Tiwari et al. 2004), it is called refractory septic shock. 

Sepsis is a range of clinical conditions caused by the body's systemic response to an 

infection, which is accompanied by single or multiple organ dysfunction or failure 

(septic shock) leading to death if it develops into severe sepsis. Although this much is 

known, there is no clear clinical definition that can be easily communicated and 

adopted globally. Its absence makes the diagnosis and management of sepsis a clinical 

challenge. Some of the symptoms of sepsis, such as body temperature, rapid pulse and 

respiratory difficulty are very general and are present in many other disorders. In a 

recent survey conducted among physicians, 87% felt that the symptoms of sepsis 

could easily be attributed to other conditions, creating problems of late or 

misdiagnosis (Levy et al. 2003) and most realized that a lack of a common definition 

could potentially lead to delays in treatment and additional complications and death of 

the patient (Levy et al. 2003). 

1.3. Cause of Sepsis 

The most common cause of sepsis is bacterial infection, which can originate anywhere 
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in the body. The most usual areas the infections originate from are: kidneys, liver, gall 

bladder, bowel, lungs and even skin. In hospital, patients can also get bacterial 

infection from intravenous lines, surgical wounds, surgical drains and sites of skin 

ulcers or bedsores. 

Sepsis can also be triggered by events such as pneumonia, trauma, surgery and burn 

injury, or by conditions such as cancer or acquired immune deficiency syndrome 

(AIDS). 

Intra-abdominal sepsis is the focus of my project. The common cause of this sepsis is 

infection with bacteria such as Enterbacteraciae, Streptococcus pneumoniae and 

Anaerobes. 

In the early 1980s, Dr. Edwin A. Deitch and Dr. Rodney Berg indicated that gut 

bacteria and their products could be an important trigger for the development of sepsis 

and multi-organ dysfunction syndrome (MODS) in critically injured or burned patients 

(Deitch 2004). Their concept is that during shock or stress states, the body's response 

was to decrease blood flow to the intestines, thereby ensuring sufficient blood flow to 

critical organs such as the heart and brain (Deitch 2004). This decrease in intestinal 

blood flow, if sufficient in magnitude or depth, would lead to gut injury and loss of 

normal gut barrier function, causing the gut to become vulnerable. This gut barrier 

failure in turn would allow bacteria and their toxic products, such as endotoxin, to 

escape from the gut and enter the systemic circulation, thereby causing systemic sepsis 
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and leading to MODS (Deitch 2004). Because the normal gut contains enough bacteria 

and endotoxin to kill the host thousands of times over, therefore even small increase in 

gut permeability could cause profound physiological consequences (Deitch 2004). 

Their concept explains the clinical paradox of how MODS patients without a clinical 

focus of infection could have bacteria recovered from their blood or have a septic 

picture in the absence of microbial evidence of infection (Deitch 2004). 

Enterococcus species: A large number of bacteria could be described for the cause of 

sepsis. I have chosen enterococcus as a representative organism due to its prevalence 

in the model I developed. Enterococcus genus is Gram-positive cocci and facultative 

anaerobe. Most commonly isolated species are Enterococcus faecalis and 

Enterococcus faecium. It is normal flora of the intestinal tract in humans and animals. 

It is responsible for about 10% of all nosocomial infections and most common 

infections are urinary tract infections (UTIs) and bacteremia. Other infections include 

endocarditis as a complication of bacteremia and wound infections; infections within 

the peritoneal cavity including intra-abdominal abscesses (usually polymicrobial) 

especially following penetrating trauma such as gunshot wounds, knife wounds, and 

surgical wounds; kidney infections as a complication of UTIs, prostate infections, and 

infections of damaged or compromised skin, such as in diabetic or decubitus ulcers, 

burns, and surgical wounds (often polymicrobial). The enterococci have become the 

second most common bacterium isolated from nosocomial urinary and wound 
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infections, and the third most common cause of nosocomial bacteremia (Facklam et al. 

1989). The predisposing factors include urinary and intravascular catheters and long-

term hospitalization while receiving broad-spectrum antibiotics. The treatment is 

ampicillin or vancomycin, depending upon the results of susceptibility testing. 

1.4. Epidemiology 

Sepsis is associated with significant mortality, killing approximately 1,400 people 

worldwide every day (Bone et al. 1992). Sepsis is one of the leading causes of death in 

the intensive care unit (ICU). Due to its aggressive, multifactorial nature, sepsis is a 

rapid killer. Death is common among sepsis patients, about 30% of patients dying 

within the first month of diagnosis, and 50% dying within 6 months (Natanson et al. 

1998; Rivers et al. 2001; Matthay 2001). The 28-day mortality in sepsis patients is 

comparable to the 1960s hospital mortality rate in patients of acute myocardial 

infarction (Julian et al. 1996). In recent years, there has been an improvement in the 

awareness and management of acute myocardial infarction, resulting in a decline in 

mortality, while sepsis remains with a high mortality (Julian et al. 1996). 

Moreover, the number of severe sepsis cases is set to increase at a rate of 1.5% per 

year (Angus et al. 2001) and currently the burden of severe sepsis was estimated to be 

$36.4 to $72.9 million per year in Quebec (Letarte et al. 2002). This will increase total 

mortality and increase the burden on healthcare resources. The increase is mainly due 

to the growing use of invasive surgical procedures and increasing numbers of elderly 
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and high-risk individuals such as human immunodeficiency virus (HIV) patients 

(Letarte et al. 2002). Older people are at increased risk of sepsis as they are more 

vulnerable to infections due to aging, co-morbidities, weaker immune system, use of 

invasive surgical techniques and problems associated with institutionalization. 

1.5. Pathophysiology 

Because of the complexity of the septic process, an appropriate and necessary immune 

response to infection or insult can become excessive and detrimental if its control is 

lost. The uncontrolled host response may lead, on a downward spiral, to tissue damage 

and MODS. 

Infectious insults (e.g. endotoxins, exotoxins, cell wall components of Gram-positive 

bacteria, viruses, fungi) and non-infectious insults (e.g. cellular debris, complements, 

immune complex) are able to stimulate the host immune system to produce a number 

of important mediators such as cytokines, complements, coagulation components, 

platelet activating factor that are capable of causing profound effects on vascular tone 

and permeability, resulting in microcirculatory disturbances and finally shock and 

organ dysfunction (Badr 1994; Koch 1998). 
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Sepsis develops by way of a complex cascade of inflammatory responses triggered by 

certain initiating factors and involving multiple mediators and elaborates feedback 

loops and interactions. 

After an infectious insult, endothelial damage occurs with subsequent activation of 

neutrophils. This causes increased vascular permeability that results in tissue edema 

and release of oxidants by the neutrophil. Tissue factor (TF) is expressed by 

monocytes and damaged vascular endothelium. Inflammatory cytokines, such as 

tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6), are secreted by the 

monocytes. The coagulation cascade is activated with release of thrombin and the 

formation of the fibrin clot and its purpose is to "wall off' the infection. Recent 

research recognized that immune system overstimulation is not the key to sepsis, while 

the cytokines, such as TNF-a, IL-6 (interleukin-6), IL-1, may actually be beneficial in 

it (Williams et al. 2003). The innate immune system is stimulated via the Toll Like 

Receptors (TLR) and initiates the immune response. TLR 4 is part of a recognition 

complex for bacterial LPS and it has been shown that upregulation of tissue TLRs 

during early stages of sepsis increases mortality (Williams et al. 2003). Then, nuclear 

factor kappaB, a transcription factor involved in immediate early gene activation 

during inflammation is activated and cytokines inducing an inflammatory response are 

released (Williams et al. 2003). The role of host genetic factors has been recently 
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elucidated: polymorphisms in TNF, IL-1, Fc, and TLR4 may influence the response to 

infection (Homels et al. 2003; Mira et al. 1999). This suggests that there could be a 

targeted therapy of sepsis and septic shock based on genetic variability in the future. 

Inflammation promotes coagulation and coagulation induces inflammation by the 

release of inflammatory cytokines. Coagulation factor Xa was found to produce a 

proinflammatory response in endothelial cells and activated protein C (aPC) inhibits 

the production of inflammatory cytokines. As the inflammatory responses go on, the 

enhancing vascular permeability may result in a generalized capillary leakage with 

interstitial edema. Persistent systemic hypotension due to microcirculatory disturbance 

and capillary leak, results in tissue hypoperfusion and hypoxia. If the cascade is not 

interrupted, it will result in acute renal failure (ARF), cardiovascular and pulmonary 

insufficiency and finally MODS (Noris 1998; Koch 1998). 

1.6. Organ Dysfunction in Sepsis 

After local and systemic responses are initiated by tissue damage, the failure of 

respiratory system is common in the first 72 hours after the original insult. Following 

this, hepatic failure may be seen within 5 to 7 days, then gastrointestinal (GI) bleeding 

within 10 to 15 days, then renal failure within 11 to 17 days (Bone 1996). 

Liver: The liver plays a major role in metabolism and has a number of functions in the 
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body including glycogen storage, plasma protein synthesis, and drag detoxification. It 

performs several roles in gluconeogenesis, glycogenolysis and glycogenesis, produces 

coagulation factors and protein C, converts ammonia to urea. It is also responsible for 

immunological effects as the reticuloendothelial system of the liver contains many 

immunologically active cells, acting as a 'sieve' for antigens carried to it via the portal 

system (Stark et al. 1992). 

In sepsis, the liver has a significant role in host defense mechanisms. Kupffer cells are 

responsible for bacterial scavenging, bacterial products inactivation, and clearance and 

production of inflammatory mediators. Hepatocytes, via receptors for many 

proinflammatory cytokines, modify their metabolic pathway toward gluconeogenesis, 

amino-acid uptake, and increased synthesis of coagulant and complement factors and 

protease inhibitors via pro-inflammation cytokine receptor (Dhainaut et al. 2001). The 

acute-phase protein (APP) response also contributes to the procoagulant state, 

especially by enhancing the inhibition of protein C and by decreasing liver synthesis 

of protein C and antithrombin. Elevated C-reactive protein levels (positive APPs) 

promote the expression of tissue factor by mononuclear cells. Increased liver 

production of thrombin-activatable fibrinolytic inhibitor (positive APPs) enhances 

fibrinolysis inhibition (Povoa 2002). Conversely, these hepatic inflammatory and 

coagulation processes seen in sepsis may alter the function of liver. Previous research 

indicates that there is a correlation between hepatic leukocyte recruitment and hepatic 
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dysfunction. Indeed, activated Kupffer cells that release chemokines, attract blood 

neutrophils into the liver, and activate them (Molnar et al. 1997). Neutrophils 

upregulate their surface adhesion molecules, tissue factor, and Kupffer cells, whereas 

tissue factor pathway inhibitor and thrombomodulin are almost undetectable in 

endothelial cells. This may lead to microcirculatory disturbances, fibrin deposition, 

hepatocyte injury, endotoxin and bacteria spillover, and multiple organ failure in sepsis 

(Molnar etal. 1997). 

Alanine aminotransferase (ALT) is measured to see if the liver is damaged or diseased. 

Low levels of ALT are normally found in the blood. However, when the liver is 

damaged or diseased, it releases ALT into the bloodstream, which makes ALT levels 

go up. Most increases in ALT levels are caused by liver damage (Molnar et al. 1997). 

The ALT level is usually high in patients suffering from sepsis-induced hepatic 

dysfunction (Molnar et al. 1997). 

Kidney: ARF is the most common renal manifestation of sepsis, which is often a 

component of MODS that complicates sepsis. Most knowledge related to the 

pathophysiology of ARF has been derived from animal models. 

During severe sepsis, there is activation of sympathico-adrenal axis with increased 

plasma levels of epinephrine or norepinephrine; of renin-angiotensin aldosterone 

system (RAAS) with elevated levels of angiotensin II and a rise in vasopressin levels 

are often part of host response (Tiwari et al. 2004). These mechanisms are largely 
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responsible for the clinical manifestations of sepsis, including the haemodynamic 

alterations that are characterized by vasodilation, hyperdynamic circulation and 

microcirculatory changes contributing to inefficient oxygen extraction (Thijs et al. 

1998). 

Lung: The lung is the most frequently identified organ to fail in sepsis and is also the 

primary site of infection (Costa et al. 2006). The development of acute respiratory 

distress syndrome (ARDS) is common in septic patients. The current research of 

pathogenesis of ARDS indicated that the degree of inflammatory response and its 

sustained leukocyte activation of sepsis might determine the clinical evolution of 

ARDS. On one hand, due to the loss of alveolar compartmentalization in ARDS, the 

proinflammatory cascade activation can reach the bloodstream and induce MODS. On 

the other hand, the loss of alveolar compartmentalization allows the passage of 

cytokines to be released by the other organs to affect the pulmonary endothelium 

during sepsis (Costa et al. 2006). These cytokines, especially TNF-a, have important 

roles in the lung dysfunction. Experimental and clinical studies have shown that 

ventilation strategies using low tidal volumes and limitation of airway pressures can 

reduce cytokines levels and mortality of patients with respiratory failure (Costa et al. 

2006). 

Cardiovascular Response: The cardiovascular response in sepsis is the result of 

subcellular dysfunction and impaired metabolism from the complex interaction of 
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cytokine and mediators with cellular involvement (Porembka 1993). The typical 

cardiovascular abnormalities are tachycardia, hypotension, increased cardiac index, 

decrease in left ventricular stroke work index, decrease in ejection fraction and an 

apparent decrease in contractility. The mostly typical cardiovascular response to 

polymicrobial sepsis is characterized by an early, hyperdynamic phase followed by a 

late, hypodynamic phase (Wang 2001). 

Previous research suggests the reduction of NO derived from endothelial constitutive 

nitric oxide synthase (ecNOS) is significant in the progression of sepsis and associated 

with damage to the vascular endothelial cells (Beckman et al. 1990). Although the 

factors and/or mediators responsible for producing the transition from the 

hyperdynamic to the hypodynamic stage are not fully understood, recent studies have 

suggested that adrenomedullin (AM), a potent vasodilatory peptide, appears to play an 

important role in initiating the hyperdynamic response following the onset of sepsis 

(Fowler et al. 2002). In addition, the reduced vascular responsiveness to AM may 

result in the transition from the early, hyperdynamic phase to the late, hypodynamic 

phase of sepsis (Fowler et al. 2002). The mechanism of AM gene actually has not been 

elucidated but can be modified by pharmacologic agents, which reduce sepsis-induced 

mortality. Thus reduced AM receptor responsiveness may be crucial factors 

responsible for the transition from the hyperdynamic phase to the hypodynamic phase 

of sepsis (Fowler et al. 2002). 
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Spleen: Animal models have demonstrated that apoptosis in the spleen contributes to 

sepsis severity during its process (Dear et al. 2006). 

The critical importance of the spleen in host defense against bacteremia is suggested 

by the occurrence of overwhelming pneumococcal sepsis in patients who are 

anatomically or functionally asplenic (Bisno et al. 1970; Eraklis et al. 1967; Singer 

1973). Experimental models of pneumococcal infection have also demonstrated 

increased mortality and prolonged bacteremia in asplenic animals (Bogart et al. 1972; 

Leung et al. 1972; Shinefield et al. 1966; Whitaker 1968). Animal models indicate that 

the normal spleen plays a unique role in the clearance of bacteremia (Brown et al. 

1981). When the spleen is removed, the liver is unable to compensate for the loss of 

phagocytic acitvity and complement production of the spleen (Brown et al. 1981). 

Intravascular Coagulation Pathway: Disseminated intravascular coagulation (DIC), 

is common in patients with severe sepsis along with microvascular thrombosis 

(Hinsaw 1996). The ensuing tissue damage may have an important role in the MODS 

during sepsis. In the circulatory system of sepsis patients, hemodynamic alterations 

and microcirculatory disturbance are associated and previous research showed that 

cardiac and/or vascular effects play a role in these changes during sepsis (Ferguson et 

al. 1996; Hinsaw 1996). 

Virtually all patients with sepsis have an activated coagulation system, which may 

range from minor changes in highly sensitive molecular markers for activation of 
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coagulation to full-blown DIC, with intravascular fibrin deposition and consumption 

of platelets and clotting factors (Levi et al. 2003). In recent years the importance of 

coagulation system changes in the pathogenesis of sepsis has become clear (Levi et al. 

