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The goal of this work was to induce clinical sepsis in rats in order
to measure the following biochemical parameters (glucoses,
triglycerides, cholesterol, total proteins, albumins and creatinine). The
experiments were done on 104 male Wistar rats, body weight 190 to
240 g. The rats were divided in four groups. Treated groups consisted
of 28 animals while in the control groups there were 20 animals.
Animals were observed and sacrificed at 12, 24, 72 and 120 hours after
surgery.

In this model of sepsis (cecal ligation and puncture – CLP) with
pure and mixed bacterial cultures, significant changes were noticed in
all biochemical parameters. Significant hypoglycemia, hypercholeste-
rolemia, decreased concentration of urea and increased concentration
of creatinine were found in the first half of the experiment in all groups of
rats with sepsis (at 12 and 24 hours). Hyperproteinemia and
hypotriglyceridemia reached statistically significant values at 24 h in the
groups of rats in which sepsis was induced with pure bacteria culture.
In the other half of the experiment significant hypoalbuminemia was
found in all rats with sepsis (at 71 and 120 h).
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INTRODUCTION

Sepsis is by definition a state of metabolic shock with prominent changes in
concentration of cytokines, hormones and other biochemical parameters in the
blood. Pathogenic mechanisms of the metabolic changes are still unknown.
Some authors emphasize the role of catabolic hormones i.e. chatecholamines,
corticosteroids, glucagon and growth hormones (Desborough, 2000; Berghe
2002; Beishuizen and Thijs, 2003; Annane et al., 2004; Minneci et al., 2004), others
explain the disproportion between the process of moderate anabolism and
increased hyper catabolism by increasing the blood concentrations of catabolic
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mediators such as tumor necrosis factor (TNF) and interleukin -1 IL-1 (Bone, 1996;
Opal and DePalo, 2000; Cavaillon, 2003; Das, 2003; Johnston and Webster,
2009). The fate of the released mediators could be two-way. They could be
inactivated or preserve their activity in circulating endothelial cells, providing at
the same time, the conditions for hypotension and septic shock (Parrillo, 1993;
Webb, 2002).

Although some pathogenic events during sepsis are well known, the
prognosis is still uncertain (Vincent and Abraham, 2006). Even though terms like:
infection, bacteriemia, septicemia, septic syndrome, septic shock, are often used
as synonymous (Rixen et al., 1996; Levy et al., 2003), the terminology that is not
precise, causes uncertainty when comparing clinical trials. It causes also
uncertainty during selection of certain therapeutic procedures that are not
adequate and are risky (Sibbald and Marshall, 1991; Eichacker et al., 2002). In
addition, the term septic syndrome, creates further confusion in terms of the
infectious state that is not induced by microorganisms and in terms of
inflammation, as well.

Sepsis requires medical treatment that needs to change the occouring
pathophysyological processes. During treatment of sepsis it is not understood
what actually happens during tissue metabolism. Keeping this in mind including
the fact that we do not know much about some phases in sepsis, for instance how
microorganisms and other insults induce the release of cytokines and secondary
mediators (Lin et al., 2000; Cohen, 2002), it is now clear that informations about
the systemic inflammatory response can be found in studies related to animal
models of sepsis (Fink and Heard, 1990; Deitch, 1998).

MATERIALS AND METHODS

The experiment was carried out on 104 male Wistar rats. Body weight was
190 to 240 g. The rats were divided into four groups: three consisting of 28
animals each and one control group consisting of 20 animals. In order to monitor
the development of sepsis, the animals were killed 12, 24, 72 or 120 hours after
surgery. Clinically visible sepsis in two groups of rats was provoked by inoculation
of pure culture of Escherichia coli (EC) or Staphylococcus aureus (SA) into the
previously emptied, ligated and perfused caecum (Stojanovi} et al., 2002). In the
third group of experimental animals sepsis was provoked using the content of the
ligated and punctured caecum (mixed culture of microorganisms – MC)
(Wichterman et al., 1980). The control group of animals was sham operated on by
opening the abdominal wall.

