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INTRODUCTION

ABSTRACT

Background: Even though with immense improvement and extensive
understanding of pathophysiology of sepsis induced organ failure and affected
population, it continues to put hundreds of people worldwide to eternal sleep due
to lack of targeted therapy. Newer treatment modalities is the dire need of time.
The present study was aimed to ascertain the adequacy of phosphodiesterases
inhibitor - pentoxifylline (75mg/kg i.p) in endotoxin/LPS induced hepatotoxicity
in BALB/c mice.

Methods: The number of animals in each group was six.
Endotoxin/lipopolysaccharides induced hepatotoxicity was reproduced in mice
by giving lipopolysaccharide of serotype E. coli intraperitoneally. To ascertain
the Preventive role, pentoxifylline was administered forehand LPS injection
whereas therapeutic potential adjuged via post LPS delivering. The extent of liver
damage was evaluated through serum alanine aminotransferases (ALT) and
aspartate aminotransferase (AST) estimation along with histopathological
examination of liver tissue.

Results: Results set forth that serum ALT, AST levels and histological alteration
abated considerably (p <0.05) both in animals subjected to pentoxifylline pre and
post-treatment.

Conclusions: Pentoxifylline set up promising results in endotoxin induced
hepatotoxicity and can be used therapeutic adjuncts to conventional treatment
strategies in sepsis induced liver failure.
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industrialized countries.* The EPISEPSIS study in French
ICU’s and PROWESS study stated the incidence of
hepatic dysfunction in sepsis to be 46.6% and 35.6%

Sepsis is major health dilemma, putting hundreds of
people to eternal sleep, not only in developing countries
like Pakistan but calls a devastating death toll in developed
countries like USA. About 50-100 cases per 100,000
population suffered from sepsis induced organ failure in
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respectively.?3 Previously gram negative organisms were
the main offender especially in developing countries with
E. coli, Klebsiella pneumoniae and Enterobacter mostly
involved.*® But with times the trends have shifted toward
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gram positive organisms such that almost equal number of
patients are infected by both.

The resident cells of human body utilizing pattern
recognition receptors (PRRs) spot the intruding pathogen
through signature ‘pathogen-associated molecular pattern
(PAMP) or microbial associated molecular pattern
(MAMP)’ molecules and initiate a war against it by
producing pro-inflammatory cytokines that results in full
blown activation of intrinsic immune response. TLR 4 is
gram negative’s outer cell membrane molecule called
endotoxin or Lipopolysaccharide (LPS) receptors.®” This
LPS activates host intrinsic immune response through
mechanisms dependent on lipopolysaccharide binding
protein (LBP) and CD14 receptors.®

TNF-alpha and IL-1 are antecedent inflammatory
cytokines released in 30-60 minutes after LPS
administration followed by polymorph nuclear cells and
macrophage activation. Following through is induction of
prostaglandins, nitric oxide synthase with resultant
oxidative stress and induction of cellular adhesion
molecules, releases high mobility group box -1 (HMGB1),
macrophage migratory inhibitory factor (MIF), platelet
activating factor (PAF), IL-6, IL-8. All of this call for
hypotension, shock and organ failure. Erroneous and
faulty livers activity in sepsis is inferred to trigger other
organ failure, considering its significance in endotoxin
detoxification, xenobiotic’s biotransformation and protein
synthesis for immunological and coagulatory function.®

The surviving sepsis campaign, survive sepsis, and the
global sepsis alliance are in play to augment sepsis
recognition, intensify and reinforce guidelines to
appreciate the septic patient, to provide emergency
treatment and reduce mortality associated with multiple
organ failure. But to our dismay, the treatment of sepsis
has not thus far expanded and newer diagnostic and
treatment modalities are required.

