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Abstract

Background: Endotoxaemia is believed to be a major cause of mortality and there are
several therapeutic regimens for the treatment of this situation.

Objectives: The present experimental study was conducted to evaluate acute phase
response, cardiovascular and hepatorenal damages following the treatment of Ovine
experimental endotoxaemia model employing unfractionated heparin (UFH).
Materials and Methods: Twenty clinically healthy 1-year-old fat-tailed ewes were
randomly divided into four equal groups, comprising UFH 200, UFH 400, Ctrl+ and
Ctrl-. Lipopolysaccharide (LPS) from Escherichia coli serotype O55:B5 at 0.4 ug/kg was
administered intravenously to the ewes. UFH (at 200 and 400 |U/kg) was administrated
to the UFH 200 and UFH 400 groups, respectively. All the ewes were evaluated clini-
cally before and 1.5, 3, 4.5, 6 and 24 hours after LPS injection. Blood samplings were
also performed at those hours. We measured serum concentrations of haptoglobin,
interferon-gamma, total antioxidant status, malondialdehyde, cardiac lactate dehydro-
genase, cardiac troponin-I, total bilirubin, alanine transaminase and creatinine. Serum
concentrations of acute phase response, cardiovascular, hepatic and renal biomark-
ers and clinical parameters increased significantly following the induction of endotox-
aemia in the groups receiving LPS.

Results: The significantly lowest concentrations of these parameters at hours 4.5 and
6 among the treatment groups belonged to the UFH 400 sheep.

Conclusions: UFH could act as an anti-inflammatory mediator by decreasing inflam-
matory cytokines and acute phase proteins, modulating oxidative stress biomarkers
and reducing multiple organ dysfunction following endotoxaemia in a dose-dependent
manner. Furthermore, the anti-inflammatory effects of UFH at 400 |U/kg were signif-
icantly higher than another dose. This research examined the effect of two doses of
UFH and higher doses may have more anti-inflammatory effects that require further

studies.
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1 | INTRODUCTION

Endotoxaemia is an acute inflammatory condition caused by
lipopolysaccharide (LPS) of Gram-negative bacteria in the blood-
stream. This condition triggers a series of reactions in the host body
called the acute phase response (APR) (Munford, 2016). APR reduces
subsequent tissue damages by preventing further invasion of the
pathogen, allowing the host body’s haemostatic mechanisms to re-
establish their condition (Rodrigues et al., 2018). APR increases the
production of a number of inflammatory mediators which are associ-
ated with local and systemic effects. Following APR, the production of
inflammatory mediators, such as acute phase proteins and inflamma-
tory cytokines, increases (Christoffersen et al., 2010). Therefore, by
evaluating the circulating values of these parameters, APR could also
be evaluated (Chalmeh et al., 2013). Oxidative stress is another event
that occurs following APR, which could be assessed by measuring the
circulating oxidative stress biomarkers (Rodrigues et al., 2018).

Increased production of inflammatory mediators following APR
leads to secondary dysfunction of internal organs. Under these condi-
tions, the components of the immune system, which are responsible for
defending the host against invasive pathogens, could damage the host
tissues and organs. This results in the failure of several organs, which is
one of the main symptoms of endotoxaemia and is called multiple organ
dysfunction (MOD) (Anderson et al., 2010). Accordingly, through eval-
uating the circulating biomarkers of each organ, such as liver, kidney
and cardiovascular and respiratory system, it is possible to assess the
health of the function of each of them (Chalmeh et al., 2014).

To prevent the exacerbation of acute inflammatory responses as
well as disorders of internal organs, effective treatments should be
taken into consideration for patients with endotoxaemia and inflam-
mation. To date, several studies have been performed on different
therapeutic regimens for patients with endotoxaemia in both human
and animal models. Heparin is one of the drugs with the potential
effects to treat inflammatory conditions (Poterucha et al., 2017).
This drug could be classified into unfractionated heparin (UFH) and
low molecular weight heparin (LMWH). UFH is the most widely
used anti-coagulant in clinical practice, which is recommended for
the prevention of thromboembolism in septic patients; there is also
information regarding its anti-inflammatory effects (Li and Ma, 2017).
There are several researches about anti-inflammatory effects of UFH
in asthma, cardiopulmonary bypass, inflammatory bowel diseases,
acute coronary syndrome, cataract surgery and endotoxaemia at
different aspects (Mousavi et al., 2015). Therefore, we hypothesized
that UFH might be effective in reducing acute inflammatory reactions
and reversing internal organ changes following endotoxaemia. Hence,
the present study aimed to investigate the role of UFH in two different
doses in the treatment of Ovine experimental endotoxaemia model by
evaluating the inflammatory, oxidative stress, hepatic and renal and
cardiovascular circulating biomarkers. The obtained results herein
may also help to generalize the therapeutic effects of UFH to other

inflammatory conditions.