1993). Ongoing systemic activation of coagulation does not only lead to microvascular 

failure due to obstruction of the blood supply to various organs, thereby contributing 

to organ failure, but also plays a central role in the inflammatory response to severe 

infection and sepsis (Esmon et al. 1999). Various mechanisms that are important for 

the derangement of coagulation in patients with sepsis have been elucidated in the last 

10-15 years. The pivotal role of tissue factor, impairment of physiological 

anticoagulant pathways, and depression of fibrinolytic response have been extensively 

studied (Esmon 2000). Also, the in vivo differential effect of inflammatory cytokines 

on each of these processes has been delineated and the tight interaction and cross-talk 

between activation of coagulation and inflammatory activity has been extensively 

studied (Esmon 2000; Levi et al. 2004). 

Firstly, inflammation induces coagulation by tissue factor. Blocking tissue factor 

activity completely abrogates inflammation-induced coagulation activation in models 

of experimental endotoxemia or bacteremia, whereas antibodies that inhibit the contact 

system have no effect on thrombin formation (Levi et al. 1993; Pixley et al. 1993). In 

severe sepsis, circulating mononuclear factor, stimulated by proinflammatory 

cytokines, express tissue factor, which leads to systemic activation of coagulation 
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(Levi et al. 2004), even low-dose endotoxemia in healthy subjects results in a 125-fold 

increase in tissue factor mRNA levels in blood monocytes (Franco et al. 2000). 

Although many cytokines are capable of inducing tissue factor expression on 

mononuclear cells in vitro, the in vivo expression of tissue factor appears to be mostly 

dependent on IL-6 (Levi et al. 2004). Studies show that inhibition of IL-6 by 

monoclonal antibodies completely blocks tissue factor-dependent thrombin generation 

in experimental endotoxemia, whereas specific inhibition of other proinflammatory 

cytokines had less effect or no effect (Levi et al. 1997). Inflammation-induced 

activation of coagulation can also downregulate the three major anticoagulation 

pathways: antithrombin, the protein C system and tissue factor pathway inhibitor 

(TFPI), which regulate activation of coagulation (Levi et al. 2004). 

Secondly, coagulation affects inflammation through protease-activated cell receptors 

and activation of platelets (Levi et al. 2004). Coagulation activation yields proteases 

that not only interact with coagulation protein but also with specific cell receptors to 

induce signaling pathways that mediate inflammatory responses (Levi et al. 2004). 

Many in vitro observations point to a role of coagulation proteases in upregulating the 

expression of proinflammatory mediators (Jones et al. 1990; van der et al. 2001). The 

most important mechanism by which coagulation proteases influence inflammation is 

by binding to protease activated receptors (PARs). The binding results in upregulation 

of inflammatory responses in macrophages and was shown to affect neutrophil 
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infiltration and proinflammatory cytokines expressions, such as TNF-a or IL-ip 

(Cunningham et al. 1999). In vivo evidence for a role of coagulation-protease 

stimulation of inflammation comes from recent experiments showing that 

administration of recombinant factor Vila to healthy human subjects causes a 3- to 4-

fold rise in plasma levels of IL-6 and IL-8 (Esmon 2002). 

Thirdly, apart from its central role in regulation of coagulation activation, there is 

evidence that the protein C system also has an important function in modulating 

inflammation (Okajima 2001). Activated protein C has been found to inhibit 

endotoxin-induced production of TNF-a, IL-ip, IL-6 and IL-8 by cultured 

monocytes/macrophages (Okajima 2001). Furthermore, activated protein C abrogates 

endotoxin-induced cytokine release and leukocyte activation in rats in vivo (Murakami 

et al. 1996). Blocking the protein C pathway in septic baboons exacerbates the 

inflammatory response, whereas administration of activated protein C ameliorates the 

inflammatory activation in various models of severe systemic inflammation (Okajima 

2001; Taylor et al. 1987). Mice with a heterozygous protein C deficiency not only 

have a more severe coagulation response to endotoxin but also demonstrate significant 

differences in inflammatory responses (Levi et al. 2003). 

1.7. Blood Cells 

Red Blood Cell (RBC): Red blood cells are the most common type of blood cell and 

the vertebrate body's principal means of delivering oxygen from the lungs or gills to 
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body tissues via the blood. 

Increased erythrocyte sedimentation rate (ESR) is a common finding in sepsis, and it is 

used as a criterion in the diagnosis of the sepsis syndrome (Koppensteiner 1996; Philip 

1982; Schulak et al. 1982). Sepsis-related increases in ESR are associated with acute 

phase reaction (Lowe 1988). Several studies have shown that decreased RBC 

deformability in sepsis (Astiz et al. 1995; Machiedo et al. 1989; Powell et al. 1991) 

that may contributed to the observed hemodynamic alternations. RBC deformability 

refers to the ability of the entire erythrocyte to change its shape in response to applied 

forces and has been assessed by several experimental methods (Baskurt et al. 1998). 

Clinical observation in humans also shows that sepsis induces a significant increase in 

free cytosolic concentrations of erythrocyte intracellular calcium (Todd et al. 1995). 

These altered biochemical and biomechanical properties of RBC in sepsis are partially 

related to increased RBC oxidative stress mediated by activated white blood cells 

(Machiedo et al. 1989; Powell et al. 1991). In addition, sepsis can induce increased 

RBC aggregation (Bedell et al. 1985), which play an important role in tissue perfusion 

problems encountered in sepsis (Astiz et al. 1995; Lam et al. 1994). 

White Blood Cell (WBC) : White blood cells or leukocytes are cells which form a 

component of the blood. They are produced in the bone marrow and help to defend the 

body against infectious disease and foreign materials as part of the immune system. 
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The physical properties of leukocytes (volume, conductivity, light scatter, etc.) may 

change due to activation and presence of immature cells. 

There are many different types of white blood cells. One primary technique to classify 

them is to look for the presence of granules. 

Granulocytes are a category of white blood cells, characterized by the fact that all 

types have differently staining granules in their cytoplasm on light microscopy. These 

granules are related to lysosomes found in some regular cells and primarily act in the 

digestion of engulfed invaders. There are three types of granulocytes: neutrophils, 

basophils, and eosinophils (named according to their staining properties). 

Besides granulocytes, there are two other types of white blood cells: lymphocytes and 

monocytes, which are characterized by the absence of granules in their cytoplasm. 

Monocytes are also known as macrophages after they migrate from the bloodstream 

and enter tissue. 

Neutrophils are the most abundant type of white blood cells and form an integral part 

of the immune system, constituting approximately 65% of human's white blood cells 

(Lichanska et al. 2000). These phagocytes are normally found in the blood stream. 

However, during the acute phase of inflammation, particularly as a result of bacterial 

infection, neutrophils leave the vasculature and migrate toward the site of 
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inflammation in a process called chemotaxis. They are the predominant cells in pus, 

accounting for its whitish appearance. Neutrophils react within an hour of insult 

(Sampson 2000). 

Neutrophil granulocytes have an average volume of 330 femtoliters (fl) and a diameter 

of 12-15 micrometres (urn) in peripheral blood smears.With the eosinophil and the 

basophil, they form the class of polymorphonuclear cells (PMNs), named for the 

nucleus's characteristic multilobulated shape (as compared to lymphocytes and 

monocytes, the other types of white cells). Neutrophils are the most abundant white 

blood cells; they account for 70% of all white blood cells (leukocytes). The stated 

normal range for blood counts varies between laboratories, but a neutrophil count of 

2.5-7.5 x 109/L is a standard normal range. The average Xm of a non-activated 

neutrophil in the circulation is about 4-10 hours. Upon activation, they marginate 

(position themselves adjacent to the blood vessel endothelium), undergo selectin 

dependent capture followed by integrin dependent adhesion after which they migrate 

into tissues, where they survive for 1-2 days. Cell surface receptors are able to detect 

chemical gradients of molecules such as IL-8, interferon gamma (IFN-gamma), and 

C5a that these cells use to direct the path of their migration (Sampson 2000). 

Neutrophils are active phagocytes, capable of ingesting microorganisms or particles. 

However, they can only execute one phagocytic event, expending all of their glucose 
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reserves in an extremely vigorous "respiratory burst" (Hughes et al. 1997). 

The respiratory burst involves the activation of a p-Nicotinamide adenine dinucleotide 

(NADPH) oxidase enzyme, which produces large quantities of superoxide, a reactive 

oxygen species, which breaks down to H2O2 by superoxide dismutation (Hughes et al. 

1997). H2O2 then converted to hypochlorous acid (HOC1) by the green heme enzyme 

myeloperoxidase. It is thought that the bactericidal properties of HOC1 are enough to 

kill bacteria phagocytosed by the neutrophil, but this has not been proven conclusively 

(Hughes etal. 1997). 

Neutrophils also release an assortment of proteins in three types of granules: first, 

specific granules which help kill the ingested microbe by a variety of oxygen-

independent mechanisms, such as defensins; second, azurophilic granules: 

myeloperoxidase, bactericidal/permeability increasing protein (BPI), serine proteases, 

neutrophil elastase and cathepsin G. Third, tertiary granules: cathepsin and gelatinase 

(Gutierrez-Pena et al. 1996). Neutrophils can also extrude neutrophil extracellular 

traps (NETs), a web of fibers composed of chromatin and serine proteases that trap and 

kill microbes extracellularly. NETs provide for a high local concentration of 

antimicrobial components and bind, disarm, and kill microbes independent of 

phagocytic uptake. In addition to their antimicrobial properties, NETs may serve as a 

physical barrier that prevents further spread of pathogens. Furthermore, delivering the 
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granule proteins into NETs may keep potentially injurious proteins like proteases from 

diffusing away and inducing damage in tissue adjacent to the site of inflammation. 

Recently, NETs have been shown to play a role in inflammatory diseases, as NETs 

could be detected in preeclampsia, a pregnancy related inflammatory disorder in which 

neutrophils are known to be activated (Urban et al. 2006). 

The biochemical behavior of WBC also changes in sepsis (Drost et al. 1995), primarily 

triggered by the activation process (Buttrum et al. 1994). Recent studies showed that 

WBC mechanical behavior has a significant role in microcirculation hemodynamic 

(Eppihimer et al. 1994). 

The role of neutrophils in producing hepatocellular dysfunction during the 

hyperdynamic stage of sepsis has been shown in an animal model (Molnar et al. 1997). 

The results indicate that although circulating levels of serum alanine aminotransferase 

(ALT) were not elevated, hepatocellular function was significantly depressed during 

early sepsis, which can be prevented by neutrophil depletion. The results also suggest 

an integral role of the neutrophils in depressing hepatocellular function under certain 

conditions and prudent modulation of neutrophil function during the early stage of 

polymicrobial sepsis may be beneficial for preventing or delaying the occurrence of 

hepatocellular dysfunction. However, the neutrophils also play a protective role in 
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bacterial induced acute lung injury sepsis model (Ueda et al. 2001). 

Neutrophils play a key role in the pathophysiology of septic MODS through excessive 

release of toxic granule components and reactive oxygen metabolites with the 

resulting tissue destruction. The increase in the number of senescent neutrophils 

during sepsis indicates a potential breakdown of autoregulatory mechanisms including 

apoptotic processes to remove activated neutrophils from inflammatory sites (Keel et 

al. 1997). Spontaneous neutrophil apoptosis in patients with severe sepsis is 

significantly reduced in comparison to healthy individuals. Cytokines detected in the 

circulation during sepsis (TNF-a, interferon-y [IFN-y], granulocyte colony-stimulating 

factor [G-CSF], granulocyte-macrophage colony-stimulating factor [GM-CSF]) all 

inhibited neutrophil apoptosis in both severe sepsis patients and healthy human, 

though the effect was more distinct in neutrophils from healthy humans (Keel et al. 

1997). The addition of LPS to neutrophils from healthy humans markedly reduced 

apoptosis, which was partially restored through addition of anti-TNF-antibody (Keel et 

al. 1997). 

Platelet: Platelets or thrombocytes are the cell component circulating in the blood that 

are involved in the mechanisms of primary hemostasis leading to the formation of 

blood clots. Platelet dysfunction and low platelet number of platelets predispose an 

individual to bleeding, while high levels, although usually asymptomatic, may 

increase the risk of thrombosis. 
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Platelets are involved in the pathogenesis of coagulation abnormalities seen in sepsis. 

Marked thrombocytopenia is a common feature of sepsis with an incidence of (platelet 

count <150*109/ L) critically ill medical patients at 35-44% (Baughman et al. 1993; 

Strauss et al. 2002; Vanderschueren et al. 2000). Typically, the platelet count in 

patients with sepsis decreases during the first 4 days in a critical care unit (Akca et al. 

2002). Sepsis is a clear risk factor for thrombocytopenia in critically ill patients and 

the severity of sepsis correlates with the decrease in platelet count (Mavrommatis et al. 

2000). It has been observed that platelets collected from patients with sepsis have 

reduced aggregability and decrease in platelets aggregation was related to the severity 

of sepsis. This is explained because increased platelet aggregation activity in patients 

with sepsis will lead to circulating platelets that are already activated and will not 

aggregate in an ex vivo setting (Yaguchi et al. 2004). As well there is a differential 

release of growth factors from platelets in patients with sepsis (Yaguchi et al. 2004), 

particularly the release of vascular endothelial cell growth factor (VEGF) along with 

the adherence of platelets to leukocytes and endothelial cells in the previous studies 

(Shebuski et al. 2002), all suggest that platelets have an essential role in the 

inflammation and coagulation pathways of sepsis. 

1.8. Immune System 

The innate immune system is the first line of defense against infection and is activated 

when a pathogen crosses the host's natural defence barrier (Janeway et al. 2002). It 
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consists of soluble elements (the alternative and mannan-binding lectin pathways of 

complement system, acute phase protein [APP] and cytokines) and cellular elements 

(monocytes, macrophages, neutrophils, dendritic cells and natural killer cells). Innate 

immune responses must be tightly regulated as unbalanced inflammatory and immune 

reactions that can result in either uncontrolled microbial growth or devastating 

inflammatory responses with tissue injury, vascular collapse and MODS (Bochud et al. 

2003). 

Detection of invading microorganisms is mediated by pattern recognition receptors 

expressed on the surface of innate immune cells, such as Toll-like Receptors (TLRs) 

on macrophage (Bochud et al. 2003). Pattern recognition receptors recognize the 

common structures of each pathogen, such as LPS, peptidoglycan, lipoteichoic acid, 

lipopeptides, flagellin, mannan and viral RNA, which are essential for survival of 

pathogen and avoid mutations. 

When a pathogen associated molecular pattern binds to a pattern recognition receptor, 

it activates several intracellular signaling pathways resulting in the activation of 

transcription factors. The transcription factors control the expression of immune 

responses genes and the release of cytokines. Cytokines have an essential role in 

orchestrating the innate and acquired immune responses to an invading pathogen. 

Sepsis is always associated with upregulation of proinflammatory cytokines, such as 

TNF-a, IL-6andIL-l. 



25 

IL-1: IL-1 is composed of two distinct proteins: IL-la and IL-1 p. Both molecules 

activate the same IL-1 receptors and therefore share various biological activities. IL-1 

is synthesized by mononuclear phagocytes, polymorphonuclear leukocytes and other 

cell types (Dinarello et al. 1991). IL-1 (3 is predominant form of this mediator produced 

by endotoxin-stimulated human monocytes and detected in the plasma of septic 

animals (Smith et al. 1990). Both IL-la and IL-ip mimic many of the biological 

activities of TNF-a. Infusion of either form of IL-1 into humans causes fever, 

haemodynamic abnormalities, anorexia, malaise, arthralgia, headache and neutrophilia 

(Cannon et al. 1990; Dinarello et al. 1991). IL-lp is increased in humans after infusion 

of endotoxin, although at lower concentration than TNF-a (Cannon et al. 1990; Hesse 

et al. 1988). Like TNF-a, IL-lp activates the production of other cytokines, including 

IL-6, IL-8 and TNF-a. Other evidence showing a primary role of IL-lp in sepsis 

syndrome is provided by using IL-lra to block the biological activity of exogenous 

and endogenous IL-lp (Dinarello et al. 1991). For example, prior treatment with IL-

lra decreased the mortality of rabbits treated with endotoxin (Ohlsson et al. 1990). It is 

also reported that IL-lra treatment reduced the production of IL-1, IL-6 and IL-8 (but 

not TNF-a) and improved survival after E. coli infusion in baboons (Fischer et al. 

