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Abstract: Sepsis is a characteristic set of systemic reactions in response to a 
severe infection that causes multiple organ injury and hemodynamic changes. 
Experimentally, eighteen hours after cecal ligation and puncture (CLP) in a group 
of spontaneously hypertensive rats (SHR) and WKy rats caused a progressive 
reduction in urinary excretion and in glomerular filtration rate. Caused the 
increase to 120 minutes of evaluation for fractional excretion of potassium and 
sodium with rejection by the proximal tubular renal in groups and reduction of 
blood pressure in rats. Additional studies are underway to examine renal function, 
blood pressure changes and mechanisms that contribute to sepsis in SHR aimed at 
distinguishing the systemic hemodynamics phase of hyper- and hypodynamic 
states. 
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INTRODUCTION 
 
Sepsis is a characteristic set of systemic reactions to severe infection, which are 
accompanied by a decline in immunological function and by multiple organ 
injury. In addition to inflammation and immunological dysregulation, a number of 
different mechanisms contribute to sepsis in distinct phases of systemic  
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hemodynamics that develop from hyperdynamic to hypodynamic states [31]. 
However, an intra-abdominal abscess can cause such a condition as well as 
devitalized tissue, both common sources in septicemic patients and animal 
models. In summary, the animal models for studies can be divided into three 
categories: - (i) infusion or instillation of exogenous bacteria; - (ii) injection of an 
exogenous toxin with lipopolysaccharide (LPS); - (iii) alteration of the animal’s 
endogenous protective barrier, such as intestinal leakage by the  cecal ligation and 
puncture [CLP] or colon ascendens stent peritonitis   [CASP] [36]. However, all 
display some limitation in the experimental protocol [11] with regard to the 
stimulus, site, administration route, and kinetics of the release of inflammatory 
mediators [34, 37]. However, CLP is currently the most widely used animal model 
of sepsis, because it mimics the clinical conditions of meningococcal sepsis or 
postsurgical peritonitis [31] in humans. The model is ligation distal to the ileocecal 
valve and puncture of the ligated cecum, causing leakage of fecal contents into the 
peritoneum, with subsequent polymicrobial bacteremia and sepsis [30, 36, 4, 6]. This 
surgical manipulation, while not well standardized, allows the severity to be 
adjusted by the length of ligated cecum and the size and/or number of the 
punctures leading to the infection picture together with the hemodynamic 
alterations. There has been much effort to clarify the metabolic and renal function 
changes in sepsis. On the order hand, there has been interest in hemodynamic 
instability, such as studies on arterial hypertension, for a long time [23].  Arterial 
hypertension is recognized as one risk factor and/or accelerator of the progression 
of  renal injury when in  advanced stages [24], mainly when comparing the 
responses obtained to the same maintenance treatment and hemodynamics and 
metabolic support of arterial hypertensive  and normotensive patients [16, 9] 
becoming theme of the times [8, 13, 14, 26]. In 1963, Okamoto and Aoki [21] 
introduced an animal experimentation model to study arterial hypertension 
without the need of any physiological, pharmacological or surgical intervention: 
the spontaneously hypertensive rat (SHR) [17] allowed a great advance for the 
better understanding of the illness. The objective of this work was to elucidate the 
possible hemodynamic alterations and/or complications associated with 
physiological mechanisms of renal function (glomerular filtration and renal water-
electrolyte handling) in septic SHR using the CLP model. 
 