Pentoxifylline (PTX) is an all-around and wide range
phosphodiesterase inhibitor and adenosine receptor
agonist/antagonist that has been utilized clinically for
hemorrheological diseases and proved beneficial through
heterogeneous pathways for treatment of sepsis. Studies
have demonstrated that PTX down regulates NF-xB
activity by diminishing phosphorylation and ensuing
degradation of inhibitory complex I-kBa, nuclear
translocation and DNA binding of NF-xB after LPS
administration.’®'? Also optimal activity of NF-«xB
requires interaction and acetylation of p65 subunit with
CBP/p300. However, the binding site of NF-xB and
phosphorylated CREB is same on co-activator, CBP. Thus
PTX may inhibit NF-kB activity by increasing
concentration and DNA binding capacity of CREB that
compete with it for co-activators.*®* Moreover several
researcher have showed that activator protein-1 (AP-1)
and CREB share similar association site on promoter
region of TNF-alpha gene and PTX may produce anti-
inflammatory action through facilitation of CREB binding

to DNA and diminishing TNF-alpha production.'>1” Also
pentoxifylline is shown to decrease superoxide anion
production in PMN and A2A receptor invigoration that
causes anti-inflammatory effects and constrains
overzealous immune response in sepsis.*”° This drug has
reported to decreases anorexia, muscle wasting and weight
loss in septic rats, has influential nephroprotective role in
septic mouse, ameliorated pulmonary dysfunction
following E.coli intraperitoneal inoculum and curtails
LPS-mediated heightening of ally-alcohol
hepatotoxicity.20-23

This study has been designed on these convincing grounds
that pentoxifylline might prove beneficial in treatment and
prevention of endotoxin/ LPS induced hepatotoxicity .

METHODS

This study was a randomized controlled laboratory trial
carried out in Department of Pharmacology and
Therapeutics, after study protocols approval from the
Ethical committee of “Centre of Research in Experimental
and applied Medicine (CREAM)” Army Medical College.
Mice (BALBY/c) of both genders, segregated, were elected
through non-probability convenience method and then
were sectioned randomly into 4 groups, with at least 6 in
each group. Contamination free fresh water and
nutritionally adequate rodent pellet diet (containing 4-7%
fat and 11-15% protein) was provided ad lithium during
the entire time period

Agents used in the study

Lipopolysaccharides (LPS) From Escherichia Coli
0111:B4- provided by Sigma chemicals, USA used at
dose of 10mg/kg intraperitoneally.?*%

Pentoxifyline was purchased from Sigma Aldrich
chemicals (USA). The dose of 75 mg/kg of body weight
was well handled by mice and was taken as our research
dose.

Phosphate Buffered Normal saline was utilized for
preparation of lipopolysaccharide solution whereas 10%
formaldehyde for preserving tissues.

Experimental approach
Generation of LPS Induced hepatotoxic model

A pilot project was conducted to estimate the hepatotoxic
dose of LPS in our white albino mice and a dose of
10mg/kg of body weight with time interval of 17 hours
between LPS administration and terminal sampling was
the effective strategy to produced marked hepatotoxicity.
For preventive role appreciation, Pentoxifylline was
administered prior to LPS (Figure 1) and for therapeutic
role appraisal pentoxifylline was administered after LPS
administration (Figure 2).
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At Obr After 30rmins. 17 hours after LPS admirdstration
Tniial Blood 1P administration 1P admimstration Terminal
sampling at0 b, | | of Exp. Agent of LP§ samgling.

IP: intraperitoneal, LPS: lipopolysaccharide, Exp. Agent:
experimental agent- (pentoxifylline). Terminal Sampling-cardiac
puncture, laparotomy, organ removal, termination.

Figure 1: Schematic diagram of pentoxifylline pre-
treatment group study design.
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Figure 2: Schematic diagram of pentoxifylline post-
treatment group study design.

Grouping outline
Group 1 (control group)

Animals (n=6) served as vehicle control group and
received single intraperitoneal injection of normal saline.

Group 2 (lipopolysaccharide group)

Chemical shock model was reproduced in this study by
single intraperitoneal injection of lipopolysaccharide
(LPS)-10mg/kg of body weight.?

Group 3 (pentoxifylline pre-treatment group)

Animals (n=6) in Group 5 were administered
pentoxifylline 75mg/kg of body weight. This was followed
30 minutes after by a single intraperitoneal injection of
LPS.

Group 4 (pentoxifylline post-treatment group)

Six mice in this group were intervened by twice giving
intraperitoneal injection of pentoxifylline (75mg/kg of
body weight). First dose was injected two hours after LPS,
and subsequent dose was given 5 hours later.

Blood sample and tissue collection
Primary blood sampling in all animals was done from

lateral tail vein of mouse. Blood was collected in
microcapillary inserted into pipette bulb followed by

sample dispensing into eppendorf tube. Closed ventral
approach was adopted for terminal sampling by cardiac
puncture followed latter by midline laparotomy. Liver was
identified, removed from abdominal cavity and
immediately fixed in 10% neutral buffered formalin.