1992). IL-ip is not normally present in human plasma, but has been detected in the 

plasma of patients with sepsis. The results indicate initial plasma IL-lp concentration 
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may correlate with severity of sepsis, but no convincing independent association with 

mortality has been found (Casey et al. 1993; Endo et al .1992; Goldie et al. 1995). 

TNF-a: Tumor necrosis factor a (TNF-a) is a member of a group of cytokines that 

stimulate the acute phase reaction. It is a 185 amino acid glycoprotein peptide 

hormone, cleaved from a 212 amino acid-long propeptide on the surface of 

macrophages (Goldie et al. 1995). 

TNF-a is released by white blood cells, the vascular endothelium and several other 

damaged tissues, for example, by infection. Its release can also be stimulated by 

several other mediators, such as IL-1 and bacterial endotoxin. It has a number of 

actions on various organ systems, generally together with interleukins 1 and 6. 

TNF-a can stimulate the hypothalamic-pituitary-adrenal axis by stimulating the release 

of corticotropin releasing hormone (CRH), suppress the appetite and cause 

hyperthermia due to its effect on the hypothalamus. It is also able to stimulate the 

acute phase response (APR), leading to an increase in C-reactive protein and a number 

of other mediators made by the liver. TNF-a attracts neutrophils very potently, and 

helps them to stick to the endothelial cell. It also stimulates phagocytosis, and the 

production of IL-1 oxidants and the inflammatory lipid prostaglandin E2 (PGE2). As 

well, it increases insulin resistance on other tissues. In addition, a local increased 
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concentration of TNF-a can cause the cardinal signs of inflammation to occur: heat, 

swelling, redness and pain. 

Infusion of recombinant TNF-a into humans results in SIRS with fever, 

haemodynamic abnormalities, leucopenia, elevated liver enzymes and coagulopathy 

(Champman et al. 1987; Selby et al. 1987; Sherman et al. 1988; van der et al. 1990). In 

human and animal models of sepsis induced by injection of bacterial endotoxin, TNF-

a can be quickly detected in plasma. Several studies show that the peak concentration 

of TNF-a can be detected 60-90 min after endotoxin infusion (Cannon et al. 1990; 

Hesse et al. 1988; Suffredini et al. 1989). In vitro, TNF-a can induce production of FL­

IP, IL-6 and IL-8. In baboons injected with E. coli, treatment with TNF-a antibodies 

decreased the production of IL-ip, IL-6 and IL-8, in addition to reducing morbidity 

and mortality (Fong et al. 1989; Emerson et al. 1992; Hinshaw et al. 1992; Tracey et 

al. 1987; Redl et al. 1993). Clinical reports (Casey et al. 1993; Endo et al. 1992; 

Waage et al. 1987) indicate that TNF-a can be detected in the plasma of many patients 

with sepsis, and concentrations correlate with severity of illness and outcome. 

IL-6: IL-6 is a proinflammatory cytokine secreted by T cells and macrophages to 

stimulate an immune response to trauma, especially burns or other tissue damage 

leading to inflammation (van der et al. 1997). IL-6 is one of the most important 

mediators of fever and of the APR. In the muscle and fatty tissue IL-6 stimulates 
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energy mobilization which leads to increased body temperature. IL-6 can be secreted 

by macrophages in response to pathogen associated molecular patterns (PAMPs) 

binding the TLR present on an active macrophage. (Kishimoto et al. 1995). IL-6 can 

also activate the coagulation system, induce APP production in the liver and modulate 

haematopoiesis (Borden et al. 1994; van der et al. 1994). Additionally, osteoblasts 

secrete IL-6 to stimulate osteoclast formation. Inhibitors of IL-6 (including estrogen) 

are used to treat postmenopausal osteoporosis (Febbraio et al. 2005). 

In vitro, IL-6 suppresses the production of TNF-a and IL-ip (Aderka et al. 1989; 

Schindler et al. 1990). Experimental injections of endotoxin or bacteria result in 

detectable plasma IL-6, with peak concentrations occuring subsequent to peak TNF-a 

and IL-1 concentrations (Casey et al. 1993; Kuhns et al. 1995; Van Zee et al. 1991). In 

mice, IL-1 and TNF-a synergize to increase IL-6 production and the production of IL-

6 after endotoxin injection can be inhibited by prior treatment with anti-TNF-a 

antibodies (Shalaby et al. 1989). In addition, TNF-a antibodies and IL-lra can 

attenuate IL-6 production in bacteremic baboons (Fischer et al. 1992; Fong et al. 

1989). All these indicate that the appearance of plasma IL-6 in sepsis may be related 

directly to TNF-a and IL-1 production. Although the role of IL-6 in sepsis is not well 

defined, several clinical reports show IL-6 concentrations correlate more closely than 

other cytokines with severity and outcome of human sepsis (Endo et al. 1992; Goldie 



29 

et al. 1995; Hack et al. 1989; Damas et al. 1992), which suggest that the IL-6 

concentration in human sepsis may be a marker for activation of cytokine cascade and 

can predict MODS. 

From an immunologic perspective of sepsis research, IL-6 and TNF-a. have been 

implicated as key mediators of inflammation, morbidity and mortality associated with 

sepsis. Hepatic APP synthesis is indirectly regulated by TNF-a. Several reports 

support the role of TNF-a and IL-6 in the sepsis syndrome, such as hypotension, 

hypothermia or fever, metabolic acidosis, pulmonary hemorrhage and even sudden 

death (Bone et al. 1989). From the rodent model of sepsis, the administration of TNF-

a or IL-6 into mice induces an APR that consists of sepsis like symptoms (Bauss et al. 

1987). Secondly, high circulating concentrations of TNF-a and IL-6 have been 

measured during septic shock and are negatively correlated with survival ( Mozes et 

al. 1991). Thirdly, cachexia (loss of weight, muscle atrophy, fatigue, weakness and 

significant loss of appetite in someone who is not actively trying to lose weight) did 

not differ between wild type and IL-6 or TNF-a knockout mice, whereas anorexia was 

prolonged in TNF-a knockout mouse. Finally, survival was significantly enhanced in 

TNF-a knockout mice compared with the wild type controls, whereas the lack of IL-6 

did not affect the lethality (Rivers et al. 2001). Clinical reports suggest that TNF-a and 

IL-6 concentrations were higher in septic shock than non-septic shock patients and the 
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persistence of TNF-a and IL-6 in serum predicted a poor outcome in patients with 

shock (Pinksy et al. 1993). 

1.9. Current Therapy In Sepsis 

The therapy for sepsis depends on antibiotics, surgical drainage of infected fluid 

collections, fluid resuscitation and appropriate support for organ dysfunction. This 

may include hemodialysis in kidney failure, mechanical ventilation in pulmonary 

dysfunction, transfusion of blood products, and drug and fluid therapy for circulatory 

failure. Ensuring adequate nutrition, if necessary by parenteral nutrition, is important 

during prolonged illness (Annane et al. 2002). 

Antibiotics: Bacteria are the most common cause of sepsis, therefore antibiotics are 

absolutely the first line of therapy. 

Regardless of the source of bacterial sepsis, antibiotics have been shown to impact 

cytokine levels. Antimicrobial agents can cause increases in LPS in humans and 

animals with sepsis (Newcomb et al. 1998; Shenep et al. 1984). Increased LPS, in 

turn, can lead to the production of multiple cytokines, including TNF-a and IL-6, both 

of which have been associated with increased mortality in sepsis (Hack et al. 1989; 

Negussie et al. 1992; Remick et al. 2002; Waage et al. 1989). An example of the 

impact of antimicrobial agents on cytokines is the Jarisch-Herxheimer reaction, which 

manifests fevers, rigors, and hypotension after treatment with antibiotics for louse-
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borne relapsing fever, is associated with increased plasma levels of TNF-a, IL-6 and 

IL-l(Bickelletal. 1994). 

Broad spectrum antibiotics are used until the source of infection has been identified. 

There are a variety of antibiotics, as an example, cefotaxime is a third-generation 

cephalosporin. Like other third-generation cephalosporins, it has broad spectrum 

activity against aerobic Gram positive and Gram negative bacteria as well as some 

anaerobic organisms. In most cases, it is considered to be equivalent to ceftriaxone in 

terms of safety and efficacy but it is used to treat pneumonia and various infections 

such as intra-abdominal infection or sepsis. 

Early and appropriate administration of antibiotics with decreased morbidity and 

mortality has been established in the ICU setting (Kollef et al. 1999; Houck et al. 

2005). Clinical studies (Houck et al. 2004; Meehan et al. 1997) indicate that 

administration of antibiotics within 4 and 8 hours (Houck et al. 2004; Meehan et al. 

1997) of hospital presentation can reduce mortality significantly (PO.01). 

Fluid Resuscitation: Fluid resuscitation is the first line therapy for patients suffering 

hypotension during septic shock in ICU and it can improve hemodynamic variables as 

well as the effect of vasopressor agent. 

It may be a lifesaving procedure before the bleeding is controlled in hemorrhagic 

shock. However, the timing of fluid resuscitation on patients with septic shock is very 

complicated, which depends on the original disease, the cause of shock and the health 
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or morbidity of the patients. For example, delay of aggressive fluid resuscitation until 

operative intervention improves the survival of hypotensive patients with penetrating 

torso injuries compared to early fluid resuscitation that improves the survival of 

patients with endotoxin-induced septic shock (Pascual et al. 2003). 

In animal models of fluid resuscitation, researchers found that hypertonic saline (HTS) 

resuscitation attenuates neutrophil lung sequestration and transmigration by 

diminishing leukocyte-endothelial interactions in the model of hemorrhagic shock, but 

not in endotoxin shock (Wilson et al. 1996). Other research has shown that fluid 

administration immediately after cecal ligation and puncture (CLP) in rats is essential 

for producing the hyperdynamic response during the early stages of sepsis in the rat 

model, but whether continuous fluid resuscitation prolongs the hyperdynamic response 

during sepsis is not clear (Wilson et al. 1996). However, much less is known about the 

relation between timing of fluid resuscitation and the mortality rate of sepsis in mice 

(Pascual et al. 2003). 

CLP mice without fluid resuscitation resulted in significant increases in hepatic TNF-a 

mRNA, IL-ip mRNA and intestinal 1L-Ip mRNA (Pascual et al. 2003). Volume 

administration attenuated cytokine expression at both 3 and 6 hours, and saline seemed 

to have more potent effects than serum. The volume of resuscitation correlated with 

survival at 18 hours. Survival in the saline (1 mL) + serum group was 90% at 18 hours 

compared with 20 to 40% in the groups with little or no resuscitation (Pascual et al. 



33 

2003). Therefore it is confirmed that fluid resuscitation (amount, composition, and 

timing) is an important consideration in the utilization of experimental infection 

models. Furthermore, optimization of a patient's intravascular volume status during 

sepsis may have an important impact on the immune response, in addition to 

improving the hemodynamic variables (Pascual et al. 2003). 

However there are no survivors at 30 hour in the experiment described above because 

antibiotic treatment was not combined with fluid. 

Early Goal Directed Therapy (EGDT): developed at Henry Ford Hospital by Rivers, 

is a systematic approach to resuscitation that has been validated in the treatment of 

severe sepsis and septic shock. The theory is that one should use a step-wise approach, 

having the patient meet physiologic goals, to optimize cardiac preload, afterload, and 

contractility, thus optimizing oxygen delivery to the tissues (Rivers et al. 2001). In 

EGDT, fluids are administered until the central venous pressure (CVP), as measured 

by a central venous catheter reachs 8-12 centimeter (cm) of water (or 10-15cm of 

water in mechanically ventilated patients). If the mean arterial pressure (MAP) is less 

than 65 mmHg or greater than 90 mmHg, vasopressors or vasodilators are given as 

needed to reach the goal. Once these goals are met the central venous oxygen 

saturation (Scvd), i.e. the oxgyen saturation of venous blood as it returns to the heart 

as measured at the superior vena cava, is optimized. If the ScvC>2 is less than 70%, 

blood is given to reach a hemoglobin of 10 g/dl and then inotropes are added until the 
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ScvC>2 is optimized. Elective intubation may be performed to reduce oxygen demand if 

the ScV02 remains low despite optimization of hemodynamics. Urine output is also 

monitored, with a goal of 0.5 mL/kg/h. In the original trial, mortality was cut from 

46.5% in the control group to 30.5% in the intervention group (Dellinger et al. 2004). 

The Surviving Sepsis Campaign guidelines recommends EGDT for the initial 

resuscitation of the septic patient with a level B strength of evidence (single 

randomized control trial) (Bernard et al. 2001). 

Adjunctive Therapies: Most therapies aimed at the inflammatory process itself have 

failed to improve outcome. However, drotrecogin alfa (activated protein C, one of the 

coagulation factors) has been shown to decrease mortality from about 31% to about 

25% in severe sepsis and a protective effect by reducing IL-6 and TNF-a on sepsis 

lethality has also been demonstrated (Baker et al. 1983). Low dose hydrocortisone 

treatment has shown promise for septic shock patients with relative adrenal 

insufficiency (RAI) as defined by adrenocorticotropic hormone (ACTH) stimulation 

(Annane et al. 2002). 

A number of adjunctive treatments for severe sepsis and septic shock have been tested 

in clinical trials (Bochud et al. 2003). These include neutralisation of microbial toxins 

such as LPS, non-specific anti-inflammatory and immunosuppressive drugs, 

neutralisation of proinflammatory cytokines, and correction of abnormalities in 
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coagulation. The results have been mixed (Vincent et al. 2002), although several recent 

clinical trials have given encouraging results. 

The profibrinolytic, anti-inflammatory anti-apoptotic effects of protein C may improve 

microcirclatory flow (Tugrul et al. 2002). According to the study of Recombinant 

Human Activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS), a 

multicentre randomized controlled trial showed that the administration of r-APC 

(drotecogin alfa), which started within 24 hours after the criteria for severe sepsis were 

met, reduced mortality from severe sepsis or septic shock by 6% compared with 

placebo (Bernard et al. 2001). Several other studies also suggest that early 

administration of r-APC may improve morbidity and mortality (McLeay 2004). 

In the neurohumoral response to septic shock, many patients have manifestly 

inadequate adrenal reserve or relative adrenal insufficiency (Chadda et al. 2002; 

Lamberts et al. 1997; Rothwell et al. 1991; Soni et al. 1995). Thus glucocorticoids, 

which exert broad metabolic and immunomodulating effects, have been used to treat 

many inflammatory diseases. Although high dose of steroids have no clinical benefit 

in sepsis (Vincent et al. 2002), a recent multicentred trial found that a seven day 

course of low doses of hydrocortisone and fludrocortisone reduced mortality in 

patients with septic shock and relative adrenal insufficiency (Annane et al. 2002). 

Corticosteroids (hydrocortisone 50mg intravenously every 6 hours and fludrocortisone 

50 u g by mouth once daily) were started within 8 hours after the diagnosis of septic 
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shock and continued for 7 days. There was a 10% absolute reduction in 28-day 

mortality in the group that received hydrocortisone and fludrocortisone and who were 

diagnosed with RAI at randomization (Annane et al. 2002). 

Meticulous control of glucose with insulin has also shown to reduce mortality in 

patients with sepsis (Rivers et al. 2001; van den et al. 2001). 

Anti-TNF-a Monoclonal Antibody: TNF-a plays a central role in the pathogenesis of 

endotoxemia and septic shock (Debets et al. 1989). Elevated plasma TNF levels 

correlate with mortality in human with sepsis (Beutler et al. 1985; Waage et al. 1987), 

and the parenteral administration of large doses of TNF-a causes clinical symptoms 

indistinguishable from those in septic shock (Tracey et al. 1987). Antibody against 

TNF-a has improved survival in certain model of sepsis, but it only shows a small, 

nonsignificant survival benefit in clinical studies (Reinhart et al. 2001). To be 

effective, antibody must be administrated shortly before or after the septic challenge 

(Bagby et al. 1991; Eskandari et al. 1992; Hinshaw et al. 1992; Windsor et al. 1994). 