 
MATERIAL AND METHODS 
 
The experiments were carried out in groups (n=5) of WKy and SHR male rats 
(twelve weeks of age); they were allowed free access to tap water and standard rat 
chow (Nuvilab Radiated- Nuvital Nutrientes S/A, Brazil). The rats were housed 
under controlled climatic conditions in accordance with current international 
bioethics and biosecurity norms for animal experimentation and with guidelines of 
the Brazilian College of Animal Experimentation (COBEA). Cecal ligation and 
puncture (CLP) – The procedure for induced sepsis as previously described by 
Wichterman and coworkers in 1980 [36] is outlined in Figure 1. Renal function and 
blood pressure were assessed in SHR and WKy eighteen hours after sepsis  
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induction using the CLP model [7]. Tail blood pressure (mmHg) – This parameter 
was measured using an electrosphygmomanometer (Narco Bio-System, Austin, 
TX, USA). This indirect approach permits repeated measurements with close 
correlation with direct intra-arterial recording. Renal test - Fourteen hours prior, 
60 mmol LiCl/100 g body weight was given by gavage. The unanesthetized rats 
were subsequently housed individually in metabolic cages with free access to tap 
water but no food. The experiment was performed at the same time in each group. 
At 8:00 a.m., each rat received a tap water load (5% of body weight) by gavage 
followed by a second load of the same volume 1 h later. Twenty minutes after the 
second load, spontaneously voided urine was collected over periods of 30, 60 90 
and 120 minutes. The voided urine passed through the funnel in the bottom of the 
cage into a graduated centrifuge tube. At the end of the experiment, blood samples 
were drawn by cardiac puncture. Biochemical analysis - Plasma and urine sodium, 
potassium and lithium concentrations were measured by flame photometry, while 
creatinine levels were determined spectrophotometrically by the alkaline picrate 
method. Statistics and calculations – The results are reported as Means ± SD per 
100 gram body weight. Urinary excretion was assessed in each rat in microliters 
per minute per 100 gram (VUµl/min/100 g) for control of renal water handling.   
Creatinine clearance (CCR) was used to estimate glomerular filtration rate (GFR), 
and lithium clearance (CLi) was used to assess proximal tubule output [7]. 
Fractional sodium excretion (FENa) was calculated as CNa/CCr, where CNa is 
sodium clearance and CCr is creatinine clearance. The fractional proximal (FEPNa) 
and post-proximal (FEPPNa) sodium excretion rates were calculated as CLi/CCr × 
100 and CNa / CLi × 100, respectively. Fractional potassium excretion (FEK) was 
calculated as (CK/CCr) where CK is potassium clearance and CCr is creatinine 
clearance. The renal data were expressed as a percentage of WKy and SHR values 
obtained at 30, 60, 90 and 120 minutes. Statistical analysis –The data evaluated 
by repeated measures ANOVA. Bonferroni’s post-hoc analysis was used to 
determine the extent of the differences. p≤ 0.05 was considered significant and 
indicated by an asterisk (*). 
 