Determination of hepatic dysfunction

Estimation of serum alanine amino transferase (ALT) and
AST

Serum separation was performed by centrifuging blood at
4000 revolution per min at 8 degree centigrade for 10
minutes. International Federation of Clinical Chemistry
(IFCC) endorsed methods were employed for ALT and
AST measurement in automatic analyzer, via
commercially available MECK Kits.

Histological examination and grading

Liver tissue blocks were placed in tissue cassettes to be
processed through Leica TP1020 Tissue Processor ensued
by hemotoxylin and eosin staining through LEICA
autostainer XL. Stained sections were covered with
Canada balsam and covered with cover slip. As
demonstrated by previous studies sepsis resulted in varied
histopathological changes in liver, we utilized Ishak
Modified Histological Activity Index to grade
histopathological changes. Fibrosis was excluded due to
short study duration.?6-28

Statistical analysis

Data was entered in statistical package for social sciences
(SPSS) version 20.The results of the serum analysis were
expressed as MeanstStandard Error of Means. ANOVA
followed by post hoc Tukey test was put to use for between
group serum markers levels where as unpaired t test
analyzed statistically significant difference in serum
marker levels at 17 hours of LPS group with treatment
group. Histopathological results were compared using chi
square test. Results significance was set at p value of <
0.05.

RESULTS
Chemical parameters analysis

Six mice of both gender that served as controls in group 1
received intraperitoneal normal saline at 0 hour and were
dissected at 17 hours. Mean Serum ALT and AST levels at
17 hours have not significantly risen from those at 0 hours
yielding a p value of 0.276 and 0.137 respectively.

LPS administration in animals of group 2 resulted in highly
deranged serum ALT and AST levels at terminal blood
sampling. Mean serum ALT levels risen from to
345.171U/L£76.51 at 17 hours from 106.00 IU/L+2.81 at 0
hours. Analogous observation was with serum AST levels
that yielded a highly statistically considerable p value of
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<0.001.likewise serum marker comparison of GROUP 2
(LPS group) at 17 hours with that of group 1 (control)
generated a statistically significant p value of <0.05 for
both serum AST and ALT levels (Figure 3 and 4).
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Figure 3: Comparison of serum ALT level (IU/L) of
each group at 0 hour and 17 hours.
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Figure 4: Comparison of serum AST mean (IU/L) of
each group at 0 hour and 17 hours.

Chemical parameters, strictly speaking serum ALT and
AST, levels analysis in mice of group 3, where
pentoxifylline was given prior to LPS, undoubtedly
showed statistically insignificant raise of both at 17 hours.
Our study also showed that animals receiving
Pentoxifylline after LPS administration in group 4 results
in statistically inconsequential rise of serum ALT and AST

at 17 hours. Serum ALT levels altered from
97.831U/L+1.14 at 0 hour to 90.671U/L£8.43 at 17 hours,
an inconsiderable (p value=0.369) change. Serum AST
also did not escalate significantly at 17 hours, as paired
student t-test yielded insignificant p value (Figure 3 and 4).
3.2

Histopathology analysis

Hepatic triad consisting of portal vein, a branch of hepatic
artery along with bile duct and also hepatocytes cord,
separated by sinusoids radiating from central venule were
exhibited during light microscopy of group 1 liver sections
slides (Figure 5). All slides were graded as normal
according to Ishak’s criteria. Mice of group 2 became
sluggish, inert, prostrated and weakened with shivering and
piloerection visible soon after LPS administration. LPS
resulted in severe hepatotoxicity as marked inflammatory
changes were revealed in almost all liver section slides that
were accordingly graded to have moderate to marked
inflammation ; again, a statistically compelling difference
(p <0.01) from group 1 (Figure 6).

Figure 5: Group 1- normal histology of mouse liver at
20x magnification.

Cv-central vein, Pv portal vein and Ha— hepatlc artery.

Figure 6: Group 2-LPS treated mouse liver histology
at 20x .