The administration of anti-TNF prior to septic challenge has not been shown to be of 

benefit in some models of sepsis (Echtenacher et al. 1990; Havell 1989) and indeed 

TNF-a itself may offer some protection against sepsis (Koch 1998). A complete 

neutralization of TNF-a may be ultimately detrimental to the host (Koch 1998; Badr 

1994) 
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1.10. Animal Model 

Two milestones in the history of antimicrobial chemotherapy are directly attributed to 

experiments conducted in animal models of infection. The first resulted from the 

surprising observation, sulphonamidocrysoidine (Prontosil), although devoid of 

antibacterial activity in vitro, was effective against a pneumococcal infection in mice 

(Domagk 1986). This finding furnished the very first proof that (Abraham 1980) 

systemic bacterial infections could be cured by drugs and (Barza 1978) in vivo testing 

was an indispensable component of antimicrobial drug research. The second was 

penicillin. In retrospect, it seems that this antibiotic could have been available to 

patients much earlier; Fleming only used penicillin in differentiating cultures and in a 

few cases as a local antisepsis. He apparently had no thought of the possibility of its 

systemic clinical effect. Not until the 1940s, was the substance partially purified and 

then demonstrated its potent therapeutic activity, first in the mouse and afterward in 

humans (Abraham, 1980). 

Since 1960, more than 1000 different animal models for experimental chemotherapy 

have been described. Depending on their purpose, nature and predictive value, they 

can be assigned to various categories (Zak, 1980); each has its justification at some 

point in the development of an antibiotic or therapeutic strategy. 
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The basic antimicrobial screening models are in-vivo test systems frequently used in 

the early evaluation of new antibiotics. The best known model in this category is that 

of acute septicemia in mice, and it is, so far, the simplest and most inexpensive test, 

allowing a rough estimate of whether or not an antibiotics is effective in vivo. The 

clinical relevance of the results obtained in this model is limited by its many inherent 

drawbacks. For example, the rapidly fatal course of infection in mice is not usually a 

characteristic of human disease. As well, the sensitivity of the test to the size of the 

inoculum, the prophylactic rather than therapeutic regimens used in this test may yield 

indicative but not necessarily predictive of human outcome. 

Ex-vivo models appear to simulate human infections somewhat more closely than do 

screening tests. This category comprises models in which foreign bodies, e.g. fibrin 

clots or dialysis sacks, are implanted into animals and infected. Other variants use 

perforated rubber or plastic tubing, small spiral springs or perforated balls, which are 

infected after they have been surrounded by granulation tissue and filled with 

edematous fluid. The effects of antibiotics in these tests are then evaluated in vitro, 

e.g. by determination of the antibiotic concentrations reached or the bacterial counts in 

samples of the foreign bodies or the fluid. 

A group of models used in the evaluation of antibiotics belong to the category 

described as monoparametric/polyparametric models. Their difference from the 
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screening models is that, instead of waiting for the ultimate therapeutic effects to 

appear (cure or death), only one single, or preferably many, parameter (s) is/are 

examined during the experiment. The determination of serial bacterial counts and 

other substances in the blood or tissue at different time point during infection, or 

studies of how bacteria or agents change the immune system throughout treatment, can 

be concluded in this category. 

Both ex-vivo and monoparametric models are frequently used during the more 

advanced secondary phase of the evaluation of a new treatment. In general they are 

very helpful in differentiating the properties of various drugs, although their main 

merit is in providing data on the effects of drugs that would be impossible to study in 

humans, whether for ethical or technical reasons, e.g. the effects of subtherapeutic 

doses or very short treatment regimens. Many of the drawbacks of screening models, 

however, also apply to the ex-vivo and monoparametric test systems and especially to 

their use in small rodents. 

Experimental infections which belong to the category of discriminative models are 

designed to simulate human infection as closely as possible. They permit the potential 

therapeutic effects of new or already established drugs and drug combinations to be 

differentiated and define the indications in which these drugs might be effective in 

humans. They are also applied for the research in interactions between drugs and 
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pathogen(s). Here the ideal model is able to exhibit some features that connect 

between animal and human clinical trials. Firstly, the route of entry and spread of 

causative organism should be identical or at least similar with the situation in human. 

Secondly, the involved tissue and severity, course and duration of disease should be 

predictable, reproducible and amenable to analysis. Thirdly, the susceptibility of the 

model to the drugs should be measurable and reproducible. 

When we design sepsis experiments using an animal model, one may focus on the 

similarities of the animal model to the human disease; in the mean time, one must also 

be aware of the inherent differences between animal models and human. 

Studies of sepsis in humans are difficult because the seriousness of the disease 

mandates immediate intervention and because the heterogeneity of patient 

presentations imposes substantial limitations on clinical trials. Thus, animal models 

have been used extensively to explore the pathogenesis of sepsis and to generate 

preclinical data for therapeutic interventions. Translation of findings in these models 

into therapeutic strategies has been difficult, in part because of limitations in 

preclinical models and in part to imperfect understanding of the pathophysiology of 

sepsis. It is important to use an animal model that reproduces the relevant physiologic 

parameters present in patients with septic shock. Mouse models have been particularly 
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useful for understanding molecular mechanisms of disease because of the potential of 

transgenic strains. 

Before studying early signals of sepsis and introducing the treatment strategies, we 

needed to establish a reproducible and reliable mouse model for sepsis. The CLP 

model, which is a widely used experimental model to produce polymicrobial sepsis 

created by Baker in 1980, was chosen and Balb/c mice (average weight 25 gram) were 

used for the model. 

The CLP model was selected because it mimics clinically encountered peritonitis in 

the following ways. Indigenous gut flora are seeded into the systemic circulation from 

a remote septic focus, blood cultures are positive, and the insult is polymicrobial 

(McCallum et al. 1986). Also, the CLP model has been well characterized and has 

been used to investigate the protective effects of endotoxin, IL-1 and TNF without 

treatment in lethality studies and to characterize the bacteria found in the blood and 

peritoneal fluid of septic mice (Munford et al. 1984; Urbaschek et al. 1984; Urbaschek 

etal. 1987). 

The establishment of this model can help us observe the septic process, measure the 

immune system response and identify early signals and effective intervention 

strategies of sepsis. Since the combinations of antibiotic administration and fluid 
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resuscitation has not been studied well, our treatment strategies will focus on them 

after the establishment of the model. Also, we will try to introduce anti-TNF-a 

monoclonal antibody as an adjunctive treatment for the two other main treatment 

strategies. 

The reasons of choosing a mouse model are: 1) Its low cost enables us to have a large 

sample size which is enough for the study. 2) We can collaborate with expertise 

outside University of Ottawa who have also established the same mouse model as 

there was no local expertise. 3) We can study relevant clinical questions that have not 

been previously investigated. Finally, although the pig may be more appropriate for 

the model because its body constitution is more similar with human than mouse, it is 

unaffordable as a pilot study. 
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1.11. Hypothesis 

Timing of antibiotic administration and fluid resuscitation are crucial to the survival in 

severe sepsis. Early administration of antibiotics and fluid resuscitation will result in 

the best survival advantage. 

The goal of our project was to indicate: 

a. Hepatic dysfunction occurs in the early stage of sepsis and has an impact on 

MODS 

b. Timing of antibiotic administration is important in survival outcome of septic 

mice. 

c. Early fluid resuscitation is crucial in the maintenance of the survival in septic 

mice. 

d. The administration of anti-cytokines and other adjunctive treatments after 

antibiotics may mitigate the septic process. 
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2. Material & Methods 

2.1. Materials & Regular Procedures 

2.1.1. Animals: 

Male balb/c mice employed in this study were obtained from Charles River Company, 

Montreal, Canada. They were housed in plastic cages and food and water were 

provided. Mice used in this experiment were 23-25g in weight. 

2.1.2. Intraperitoneal Sepsis model: 

Pre-surgery: lmL 0.9% saline fluid and 0.03mL buprenorphine1 (sedative) were 

given by subcutaneous(S.C) injection one hour pre-surgery. The weight and body 

temperature of the mouse were also recorded at the same time. 

Surgery/Cecal Ligation and Puncture (CLP): A one centimeter cut was made on the 

midline of abdominal wall. The cecum was then pulled out and a ligation was made at 

one centimeter from the end of cecum. Then a through and through puncture was 

made by an 18 gauge (G) needle and a little feces was expressed from the holes to 

cause a bacterial infection in abdominal cavity. 

Post-surgery: All the mice were observed and given food and water for 72 hours. 

Body temperature, weight and other vital signs were recorded every three hours. Other 
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clinical signs observed included dehydration, behavior and demeanour, abdominal 

distention, respiratory distress, incision site and diarrhea. 0.03mL buprenorphine were 

given every 6 hours for 72 hours to alleviate any discomfort. 

2.1.3. Potential Mortality Endpoint: 

As death was not an acceptable endpoint for the animal model according to University 

of Ottawa Animal Care Policy, we adopted a surrogate measure for death approved by 

the Committee, and had defined our own potential mortality endpoint. The rule of 

potential mortality endpoint in Animal Care is that the mouse should be euthanized 

immediately when its body temperature drops below 32°C and remains low for one 

hour. Based on the observation of our model and discussion with Animal Care, we 

agreed that this rule is not appropriate for our project because some mice did not die 

when their body temperature dropped below 32°C, thus we defined our own potential 

mortality endpoint with other clinical signs: if a mouse's body temperature drops 

below 32°C for more than one hour along with other abnormal clinical signs, such as 

drowsiness (no response to touching), groggy (unable to walk straightly), high 

dehydration, respiratory distress, GI tract shut-down and diarrhea, it reaches potential 

mortality endpoint and will be euthanized immediately. The Committee approved this 

endpoint after reviewing all the data. 
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1. Buprenorphine is an opioid drug with partial agonist and antagonist actions. 

According to animal care, the drug must be used lh before surgery and every 6h after 

surgery until the euthanasia to relieve the pain of mice. 

2.1.4. Blood Sampling: 

24 hour pre-surgery, 0.05mL blood was collected from the hind leg of each CLP 

mouse in the "Model Development & Parameter Determination" group by a vene­

puncture collected in an EDTA tube for WBC count. At the euthanasia time point, 

lmL blood was collected by cardiac puncture from all the mice in this project. The 

post-surgery blood was used for multiple tests, including WBC count, lactate, ALT, 

and cytokines (TNF-a, IL-6) levels measure. In some mice, blood samples were used 

for culture. Due to limited quantity of blood from each mouse, each measurement was 

done on selected mice. 

2.2. Model Development & Parameter Determination: 

During this experiment we were trying to establish an appropriate sepsis model for 

administration of different treatment strategies. lmL 0.9% saline fluid was given to 

each mouse in this experiment every 6 hours from 0 hour post-surgery to maintain the 

metabolic system and prevent dehydration. We initially used a standard ligation (1cm) 

and a standard needle (18G); we tested one vs two punctures in different mice 
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respectively to compare the difference of mortality between them. Then we ligated 

different length of the cecum from 1/3 cecum (about 1cm), 1/2 cecum and the whole 

cecum in different mice in order to achieve a reliable consistent level of inflammatory 

response and potential mortality. All the ligated ceca were punctured twice by an 18G 

needle (table 1). 

The influence of the size of the cecal puncture on mortality, bacteremia, endotoxemia 

and plasma TNF-a levels has been previously studied. It showed that bacteremia was 

present in all the animals with different size of needles (from 13G to 22G) or blade 

incision of the cecum (Shenep et al. 1984). Endotoxemia and plasma TNF levels 

tended to increase along with the diameter of the cecal puncture. Mortality gradually 

increased with the puncture size, from 27% with a 22G needle to 95% with the blade 

incision (Shenep et al. 1984). Therefore, we tested the 16G and 18G needles with two 

puncture respectively, in order to achieve a moderate level of inflammatory response 

and potential mortality. All the ceca were ligated 1cm from the end. 

The goal of above experiment was to achieve consistency of inflammation and 

potential mortality endpoint in order to study treatment option. After choosing 1cm 

ligation of cecum and two punctures with 18G needle as our regular surgical 

procedure, the CLP mice were kept for 18 hours, 24 hours and 30 hours. There were 5 
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mice in each group with different time points (18h, 24h and 3Oh). These included four 

CLP mice and one negative control mouse. All three experiments were repeated twice. 

2.2.1. Pathological Examination: 

After the euthanasia, autopsies were done on all the CLP mice and negative control 

mice. The main organs (liver: 34 mice, kidney: 10 mice, heart: 9 mice, lung: 9 mice, 

spleen: 6 mice and intestine: one mice) were harvested and sent for pathological 

examination. 

2.2.2. Blood Glucose Assay: 

We randomly chose 10 CLP mice and 2 negative control mice from the pilot group 

and tested their blood glucose level every 6 hours for up to 30 hours from 6 hours 

post-surgery. 0.02ml blood was collected from the hind leg of the examined mice for 

the test. The blood glucose meter (produced by Bayer HealthCare, Toronto, Ontario) 

was provided by Animal Care. 

2.2.3. Lactate Assay Test: 

Since the CLP mice may suffer from decreased tissue perforation post-operatively, we 

measured the serum lactate from 6 CLP mice at different time points after surgery. 

The lactate assay kit was purchased from Biochemistry Research Service Center, 



49 

University of Buffalo (New York, U. S. A.). Sera were stored at -70 °C in the freezer 

for 24 hours. 

Technique: 

ImM lactate standard was diluted 1:4 in ice-cold distilled water to obtain a 250 u M 

lactate concentration. Then additional dilutions were performed to obtain 200, 150, 

100 and 50umol/L lactate standards. The sera were diluted 1:20 in distilled water. 

20uL diluted sera and lactate standards were added to a 96-well microplate, including 

20 uL distilled water as a sample blank. Enzymatic reaction was initiated by addition 

of 50uL Lactate Assay Solution to each well. The plate was incubated in a humidified 

37°C incubator for 30 minutes. The reaction was stopped by adding 50uL 3% acetic 

acid per well. Then the optical density of each well was read by a microplate reader at 

492 nanometer (nm). 

2.2.4. ALT Assay: 

To measure hepatic dysfunction in CLP mice, we also tested the alanine 

aminotransferase (ALT) serum level of 7 CLP mice and 2 negative control mice from 

18, 24 and 30 hours post-surgery groups separately. The method used was described in 

"Biochemical Experiment" published by Science Press (Beijing, China) in 1986. 
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Technique: 

We used a manual method for the assay. The materials include: 2umol/L pyruvic acid 

solvent, O.lmol/L phosphate buffer (pH 7.4), ALT substrate (a-ketoglutaric acid + 

phosphate buffer+ sodium hydroxide, pH 7.4), 2, 4-M nitrobenzene and 0.4mol/L 

sodium hydroxide. 

Six tubes with different volumes of pyruvic acid solvent, ALT substrate, phosphate 

buffer and 2, 4-M nitrobenzene were used to make a standard curve (table 2) after they 

were read by spectrophotometer. Then the ALT substrate was replaced by 0.1 mL 

serum from the mice, read by spectrophotometer (table 2) and the ALT level was 

deduced by applying the established standard curve (Chen et al. 1986). 
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2.3. Treatment Strategies (Table 3): 

After the development of the mouse model that reproduces the timing and degree of 

mortality seen in patients with septic shock, early intervention pathways were 

introduced into the CLP mice. Three treatment strategies were evaluated: timing of 

antibiotic administration, timing of fluid resuscitation and adjunctive anti-cytokine 

treatment. Antibiotics are a mainstay of sepsis treatment and have been repeatedly 

demonstrated to improve survival in both human studies and animal research models 

of sepsis. Rapid fluid resuscitation is an important component of the initial therapy for 

severe sepsis. The antibody against TNF-a has improved survival in certain models of 

sepsis. 

2.3.1. Timing of Antibiotics Administration: 

Cefotaxime, a third generation cephalosporin, was given by intraperitioneal (IP) 

injection at various start time points after surgery every 6 hours over a 72 hour period. 

The cefotaxime was purchased from the pharmacy of the Ottawa Hospital (Ottawa, 

Canada). The dose was calculated with the assistance of Dr. M. Lippeman of Animal 

Care. The calculation of the dose for Balb/c mice was adopted from Formula for 

Laboratory Animals (Appendix I). We diluted the powder in 30mL sterile water and 

gave each mouse 0.05mL (33.3mg/mL) by IP injection. Antibiotic administration in 
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humans is every 12 hours. However, administration in mice is every 6 hours due to 

their high metabolic rate. 

All the mice in this treatment strategy were given lmL 0.9% saline fluid by 

subcutaneous injection 0 hour post-surgery which is at the time of abdominal incision 

closure. Then the same amount of fluid was given to each mouse every 6 hours after 

surgery for up to 72 hours. 

Cefotaxime Post-surgery Treatment: There were 6 mice in the experiment. Four 

CLP mice were given 0.05mL diluted cefotaxime (lg cefotaxime : 30ml sterile water) 

by intraperitoneal injection at 0 hour post-surgery and then the same amount of 

cefotaxime was continually given to each of them every 6 hours for up to 72 hours. 