Blood was withdrown from the abdominal aorta and used to measured
concentrations of the following biochemical parameters employing an automatic
analyzer (H-1 Technicon). Data were expressed as the mean±standard deviation
(SD). Statistical analysis was performed using a statistical software program
(Statistic 5.0 for Windows). Groups were compared by Student's t-test and two-
way analysis of variance. Differences were considered significant at p<0.05.
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RESULTS AND DISCUSSION

In the present work statistically significant differences in biochemical
parameters in the septic rat sera were found. Septic conditions are closely related
to metabolic parameters including the increased utilization of glucose.
Hypoglycemia was primarily found (Goto et al., 1993; Maitra, 1993) although it did
not last for a long time. Soon after that long lasting hypoglycemia occurs and it
could not be corrected by glucose infusion (Yelich, 1990). During the experiment a
significant hypoglycemia was noticed in MK group of rats (except at 120h) as well
as in groups EC and SA at 12 and 24 h (Figure 1). This is in accordance with other
authors who used the model of sepsis in animals. From literature data such
hypoglycemia appears because glycogen reserves decrease, as bacterial toxins
inhibit gluconeogensis or its mediators and because of enhanced entrance of
glucose into the tissue especially into skeletal muscles (Titheradge et al., 1995).
Experimental data suggest that endotoxins have an insulin-like effect or potentiate
tissue sensibility to insulin, most likely modifying the glucose membrane
transport. Gamelli et al. (1996) have found that in mice, easy entrance of glucose
into the macrophages is due to increased glucose-transporter 1 (GLUT-1) iRNA. In
in vitro experiments Cepp et al. (1996) have found that the treatment of hepatocite
cells with cytokines (combination of TNF-alfa, INF-gama, IL-1 beta) and LPS
prevents glyconeogenesis and decreases glycogen depending on the time
increase for NO synthesis. Similar results were published by Casada et al. (1996)
in vitro and in vivo when the model of toxic shock was used. This author reported
that the glyconeogenetic flux is changed if a decrease of glucose transporter 2
(GLUT-2) iRNA and phosphoenolpiruvate carboxykinases occurs at the time when
the level of iRNA inducible NO synthetase increases.
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Figure 1. Results of concentration of glucose in blood sera of experimental rats
MK – Mixed sepsis; EC - Sepsis induced by Escherichia coli; SA – Sepsis induced by
Staphylococcus aureus; 12, 24, 72, 120 – Time after surgery (h)* p<0.05 compared
with control



In the sepsis model lipid metabolism depends on the level and duration of
cytokine stimulus. It also depends on body condition and cytokines interactions
(Hardardottir et al., 1994). This explains some variations in triglyceride
concentrations in rats that experience septic condition versus control values. The
statistically significant differences were in the EC and SA groups of rats at 24h
(Figure 2). It is known that in the models of sepsis in animals the level of
triglycerides is increased due to TNF, IL-1, IL-2 and INF-alfa. The lower doses
induce production of hepatic triglycerides and secretion of VLDL (very low density
lipoprotein). High doses inhibit the activity of lipoprotein lipase (LPL) and the
clearance of lipoproteins enriched with triglycerides (Samra et al., 1996).
Statistically significant increase of cholesterol in the sera of septic rats in the first
half of the experimental protocol (Figure 2) could be attributed, according to
literature (Abarca and Garcia, 1993), to increased LDL (low density lipoprotein)
cholesterol. These mediators and modulators increase de novo synthesis of
cholesterol in the endoplasmatic reticulum in the liver accompanied with
increased activity of beta-hydroxy-beta-methyl-glutaryl coenzyme A reductase
(HMGR), so that increased LDL cholesterol results in enhanced synthesis, but not
in low clearance (Liscum and Faust, 1994). Pretreatment of septic rats with the
TNF antibodies will weaken the effects of endotoxins moderating the level of
serum cholesterol, synthesis of hepatic cholesterol and lowering activity of
hepatic HMGR. This implies the significance of this mediator in the metabolism of
cholesterol (Dinarello, 1994a).
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Figure 2. Results of concentration of triglycerides and cholesterol in the blood sera of
experimental rats
MK – Mixed sepsis; EC – Sepsis induced by Escherichia coli; SA – Sepsis induced by
Staphylococcus aureus; 12, 24, 72, 120 – Time after surgery (h)* p<0.05 compared
with control