Pentoxifylline administration, before LPS is given,
contracted histological distortion. Portal and sinusoidal
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inflammatory cell infiltration, cellular ballooning and
necrosis was alleviated by pentoxifylline pre-treatment in
animals of group 3 (Figure 7). Pearson chi square test
between group 2 and 3 yielded a statistically significant p
value of <0.05. Pentoxifylline after treatment also
abolished LPS induced liver dystrophy and all H&E
stained slides had minimal inflammation as observed under
light microscopy (Figure 8). All six slides were assorted to
have minimal inflammation according to Ishak criteria and
generated a statistically considerable p value of <0.05 with
Pearson chi square analysis amid group 2 and group 4.

N S HE AN 0

Pv-portal vein, Cv centarl vein and Ha-hepatic arteriole.

Figure 7: Group 5 (pentoxifylline pretreatment) mouse
liver histology at 20x (above) and 40x (below).
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Pv-portal vein, Cv centarl vein and Ha-hepatic arteriole.

Figure 8: Group 6 (pentoxifylline post-treatment)
mouse liver histology at 20X.

DISCUSSION

Acting as a major exterminator, especially in elderly
population in our part of world, sepsis is a dysfunctional
organ system associated with metabolic abnormalities.
This bizarre host immune response is mostly seen with
Gram negative bacteria liable for 30-50% of cases due to
high predominance of genitourinary infection in our area.?®
To due promising and efficient liver role in endotoxin
detoxification, and protein synthesis for immunological
and coagulatory function; its malfunctioning in sepsis is
thought to commence and aggravate other organ failure.®

Despite the enormous mortality load, treatment guidelines
to date include early resuscitation, source control,
intravenous fluids and antibiotics only. Expansion and
evolution of current therapies in the need of time.

White albino mice were favored in present study as they
have manageable housing and maneuvering, inherent
defiance to endotoxin and being a non-companion species,
their use in survival studies more acceptable and ethical.*
Serum ALT and AST estimation to date is a gold mark for
hepatic function evaluation and numerous studies
categorized ISHAK /KNODELLS to be finest hepatic
histomorphological alteration scoring system, not only in
man but also in mouse.33 With this support we decided to
go for serum ALT and AST along with histopathological
analysis of liver section for determination liver dysfunction
induced by LPS/endotoxin.

Chemical shock mode was reproduced in our laboratory
with intraperitoneal administration of LPS, the functional
part of endotoxin.as documented by other study ,animal of
this group became sluggish, prostrated and had
considerable hepatic dysfunction evident from statistically
considerably elevated serum ALT and AST levels and
marked inflammatory changes on liver sections.33-3%

Pentoxifylline is one of the most potent xanthine
derivatives in suppression of TNF-a production and PDE
inhibition; dose required is much lower than that of
theophylline.®® Authors decided to use this non-specific
phosphodiesterase inhibitors as it has been investigated in
many inflammatory disorders including sepsis and
maintains promising results.

Accordant to previous studies, our data strongly suggests
that pentoxifylline (PTX) holds preventive role in LPS
mediated hepatic damage. Serum ALT and AST levels of
animals of group 5 (pentoxifylline pre-treatment group)
raised insignificantly (p=0.788 and p=0.113 respectively)
during 17 hours of experimental period. Alternatively,
statistically considerable difference (p <0.01) resulted
when serum ALT and AST levels at 17 hours of group 5
were compared with those of group 2 (LPS group).
Pentoxifylline administration, before LPS is given, also
contracted histological distortion. Portal and sinusoidal
inflammatory cell infiltration, cellular ballooning and
necrosis was alleviated by pentoxifylline pre-treatment in
animals of group 5.

The outcome of study carried out by Coimbra et al, was in
harmony with present study. They demonstrated that
Pentoxifylline pre-treatment declined ALT, AST, TNF-q,
IL-6 concentrations and compressed histological liver
injury score.3” Same group of researchers also concluded
that pentoxifylline through non-specific
phosphodiesterases inhibition declined transcription factor
NF-xB activity with resultant reduction of endotoxin
induced lung injury.
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Wang et al, demonstrated pentoxifylline nephroprotective
role in acute endotoxemia via down-regulation of TNF-a,
IL-1B, iNOS and endothelial adhesion molecules.?
Pentoxifylline also affords protection against LPS
potentiated allyl alcohol induced hepatotoxicity. Sneed et
al, testified that pre-treatment of pentoxifylline prevented
liver injury caused by co-treatment of rats by LPS and allyl
alcohol, although this is due to effect apart from
pentoxifylline mediated decline of serum TNF-a.2

Similar deduction was drawn from orient study data when
the same agent that is pentoxifylline, was given twice after
sepsis induction in group 6 (pentoxifylline post-treatment

group).