One CLP mouse without cefotaxime was used as a positive control. One mouse with a 

sham operation was used as a negative control. The experiment was repeated twice. 

This design was repeated for cefotaxime starting at the following time points: 3 hours, 

6 hours and 12 hours post-surgery. In all cases the antibiotic was continued every 6 

hours for up to 72 hours with a group of 6 mice including one positive control and one 

negative control mice. Each time point was repeated twice. 

All the mice were observed and given food and water for up to 72 hours. Mice that 

reached the potential mortality endpoint were euthanized, as previously described. The 
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blood samples of all the mice, which were taken at euthanasia, were tested for TNF-a 

(53 mice) and IL-6 levels (32 mice). Some blood samples were tested for WBC count 

(22 mice) or used for bacterial culture (5 mice). 

2.3.1.1. Bacterial Culture Swab: 

During the surgery, some CLP mice and negative control mice had their abdominal 

cavity swabbed for culturing. It was also performed during autopsy at the euthanasia 

time-point. The swabs were sent to the Microbiology Laboratory at the Ottawa 

Hospital for tests of the identification of bacteria. 

2.3.1.2. Blood Culture: 

lmL blood from each selected mouse was injected into thiologycate broth tube (lOmL, 

OXOID, Nepean, Ontario) under sterile conditions. The culture was then kept in the 

incubator (35"C, 5% CO2) for 4 days. On day 2, the tube was shaken to make sure the 

fluid is mixed. At day 4, lOOuL mixed fluid was cultured on each tryptic soy agar 

(TSA) plate and the plates were kept in the incubator (35 °C, 5% CO2) for 48 hours. 

Two days later, the different colonies on the plates were subcultured onto Chocolate, 

TSA, MacConkey and CBC-Control (Anaerobic Bacteria Agar) plates to separate the 

different types of bacteria. All the subcultured plates were put into the CO2 incubator 
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for 24 hours except MacConkey, which was put in the O2 incubator, and CBC-Control, 

which was put in the anaerobic glove box. Subculture of each colony was plated on 

TSA plates, incubated for 24 hours to get pure organism for identification. 

Pastorex staph-plus was used for the identification of Staphylococcus aureus, PYR 

(Pyrrolidonyl-beta-naphthylaminde hydrolysis) for the identification of Enterococcus 

and the API 120 STREP for identification of other types of bacteria, such as 

Streptococcus. 

2.3.1.3. WBC Counts: 

0.38mL 10% acetic acid was mixed with 0.02mL anticoagulated mouse blood, then 

one drop of crystal violet was added to the mixture. The number of WBC was counted 

on the hemocytometer under the microscope. 

2.3.2. Fluid Resuscitation: 

All the mice in this intervention strategy were given 0.05mL diluted cefotaxime by 

intraperitoneal injection every 6 hours for up to 72 hours, which started from 0 hour 

post-surgery. Because of the consistency of the model, positive and negative controls 

were no longer included in the following studies. 
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The same study design was used with 8 mice with varying starting point for 0.9% 

saline fluid: 3 hours, 6 hours, 9 hours and 12 hours post-surgery and then fluid 

continued every 6 hours for up to 72 hours. The reason we adopted 9 hours time mark 

is because the mortality at 12 hours was 100% while at 6 hours it was 12.5%. Thus we 

wanted to find out the mortality between the two time points. 

All the mice were observed and given food and water for 72 hours. The mice that 

reached the potential mortality endpoint were euthanized immediately. The blood 

samples of all the mice, which were taken at euthanasia, were tested for TNF-a (40 

mice) and IL-6 (33 mice) levels. 

2.3.3. Anti-TNF-a Monoclonal Antibody Adjunctive Treatment: 

The anti-TNF-a monoclonal antibody was purchased from R & D system company 

(Minneapolis, U.S.A.). Because we identified a rise in TNF-a peak at 12 hours post-

surgery, we wanted to study the role of anti-TNF-a monoclonal antibody on survival 

of our model. We used antibiotic administration at 12 hours post-surgery (with 100% 

mortality) as a proof of concept. We also used delayed fluid resuscitation at 12 hours 

post-surgery (with 100% mortality) for the same reason. Using other time points of 

treatment strategies (i.e. 25% or 50% mortality) would require many more mice for 
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statistical analysis and we were limited to a total 300 mice for our research 

experiment. 

2.3.3.1. Anti-TNF-a Treatment for Late Administration (12 hours Post-surgery) 

of Cefotaxime (group 1): 

There were 22 CLP mice and 7 negative control mice in this experiment. lmL 0.9 % 

saline fluid was given to each mouse by subcutaneous injection 0 hour post-surgery 

and then the same amount of saline fluid was continuously given to each of them 

every 6 hours for up to 72 hours. 0.05mL diluted anti-TNF-a monoclonal antibody 

was given to each CLP mice 6 hours post-surgery by intraperitoneal injection. Then all 

the CLP mice were given 0.05mL diluted cefotaxime by intraperitoneal injection 12 

hour post-surgery and then the same amount of cefotaxime was continuously given to 

each of them every 6 hours for up to 72 hours. 

2.3.3.2. Anti-TNF-a Treatment for Late Fluid (12 hours Post-surgery) 

Resuscitation (group 2): Due to the high mortality, there were only 8 CLP mice and 7 

negative control mice in this experiment. 0.05mL diluted cefotaxime was given to 

each CLP mice by intraperitoneal injection 0 hour post-surgery and then the same 

amount of cefotaxime was continuously given to each of them every 6 hours for up to 

72 hours. 0.05mL diluted anti-TNF-a monoclonal antibody was given to each CLP 
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mice 6 hours post-surgery by intraperitoneal injection. Then all the mice were given 

lmL 0.9% saline fluid by subcutaneous injection 12 hours post-surgery and then the 

same amount of fluid was continuously given to each of them every 6 hours for up to 

72 hours. 

Mice of both groups were observed and given food and water for 72 hours. The mice 

reaching potential mortality endpoint were euthanized immediately. The blood 

samples were tested for TNF-a (group 1: 29 mice, group 2: 15 mice) and IL-6 levels 

(group 1: 25 mice, group 2: 12 mice). 

2.4. Cytokines (TNF-a and IL-6) Kinetics during Late Intervention Strategies: 

We observed that some mice were moribund at 48 hours post-surgery and had TNF-a 

levels as low as the negative control mice. To determine whether the TNF-a level 

dropped over time from a peak and correlated with high mortality, we repeated 

cefotaxime 12 hours post-surgery group and 0.9% saline fluid 12 hours post-surgery 

group, again with timed euthanasia. 

2.4.1. Cefotaxime Administration 12 hours Post-surgery Group: 

A total of 35 treated CLP mice were euthanized at different time points after the 

surgery: 2 mice at 0 hour post-surgery, 3 mice at 6 hours post-surgery, 4 mice at 12 
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hours post-surgery, 11 mice at 18 hours post-surgery, 8 mice at 24 hours post-surgery, 

3 mice at 30 hours post-surgery and 4 mice at 48 hours post-surgery. Although we 

attempted to have equal groups, some of the mice needed to be sacrificed early 

because they reached the potential mortality endpoint. As well some time point data 

could be extrapolated from previous measurements. 

2.4.2. Fluid Resuscitation 12 hours Post-surgery Group: 

Due to high mortality, 24 mice (18 CLP mice and 6 negative control mice) were 

euthanized at different time points after surgery within 24 hours. 2 CLP mice and 2 

negative control mice were euthanized at 0 hour post-surgery, then 4 CLP mice were 

euthanized every 6 hours within 24 hours. 2 negative control mice were euthanized 

every 12 hours within 24 hours. 

TNF-a and IL-6 levels from both groups were tested from the blood samples and the 

results were compared between two groups along with the mortalities. 

2.5. TNF-a Assay: 

The TNF-a Assay Kit was purchased from Assay Design Company (Michigan, 

U.S.A.). The mouse TNF-a Microtiter Plate in it contains a 96-well plate using break-
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apart strips coated with monoclonal antibody specific to mouse TNF-a. The sera of 

mice were stored at -70 °C until use. 

2.5.1. ELISA (Enzyme-linked Immunosorbent Assay) Technique: 

Reagent Preparation: Wash buffer (Tris buffered saline containing detergents) was 

diluted 1: 200 in distilled water. Mouse TNF-a standard solution (20,000 picogram 

[pg]/mL) was diluted 1:10, 1:20, 1:40, 1:80, 1:160, 1:320 and 1:640 in tube #1 to tube 

#7 respectively in Assay Buffer 13 (a proprietory recipe containing Tris buffered 

saline with proteins and detergents). Test sera were diluted 1:8 in Assay Buffer 13. 

Assay Procedure: Fifty uL of diluted mouse TNF-a standard solutions (Standards #1 

to #7) and Assay Buffer 13 were pipeted into the appropriated wells of the plate. Fifty 

uL of the test serum was pipeted into each appropriate well. The plate was sealed by 

plastic sealer and incubated at room temperature on a plate shaker for 2 hours at 500 

revolutions per minute (rpm) and then washed with buffer four times. Fifty uL of 

mouse TNF-a antibody (rabbit polyclonal antibody to mouse TNF-a) was then pipeted 

into each well. The plate was sealed and incubated at room temperature on a plate 

shaker for two hours at 500 rpm, washed four times with buffer and then 50uL of 

cytokine conjugate (a blue solution of donkey anti-rabbit antibody conjugated to 

horseradish peroxidase) was added into each well. The plate was then sealed and 
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incubated at room temperature on a plate shaker for 30 minutes at 500 rpm. After four 

washes in buffer 50(iL of Substrate Solution was pipeted into each well, incubated at 

room temperature for 30 minutes and the optical density was read at 450nm by the 

plate reader. 

2.6. IL-6 Assay: 

IL-6 Assay Kit was purchased from R & D system company (Minneapolis, MN, 

U.S.A.). Mouse sera were stored at -70°C until use. 96 well polystyrene microplate is 

coated with a monoclonal antibody specific for mouse IL-6. 

2.6.1. ELISA Technique: 

Reagent Preparation: Mouse IL-6 Kit Control (buffered protein base with 

preservatives) was reconstituted with 1 .OmL distilled water. Wash buffer was diluted 

1: 25 in distilled water. Substrate Solution was mixed by equal volume hydrogen 

peroxide (Color Reagent A) and chromogen (Color Reagent B). 2.5 nanogram (ng) 

recombinant mouse IL-6 was reconstituted with 5.OmL of Calibrator Diluent RD5T 

(buffered protein solution) to produce a stock solution of 500pg/mL. Then the 

reconstituted standard was diluted 1:2, 1:4, 1:8, 1:16, 1:32 and 1:64 in Calibrator 

Diluent RD5T. Sera were diluted 1:20 in Calibrator Diluent RD5T. 
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Assay Procedure: Firstly, 50uL of Assay Diluent RD1-14 was added to each well. 

Then 50uL of diluted Standard solutions, Control solution and sera were added into 

each well. After that the plate was sealed and incubated at room temperature for 2 

hours. The plate was washed four times with buffer 2 hours later and lOOuL of mouse 

IL-6 conjugate (polyclonal antibody against mouse IL-6 conjugated to horseradish 

peroxidase) was added into each well. The plate was sealed and incubated at room 

temperature for 2 hours, then washed four times in buffer and lOOuL of Substrate 

Solution was then added into each well. The plate, protected from light by wrapped in 

the aluminium foil, was incubated at room temperature for 30 minutes and then lOOuL 

of Stop Solution (diluted hydrochloric acid solution) was added into each well. 

Finally, the optical density of each well was read by microplate reader at 450nm. 

2.7. Statistical Analyse: 

Fisher's exact test, t-test and analysis of variance (ANOVA) test were used to find out 

if there were significant differences in mortalities, temperature changes, WBC counts, 

ALT levels, lactate levels, and cytokine levels between different treatment groups. The 

Method Center at the Ottawa Hospital provided helpful support with statistical 

analysis. 



2.8. Animal Care: 

62 

All experimental procedures and protocols involving animals were reviewed by, and 

set with the approval of, the University of Ottawa Animal Care Committee, protocol 

number BMI-71. 
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3. Results 

3.1. Model Development & Parameter Determination: 

The mortality of CLP mice with one 18G needle puncture on ceca was low (Fig. 1), 

thus we used two punctures instead of one. Then we performed preliminary 

experiments to size the cecal ligation after the puncture and we found that the 

mortality was 100% (Fig. 1) when more than 1/2 of the cecum was ligated no matter 

what treatment was given. The ceca were excised at autopsy suggesting vascular 

compromise. 

We then studied lethality in the model based on two different sizes of needles (16 & 

18G). Although the mortalities of both needles within the first 30 hours post-surgery 

were the same (Fig. 1), we selected 18G needle because it enabled abdominal sepsis 

from fecal contamination within 24 hours post-surgery while 16G needle could not. 

The 16G needle yielded massive fecal contamination in the mouse's abdominal cavity 

and caused mice reaching potential mortality endpoint before they showed the signs of 

sepsis. We settled on this model to enable studies of therapeutic interventions. All the 

negative control mice in the pilot study survived throughout the observation. 

The rectal temperature and weight were measured every three hours after surgery on 

both CLP mice and negative control mice. The temperature of CLP mice dropped 
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down gradually (range: 36 to 30°C) after the surgery while the negative control's 

temperature (range: 36°C to 38°C) remained normal (Fig. 2). When the CLP mice's 

rectal temperature dropped down below 32°C and remained for 1 hour continuously, 

this was also a signal that the mice were moribund. From the weight measurement of 

the CLP mice, we observed that a mouse's weight increases when it becomes 

moribund because the body could not absorb the injected 0.9% saline fluid and the GI 

tract stops its movement and developed ileus (enlarged intestinal fluid filled). If the 

mice were hypothermic (<32°C), plus the other behaviors of a moribund condition 

(gaining weight, anorexia, groggy or laboring breath), they were euthanized 

immediately (as mandated by Animal Care). Negative control mice did not show 

significant change in body weight or other body phenomena. Most of CLP mice 

reached the potential mortality endpoint before 24 hour after surgery; a few reached 

the potential mortality endpoint around 30 hour after surgery. Untreated CLP mice 

were used as positive controls in the early intervention strategies to compare with the 

mice on various treatments. 

3.1.1. Pathological Examination: 

The pale liver and abdomen that was filled with fluid could be seen during the autopsy 

of most CLP mice euthanized after reaching potential mortality endpoint. The 

pathological examination of the five main organs (liver: 34 mice, heart: 9 mice, lung: 9 
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mice, kidneys: lOmice, spleen: 6 mice) showed that there was necrotic tissue on the 

surface of the liver (Fig. 3) and there was edema and blood congestion in the lung 

alveoli (Fig. 4). Bacteria were identified in the peritoneum (one mice), but no bacteria 

were found within the gut/intestinal wall. The other organs did not show any obvious 

abnormalities. 

3.1.2. Blood Tests: 

Because of the small amount of blood from each mouse, only one blood test could be 

done on each mouse. 

3.1.2.1. ALT (Alanine Aminotransferase) Assay: 

The ALT assays were done on the blood sample from the CLP mice euthanized at 18 

hours (two mice), 24 hours (four mice) and 30 hours (one mouse) post-surgery. Two 

negative control mice were euthanized at 24 and 30 hours post-surgery respectively as 

well for comparison. There is no significant difference (Fig. 5) between CLP mice 

from 18 hours and 24 hours post-surgery groups (t-test, P>0.05). 

3.1.2.2. Blood Glucose Assay: 

Six CLP mice and two negative control mice had blood glucose measured every 6 

hours starting 6 hours post-surgery. All six mice's blood glucose levels dropped down 
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gradually throughout the first 24 hours after surgery (range: 6 mmol/L to <1 mmol/L), 

while the two negative control mice had stable glucose levels within normal range 

(range: 8 to 5 mmol/L) in first 24 hours (Fig. 6). 

3.1.2.3. Lactate Assay: 

Two mice each from the CLP mice were euthanized at 18 hours, 24 hours and 30 

hours post-surgery and had blood samples for lactate levels. There is no significant 

difference (Fig. 7) between different time points due to the limited numbers of 

samples. 

3.1.2.4. TNF-a & IL-6 Assays: 

The blood samples of CLP mice and negative control mice euthanized at 18 hours, 24 

hours and 30 hours post-surgery were tested for TNF-a and IL-6 levels in the serum. 