 
RESULTS AND DISCUSSION 
 
All CLP rats showed lethargy and piloerection.  Eighteen hours after, following 
the slight decrease in pressure levels in the two groups, there was a gradual 
decrease in urinary excretion and glomerular filtration rate, which was more 
substantial in SHR. At 120 minutes assessment, there was an increase in fractional 
excretion of potassium and sodium with rejection by the proximal tubule. For 
better understanding, it is necessary to consider some physiological mechanisms 
that can account for a decline in renal function, considering the capacity of fine 
adjustment of excretion of sodium in order to keep the constant cell volume. GFR 
can diminish due to decreased capacity of plasma flow and glomerular hydraulic 
pressure caused by the the vasoconstriction of the glomerular arterioles and 
mediated by vasoconstrictors. Under such conditions, if not controlled, plasma 
creatinine levels increase inversely with the magnitude of GFR decline. Despite  
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the reduction in urinary flow and GFR, the fractional excretion levels of sodium 
and potassium continued to be the same up to 120 minutes observation. At this 
assessment time, there was an increase in the fractional excretion of potassium 
(FEK) and sodium (FENa) with rejection by the proximal tubule (FEPNa) in WKy 
and SHR, indicating the beginning of functional failure of nephrons in this 
evaluation period. However, it has been reported that small physiological changes 
can occur 2 hours after the induction of disease in an experimental model [7]. 
Anyway, it can be suggested that the response of renal function is associated with 
an interaction of various physiological mechanisms, including hormonal 
mechanisms and renal arteriolar vasoconstriction [28]; overactivity of the 
sympathetic nervous system [29], and direct effects on the kidney tubules [19]. 
Moreover, one has to accept that in hypertensive rats increased peripheral vascular 
resistance, dependent on neurogenic mechanisms, contributes to the disorder of 
the central mechanisms affecting blood pressure over the glomerular filtration rate 
and renal tubular sodium balance as shown (Figure 2 and Table 1). It is known 
that in WKy the autoregulation of renal blood flow is much more efficient than in 
SHR [1]. Studies have shown that kidneys of SHR require a higher arterial pressure 
than kidneys of normotensive rats to excrete the same amount of sodium under 
basal conditions [5] as can be seen in our results showing that blood pressure was 
still high after 18 hours of sepsis induction. Since glomerular perfusion pressure 
was reduced down to that observed in normotensive rats, urinary sodium excretion 
in SHR may be more affected and reduced [25] but also reflect on the abnormalities 
in intracellular electrolyte balance with increased sodium in the SHR strain [10]. 
However, this slight decrease in blood pressure in the animals may be indicative 
of the manifestation of a hypodynamic phase of sepsis independent of animal 
species in the CLP model. However, at the cellular level, the presence of bacterial 
products in the systemic circulation activates the inflammatory cells infiltrating 
the kidney tissue, causing a release of oxygen free radicals, proteases and 
inflammatory cytokines. This can lead to injury and activation of resident renal 
cells (endothelial, mesangial and tubular), prompting them to cause metabolic 
changes, producing and releasing locally the same and other mediators of 
hemodynamic and systemic inflammatory responses, such as angiotensin II (Ang 
II) [18] , endothelin-1 (ET-1) [27] , platelet activating factor (PAF) [32], tumor 
necrosis factor (TNF) [20], leukotrienes (LTS) [2], nitric oxide (NO) [22,35] and 
thromboxane A2 (TXA2) [15] , contributing extensively to the acute renal 
dysfunction observed in septic animals.  
 
 
CONCLUSION 
 
Although the results include mechanisms for direct associations linked to 
hypertension, the CLP and lithium clearance technique proved effective in 
investigating the development of sepsis and the changes in renal water-electrolyte 
handling in animals, especially with excellent correlations to the clinic. However, 
progress continues in an additional study associating the hemodynamic response  
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of renal function, evaluating time-response relations after sepsis induction by 
CLP, with renal function and hypertension in these rat strains. 
 
 
 

 
 
 
 