Markers of liver injury, ALT and AST, were not risen
sharply (p=0.369 and p=0.147 respectively) at 17 hours
when compared to readings at 0 hours. Nevertheless, serum
aminotransferases values at 17 hours of group 6 and group
2 (LPS group) clearly indicated pentoxifylline therapeutic
capability in sepsis induced liver dysfunction.
Pentoxifylline restored liver function and reduced the
degree of inflammation in the liver when it was given after
LPS injection (p <0.01) as demonstrated by group 6
animals’ liver section histological examination.

Backing up present study results were the study’s
conclusion of Oliveira-Junior et al, who showed
pentoxifylline’s protective effect in acute lung injury after
intraperitoneal administration of LPS. Pentoxifylline
successfully reversed brochoalveolar lavage neutrophil
count and total MDA concentration along serum TNF-a
levels.? Pentoxifylline administration after sepsis has been
proved to restore distorted hepatic blood flow, oxygen
delivery and consumption, serum ALT and lactate levels
and hepatocyte necrosis. Another beneficial effect of
pentoxifylline is augmented E. coli clearance from blood
followed by reduced bacterial colonization of liver in
endotoxemia. This effect was observed with pentoxifylline
concomitant pre and post-treatment of septic animals.®®
However, Azevedo et al, negated our study results by
exhibiting lack of preventive and therapeutic ability of
pentoxifylline in sepsis induced liver injury validated by
insignificant reduction serum ALT and AST. This
discrepancy may be the result of lower dose (40mg/kg i.p)
utilization by Azevedo as compared to ours (75mg/kg

i.p).%0
CONCLUSION

Intraperitoneal administration of 10 mg/kg
Lipopolysaccharide of serotype E. coli in mice produced a
good model to study sepsis induced liver failure.
Pentoxifylline assumedly through cAMP inhibition with
resultant TNF-o decline has potential part in
LPS/Endotoxin induced hepatotoxicity.

This study has proved that Pentoxifylline, given before or
after LPS, protected white type albino mice from LPS
induced hepatic damage. However future studies on

pentoxifylline role in surgical and polymicrobial model of
sepsis should be conducted along with molecular
mechanism of action of pentoxifylline.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Jawad I, Luksi¢ I, Rafnsson SB. Assessing available
information on the burden of sepsis: global estimates
of incidence, prevalence and mortality. J Global
Health. 2012 Jun;2(1).

2. Brun-Buisson C, Meshaka P, Pinton P, Vallet B.
EPISEPSIS: a reappraisal of the epidemiology and
outcome of severe sepsis in French intensive care
units. Intens Care Med, 2004;30:580-8.

3. Vincent JL, Angus DC, Artigas A, Kalil A, Basson
BR, Jamal HH, et al. Effects of drotrecogin alfa
(activated) on organ dysfunction in the PROWESS
trial. Critical Care Med. 2003 Mar 1;31(3):834-40.

4. Yalaz M, Cetin H, Akisu M, Aydemir S, Tunger A,
Kultursay N. Neonatal nosocomial sepsis in a level-Ill
NICU: evaluation of the causative agents and
antimicrobial susceptibilities. Turkish J Pediatr. 2006
Jan 1;48(1):13.

5. Anwer SK, Mustafa S, Pariyani S, Ashraf S, Taufiq
KM. Neonatal sepsis: an etiological study. JPMA. The
J Pakistan Med Assoc. 2000 Mar;50(3):91-4.

6. Takeuchi O, Akira S. Pattern recognition receptors and
inflammation. Cell. 2010 Mar 19;140(6):805-20.

7. Yamamoto M, Takeda K. Current views of toll-like
receptor signaling pathways. Gastroenterol Res
Practice. 2010;2010.

8. Ulevitch RJ, Tobias PS. Receptor-dependent
mechanisms of cell stimulation by bacterial endotoxin.
Annu Rev Immunol. 1995;13(1):437-57.

9. Nesseler N, Launey Y, Aninat C, Morel F, Mallédant
Y, Seguin P. Clinical review: the liver in sepsis.
Critical Care. 2012 Oct;16(5):235.