From 18 hour to 30 hour, the TNF-a levels of CLP mice did not keep going up (Fig. 8) 

significantly (ANOVA test, P>0.05). 

IL-6 assay of blood sample from the CLP mice and negative control mice at 18 hours, 

24 hours and 30 hours post-surgery showed that the IL-6 levels of CLP mice dropped 

down significantly from 18 hours to 30 hours post-surgery (ANOVA test, PO.05) 

while the levels of negative control mice were constant (Fig. 9). 
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3.2. Treatment Strategies: 

3.2.1. Timing of Antibiotic Administration: 

In the cefotaxime given at 0 hour post-surgery group: all the 8 CLP mice survived for 

72 hours. In the cefotaxime given at 3 hours post-surgery group: 6 out of 8 CLP mice 

survived for 72 hours. In the cefotaxime given at 6 hours post-surgery group, only 1 of 

8 mice survived for 72 hours. In the cefotaxime given at 12 hours post-surgery group: 

all the 10 mice had reached potential mortality endpoint before 72 hours (Fig. 10). The 

mortalities of cefotaxime 6 & 12 hours post-surgery groups are significantly different 

from the other 3 groups (Fisher's exact test, P<0.05). 

Body temperature differed for CLP mice which received cefotaxime, which did not 

have treatment (positive control mice), and negative control mice (Fig. 11). The 

average body temperatures of negative control mice at different time points were 

stable and normal throughout the first 24 hours post-surgery (range: around 38°C). The 

average body temperatures of CLP mice with cefotaxime 0 hour post-surgery at 

different time points were unstable with a decline in the first 6 hours (range: 35 to 

38°C), then a return to stable baseline (range: 36 to 38°C). The average body 

temperatures of CLP mice with cefotaxime 3 hours post-surgery at different time 

points were unstable throughout the first 24 hours post-surgery (range: 35 to 38°C). 
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The average body temperatures of CLP mice with cefotaxime starting at 6 hours post-

surgery and positive control mice at different time points declined during the first 24 

hours (range: < 32 to 38°C) until the potential mortality endpoint temperature was 

reached (Fig. 11). 

The autopsy and pathological examination of the CLP mice with treatments, which 

reached the potential mortality endpoint before 72 hours post-surgery were the same 

results as described previously (Page 59, Pathological Examination Section). Some 

CLP mice that survived had pale livers, but they did not have edema and blood 

congestion in the lung alveoli. 

The WBC count of CLP mice with or without cefotaxime all declined after surgery. 

The WBC count of CLP mice without treatment was significantly different (t-test, 

PO.05) from that of the same mice before surgery (Fig. 12). 

The TNF-a assay results showed that when cefotaxime was given at 0 hour, 3 hours 

and 6 hours post-surgery groups, average TNF-a level kept going up from 0 hour to 3 

hours and from 3 hours to 6 hours post-surgery (ANOVA test, P<0.05) and the 

average level of CLP mice from cefotaxime 6 hours post-surgery was similar (t-test, 

P>0.05) to the average level of positive control mice (Fig. 13). In cefotaxime 12 hours 

post-surgery, the result were complicated; 3 CLP mice with treatment reached 
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endpoint around 18 hours post-surgery and their average level of TNF-a was the 

highest that we measured (Fig. 13). 2 CLP mice reached endpoint around 24 hours 

post-surgery and 5 CLP mice reached endpoint around 48 hours post-surgery. Their 

average TNF-a levels kept dropping down (ANOVA test, P<0.05) and the average 

TNF-a level of CLP mice reaching endpoint around 48 hours post-surgery was even 

significantly lower (t-test, PO.05) than the negative control mice (Fig. 13). 

IL-6 assay results showed that the average level of IL-6 from the cefotaxime given at 0 

hour post-surgery group was similar with the level of negative control mice (Fig. 14). 

The average level of cefotaxime 3 hours post-surgery group was a little higher than 

cefotaxime 0 hour post-surgery group but there was no significant difference (t-test, 

P>0.05). The average levels of cefotaxime given at 6 hour and 12 hour post-surgery 

were similar and much higher than cefotaxime given at 0 hour and 3 hours post-

surgery groups (Fig. 14). 

We also did bacterial culture from abdominal swabs (taken at surgery & euthanasia) 

and blood (taken at euthanasia) for both treated (3 mice), untreated CLP mice (3 mice) 

and negative control mice (one mouse) during surgery and at the time of euthanasia 

(table 4). In this sample of mice we found heavy growth of Coagulase-negative 

Staphylococcus, Enterococcus and Proteus mirabilis (fecal flora), from both the 

abdominal swab and blood taken at euthanasia in a positive control mouse (table 4). 
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No bacteria were cultured from either abdominal cavity or blood of several negative 

control mice. From the mice which were treated with cefotaxime, the results showed 

that Enterococcus (table 4) still existed in the blood because this bacterium is not 

sensitive to the antibiotic cefotaxime. 

3.2.2. Fluid resuscitation: 

The mortalities of the treatment groups with 0.9% saline fluid starting at 0 hour, 3 

hours, 6 hours and 9 hours post-surgery were the same (Fig. 15). Only 1 out of 8 

treated CLP mice reached the potential mortality endpoint before 72 hours. In the 

group with 0.9% saline fluid given at 12 hours post-surgery, 7 out of 8 mice reached 

the potential mortality endpoint before 72 hours (Fig. 15). The mortality of group with 

0.9% saline fluid given at 12 hours post-surgery was significantly higher than all the 

other four groups (Fisher's exact test, P<0.05). All the mice were on the antibiotic 

cefotaxime from time zero after surgery. Most of the CLP mice reaching the potential 

mortality endpoint in this study showed characteristics of it within the first 24 hours 

post-surgery and earlier than the same characteristics seen in the mice in the antibiotic 

treatment groups above. 

The body temperature changes among the first four groups (0 hour, 3 hours, 6 hours and 

9 hours post-surgery) were similar and stable (range: 33 to 38°C) within the first 24 
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hours post-surgery (Fig. 16). The body temperature change of 0.9% saline fluid starting 

12 hours post-surgery had a similar pattern with the other groups in the first 18 hours 

post-surgery (range: 33 to 38 °C), while it began to drop down after 18 hours (from 32 to 

34 °C) in the late fluid resuscitation group (Fig. 16). The autopsy and pathological 

examination also showed pale liver along with lung edema and blood congestion from 

mice reaching the potential mortality endpoint in late fluid resuscitation group (Fig. 3). 

The TNF-a assay showed that the average levels between CLP mice with fluid 

resuscitation starting at 0 hour, 3 hours, 6 hours and 9 hours post-surgery were similar, 

while the level of CLP mice with fluid starting at 12 hours post-surgery was 

significantly higher (t-test, PO.05) than all of them respectively (Fig. 17). IL-6 assay 

showed the similar pattern of results with the TNF-assay (Fig. 18). 

3.2.3. Anti-TNF-a Adjunctive Treatment: 

3.2.3.1. Anti-TNF-a Treatment for Late Administration (12 hours Post-surgery) 

of Cefotaxime (Group 1): 

Treatment with anti-TNF-a antibody was able to neutralize TNF-a and mitigate the 

inflammatory response after surgery. Thus it decreased mortality by 37.4% throughout 

72 hours of observation compared to the mortality when cefotaxime was given at 12 



72 

hours post-surgery, which was 100%. The mortalities between two groups (Fig. 19) 

are significantly different (Fisher's exact test, PO.05). 

Temperature change in this group showed that it gradually dropped down to 34°C 

from 0 hour to 6 hours post-surgery. Then it went up and stabilized between 36°C and 

38°C(Fig.20). 

3.2.3.2. Anti-TNF-a Treatment for Late Fluid (12 hours Post-surgery) 

Resuscitation (Group 2): 

In this group, 7 out of 8 mice reached the potential mortality endpoint before 72 hours 

of observation. The temperature change in this group showed that it kept going down 

from 0 hour to 6 hours post-surgery and stayed stable between 32 and 33 °C (Fig. 20). 

The average temperature change between 0 and 24 hours post-surgery was 

significantly different from group 1 (t-test, P<0.05). 

The TNF-a assay showed that the CLP mice which reached the potential mortality 

endpoint before 72 hours of observation had higher TNF-a levels than the mice which 

survived throughout 72 hours in both group 1 and group 2 (Fig. 21). IL-6 assay 

showed similar results with TNF-a assay but the average IL-6 level of CLP mice 

reaching the potential mortality endpoint before 72 hours was nearly one hundred 

times higher than the mice which survived (Fig. 22). There were no differences (Fig. 
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21& 22) in TNF-a and IL-6 levels between CLP mice which survived and negative 

control mice in both groups (t-test, P>0.05). There was a significant difference of IL-6 

levels (Fig. 22) in moribund mice between group 1 and group 2 (t-test, P<0.05), while 

there was no significant difference of TNF-a levels (Fig. 21) between the two groups 

(t-test, P>0.05). 

3.3. Cytokines (TNF-a and IL-6) Kinetics during Late Intervention Strategies: 

Since the TNF-a results were not always correlated with mortality, we studied the 

kinetics of TNF-a within 24 hours post-surgery by applying the cefotaxime 12 hours 

post-surgery group. TNF-a was measured at time intervals from immediately after 

surgery to time of euthanasia. The average TNF-a levels of CLP mice at 0 hour, 6 

hours and 12 hours post-surgery were low and similar (Fig. 23). The average level of 

CLP mice at 18 hours post-surgery peaked and then subsequently dropped down after 

that (Fig. 23). The TNF-a level went down to the similar level with 0 hour post-

surgery after 30 hours of observation (Fig. 23). In the 0.9% saline fluid 12 hours post-

surgery group, the average TNF-a levels of CLP mice kept increasing as time 

progressed (Fig. 24). No declining level was observed. All the CLP mice were 

euthanized before 24 hours post-surgery (Fig. 24). 
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The IL-6 levels in the cefotaxime 12 hours post-surgery group kept increasing 

throughout the 48 hours of observation. Although it dropped down after 30 hours of 

observation, it was still hundreds of times higher than the level of CLP mice that were 

euthanized at 0 hour post-surgery (Fig. 25). The result of 0.9% saline fluid 12 hours 

post-surgery group was similar. Although IL-6 levels dropped down after 12 hours of 

observation, the levels were still higher than the levels of negative control mice and 

CLP mice that were euthanized at 0 hour post-surgery (Fig. 26). 



75 

4. Discussion 

4.1. Model Development & Parameter Determination: 

Since we wanted to evaluate the availability of the models and establish the most 

appropriate one for our project, different surgical procedures had been administered on 

mice. Both one puncture and two punctures on the 1cm ligated ceca had been tried and 

mice with two punctures had obviously higher mortality rate (100%) within the first 

30 hours post-surgery than mice with one puncture (nearly 20%). In the mean time, 

mice with two punctures were able to show obvious signs of sepsis, such as 

drowsiness (unresponsive to touching), groggy (unable to walk in a straight line), 

anorexia, labored breathing, dehydration, GI tract shutdown and hypothermia (<32°C). 

Along with the number of punctures, the length of ligation was also studied. Ligations 

longer than 1 cm caused the death of mice even before the signs of potential mortality 

endpoint showed. Therefore, after the preliminary experiment, we concluded that 1cm 

cecal ligation from the end of the cecum and a through and through puncture with two 

holes is an optimal and reproducible sepsis model for our further research. 

Autopsy results showed a pale liver in most CLP mice, which might indicate hepatic 

dysfunction as an early signal in this sepsis model. The tissue examinations indicated 

the presence of necrotic hepatocytes in the tissue, which is consistent with the white 
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color on the surface of the liver and corroborates the theory of the liver suffering early 

damage in sepsis (Fig. 3). The lung tissue showed congestion with red blood cells and 

edema in the alveoli throughout the lungs, which might suggest that the immediate 

cause of death of CLP mice may be from pulmonary congestion (Fig. 4). The gut was 

filled with fluid when the abdomen was opened after the euthanasia, but the 

pathological examination did not find any inflammatory focus within the colon tissue. 

All the inflammatory response in the abdomen was found outside the gut within the 

peritoneum and related to the fecal contamination. The fluid accumulation in the 

intestine is likely due to decreased GI tract motility casued by intraperitoneal sepsis. 

Compared to the liver and the lung, we did not find any substantial changes in the 

characteristics of other organs. This suggests that the current model causes an acute 

septic picture. The infectious process causes death before the onset of multi-organ 

dysfunction. 

The results of bacterial blood cultures indicate that the CLP mice developed 

bacteremia with similar bacterial isolates found in the gut (table 4). The bacteremia is 

likely caused by the fecal contamination of the abdominal cavity and the presence of 

the blood cultures (table 4) are influenced by antibiotic treatment. 
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The WBC count indicates that there is a decrease of WBC after the surgery in both 

CLP mice and negative control mice (Fig. 12). CLP mice have their WBC counts drop 

significantly (t-test, P<0.05) compared to the count of same mice 24 hours pre-surgery 

(Fig. 12). Although we did not measure leukocyte leak infiltration these findings may 

support previous research showing that there is a correlation between hepatic 

leukocyte infiltration and hepatic dysfunction (Molnar et al. 1997). However WBC 

recruitment to the site of infection (peritoneum) is the most likely explanation for the 

decreased WBC count. 

Because the CLP mice were anorexic, we tested the blood glucose level every 6 hours 

after surgery and found the CLP mice's blood glucose levels dropped down 

throughout the observation whereas the negative control kept comparatively constant 

and above normal level (Fig. 6). We suspect that because of the necrotic hepatic tissue 

changes found, the gluconeogenetic pathway in liver may be altered or inhibited and 

thus led to hypoglycemia in the anorexic CLP mice. In some early experiments, a 

number of mice were euthanized just around the time of reaching the first temperature 

endpoint (<32°C) before other moribund characteristics were seen. We suspected that 

hypoglycemia might cause mice hypothermia before other signs of sepsis and made us 

modify the model as described in previous section (Page 67) to remove this 

phenomenon. The result of the ALT assay showing elevation may also corroborate the 
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hypothesis that the CLP mice suffered hepatic dysfunction at an early stage of 

infection in this model (Fig. 5). 

The results of the lactate assay showed an increasing lactate level in CLP mice during 

sepsis, which indicate they might develop metabolic acidosis (Fig. 7). This probably 

explained some of the labored breathing along with the lung congestion described. As 

lactate was elevated in CLP mice without treatment, this supports the theory of 

microvascular circulatory compromises early in sepsis (Fowler et al. 2002). 

From the TNF-a assay (Fig. 8), we tested the blood sample from 18, 24 and 30 hours 

post-surgery and the results indicated an increasing trend of TNF-a level compared to 

the level in negative control mice. However these results were not statistically 

significant. Since the mice were euthanized when they showed potential mortality 

endpoint, thus TNF-a may stop its releasing at late stage of sepsis and may not be a 

good marker of ongoing inflammation. 

IL-6 assay showed a different phenomenon (Fig. 9). Although the IL-6 level dropped 

down from 18 hours post-surgery dramatically, the lowest average level was still 

almost five times higher than the negative control mice at the same time point. This 

indicates ongoing inflammation and supports the hypothesis that IL-6 may be a better 
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predictive marker of severe sepsis compared to TNF-a, especially later in the sepsis 

presentation. 

The CLP mice have similar vital signs with human clinical sepsis, such as 

hypothermia and dehydration. The bacterial culture, blood count and blood 

biochemical tests indicate that CLP mice might develop bacteremia, metabolic 

acidosis, hypoglycemia and also hepatic dysfunction, which are consistent with 

patients suffering from severe sepsis. The moribund mice all showed similar signs 

seen in human severe sepsis. The immunologic tests further support the evidence of an 

ongoing inflammatory response in CLP mice. Therefore, our mouse model provided 

consistent results in sepsis and enabled us to control treatment factors, such as the 

stage of sepsis and the timing of fluid resuscitation and antibiotics, which are not 

controllable in human sepsis. Autopsy of model also suggests that hepatic dysfunction 

is an early marker of sepsis (Gorrasi et al. 2006). 

4.2. Treatment Strategies: 

4.2.1. Timing of antibiotic Administration: 

The mortality (Fig. 10) between four different groups indicated early administration of 

antibiotics, in this case cefotaxime is very important for the survival rate. The earlier 
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we started cefotaxime, the more CLP mice survived. This also correlated with the 

decreased clinical and biochemical results. 