In our experiments significant changes in nitrogen from protein and non
protein sources in the sera of septic rats related to controls were found meaning
that intensive metabolism of proteins occur. This is in accordance to the data
published by other authors. The statistically significant increase of total protein
concentration was notified in EC and SA groups at 24 h (p<0.01) and 120h
(p<0.05) while a decrease in the MK group of rats (p<0.05) was found at 12 and
72h (Figure 3). A statistically significant decrease in albumin concentration in
septic rats was found in the second half of the experiment at 72 and 120h (Figure
3). The increased concentration of proteins could be attributed to the enhanced
synthesis of proteins in the liver. Namely, it is known that during sepsis there is an
increase of IL-1 cytokine. This cytokine induces increased catabolism of proteins
in skeletal muscles and induces increased synthesis of proteins in the liver (liver
enzymes, structural proteins, plasma proteins and acute phase proteins)
(Dinarello, 1994b). The enhanced efficiency of amino acids for protein synthesis
could be higher than for amino acids whose carbon skeleton is used for glucose
production or for oxidative energy. Pittiruti et al. (1989) have found out that
patients with sepsis after starvation release three times more amino acids in the
muscle than normally. At the same time the total loss of nitrite is increased only to
30%, meaning that a large part of these amino acids is used for protein synthesis.
This data implies the need for competition for amino acids between oxidative
catabolism and protein synthesis. This could be answered by hepatocellular
production of acute phase proteins. Sganga et al. (1985) have analyzed the
protein fraction of sera from people with sepsis. They have realized that the level of
C reactive protein, fibrinogen, ceruloplasmin and alfa-1 antitrypsin is growing
continuously while the level of transferin, albumin and alfa-2 macroglobulin
decreases after few days. The lower concentration of albumin in our experiments
could be explained by increased synthesis of acute phase proteins on behalf of
albumins. The lower concentration of proteins in the MK group of rats points on
enhanced oxidative catabolism of amino acids in skeletal muscles.
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Figure 3. Results of concentration of total proteins in blood sera of experimental rats
MK – Mixed sepsis; EC – Sepsis induced by Escherichia coli; SA – Sepsis induced by
Staphylococcus aureus; 12, 24, 72, 120 – Time after surgery (h)* p<0.05 compared
with control



In our experiments a lower synthesis of urea was noticed in all groups
except in the SA group at 72h (when it was significantly increased) (Figure 4).
Ureagenesis can occur after direct hormonal stimulation of gluconeogenesis
and/or ureagenesis and this explains why increased urea in our experiments was
not significant. It is known that a high level of alanine in the plasma can stimulate
secretion of glucagon, a gluconeogenetic hormone (Berczi, 1993). On the other
hand the significant decrease in urea could be explained by the competitive
relationship for energy between the process of ureagenesis, glucogenesis and
protein synthesis during the acute phase (Pittiruti, 1989). It is known that if septic
conditions are getting more difficult (Zamir et al., 1994) and depending on clinical
conditions (Casey et al., 1993) relative disjunction of the liver occurs that could be
followed by lower clearance of amino acids and urea synthesis.