FIGURE 1 – RODENT CLP MODEL: WKy and SHR were weighed using a 
digital electronic balance. They received pre-induction anesthetic with atropine 
(0.02 to 0.04 mg / kg, ip) and after 10 minutes, ketamine (75-100 mg / kg body 
weight, ip) + xylazine (5-10 mg / kg body weight, ip), inserting the needle at an 
angle of 20 degrees in the lower left quadrant to preserve the cecum that is above. 
(a) After the abolition of the corneal-palpebral and foot reflexes, the animals were 
placed on a surgical thermal table and immobilized with clamps. A gel eye shield 
was then applied during anesthesia. After shaving the abdomen, ventral surface, 
followed by antisepsis of the region with polyvinylpyrrolidone iodine, (b) an 
incision was made approximately two centimeters into the abdomen including 
skin, muscle-aponeurotic plane and peritoneum, (c) exposing the viscera, (d) 
identifying and externalizing the cecum. (e) The cecum was ligated with 0-0 silk 
below the ileocecal valve with total obstruction in order to increase the total 
pressure within this segment of the intestine without causing ischemia but not 
allowing the free passage of the contents of the small intestine into the large 
intestine. (f) After ligation, the cecum was punctured five times with a 21-G 
venipuncture needle and gently pressed to verify leakage of feces into the 
abdominal cavity and put back into abdomen. (g) The suture was performed with 
4-0 nylon monofilament, 2 planes: peritoneum-muscle-aponeurosis and skin. The 
rats received analgesic, buprenorphine (0.05-0.1 mg / kg, sc, 12-12 hours). They 
were placed under an incandescent light and, after recovery from anesthesia, 
returned to their boxes with free access to food and water. 
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TABLE 1 - RENAL FUNCTION STUDY AND TAIL BLOOD PRESSURE: 
18 hours after induction of sepsis (CLP-model) in rats of WKy and SHR strains. 
The results are presented as the means (M) standard deviations (SD) obtained at 
30, 60, 90, 120 minutes for assessment of urine volume in microliters per minute 
per 100 gram of body mass of the animal (VUμl/min/100g), creatinine clearance 
(CCr), fractional sodium excretion (FENa) - proximal (FEPNa) - post-proximal 
(FEPPNa), fractional potassium excretion (FEK) and tail blood pressure (mmHg). 
The number of animals in each group is n =5 and values of the average 
computation of means and standard deviation (M ± SD). p≤ 0.05 was considered 
significant and indicated by an asterisk (*). 
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FIGURE 2- RENAL FUNCTION STUDY: 18 hours after induction of sepsis 
(CLP-model) in rats of WKy and SHR strains, which indicates the results 
obtained in periods of 30, 60, 90, 120-minute assessment of urine volume in 
microliters per minute per 100 gram of corporal mass of the animal  
(VUμl/min/100g), creatinine clearance (CCr), fractional sodium excretion (FENa) - 
proximal (FEPNa) - post-proximal (FEPPNa), fractional potassium excretion (FEK). 
p≤ 0.05 was considered significant and indicated by an asterisk (*). 
 

 
 
 

Acknowledgments: Grants from CNPq, CAPES and FAPESP supported this work. 
 



8                                                                                                     A. Zapparoli et al 
 
 
 
REFERENCES 
 
[1] W.J. Arendshorst, Autoregulation of renal blood flow in spontaneously 
hypertensive rats, Circulation Research, 44 (1979) 344-349. 
 
[2] K. F. Badr, B.M. Brenner, I. Ichikawa, Effects of leukotriene D4 on 
glomerular dynamics in the rat, American Journal of Physiology, 253 (1987) 239-
243. 
 
[3] G.J. Bagby, K.J. Plessala, L.A.Wilson, J.J. Thompson, S.Nelson, Divergent 
efficacy of antibody to tumor necrosis factor-alpha in intravascular and peritonitis 
models of sepsis, The Journal of Infectious Diseases, 163 (1991) 83-88. 
 
[4] C.C. Baker, I.H. Chaudry, H.O. Gaines, A.E. Baue, Evaluation of factors 
affecting mortality rate after sepsis in a murine cecal ligation and puncture model, 
Surgery, 94 (1983) 331-335. 
 
[5] P.A. Boer, J.M. Morelli, J.F. Figueiredo, J.A. Gontijo, Early altered renal 
sodium handling determined by lithium clearance in spontaneously hypertensive 
rats (SHR): Role of renal nerves, Life Science, 76 (2005) 1805-1815. 
 
[6] B. G. M. C. e. Carneiro, A. Petroianu, F. H. O. C. Rodrigues, R.F. Rocha, 
Estudo comparativo entre diversos tipos de tratamento para peritonite fecal em 
rato, Revista do Colégio Brasileiro de Cirurgiões, 29 (2002) 43-48. 
 
[7] P. César De Oliveira, P.A. Boer-Lima, J.F. Figueiredo, J.A. Gontijo, Effect of 
nitric oxide synthase inhibition and saline administration on blood pressure and 
renal sodium handling during experimental sepsis in rats. Renal Failure, 25 (2003) 
897-908. 
 