Temperature changes (Fig. 11) showed the effect of timing of antibiotics on CLP 

mice. The average temperature change of CLP mice with cefotaxime started at 0 hour 

post-surgery was similar with the change of negative control mice. Both groups had 

stable temperatures during the first 24 hours post-surgery (Fig. 11). In contrast, the 

average temperature change of CLP mice with cefotaxime started at 3 hours post-

surgery is variable but the lowest temperature was never below 34 °C (Fig. 11) and is 

consistent with the low mortality in this group. When the antibiotic was started at 6 

hours post-surgery, the average temperature change of CLP mice was similar to the 

positive control mice. Both groups had a temperature decline gradually below 32 °C 

within first 24 hours post-surgery and these were consistent with the high mortality in 

both groups (Fig. 10 & 11). Since hypothermia is a sign of sepsis severity, the 

maintenance of stable temperature is very important as this may indicate that the 

infectious condition and inflammation is diminished. In our model, because 

hypothermia was an endpoint for potential mortality maintaining temperature was 

crucial for survival. Therefore, earlier administration of cefotaxime in the 

experimental model led to a decreased mortality by reducing inflammatory response 

and hence the temperature remained relatively stable. 
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The TNF-a assay indicated early administration of cefotaxime inhibits the 

inflammatory response to sepsis significantly compared to delayed administration 

(Fig. 13). As cefotaxime was injected directly into the infection focus by IP injection 

and eliminated the pathogen (such as Proteus mirabilis and Coagulase-negative 

Staphylococcus), cefotaxime given at 0 hour post-surgery inhibited pathogen growth 

before it was able to spread into the blood stream. Hence all the mice were able to 

survive throughout 72 hours of observation and their average TNF-a and IL-6 levels 

stayed at a normal range (Fig. 13 & 14) because the inflammatory response had never 

started. 3 hours post-surgery administration of cefotaxime inhibited some pathogens 

growth before the inflammatory response was fully activated. This group might have 

less bacteremia due to less pathogen spread into blood stream. The signs of CLP mice 

in this group were intermediate and the average TNF-a and IL-6 levels (Fig. 13 & 14) 

were a little higher than early treatment or negative control groups but there was no 

significant difference (t-test, P>0.05) in results. Administration of cefotaxime 6 hours 

post-surgery appears less able to prevent pathogens spread into the bloodstream 

because the infection is more established when the cefotaxime was administrated into 

abdominal cavity. Inflammatory response had been fully activated during this delaying 

cefotaxime treatment and organ damage in CLP mice became manifest. This is likely 

the main reason why CLP mice with cefotaxime 6 hours post-surgery had a higher 

mortality (nearly 100%) than the two other groups above (Fig. 10). 
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The original intention of giving CLP mice cefotaxime 12 hours post-surgery was to 

further confirm the hypothesis that delayed administration of cefotaxime would cause 

more severe inflammatory response in the mice. However, a very interesting 

phenomenon emerged in this group. The average IL-6 level in this group was 

somewhat higher than CLP mice with cefotaxime started at 6 hours post-surgery (Fig. 

14) as we thought, but average TNF-a level was a little confusing. There were 

differences in TNF-a levels in this group depending upon the time they became 

moribund. Mice which survived longer had a lower TNF-a level (Fig. 13). Did the 

mice survive due to low TNF-a levels or did the TNF-a levels start to fall in CLP mice 

despite ongoing inflammation? Data from previous research suggests that TNF-a is an 

acute phase reactant that falls with ongoing inflammation in sepsis (Cannon et al. 

1990; Hesse et al. 1988; Suffredini et al. 1989); therefore the 3 mice that became 

moribund around 18 hours post-surgery showed a significantly high TNF-a level (Fig. 

13) because they might have a higher initial infection compared to the other mice with 

the same treatment and high TNF-a level seemed to correlate with early mortality 

although in small numbers. This result also suggests that TNF-a levels cannot predict 

the mortality rate if measured later in the inflammation response. On the other hand, 

high IL-6 levels in CLP mice were consistent with the mortality (Fig. 14). IL-6 is a 

predictor of progress of inflammatory response and death in this model even though 

the levels are below the peak IL-6 concentration. 
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The autopsies indicated that earlier administration of cefotaxime not only prevented 

hypothermia but also prevented the damage of key organs in the mice. The likely 

reason is that early antibiotic administration eliminated the bacterial pathogens before 

their invasion into blood along with the decrease in inflammation. This is also 

consistent with the decrease in hepatic dysfunction and other pathologic changes seen 

with early antibiotic administration. 

The blood cultures from treated CLP mice found Enterococcus in the bloodstream 

(table 4). Interestingly cefotaxime is not effectively against Enterococcus. However, 

this fact might not affect the impact of early administration of cefotaxime on 

decreasing the mortality of this model. This might be due to the local infection is too 

small to cause severe infection or the fact that Enterococcus is not considered as a 

significant pathogen in primary peritonitis in humans and does not require antibiotic 

coverage in intra-abdominal sepsis (Edgeworth et al. 1999). 

4.2.2. Fluid Resuscitation: 

All the mice had lmL sterile water injected into the abdominal cavity before closing 

the incision in order to spread the infection. This may affect the initial time when mice 

reach potential mortality endpoint in fluid studies (to 9 hours post-surgery) because it 
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could be considered as part of fluid resuscitation, but it did not affect the observation 

of the importance of fluid resuscitation in sepsis. 

Because all the mice received antibiotics at 0 hour post-surgery, infection was not the 

primary factor in ongoing sepsis inflammation as demonstrated above. The mortalities 

(Fig. 15) among the five groups indicated that starting fluid resuscitation within first 

12 hours post-surgery or sepsis is crucial for the overall effect of treatment in the CLP 

model. The temperature changes (Fig. 16) also confirmed this because it shows that 

early fluid resuscitation was necessary to prevent hypothermia in CLP mice. 

TNF-a and IL-6 assays (Fig. 17 & 18) shows that delayed fluid resuscitation alone can 

induce an inflammatory response during sepsis. Average levels of TNF-a and IL-6 in 

the first four groups (Fig. 17 & 18) indicated there was no acute inflammatory 

response with fluid provided within 9 hours post-surgery (early fluid resuscitation), 

while the fifth group (Fig. 17 & 18) had an acute inflammatory response linked to high 

mortality (Fig. 15) related to the 12-hour delayed fluid resuscitation. The results also 

indicated that a 9-hour delay in fluid resuscitation in this model does not induce an 

inflammatory response caused by surgery in CLP mice if it is combined with early 

administration of cefotaxime (started at 0 hour post-surgery). Most CLP mice with 

delayed fluid resuscitation reached the potential mortality endpoint hours earlier than 

CLP mice with delayed administration of cefotaxime. These findings suggest that fluid 
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resuscitation may be more important on early survival and certainly can aggravate the 

inflammatory response of an untreated infection. 

Autopsy of CLP mice reaching the potential mortality endpoint in this group did not 

show damaged hepatic tissue. But they all showed blood congestion and edema in lung 

tissue that may have been the cause of mortality. The reason of the pulmonary damage 

is probably linked to ARDS caused by sepsis (Costa et al. 2006). 

Above all, early fluid resuscitation is able to inhibit the inflammatory response and 

maintain the circulatory system. When it is combined with early administration of 

cefotaxime, CLP mice survived throughout 72 hours' study period. Despite early 

administration of cefotaxime (0 hour post-surgery), the inflammatory response could 

continue due to the administration of late fluid resuscitation. Therefore early fluid 

resuscitation plays a key role in the treatment of intraperitoneal infection-caused 

sepsis. 

4.2.3. Anti-TNF-a Adjunctive Treatment: 

Anti-TNF-a adjunctive treatment given at 6 hours post-surgery could decrease the 

mortality (Fig. 19) in the group with cefotaxime started at 12 hours post-surgery 

(cefotaxime 12 hours post-surgery, Fisher's exact test, P<0.05) but it was not effective 

(Fig. 19) when fluid resuscitation was started at 12 hours after surgery (fluid 12 hours 
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post-surgery). The reason for this is not clear. Anti-TNF-a is able to decrease the 

inflammatory response by neutralizing TNF-a when caused by infection but it was 

ineffective when dehydration caused by delayed fluid resuscitation was the cause of 

the inflammatory response. This suggests that the mechanisms of inflammation caused 

by delayed antibiotics administration are different from those caused by delayed fluid 

resuscitation. It could also explain the negative results of clinical studies of anti-TNF-

a in sepsis especially if fluid resuscitation timing and amount was not meticulously 

controlled in the clinical trial design. 

The body temperatures of moribund mice in this treatment are different from those of 

the previous experiment; they did not show clear hypothermia (Fig. 20). The reason is 

probably the neutralization of TNF-a in the mice. 

There was no significant difference in average TNF-a levels at sacrifice between 

dying and living CLP mice with anti-TNF-a treatment (Fig. 21), while there was still a 

significant difference in average IL-6 levels (Fig. 22). TNF-a is an early signal during 

sepsis; therefore the neutralization of it will block the process of inflammatory 

response at early stage. When it is combined with fluid resuscitation and 

administration of cefotaxime, which could eliminate the pathogens and maintain the 

circulatory system, the treatment can reduce hypothermia and improve survival. This 
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also suggests that TNF-a is not a predictor of mortality in our model especially after 

18 to 24 hours post-surgery. 

TNF-a assays from CLP mice when cefotaxime was given 12 hours post-surgery (Fig. 

23) indicated that the mice reaching endpoint at 18 hours post-surgery had the highest 

TNF-a level because they might have a significant high initial infection after surgery 

compared to the mice showing moribund after 18 hours. It also indicated that TNF-a 

levels at late stages of sepsis (30-48 hours post-surgery) are similar with that of 

negative control mice (Fig. 23). The reason is likely because TNF-a had been used up 

by the immune system during the process of inflammatory response. Although TNF-a 

level became normal, a huge amount of IL-6 had been released due to the ongoing 

inflammatory response (Fig. 25). IL-6 can continue stimulating the inflammatory 

response and may either cause the late stage morbidity and mortality or is at least a 

predictor of death. 

We could not reproduce similar results in TNF-a assay from CLP mice with delayed 

fluid resuscitation started at 12 hours post-surgery because mice in this group cannot 

survive for more than 24 hours. We could only show that both TNF-a and IL-6 were at 

higher levels than those of negative control mice as inflammatory response continued 

(Fig. 24 & 26). We did show that delayed fluid resuscitation had increased levels of 

TNF-a and IL-6 during the process of sepsis in CLP mice's body despite effective 
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early antibiotics treatment. Clearly the mechanism of inflammatory response from 

delayed fluid resuscitation is different from delayed antibiotics treatment. 

According to our results from the TNF-a and IL-6 assays, IL-6 may play a role, which 

is more important than TNF-a in the mortality of this sepsis model. IL-6 is one of the 

cytokines that may perpetuate the inflammatory response and aggravate mortality even 

when TNF-a levels fall. 

Now that we have a reliable animal model for sepsis, we will apply the model to study 

the impact of different fluid resuscitation strategies on mortality and inflammation. We 

can study other means of modulation of inflammation; observe the impact on mortality 

and on end organ damages in the liver and lungs. 

4.3. Limitation of Mouse Model: 

Animal Care Committee limited the numbers of mice for the project to 300 every year, 

thus the numbers of mice we used were limited. Since death of mouse is unacceptable 

in animal model, we applied potential mortality endpoint as a surrogate for the 

euthanasia of mice. Mouse model was unable to totally mimic clinical signs of sepsis 

in human because there is difference between each other in the immune system. We 

can only take one mL blood from each mouse, thus the numbers of assays we had 

done for each mouse was limited. 
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Table 1 Model Development & Parameter Determination: 

Number of 
Mice 

34 
29 
6 
6 

6 

Length of Ligation 
1/3 Cecum 

V 
V 
X 
X 
V 

1/2 Cecum 
X 
X 
V 
X 
X 

2/3 Cecum 
X 
X 
X 
V 
X 

Number of Puncture& Size of Needle 
18Gxl 

V 
X 
X 
X 
X 

18Gx2 
X 
V 
V 
V 
X 

16Gx2 
X 
X 
X 
X 
V 

"V": Yes. "X": No. 
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Table 2 ALT Assay Procedures: 

Substance 

pyruvic acid 
ALT substrate 
O.lmol/L 
phosphate 

Volume (mL) 
0 
0 

0.5 
0.10 

1 
0.05 
0.45 
0.10 

2 
0.10 
0.40 
0.10 

3 
0.15 
0.35 

0.10 

4 
0.2 
0.30 
0.10 

5 
0.25 
0.25 
0.10 

Mix, 37°C,30min 
2,4-M 
nitrobenzene 

0.50 0.50 0.50 0.50 0.50 0.50 

Mix, 37°C,20min 
0.4mol/L sodium 
hydroxide 

5.00 5.00 5.00 5.00 5.00 5.00 

lOmin room temperature, 500nm wave length 
Substance 

Serum 
ALT substrate 

Volume (mL) 
Control Tube 
0.1 
-

Test Tube 
0.1 
0.5 

Mix,37°C,30min 
2,4-M nitrobenzene 0.5 0.5 

Mix, 37°C,20min 
ALT substrate 
0.4mol/Lsodium hydroxide 

0.5 
5.0 

-
5.0 

lOmin room temperature, 500nm wave length 
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Table 3 Treatment Strategies: 

Number of 
Mice 

Timing of 
Antibiotic 

8 mice 
8 mice 
8 mice 
10 mice 

Fluid 
Resuscitation 

8 mice 

8 mice 
8 mice 
8 mice 
8 mice 

Anti-TNF-a 
Adjunctive 
Treatment 

22 mice 
8 mice 

Cytokine 
Kinetics 

35 mice 
24 mice 

Cefotaxime (0.05mL) Start 
Time Points (Post-surgery) 
Oh 3h 6h 12h 

V 
V 

V 
V 

V 
V 
V 
V 
V 

V 
V 

V 
V 

0.9% Saline Fluid (lmL) Start 
Time Points (Post-surgery) 
Oh 3h 6h 9h 12h 

V 
V 
V 
V 

V 
A/ 

V 
V 

V 

V 
V 

V 
V 

Anti-TNF-a* 
(0.05mL) 
6h Post-surgery 

V 
V 

*Anti-TNF-a was only administrated at 6 hours post-surgery, while the other two 

treatments were administrated every 6 hours for up to 72 hours since they started. 

"V": the starting time of treatment. 
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Table 4 Bacterial Cultures of CLP Mice with & without Cefotaxime and Negative 
Control Mice 

(1) Swab 
Surgery 
Euthanasia 

No. 129 (endpoint within 24h) 
No Enterobacteriaceae isolated 
Heavy growth of Coagulase-negative 
Staphylococcus 
Heavy growth of Proteus mirabilis 
Heavy growth of Enterococcus 
gallinarum 

No.l31(survivefor72h) 
No Enterobacteriaceae isolated 
Moderate growth of Proteus mirabilis 
Moderate growth of Coagulase-negative 
Staphylococcus 
Moderate growth of Enterococcus 
gallinarum 

(2) Blood 

Euthanasia 

No.l68( Positive Control) 

Heavy growth of Coagulase-negative 
Staphylococcus 
Heavy growth of Enterococcus 
Heavy growth of Proteus mirabilis 

No. 171 (Cefotaxime) 

Moderate growth of 
Enterococcus 

No. 184 (Negative 
Control) 
None 

Blood sample was taken by cardiac puncture 
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Fig. 1 Mortalities of CLP Mice with Different Surgical Procedures within First 30 

Hours Post-surgery 
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Group 1: CLP mice with 1/3 ceca ligated and one puncture with 18G needle 

Group 2: CLP mice with 1/3 ceca ligated and two punctures with 18G needle 

Group 3 CLP mice with 2/3 ceca ligated and two punctures with 18G needle 

Group 4 CLP mice with whole ceca ligated and two punctures with 18G needle 

Group 5 CLP mice with 1/3 ceca ligated and two punctures withl6G needle 

All the mice in this experiment were given lmL 0.9% saline fluid every 6 hours for up to 30 hours, 

started from 0 hour post-surgery. 

The mortality of group 1 is significantly lower than all the other 4 groups. (Fisher's exact test, 

PO.05). 
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Fig. 2 Body Temperatures of Positive Control Mice & Negative Control Mice 
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Body Temperature (CLP mice vs. Negative Control). The body temperatures of CLP mice dropped 

down gradually after surgery, CLP mice No. 94 & 99 dropped down below 32°C for 1 hour and 

reached the endpoint. The body temperatures of two negative controls kept constant throughout the 

observation after surgery. 