The concentration of creatinine in the septic rat sera was more or less above
the level in the control group. They were statistically significant at 12h (EC-
p<0.05) and 24h (EC, SA-p<0.001) during the experiment (Figure 4). This implies
that energy was intensively used and that transient acute renal weakness
develops during the first half of the experiment. Lambalgen et al. (1993) tested the
hypothesis that early changes in renal metabolism of rats treated with endotoxins
(8 mg/kg) contribute in the development of acute renal weakness. Authors noted
that renal functional clearance (the renal plasma flow and the volume of
glomerular filtration) 30 to 90 minutes after inoculation of endotoxins is lower and
that the concentration of creatinine in plasma is higher by 193% related to basal
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Figure 4. Results of concentration of creatinine and urea in blood sera of experimental rats
MK – Mixed sepsis; EC – Sepsis induced by Escherichia coli; SA – Sepsis induced by
Staphylococcus aureus; 12, 24, 72, 120 – Time after surgery (h)* p<0.05 compared
with control



values. In similar experiments on sheep Weber et al. (1994) have found that lower
renal blood flow (40%) and creatinine clearance (75%), as well as sodium
bicarbonate at 12h after the treatment with endotoxin (20 ng/kg, 3 days) is
accompanied with the increase of renin concentration and 6-keto prostaglandine
F1-alfa in the plasma of sheep. Froon et al. (1994) emphasize that an increase in
plasma soluble TNF receptor in patients with sepsis syndrome correlated well
with the consequences of renal weakness and to plasma of creatinine
concentration and death rate.

ACKNOWLEDGMENT:
This work was supported by a grant from the Ministry of Education and Science, Republic of Serbia,
number TR 31071.

Address for correspodence:
Dragica Stojanovi}
Scientific Veterinary Institute „Novi Sad“
Rumena~ki put 20
21000 Novi Sad, Serbia
E-mail: dragicaªniv.ns.ac.rs

REFERENCES

1. Abarca S, Garcia R, 1993, Cholesterol metabolism in rat adrenal gland during reversible endotoxic
shock, Eur J Biochem, 211, 3, 829-34.

2. Annane D, Bellissant E, Bollaert P, Briegel J, Keh D, Kupfer Y, 2004, BMJ, Corticosteroids for severe
sepsis and septic shock: a systematic review and meta-analysis, 329, 480-4.

3. Beishuizen A, Thijs LG, 2003, Endotoxin and the hypothalamo-pituitary-adrenal (HPA) axis, J
Endotoxin Res, 9, 1, 3-24.

4. Berczi I, 1993, Neuroendocrine defence in endotoxin shock, Acta Microbiol Hung, 40, 4, 265-302.
5. Berghe Van G, 2002, Neuroendocrine pathobiology of chronic critical illness, Crit Care Clin, 18, 509-

28.
6. Bone RC, 1996, Toward a theory regarding the pathogenesis of the systemic inflammatory

response syndrome: what we do and do not know about cytokine regulation, Crit Care Med, 24,
1, 163-72.

7. Casada M, Diaz Guerra MJ, Bosca L, Martin Sanz P, 1996, Haracterization od nitric oxide dependent
changes in carbohydrate hepatic metabolism during septic shock, Life Sci, 58, 7, 561-72.

8. Casey LC, Balk RA, Bone RC, 1993, Plasma cytokine and endotoxin levels correlate with survival in
patients with the sepsis syndrome, Ann Intern Med, 119, 8, 771-8.

9. Cavaillon JM, Adib-Conquy M, Fitting C, Adrie C, Payen D, 2003, Cytokine cascade in sepsis, Scand
J Infect Dis, 35, 9, 535-44.

10. Ceppi ED, Smith FS, Titheradge MA, 1996, Effect of multiple cytokines plus bacterial endotoxin on
glucose and nitric oxide production by cultured hepatocytes, Biochem J, 317, 2, 503-7.