[8] O. Cortadellas, M.J. Fernández Del Palacio, J.Talavera, A. Bayón, Glomerular 
filtration rate in dogs with leishmaniasis and chronic kidney disease. Journal of 
Veterinary Internal Medicine, 22 (2008) 293-300. 
 
[9] J. Cohen, The immunopathogenesis of sepsis, Nature, 420 (2002) 885-891. 
 
[10] R. Dietz, Renovascular hypertension, Contributions to Nephrology, 43 
(1984) 129-43.  
 
[11] A. G. Garrido, L. F. Poli De Figueiredo, M. Rocha, M. Silva, Experimental 
models of sepsis and septic shock: an overview, Acta Cirúrgica Brasileira, 19 
(2004) 82-88.  
 
[12] D.J. Hadjiminas, K.M. McMasters, S.E. Robertson, W.G. Cheadle,  
Enhanced survival from cecal ligation and puncture with pentoxifylline is  



Evaluation of renal function                                                                                   9 
 
 
 
associated with altered neutrophil trafficking and reduced interleukin-1 beta 
expression but not inhibition of tumor necrosis factor synthesis, Surgery, 116 
(1994) 348-355.  
 
[13] R.E. Jepson, J. Elliott, D. Brodbelt, H.M Syme, Effect of control of systolic 
blood pressure on survival in cats with systemic hypertension, Journal of 
Veterinary Internal Medicine, 21(2007) 402-409. 
 
[14] E.M. Kenney, E.A. Rozanski, J.E. Rush, A.M. DeLaforcade-Buress, J.R. 
Berg, D.C. Silverstein, C.D. Montealegre, L.A. Jutkowitz, S. Adamantos, D.H. 
Ovbey, S.R. Boysen, S.P. Shaw, Association between outcome and organ system 
dysfunction in dogs with sepsis: 114 cases (2003-2007), Journal of the American 
Veterinary Medical Association, 236 (2010) 83-87. 
 
[15] S. Klahr, Role of arachidonic acid metabolites in acute renal failure and 
sepsis, Nephrology Dialysis Transplantation, 9 (1994) 52-56. 
 
[16] D.W. Landry, J.A Oliver, The pathogenesis of vasodilatory shock, The New 
England Journal of Medicine, 345 (2001) 588-595. 
 
[17] W.J. Louis, R. Tabei, S. Spector, Effects of sodium intake on inherited 
hypertension in the rat, The Lancet, 2 (1971) 1283-1286. 
 
[18] J.R. Lugon, M.A. Boim, O.L. Ramos, H. Ajzen, N. Schor, Renal function and 
glomerular hemodynamics in male endotoxemic rats, Kidney International, 36 
(1989) 570-575. 
 
[19] L. F. Menegon, A. Zapparoli, P.A. Boer, A. R. Almeida, J.A.R. Gontijo, 
Long-term effects of intracerebroventricular insulin microinjection on renal 
sodium handling and arterial blood pressure in rats, Brain Research Bulletin, 76 
(2008) 344-348. 
 
[20] U.K. Messmer, V.A. Briner, J. Pfeilschifter, Tumor necrosis factor-alpha and 
lipopolysaccharide induce apoptotic cell death in bovine glomerular endothelial 
cells, Kidney International, 55 (1999) 2322- 2337. 
 
[21] K. Okamoto, K. Aoki, Development of a strain of spontaneously 
hypertensive rats, Japanese Circulation Society, 27 (1963) 282-93. 
 
[22] P.C. Oliveira, J.B. Michelloto, A. Zapparoli, J.A.R. Gontijo, 
Intracerebroventricular insulin injection on renal sodium handling: Role of 
centrally nitric oxide inhibition in rats, Advanced Studies in Biology, 2 (2010) 01-
14. 
 
 



10                                                                                                   A. Zapparoli et al 
 
 
 
[23] M.S. Rangel-Frausto, D. Pittet, M. Costigan, T. Hwang, C.S. Davis, R.P. 
Wenzel, The natural history of the systemic inflammatory response syndrome 
(SIRS). A prospective study, The Journal of the American Medical Association, 
273 (1995) 117-123. 
 
