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INTRODUCTION

HEPATOTOXICITY;
PREVENTIVE AND THERAPEUTIC ROLE OF DEXAMETHASONE IN
LPS/ENDOTOXIN INDUCED.

Dr. Ammara Khan', Prof. Brig. Akbar Waheed?, Dr. Zahid Azam Chaudry?

ABSTRACT... Background of Study: Sepsis is characterized by overwhelming surge of
cytokines and oxidative stress to one of many factors, gram negative bacteria being one of
it. Mortality remains very high in septic patients despite the advanced treatments rendered in
intensive care units due to multiple organ damage including hepatotoxicity. Study Design:
Randomized controlled laboratory trial. Period: 04 months from March 2014-June 2014. Setting:
Department of Pharmacology and Therapeutics, Army Medical College, NUST, Rawalpindi.
Aim of the Study: The present study was undertaken to learn dexamethasone’s competence
in prevention and treatment of LPS/ endotoxin induced hepatotoxicity in mice. Material and
Methods: Endotoxin induced hepatotoxicity was reproduced via LPS of serotype E.Coli
0O111:B4 administrationintraperitoneally at a dose of 10mg/kg and all mice were sacrificed 17
hours latters. Dexamethasone (3mg/kg of b.w. i.p) was given 30 minutes before LPS in separate
set of animals to determine its preventive role. Whereas therapeutic efficacy was adjudged
by giving dexamethasone 2 hour after LPS administration. Hepatotoxicity was determined by
estimation of serum ALT and AST and histopathological analysis of liver sections. Results:
LPS administration was associated by statistically elevated serum ALT and AST and marked
hepatic inflammation. Dexamethasone was efficacious in a version of LPS induced hepatic
dystrophy both when given as pre and post-treatment. Serum ALT and AST were statistically
lower when compared to LPS group. Also hepatic inflammation was statistically lessened by
dexamethasone. Conclusion: Low dose dexamethasone has beneficial role in reduction of
LPS/endotoxin induced hepatic injury in experimental model of sepsis.
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primary offenders in 50% of septic cases® activat-

Although immune response salvages human life
against deadly infections due to pathogens, but
a hyper and dys-regulated immune response to
infection leads to sepsis. Sepsis still represents a
major dilemma calling a devastating death toll not
only in developing countries like Pakistan but also
in USA. It contributes 6% of all deaths in USA'
and mortality rate is as high as 70% due sepsis in-
duced organ failure including hepatotoxicity.2 The
ensuing end of life in sepsis is a result of multiple
organ failure, beginning at one and then involv-
ing other organs including hepatotoxicity. Due to
liver’s implication in almost all biological process-
es including detoxification of bacterial products
like LPS absorbed through portal circulation, its
integrity is essential for patients of trauma, sur-
gery and infection. Gram negative bacteria are

ing host innate immune response through outer
cell wall molecule called endotoxin / Lipopoly-
saccharide. Lipopolysaccharide binding protein
(LBP) synthesized in liver, marshals LPS to CD14
membranous receptor and Toll like Receptor type
4 (TLR4) on Kupffers cells.* This brings about ac-
tivation and phosphorylation of series of kinases,
aftereffect of which is release of cytotoxic pro-in-
flammatory mediators like andTNF-alpha, IL-1, IL-
6, IL-8, reactive oxygen species and induction of
inducible nitric oxide synthase (iNOS).5 All of this
conclude in sepsis, shock and endotoxin induced
hepatocellular necrosis and apoptosis.

The role of dexamethasone in sepsis is still con-
tentious but experts favoring its use in sepsis in-
duced hepatotoxicity are of the view that majority
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of septic patients have accompanying transient
adrenal failure.® This proves lethal due aggrava-
tion of hemodynamic instability and accentuation
of inflammation in these critically ill patients. Dexa-
methasone is long acting potent anti-inflamma-
tory glucocorticoid. After binding to its dormant
cytoplasmic glucocorticoid receptor, dexameth-
asone invokes disjunction of multimeric protein
complex and trans-location to nucleus wherein it
induces production of anti-inflammatory proteins
like annexin-1 and inhibitors of nuclear factor
kappa B (NF-kb) and also inhibits inflammatory
gene synthesis.” Dexamethasone is also said to
interact with membranous glucocorticoid recep-
tor causing reduced phosphorylation of T-cell as-
sociated kinases.?