11. Cohen J, 2002, The immunopathogenesis of sepsis, Nature, 420, 885-91.
12. Das UN, 2003, Adenosine in Sepsis and Septic Shock, Advances in Sepsis, 3, 2, 56-61.
13. Desborough JP, 2000, The stress response to trauma and surgery, Br J Anaesth, 85, 1, 109-17.
14. Deitch EA, 1998, Animal models of sepsis and shock: a review and lessons learned, Shock, 9, 1-11.
15. Dinarello CA, 1994a, Blocking interleukin-1 receptors, Int J Clin Lab Res, 24, 2, 61-79.
16. Dinarello CA, 1994b, Interleukin-1 in disease, Keio J Med, 43, 3, 131-6.
17. Fink MP, Heard SO, 1990, Laboratory models of sepsis and septic shock, J Surg Res, 49, 2, 186-96.
18. Froon AH, Bemelmans MH, Greve JW, Linden CJ, Buurman WA, 1994, Increased plasma

concentrations of soluble tumor necrosis factor receptors in sepsis syndrome: correlation with
plasma creatinine values, Crit Care Med, 22, 5, 803-9.

Acta Veterinaria (Beograd), Vol. 62, No. 5-6, 543-551, 2012. 549
Stojanovi} Dragica et al.: Biochemical parameters in rats with an applyed
model of sepsis(cecal ligation and puncture) with pure and mixed bacterial culture



19. Eichacker PQ, Parent C, Kalil A, Esposito C, Cui X, Banks SM et al., 2002, Risk and the efficacy of
antiinflammatory agents: retrospective and confirmatory studies of sepsis, Am J Respir Crit
Care Med, 166, 9, 1197-205.

20. Gamelli RL, Liu H, He LK, Hofmann CA, 1996, Augmentations of glucose uptake and glucose
transporter-1 in macrophages following thermal injury and sepsis in mice, J Leukoc Biol, 59, 5,
639-47.

21. Goto M, Zeller WP, Picken M, Goto MP, Hurley RM, 1993, Lipopolysaccharide alters suckling rat liver
glycogenolysis, Circ Shock, 40, 1, 53-60.

22. Hardardottir I, Grunfeld C, Feingold KR, 1994, Effects of endotoxin and cytokines on lipid
metabolism, Current Opinion in Lipidology, 5, 3, 207-15.

23. Johnston GR, Webster NR, 2009, Cytokines and the immunomodulatory function of the vagus
nerve, Br J Anaesth, 102, 4, 453-62.

24. Lambalgen AA, Kraats AA, Bos GC, Teerlink T, Stel HV, Donker AJ et al., 1993, Development of renal
failure in endotoxemic rats: can it be explained by early changes in renal energy metabolism?
Nephron, 65, 1, 88-94.

25. Levy MM, Fink M, Marshall JC, 2003, SCCM/ESICM/ACCP/ATS/SIS international sepsis definitions
conference, Crit Care Med, 34, 1250-6.

26. Lin E, Calvano SE, Lowry SF, 2000, Inflammatory cytokines and cell response in surgery, Surgery,
127, 117-26.

27. Liscum L, Faust JR, 1994, Compartmentation of cholesterol within the cell, Current Opinion in
Lipidology, 5, 3, 221-6.

28. Maitra SR, Pan W, Geller ER, 1993, Effect of diltiazem on altered glucose regulation during
endotoxic shock, J Surg Res, 55, 2, 201-4.

29. Minneci PC, Deans KJ, Banks SM, Eichacker PQ, Natanson C, 2004, Meta-analysis: the effect of
steroids on survival and shock during sepsis depends on the dose, Ann Intern Med, 141, 1, 47-
56.

30. Opal SM, De Palo VA, 2000, Anti-inflammatory cytokines, Chest, 117, 4, 1162-72.
31. Parrillo JE, 1993, Pathogenetic mechanisms of septic shock, N Engl J Med, 328, 20, 1471-7.
32. Pittiruti M, Siegel J, Sganga G, Coleman B, Wiles CE, Placko R, 1989, Determinants of urea nitrogen

production in sepsis, Arch Surg, 124, 3, 362-72.
33. Rixen D, Siegel JH, Phil FM, 1996, "Sepsis/SIRS," Physiologic classification, severity stratification,

relation to cytokine elaboration and outcome prediction in posttrauma critical illness, J Trauma,
41, 4, 581-98.