Fig. 3 Images of Hepatic Tissue 

Left image is the necrotic tissue of the liver from a CLP mouse. The left part of the image is 

necrotic hepatic tissue and the right is the normal hepatic tissue. Right image is the hepatic tissue 

from a negative control mouse. 

Fig. 4 Images of Pulmonary Tissue 

Tissue is from a treated CLP mice with fluid resuscitation delayed for 12 hours post-surgery 

Left image is the lung tissue with the blood cell congestion (inside the red circle) 

Right image shows the edema in alveolus (Red Arrow) 

Both right and left images are from the same CLP mice. 
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Fig. 5 ALT Assay of Positive Control Mice & Negative Control Mice at Different 
Time Points Post-surgery 
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There is no significant difference between 18 hours and 24 hours post-surgery groups (t-test, 
P>0.05). ALT is an important measure for the test of hepatic function; its increasing level indicates 
hepatic dysfunction (Error bar is standard deviation). 
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Fig. 6 Blood Glucose Assay of Positive Control Mice & Negative Control Mice 
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The blood glucose levels of all the CLP mice dropped down gradually from normal to extremely 

low level, while the two negative control mice had normal levels throughout the observation after 

surgery. 
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Fig. 7 Lactate Assay of Positive Control Mice at Different Time Points Post-surgery 
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The lactate assay of blood samples from CLP mice shows no significant difference between 

different time points due to the limited numbers of samples. 
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Fig. 8 TNF-a Assay of Positive & Negative Control Mice From Different Time Points 
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There is no significant change of TNF-a level in positive control groups at different time points 

(ANOVA test, P>0.05). There is also no significant change in negative control groups at different 

time points due to the limited numbers of samples (Error bar is standard deviation). 
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Fig. 9 IL-6 Assay of Positive & Negative Mice at Different Time points 
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IL-6 levels of serum from CLP mice (blue) drop down after 18 hours post-surgery (ANOVA test, 

PO.05) while levels of negative control mice (red) are low and remain stable (Error bar is standard 

deviation). 
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Fig. 10 Mortalities of CLP Mice with Cefotaxime at Different Starting Time Points 
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As the figure shows, the mortality keeps increasing as the time of cefotaxime administration is 

delayed. The mortality of group with cefotaxime started at 0 hour post-surgery is significantly 

different from the mortalities of groups with cefotaxime started at 6 & 12 hours post-surgery 

(Fisher's exact test, PO.05). The mortality of group with cefotaxime started at 3 hours 

post-surgery is significantly different from the mortalities of groups with cefotaxime started at 6 & 

12 hours post-surgery (Fisher's exact test, P<0.05). There are no differences between the two 

groups with cefotaxime started at 0 hour and 3 hours post-surgery or the two groups with 

cefotaxime started at 6 & 12 hours post-surgery. 

All the mice in this experiment were given lmL 0.9% saline fluid every 6 hours for up to 72 hours, 

which started at 0 hour post-surgery. All the mortalities were measured within 72 hours of 

observation. 
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Fig. 11 Body Temperatures of CLP Mice with Cefotaxime at Different Time Points 
(including Positive & Negative Control) 
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Body temperature of the negative control group (black) keeps stable above baseline (36 to 38"C). 

Body temperature of cefotaxime 0 hour post-surgery group (violet) drops down at first 6 hours but 

goes up and keeps stable (36 to 38°C) at the next 18 hours. Body temperature of cefotaxime 3 

hours post-surgery group (pink) is unstable between 34 and 36"C throughout the first 24 hours 

post-surgery. Body temperatures of cefotaxime 6 hours post-surgery and positive control (blue and 

brown) groups keep going down (<32°C). Error bar is standard deviation. 

There is a significant difference (ANOVA test, PO.05) of average body temperature changes 

between 0 and 24 hours post-surgery between five groups. 
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Fig. 12 WBC Count (Pre-surgery vs. Post-surgery) of CLP Mice with Cefotaxime at 
Different Time Points (Including Positive & Negative Control) 
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Blue bars represent WBC counts of the blood taken from mice 24 hours pre-surgery. Red bars 
represent WBC counts of the blood taken from the same mice when they were euthanized. Thus we 
can compare the difference of WBC counts between before and after surgery from the same mice. 
All the mice's WBC counts declined after surgery; the WBC count of positive control post-surgery 
is significantly different from that of pre-surgery (t-test, PO.05). Error bar is standard deviation. 
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Fig. 13 TNF-a Assay of CLP Mice with Cefotaxime at Different Starting Time Points 

at time of Euthanasia 
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The average level of TNF-a keeps going up from cefotaxime 0 to 3 hours post-surgery and from 3 

to 6 hours post-surgery In cefotaxime 12 hours post-surgery group, the CLP mice reaching 

endpoint around 18 hours post-surgery have a very high average level of TNF-a, the average 

TNF-a levels of CLP mice reaching endpoint around 24 and around 48 hours post-surgery keep 

dropping down and average TNF-a level of CLP mice around 48 hours post-surgery is significantly 

lower (t-test, PO.05) than the level of negative control mice. The average level of positive control 

mice is not significantly different (t-test, P>0.05) from cefotaxime 6 hours post-surgery group 

(Error bar is standard deviation). 

There is a significant increasing of TNF-a level as the start time points of cefotaxime delayed 

(ANOVA test, P<0.05). 

Within cefotaxime 12 hours post-surgery group, the CLP mice showed a significant change 
(ANOVA test, PO.05) of TNF- a level at different time points of euthanasia. 

All the CLP mice in this treatment strategy were kept for 72 hours. The mice reaching the potential 

mortality endpoint were euthanized immediately. All the negative control mice were kept for 72 

hours. 
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Fig. 14 IL-6 Assay of CLP Mice with Cefotaxime Starting at Different Time Points at 

time of Euthanasia 
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The average IL-6 levels of cefotaxime 0 hour & 3 hours post-surgery groups are not significantly 

different from negative control mice (t-test, P>0.05). The average IL-6 levels of cefotaxime 6 & 12 

hours post-surgery groups are not significantly different between each other (t-test, P>0.05), but 

they are both significantly higher than cefotaxime 0 hour & 3 hours post-surgery groups (t-test, 

PO.05). Error bar is standard deviation. 

There is a significant increasing of IL-6 level as the start time points of cefotaxime delayed 

(ANOVA test, PO.05). 

All the CLP mice in this treatment strategy were kept for 72 hours. The mice reaching the potential 

mortality endpoint were euthanized immediately. All the negative control mice were kept for 72 

hours. 
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Fig. 15 Mortalities of CLP Mice with Fluid Resuscitation at Different Starting Time 

Points (0, 3, 6, 9, 12 hours post-surgery) 
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The mortalities of the first 4 groups with fluid resuscitation started at 0, 3, 6, 9 hours post-surgery 

are the same, while the mortality of the 5th group with fluid resuscitation started at 12 hours 

post-surgery is significant higher than the other 4 groups (Fisher's exact test, PO.05). 7 out of 8 

mice in the 5th group reached potential mortality endpoint within first 24 hours post-surgery. 

All the mice in this experiment were given 0.05mL diluted cefotaxime every 6 hours for up to 72 

hours, which started at 0 hour post-surgery. 
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Fig. 16 Body Temperatures of CLP Mice with Fluid Resuscitation Starting at Different 

Time Points 
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At 1 hour post-surgery, the average temperature between 0.9% saline fluid starting at 0 hour 

(violet), 3 hours (pink), 6 hours (black), 9 hours (light blue) and 12 hours (purple) post-surgery are 

similar. The temperature change of 0.9% saline fluid starting at 12 hours post-surgery is going 

down during the first 24 hours. There is a significant difference of average temperature changes 

between 0 and 24 hours post-surgery between five groups (ANOVA test PO.05). Error bar is 

standard deviation. 
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Fig. 17 TNF-a Assay of CLP Mice with Fluid Resuscitation at Different Starting 

Time Points 
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Average levels of TNF-a from the serum of CLP mice in the first 4 groups are similar (0.9% saline 

fluid starting at 0 hour, 3, 6 & 9 hours post-surgery). The average level of TNF-a in the group with 

0.9% saline fluid starting at 12 hours post-surgery is significantly higher than the other 4 groups 

(ANOVA test, P<0.05). Error bar is standard deviation. 
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Fig. 18 IL-6 Assay of CLP Mice with Fluid Resuscitation at Different Starting 

Time Points 
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Average levels of IL-6 from the serum of CLP mice in the first 4 groups are similar (0.9% saline 

fluid starting at 0 hour, 3, 6 & 9 hours post-surgery). The average level of IL-6 in the group with 

0.9% saline fluid starting at 12 hours post-surgery is significantly higher than the other 4 groups 

(ANOVA test, PO.05). Error bar is standard deviation. 
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Fig. 19 Mortalities of CLP Mice with and without Anti-TNF-a Adjunctive Treatment 

in Different Groups with Late Administration of Cefotaxime and Fluid 
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Cefotaxime 12 hours post-surgery: All the mice were given 0.05mL cefotaxime every 6 hours for 

up to 72 hours starting at 12 hours post-surgery and lmL 0.9% saline fluid every 6 hours for up to 

72 hours starting at 0 hour post-surgery. 

Fluid 12 hours post-surgery: All the mice were given 0.05mL cefotaxime every 6 hours for up to 

72 hours starting at 0 hour post-surgery and lmL 0.9% saline fluid every 6 hours for up to 72 hours 

starting at 12 hours post-surgery. 

In cefotaxime 12 hours post-surgery group, the mortality of mice without anti-TNF-a adjunctive 

treatment is significantly higher than that of mice with anti-TNF-a adjunctive treatment (Fisher's 

exact test, PO.05). 

In fluid 12 hours post-surgery group, the mortality of mice without anti-TNF-a adjunctive 

treatment is the same with that of mice with anti-TNF-a adjunctive treatment. 
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Fig. 20 Body Temperatures of CLP Mice with and without Anti-TNF-a Adjunctive 

Treatment in Different Groups with Late Administration of Cefotaxime and 

Fluid 
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At 0 hour post-surgery, the average temperature of cefotaxime 12 hours post-surgery group (violet) 

is similar with that of fluid 12 hours post-surgery group (pink). At 24 hours post-surgery, the 

average temperature of cefotaxime 12 hours post-surgery group is different from that of fluid 12 

hours post-surgery group. The average temperature changes of both groups between 0 and 24 hours 

post-surgery is significantly different (t-test, P<0.05). Error bar is standard deviation. 
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Fig. 21 TNF-a Assay of CLP Mice with and without Anti-TNF-a Adjunctive 

Treatment in Different Groups with Late Administration of Cefotaxime and 

Fluid 
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In cefotaxime 12 hours post-surgery group (Left), 14 CLP mice reaching endpoint before 72 hours 

has a significantly higher average level of TNF-a than both survived CLP mice and negative 

control mice respectively (t-test, PO.05). Fluid 12 hours post-surgery group (Right) has the similar 

result (Error bar is standard deviation). 
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Fig. 22 IL-6 Assay of CLP Mice with and without Anti-TNF-a Adjunctive Treatment 

in Different Groups with Late Administration of Cefotaxime and Fluid 

70000 

60000 

50000 

"g 40000 
~Sb 

•|j 30000 
P 

HJ 20000 

10000 

-10000 

n=4 

n=10 

n=7 n=l n=7 

Cefotaxime 12 hours Post-surgery Fluid 12 hours Post-surgery 

I Live 

I Moribund 

• Negative 
Control 

Different Groups 

In cefotaxime 12 hours post-surgery group (Left), 10 CLP mice reached endpoint before 72 hours 

and had a significantly (t-test, PO.05) higher average (*100 times) level of IL-6 than both 

survived CLP mice and negative control mice. Fluid 12 hours post-surgery group (Right) has the 

similar result (Error bar is standard deviation). 
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Fig. 23 TNF-ot Assay of CLP Mice with Cefotaxime 12h post-op at Different Time 

Points 
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In cefotaxime 12 hours post-surgery group, the TNF-a levels of CLP mice are similar at 0, 6 and 

12 hours post-surgery. It peaks at 18 hours post-surgery and drops down. Thereafter the level goes 

back to pre-peak levels (Error bar is standard deviation). There is a significant change of TNF-a 

levels in CLP mice as time progresses (ANOVA test, P O . 0 5 ) . 
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Fig. 24 TNF-a Assay of CLP Mice with Fluid Resuscitation 12 hours Post-surgery at 

Different Time Points 
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In 0.9% saline fluid 12 hours post-surgery group, the TNF-a levels of CLP mice (blue) keep going 

up from 0 hour to 24 hours post-surgery. The levels of negative control mice (red) stay constant 

over time (Error bar is standard deviation). There is no significant change of TNF-a levels in CLP 

mice as time progresses (ANOVA test, P>0.05). 
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Fig. 25 IL-6 Assay of CLP Mice with Cefotaxime 12 hours Post-surgery at Different 

Time Points 
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In cefotaxime 12 hours post-surgery group, IL-6 level of CLP mice increases dramatically right at 

6 hours post-surgery and stays high throughout 48 hours post-surgery. Although it drops down after 

24 hours ' observation, but it is still much higher than the level of 0 hour post-surgery (Error bar is 

standard deviation). There is a significant change of IL-6 levels as time progresses (ANOVA test, 

PO.05). 
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Fig. 26 IL-6 Assay of CLP Mice with Fluid Resuscitation 12 hours Post-surgery at 

Different Time Points 
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In 0.9% saline fluid 12 hours post-surgery group, IL-6 level of CLP mice (blue) increases 

dramatically at 6 hours post-surgery. Although the level drops down after 12 hours post-surgery, it 

is still hundreds of times higher than the level of negative control mice (red). The IL-6 level of 

negative control mice is constant throughout the observation (Error bar is standard deviation). 

There is a significant change of IL-6 levels in CLP mice as time progresses (ANOVA test, PO.05). 
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Calculation: 
Ref: http://ocw.tufts.edu/courses/5/content/216005 
a. Model spp=human; wt= 70kg; cefotaxime dose= 30mg/kg q8h 
b. Subject spp=mouse; wt=0.025kg 

1. Convert mg/kg to mg/kcal dose: 
a. MEC for 70kg human= 70 (70) °75 = 1694 kcal/day 
b. Dose per treatment^ 70kg*30mg/kg=2100mg per treatment 
c. MEC dose=2100/1694=1.24mg/kcal per day 

2. Periodicity of dosing 
a. MEC for mouse= 70 (0.025) °75 =4.2 kcal/day 
b. Mass specific metabolic rates: 

A. Human=1694 kcal per day/ 70kg=24.2 kcal/day 
B. Mouse= 4.2 kcal per day/ 0.025kg=168 kcal/day 

c. Treatment interval; for humans=q8h; for a mouse it equals: 8hrs( 24.2/168 ) 
= 1.2hrs 
3. Dose required to treat mouse= MEC mouse * MEC dose human 

= 4.2 kcal per day* 1.24mg/kcal per day 
= 5.2 mg per day 
= 5.2mg/0.025kg 
= 208mg/kg 

http://ocw.tufts.edu/courses/5/content/216005
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Appendix II 

The average level of serum TNF-a level in CLP mice is 800pg/mL (0.8ng/mL) in our 

experiment and a 25 gram Balb/c mouse has about 1.4mL blood. The dose was 

calculated by the 50% neutralization dose (ND50) of the antibody. 

ND50 of anti-TNF-a monoclonal antibody from R&D System company is 0.05ug-

0.2ug Anti-TNF-a : 0.25ng TNF- a. It means 0.05 to 0.2ug can neutralize 50% of 

0.25ng TNF-a. We take the maximum proportion (0.2^g: 0.25ng TNF- a) and the 

maximum dose needed to neutralize 100% TNF-a in a 25 gram Balb/c mouse is: 

0.8ng/mL* 1.4mL/0.25ng*0.2ug*2~2.2ng 

Therefore the dose used was 2.2 u g/mice which was calculated to be enough to 

neutralize almost all the TNF cytokine in a CLP mouse. According to the calculation, 

we diluted the antibody from the original 200 u g/mL to 44 u g/mL by PBS and 

administered 0.05mL diluted anti-TNF-a antibody to each CLP m mouse. 