[24] N.C. Riedemann, R.F. Guo, P.A Ward, The enigma of sepsis, The Journal of 
Clinical Investigation, 112 (2003) 460-467.  
 
[25] R.J. Roman, A.W. J.R Cowley, Abnormal pressure-diuresis-natriuresis 
response in spontaneously hypertensive rats, The American Journal of 
Physiology, 248 (1985)199-205. 
 
[26] C.R. Sharp, A.E. DeClue, C.E. Haak, A.R. Honaker, C.R. Reinero, 
Evaluation of the anti-endotoxin effects of polymyxin B in a feline model of 
endotoxemia, The Journal of Feline Medicine and Surgery, 12 (2010) 278-285. 
 
[27] P.J. Shultz, An emerging role for endothelin in renal disease, The Journal of 
Laboratory and Clinical Medicine, 119 (1992) 448-449. 
 
[28] O.A. Sofola, A. Knill, R. Hainsworth, M. Drinkhill. Change in endothelial 
function in mesenteric arteries of Sprague-Dawley rats fed a high salt diet. The 
Journal of Physiology, 543 (2002) 255-260. 
 
[29] P. Strazzullo, A. Barbato, P. Vuotto, F. Galletti, Relationships between salt 
sensitivity of blood pressure and sympathetic nervous system activity: a short 
review of evidence, Clinical and Experimental Hypertension, 23 (2001) 25-33. 
 
[30] A.F. Suffredini, R.E. Fromm, M.M. Parker, M. Brenner, J.A. Kovacs, R.A. 
Wesley, J.E. Parrillo, The cardiovascular response of normal humans to the 
administration of endotoxin, The New England Journal of Medicine, 321 (1989) 
280-287. 
 
[31] M.J. Sweet, D.A. Hume, Endotoxin signal transduction in macrophages, The 
Journal of Leukocyte Biology, 60 (1996) 08-26. 
 
[32] A. Thijs, L.G. Thijs, Pathogenesis of renal failure in sepsis, Kidney 
International-Supplement, 66 (1998) 34-37. 
 
[33] T. van der Poll, A. Marchant, W.A. Buurman, L.Berman, C.V. Keogh, D.D. 
Lazarus, L. Nguyen, M. Goldman, L.L. Moldawer, S.F. Lowry, Endogenous IL-
10 protects mice from death during septic peritonitis, The Journal of Immunology, 
155 (1995) 5397-5401. 
 
 
 



Evaluation of renal function                                                                                 11 
 
 
 
[34] K.R. Walley, N.W. Lukacs, T.J. Standiford, R.M. Strieter, S.L. Kunkel, 
Balanced of inflammatory cytokines related to severity and mortality of murine 
sepsis, Infection and Immunity, 64 (1996) 4733-4738. 
 
[35] W. Wang, S. Jittikanont, S.A. Falk, P. Li, L. Feng, P.E. Gengaro, B.D. Poole, 
R.P. Bowler, B.J. Day, J.D. Crapo, R.W. Schrier, Interaction among nitric oxide, 
reactive oxygen species, and antioxidants during endotoxemia-related acute renal 
failure, The American Journal of Physiology - Renal Physiology, 284 (2003) 532-
537. 
[36] K.A. Wichterman, A.E. Baue, I.H. Chaudry, Sepsis and septic shock-a 
review of laboratory models and a proposal, The Journal of Surgical Research, 29 
(1980) 189-201. 
 
[37] N. Zantl, A. Uebe, B. Neumann, H. Wagner, J.R. Siewert, B. Holzmann, 
C.D. Heidecke, K. Pfeffer, Essential role of gamma interferon in survival of colon 
ascendens stent peritonitis, a novel murine model of abdominal sepsis, Infection 
and Immunity, 66 (1998) 2300-2309. 
 
 
Received: September, 2010 