Previous studies have documented beneficial
role of low dose steroids that is 3mg/kg of body
weight of dexamethasone or equivalent, in vari-
ous animal models if sepsis through declined pro-
duction of inflammatory mediators®', improved
hemodynamic status of organs and reduction of
organ failure in sepsis.'"'> However many clinical
trials have failed to show positive influence of ste-
roids on morbidity and mortality rates in sepsis.'®
Further these experts also document increased
episodes of adverse effects when steroids are ad-
ministered to septic patients.™

Above mentioned controversial observations re-
garding steroid use in sepsis induced organ fail-
ure prompted us to access the role of dexameth-
asone in prevention and treatment of endotoxin/
LPS induced hepatotoxicity in mice.

MATERIAL AND METHODS

Study place
Department of Pharmacology and Therapeutics,
Army Medical College, NUST, Rawalpindi.

Study duration
04 months from March 2014-June 2014.

Study design
It was a Randomized controlled laboratory trial.
Majority of extraneous factors like age, diet, gen-

der, environment, and housing condition were ac-
counted for.

Sampling technique and sample size

24 to 28 animals were initially selected through
non-probability convenience method and latter
randomly divided into four groups. At least six an-
imals were present in each group.

Animals used

Adult male and female white albino mice weighing
40-50 grams were utilized in the study. They were
housed in wire topped cages under controlled
temperature (20-24°C) and humidity (40-50 %).
A12 hour light and 12 hour dark cycle was main-
tained throughout the study. Commercial rodent
pellet diet and tap water was provide ad libitum.
All animals were initially allowed to acclimatizeto
new environment for at least 8 days prior to any
experimentation.

Chemical agents used

Lipopolysaccharides (LPS) of serotype E.Co-
li O111:B4 was purchased from Sigma Aldrich
chemicals, USA. It was dissolved in sterile phos-
phate buffered saline (PBS) in falcon tube. Dexa-
methasone was bought from Amros Pharmaceu-
ticals, Pakistan.

Experimental design
Animals were divided into four groups as follows.

Group 1 (Control Group)
Six mice in this group received intraperitoneal
injection of normal saline. It served as control

group.

Group 2 (LPS group)
Animals (n=6) of this group received intraperito-
neally LPS at a dose of 10mg/kg.®

Group 3
Group)
This group also had six white albino mice. These
mice were given 3mg/kg of body weight of dexa-
methasone intraperitoneally 30 minutes before
LPS administration.

(dexamethasone pre-treatment
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Group 4
group)
Six mice in this group were administered 10 mg/
kg LPS intraperitoneally followed 2 hours later by
3mg/kg of dexamethasone intraperitoneal injec-
tion. This time interval of two hours was chosen
on basis of previous studies showing that TNF-al-
pha levels peaks one hour after LPS injection.'

(dexamethasone post-treatment

Blood and Tissue collection

Initial blood sampling of all animals at 0 hour
(start of experiment) was done from tail vein and
blood was collected in eppendorf tube. At 17
hours, terminal blood sample was taken by car-
diac puncture and 0.8 -1.5 ml of blood was col-
lected. Mice were killed and liver was quickly re-
moved, washed with PBS and stored in labeled
container containing 10% formaldehyde for latter
histopathological analysis.

Markers of Liver Damage

Assessment of Serum ALT and AST

Blood collected at 0 hour (start of experiment)
and 17 hour (end of experiment) was centrifuged
for 10 minutes at 4000 rpm to separate serum.
Serum ALT and AST levels were estimated of all
initial and terminal blood samples by method rec-
ommended by International Federation of Clinical
Chemistry (IFCC) using Merck kits on auto ana-
lyzer. Results were expressed as IU/L.

Histopathological studies

Livers sections were processed through LEICA
TP1020 automatic tissue processor and stained
with Hemotoxylin and eosin for light microscopy
at 20X and 40X magnification. Periportal or peri-
septal hepatitis, confluent necrosis, focal lytic ne-
crosis, apoptosis and portal inflammation were
looked for and graded according to Modified His-
tological Activity Index Grading (Knodells meth-
od)."® Fibrosis was not included as time duration
of study was short."”