34. Samra JS, Summers LKM, Frayn KN, 1996, Sepsis and fat metabolism, Br J Surg, 83, 9, 1186-96.
35. Sibbald WJ, Marshall J, 1991, Sepsis – Clarity of existing terminology or more confusion? Crit Care

Med, 19, 8, 996-8.
36. Sganga G, Siegel JH, Brown G, Coleman B, Wiles CE, Belzberg H et al., 1985, Reprioritization of

hepatic plasma protein release in trauma and sepsis, Arch Surg, 120, 2, 187-99.
37. Stojanovi} D, Mali}evi} @, A{anin R, 2002, The use of a new model for investigation of sepsis, Acta

Veterinaria (Belgrade), 52, 125-32.
38. Titheradge MA, Knowles RG, Smith FS, Horton RA, Ceppi ED, 1995, Mechanism of inhibition of

hepatic gluconeogenesis by bacterial endotoxin: a role for nitric oxide? Biochem Soc Trans, 23,
4, 1002-8.

39. Weber A, Schwieger IM, Poinsot O, Morel DR, 1994, Time course of systemic and renal plasma
prostanoid concentrations and renal function in ovine hyperdynamic sepsis, Clin Sci Colch, 86,
5, 599-610.

40. Webb S, 2002, The role of mediators in septicemia resolution, Advances in Sepsis, 2, 8-14.
41. Wichterman KA, Baue AE, Chaudry IH, 1980, Sepsis and septic shock-A review of laboratory

models and a proposal, J Surg Res, 29, 189-201.
42. Vincent JL, Abraham E, 2006, The last 100 years of sepsis, Am J Respir Crit Care Med, 173, 3, 256-

63.
43. Yelich MR, 1990, Glucoregulatory, hormonal, and metabolic responses to endotoxicosis or cecal

ligation and puncture sepsis in the rat: A direct comparison, Circ Shock, 31, 3, 351-63.

550 Acta Veterinaria (Beograd), Vol. 62, No. 5-6, 543-551, 2012.
Stojanovi} Dragica et al.: Biochemical parameters in rats with an applyed

model of sepsis(cecal ligation and puncture) with pure and mixed bacterial culture



44. Zamir O, Brien W, Thompson R, Bloedow DC, Fischer JE, Hasselgren PO, 1994, Reduced muscle
protein breakdown in septic rats following treatment with interleukin-1 receptor antagonist, Int J
Biochem, 26, 7, 943-50.

ANALIZA VREDNOSTI BIOHEMIJSKIH PARAMETARA U KRVI KOD PACOVA SA
SEPSOM IZAZVANOM ^ISTIM I ME[OVITIM BAKTERIJSKIM KULTURAMA POSLE

PODVEZIVANJA I PUNKCIJE CEKUMA

STOJANOVI] DRAGICA, VELHNER MAJA, STOJANOV I, PETROVI] JELENA,
A[ANIN JELENA i KOVA^EVI] ZORANA

SADR@AJ

Cilj ovog rada je bio da se indukuje sepsa i u krvi prate promene u koncen-
tracijii slede}ih biohemijskih parametara: glukoze, triglicerida, holesteriola, ukup-
nih proteina, albumina i kreatinina. Ogled je izveden na 104 Wistar pacova
mu{kog pola, te`ine 190 – 240 g. Pacovi su bili podeljeni u ~etiri ogledne grupe.
Kod jedinki prve tri grupe (po 28 pacova) izazvana je sepsa dok je 20 pacova
sa~injavalo kontrolnu grupu.

U prvoj polovini ogleda, registrovane su zna~ajna hipoglikemija, hiperholes-
terolemija, smanjenje koncentracije uree i pove}anje koncentracije kreatinina (12
i 24 h po operativnom zahvatu). Kod pacova sa sepsom, indukovanom ~istom
bakterijskom kulturom, registrovana je posle 24h zna~ajna hiperproteinemija uz
smanjenje koncentracije triglicerida. U drugoj polovini ogleda (72 i 120 h po ope-
rativnom zahvatu), registrovana je kod svih jedinki sa indukovanom sepsom
zna~ajna hipoalbuminemija.
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