10. Frampton JE, Brogden RN. Pentoxifylline
(oxpentifylline). Drugs Aging. 1995 Dec 1;7(6):480-
503.

11. Samlaska CP, Winfield EA. Pentoxifylline. J Am
Acad Dermatol. 1994 Apr 1;30(4):603-21.

12. Kreth S, Ledderose C, Luchting B, Weis F, Thiel M.
Immunomodulatory properties of pentoxifylline are
mediated via adenosine-dependent pathways. Shock.
2010 Jul 1;34(1):10-6.

13. Deree J, Martins JO, Melbostad H, Loomis WH,
Coimbra R. Insights into the regulation of TNF-a
production in human mononuclear cells: the effects of
non-specific phosphodiesterase inhibition. Clinics.
2008;63(3):321-8.

14. Galea E, Feinstein DL. Regulation of the expression
of the inflammatory nitric oxide synthase (NOS2) by
cyclic AMP. FASEB J. 1999 Dec;13(15):2125-37.

International Journal of Basic & Clinical Pharmacology | March 2019 | Vol 8 | Issue 3  Page 554



15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Khan A et al. Int J Basic Clin Pharmacol. 2019 Mar;8(3):549-556

Chong YH, Shin YJ, Suh YH. Cyclic AMP Inhibition
of Tumor Necrosis Factor o Production Induced by
Amyloidogenic C-Terminal Peptide of Alzheimer's
Amyloid Precursor Protein in  Macrophages:
Involvement of Multiple Intracellular Pathways and
Cyclic AMP Response Element Binding Protein.
Molecular Pharmacol. 2003 Mar 1;63(3):690-8.

Wen AY, Sakamoto KM, Miller LS. The role of the
transcription factor CREB in immune function. J
Immunol. 2010 Dec 1;185(11):6413-9.

Kreth S, Ledderose C, Kaufmann I, Groeger G, Thiel
M. Differential expression of 5'-UTR splice variants
of the adenosine A2A receptor gene in human
granulocytes: identification, characterization, and
functional impact on activation. FASEB J. 2008
Sep;22(9):3276-86.

Thiel M, Caldwell CC, Sitkovsky MV. The critical
role of adenosine A2A receptors in downregulation of
inflammation and immunity in the pathogenesis of
infectious diseases. Microbes Infection. 2003 May
1,5(6):515-26.

Ohta A, Sitkovsky M. Role of G-protein-coupled
adenosine  receptors in  downregulation  of
inflammation and protection from tissue damage.
Nature. 2001 Dec;414(6866):916.

Voisin L, Breuillé D, Ruot B, Ralliére C, Rambourdin
F, Dalle M, et al. Cytokine modulation by PX
differently affects specific acute phase proteins during
sepsis in rats. Am J Physiol Regulatory Integrative
Comparative Physiol. 1998 Nov 1;275(5):R1412-9.
Wang W, Zolty E, Falk S, Basava V, Reznikov L,
Schrier R. Pentoxifylline protects against endotoxin-
induced acute renal failure in mice. Am J Physiol
Renal Physiol. 2006 Nov;291(5):F1090-5.
Oliveira-Junior 1S, Brunialti MK, Koh IH, Junqueira
VB, Salomdo R. Effect of pentoxifylline on lung
inflammation and gas exchange in a sepsis-induced
acute lung injury model. Brazilian J Med Biol Res.
2006 Nov;39(11):1455-63.

Sneed RA, Buchweitz JP, Jean PA, Ganey PE.
Pentoxifylline attenuates bacterial lipopolysaccharide-
induced enhancement of allyl alcohol hepatotoxicity.
Toxicological Sciences. 2000 Jul 1;56(1):203-10.
Wei SD, Li JZ, Liu ZJ, Chen Q, Chen Y, Chen M, et
al. 2Dexamethasone attenuates lipopolysaccharide-

induced liver injury by down regulating
glucocorticoid-induced tumor necrosis factor receptor
ligand in  Kupffer cells. Hepatol Res.

2011;41(10):989-9.