STATISTICAL ANALYSIS
Results were expressed as Means = Standard
Error of Means. The between group observations

variation was measured by One Way Analysis of
Variance (ANOVA) followed by Post Hoc Tukey
test. Histopathological results were assessed
through Chi Square test. A p value of < 0.05 was
considered significant. All data analysis was car-
ried out using SPSS version 20.

RESULTS

Hepatotoxic model was standardized in our lab-
oratory utilizing different doses and time interval
before animal sacrifice. A dose of 10mg/kg of LPS
followed by sacrifice after 16-17 hours, produced
marked hepatotoxicity as evident by raised serum
ALT and AST levels and marked histopathological
alterations on liver slides.

EFFECT ON SERUM ALT AND AST

Normal saline administration in animals of Group
1 showed no effects on makers of liver damage
assessment. Serum ALT and AST at 17 hours
were somewhat similar to those at 0 hour, a statis-
tically insignificant finding with p value of = 0.05
for both levels (Figure-1 and figure-2).

LPS administration in mice of Group 2 caused
Liver function test escalation. Serum ALT levels
raised statistically significantly (p =<0.05) from
mean 106.00 IU/L (at O hour) to 345.17 IU/L at 17
hours. Serum AST showed similar trends with its
values raising convincingly (< 0.05) from 90.50
IU/L to 343.17 IU/L at 17 hours. Serum ALT and
AST levels of animals of Group 2(LPS Group) at
17 hours when compared to those of group 1
(normal/control group) were compelling elevated
statistically (p < 0.05) (Table-l). Dexamethasone
pre-treatment prevented the hepatotoxic mani-
festations of LPS in animals of Group 3 (figure-2,
Table-l). Serum ALT and AST at 17 hours were
significantly (p<0.05) reduced when dexametha-
sone was given 30 prior to LPS administration in
these animals. Animals of group 4 that received
dexamethasone after LPS administration also
had statistically eloquently (p< 0.05) lessened
serum ALT and AST rise at 17 hours as compared
to Group 2 (LPS group)(Figure-1 & 2, table-l).
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Mean Serum ALT(IU/L) level at 0 hour
Mean Serum ALT (lU/L)level at 17 hours
P value of within group comparison
Mean Serum AST (IU/L) levels at 0 hour

Mean Serum AST (IU/L) levels at 17
hours.

P value of within group comparison

P value in comparison to ALT
Group 2(LPS group) at 17
hours AST

Group 1
(Control Group)

109.5000
106.6667
0.276
90.5000

93.17

0.153
0.026*

=<0.001*

Group3 Group4
Group 2 (Dexamethasone (Dexamethasone
(LPS Group) Pre-Treatment Post-Treatment

Group) Group)

106.00 103.00 104.50
345.17 128.17 114.00
0.024 * 0.181 0.554
90.50 96.33 98.33
343.17 146.33 130.83
<0.001* 0.115 0.118
ND 0.02* 0.014*

ND <0.001* <0.001*

Table-l Plasma analysis of all treatment groups, ALT (alanine aminotransferase) AST (aspartate aminotransferase).*
statistically significant values at p < 0.05.ND -not detected.
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Figure-2. Mean Serum AST (IU/L) Levels At 0 hour
(Start of Experiment) and at 17 hour (End of Experiment).
*Significantly (p< 0.05) Higher Than Control Group (Group 1);
#Significantly (p< 0.05) Lower Than LPS Group (Group 2).

EFFECT ON HISTOPATHOLOGICAL STUDIES
Light microscopic examination of liver sections of
animals of Group 1 brought into our knowledge
the normal histological architecture of mouse liv-
ers. A one or more portal vein branch, a branch
of hepatic artery, with a bile duct was identified
in portal triad along with central venule. Cords of
hepatic cells were seen radiating from central ve-
nule (Figure-3).

Liver slides examination of mice that were ad-
ministered LPS in Group 2 showed moderated to
marked hepatic inflammation. Inflammatory cells
infiltrates, periportal inflammation and cellular
apoptosis were evident (Figure-4).

Group 3 mice liver’s histopathological examina-
tion disclosed reduced inflammatory and necrotic
changes (figure-5) in response dexamethasone
pre-treatment. These results were statistically sig-
nificant when compared to LPS receiving animals
(p=0.05).