Belikoff B, Buras JA. A practical approach to animal
models of sepsis. InSourcebook of models for
biomedical research. Humana Press. 2008:473-82.
Gonzalez-Renovato ED, Alatorre-Jiménez M, Bitzer-
Quintero OK, Sanchez-Luna S, Flores-Alvarado LJ,
Romero-Déavalos R, et al. Effect of Nutrisim© on
endotoxic shock induced by lipopolysaccharide from
Escherichia coli: 0111: b4 in rats: structural study of
liver, kidney and lung. J Clin Exp Pathol. 2013;4(1):1-
5.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Brunt EM. Grading and staging the histopathological
lesions of chronic hepatitis: the Knodell histology
activity index and beyond. Hepatol. 2000
Jan;31(1):241-6.

Schmocker C, Weylandt KH, Kahlke L, Wang J,
Lobeck H, Tiegs G, et al. Omega-3 fatty acids alleviate
chemically induced acute hepatitis by suppression of
cytokines. Hepatol. 2007 Apr 1;45(4):864-9.

Shah AA, Hasan F, Hameed A. Study on the
prevalence of enterobacteriacae in hospital acquired
and community acquired infections. Pak J Med Res.
2002;41(1):4-8.

Fink MP. Animal models of sepsis. Virulence. 2014
Jan 1;5(1):143-53.

Buness A, Roth A, Herrmann A, Schmitz O, Kamp H,
Busch K, et al. Identification of metabolites, clinical
chemistry markers and transcripts associated with
hepatotoxicity. PloS One. 2014 May 16;9(5):e97249.
Klopfleisch R. Multiparametric and semiquantitative
scoring systems for the evaluation of mouse model
histopathology-a systematic review. BMC Vet Res.
2013 Dec;9(1):123.

Nemzek JA, Hugunin K, Opp MR. Modeling sepsis in
the laboratory: merging sound science with animal
well-being.  Comparative  Med. 2008  Apr
16;58(2):120-8.

Tukov FF, Luyendyk JP, Ganey PE, Roth RA. The
role of tumor necrosis factor alpha in
lipopolysaccharide/ranitidine-induced inflammatory
liver injury. Toxicol Sci. 2007 Aug 13;100(1):267-80.
Lowes DA, Webster NR, Murphy MP, Galley HF.
Antioxidants that protect mitochondria reduce
interleukin-6 and  oxidative  stress, improve
mitochondrial function, and reduce biochemical
markers of organ dysfunction in a rat model of acute
sepsis. Br J Anaesthesia. 2013 Feb 4;110(3):472-80.
Semmler J, Gebert U, Eisenhut T, Moeller J,
Schénharting MM, Allera A, et al. Xanthine
derivatives: comparison between suppression of
tumour necrosis factor-alpha production and inhibition
of CAMP phosphodiesterase activity. Immunol. 1993
Apr;78(4):520.

Coimbra R, Porcides RD, Melbostad H, Loomis W,

Tobar M, Hoyt DB, et al. Nonspecific
phosphodiesterase inhibition attenuates liver injury in
acute endotoxemia. Surg Infections. 2005 Mar

1,6(1):73-85.

Coimbra R, Melbostad H, Loomis W, Porcides RD,
Wolf P, Tobar M, et al. LPS-induced acute lung injury
is attenuated by phosphodiesterase inhibition: effects
on proinflammatory mediators, metalloproteinases,
NF-kB, and ICAM-1 expression. J Trauma Acute Care
Surg. 2006 Jan 1;60(1):115-25.

Heller S, Weber K, Heller A, Urbaschek R, Koch T.
Pentoxifylline improves bacterial clearance during
hemorrhage and endotoxemia. Crit Care Med.
1999;27:756-63.

Azevedo IM, Pinheiro LAM, de Araljo C, Torres
MMSAS, Grossi TRM, Filho Al, Rego ACM, et al.

International Journal of Basic & Clinical Pharmacology | March 2019 | Vol 8 | Issue 3  Page 555



Khan A et al. Int J Basic Clin Pharmacol. 2019 Mar;8(3):549-556

2010. Effects of pentoxifylline in the treatment of Cite this article as: Khan A, Afzal A, Butt HA,
abdominal sepsis in rats. J Surg Clin Res. 2010;33-45. Waheed A. Adequacy of phosphodiesterase inhibitor
in prevention and treatment of LPS induced organ
failure in BALB/c mice. Int J Basic Clin Pharmacol
2019;8:549-56.

International Journal of Basic & Clinical Pharmacology | March 2019 | Vol 8 | Issue 3  Page 556