Microscopic examination of liver sections of
Group 4 revealed that dexamethasone statisti-
cally significantly (p<0.05) abated LPS induced
inflammatory changes (figure-6) when given after
LPS injection.
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Figure-3. Group 1- Normal histology of Mouse
Liver at 20 X magnification.

Figure-4. Grou"p 2- Liver sections showing marked
inflammation in response to LPS in Group 2.
PV —portal vein, CV central venule. ha-hepatic arteriole
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Figure-5. Group 3-dexamethasone pretreatment
contracted inflammation in response to LPS.
PV —portal vein, HA-hepatic arteriole.

DISCUSSION

A generalized body reaction to infection, sepsis
involves interaction of various biological system
and cell types with resultant dys-regulated inflam-
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Figure-6. Group 4-dexamethasone post-treatment
reduced hepatic inflammation produced by LPS.
PV —portal vein, CV central venule. Ha-hepatic arteriole.
matory network. Despite tremendous research on

basic and clinical levels, it still represents a chal-
lenge that we face in this era. Elderly population
is more susceptible in our part of world due to
high prevalence of gram negative bacterial geni-
tourinary infection in this age group. Reevaluation
of current treatment guidelines with discovery of
new therapeutics adjuncts is the need of time in
order to reduced sepsis associated mortalities.

Chemical shock model was reproduced in our
study through intraperitoneal administration of
LPS/endotoxin. Nemzek and colleagues'® have
shown this model to be easily reproducible, and
sterile. Mice of Group 2 become sluggish, weak
and immobile with decreased intake of food and
water. Shivering was also visible in these animals.
Indicators of hepatic function were distorted in
these animals. Serum ALT and AST were con-
vincingly raised as compared to levels of Group
1(Control Group) at 17 hours. Light microscopic
examination of liver slides disclosed moderate to
marked inflammatory changes, again a statisti-
cally compelling difference (p< 0.01) from Group
1. Similar findings were also reported by many
other researchers. Lowes and colleagues, Wei
and associates in 2011, Rishi et al, all document-
ed raised serum ALT and AST levels with hepatic
architectural distortion in response to LPS admin-
istration. 51920

Despite questionable role, research outcomes
however exhibits beneficial results of cortico-
steroids in sepsis induced hepatotoxicity. Dexa-
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methasone was administered at a physiological-
ly applicable dose of 3mg/kg (21) in animals of
Group 3 and Group 4 to access its preventive and
therapeutic role respectively in LPS induced hep-
atotoxicity. Serum analysis of animals of Group
3 (dexamethasone pre-treatment group) and
Group 4 (dexamethasone post-treatment group)
manifested that ALT and AST levels at 0 hours
were not that different from levels at 17 hours (p=
0.05), however the levels of both aminotransfer-
ases at 17 hours were eloquently different when
compared with Group 2’s (LPS group) terminal
sampling levels. Also the architectural distortion
produced by LPS in Group 2 was abated signifi-
cantly (p=< 0.01) by dexamethasone in Group 3
and Group 4. In accordance to our findings were
the results of study carried out by Ayact and as-
sociates in 2014. They clearly proved that low
dose dexamethasone administered 2 hours after
LPS, improved survival with reduction of liver in-
jury in mice." Coherent with our opinion, Wang et
al (2013) demonstrated that dexamethasone (giv-
en 1 hour before LPS) abolished LPS produced
liver injury as proved by restoration of serum ALT
and hepatic inflammation.?' Li et al determined in
their study that dexamethasone was successful
in reducing LPS escalated serum ALT and AST
levels.?? Again these results are in concordant
to our findings. Wei with his associates in 2011
disclosed that dexamethasone co-treatment with
LPS injection corrected liver functions and histo-
pathological alterations.’ Dexamethasone also
succeeded in reducing LPS induced lung injury
in rat, when given 30 minutes before and after
LPS.2®

As a result of these findings, we are certain that
dexamethasone holds both preventive and ther-
apeutic adequacy in LPS induced hepatotoxicity
through attenuation of inflammation.

We appreciate our study limitations. Therapies
proven beneficial in LPS models not always turn
out in same manner when tested in humans. But
still animal models are only tools to access the
role of new therapies that can own power and
adequacy for medical world application. Future
work can be done to ascertain our experimental

agent efficacy in surgical and polymicrobial mod-
el of sepsis.
Copyright© 18 Aug, 2015.
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