2 | MATERIALS AND METHODS

2.1 | Animals

Twenty clinically healthy 1-year-old fat-tailed ewes (50 + 5 kg body-
weight) were randomly chosen for the project. Every sheep was given
albendazole (15 mg/kg, orally; Dieverm 600, Razak Pharmaceutical
Co.) and ivermectin (0.2 mg/kg, subcutaneously; Erfamectin 1 %; Erfan
Pharmaceutical Co.) 4 weeks prior to the start of the experiments to
control internal and external parasites. All of the ewes were kept in
open-shed barns with free access to water and shade. Alfalfa hay, corn
silage, corn and barley were the main ingredients in the ration. They
were then randomly allocated to one of the four experimental classes
(n=5): UFH 200, UFH 400, Ctrl+ and Ctrl-.

2.2 | Chemicals and drugs

The ewes were given 0.4 ug/kg of phenol extracted LPS from Escherichia
coli serotype O55:B5 (Sigma-Aldrich; product No. L2880) as a bolus
intravenous administration to induce endotoxaemia. In this study, each
sheep was given only one dose of LPS, with no further administra-
tion permitted to prevent LPS tolerance phenomenon (Constable et al.,
2017). This endotoxin was diluted in sterile phosphate-buffered saline
which was held at —80°C before endotoxaemia was induced. LPS was
thawed and injected intravenously as mentioned below for each exper-
iment. According to the experimental design, the UFH groups received
intravenous injections of UFH (heparin sodium 5000, Alborz Pharma-
ceutical Co.). The intravenous fluid utilized in this study was 5% dex-
trose plus 0.45% sodium chloride (Shahid Ghazi Pharmaceutical Co.).

2.3 | Induction and treatment of endotoxaemia

A Schematic illustration of the study design is presented in
Figure 1. Clinical evaluations were performed on all the ewes
before and 1.5, 3, 4.5, 6 and 24 hours after LPS injection. Rectal
temperature, heart rate (HR) and respiratory rate (RR) were among
the clinical parameters measured during the experiments. A 16-gauge
5.1-cm catheter was secured in the left jugular vein and used for
blood samplings, endotoxin and drugs infusions and experimental
procedures were commenced 1 h later, approximately, to prevent
the effect of catheterization induced stress on the results. At hour O,
LPS was injected and intravenous fluid therapy began 2 hours later.
In the related groups, UFH was infused via fluid between the 3rd
and 4th hours, for 60 minutes. Following endotoxaemia induction,
venous blood samples were taken at hours 0, 1.5, 3, 4.5, 6 and 24.
Thawed LPS was diluted in 250 mL normal saline and injected at
10 mL/kg/h, intravenously. Fluid therapy with dextrose 5% plus sodium
chloride 0.45% at 20 mL/kg/h was administered to all the experi-
mental groups at 120 minutes following LPS injection. UFH and the
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FIGURE 1 Schematicillustration of study design. At hour O,
experimental endotoxaemia induction was performed by intravenous
LPS of E. coli serotype O55:B5 at 0.4 ug/kg in sheep. Fluid therapy was
performed from 120 minutes after intravenous endotoxin
administration for 180 minutes. Drugs were administrated via fluids at
180 minutes after intravenous endotoxin administration for

60 minutes. Blood samplings and evaluating clinical signs were
performed at hours 0, 1.5, 3, 4.5, 6 and 24 after intravenous endotoxin
administration

fluid were injected at 180 minutes following the LPS administration.
In the UFH 200 and UFH 400 groups, UFH was infused at 200
and 400 IU/kg BW, respectively. The positive control (Ctrl+) group
received LPS, yet received no other treatments than intravenous fluid.
The negative control group (Ctrl-) received only intravenous fluids and

no LPS and no drugs were administrated.

2.4 | Blood sampling and serological assays

The blood samples were collected from all the ewes through the fixed
catheter prior and 1.5, 3, 4.5, 6 and 24 hours after LPS injection in
serum collection tubes. After the collections, sera were separated
through centrifugation (for 10 min at 3000 x g) and stored at —20°C
until assayed. The haemolysed specimens were not analysed by the
laboratory.

Haptoglobin (Hp) was assayed with Ovine Hp ELISA kit (Bioassay
Technology Laboratory Co.; sensitivity equal to 1.06 ug/mL; intra-
and inter-assay CV < 8% and 10%, respectively). Interferon-gamma
(IFN-y) was assayed with Ovine IFN-y ELISA kit (Bioassay Technology
Laboratory Co., China; sensitivity equal to 2.12 ng/L; intra- and inter-
assay CV < 8 and 10%, respectively). Spectrophotometric method
was employed to assay total antioxidant status (TAS) (Kiazist Life
Science Co.; sensitivity equal to 20 nmol/mL; intra- and inter-assay
CV < 17 and 16%, respectively). We analysed malondialdehyde (MDA)
employing colorimetric/fluorometric method (Kiazist Life Science Co.;
sensitivity equal to 10 uM; intra- and inter-assay CV < 15 and 19%,
respectively). We also measured the values of serum cardiac lactate
dehydrogenase (LDH) with Integra 800 autoanalyzer (Roche-Cobes,
Switzerland). The levels of serum cardiac troponin-l (cTnl) were

determined employing Ovine cTnl ELISA kit (Bioassay Technology
Laboratory Co.; sensitivity equal to 2.34 ng/L; intra- and inter-assay
CV < 8 and 10%, respectively). Total bilirubin was analysed using the
2,4dichloroaniline photometric method (Pars Azmoon). The values of
serum alanine transaminase (ALT) were measured with an Integra 800
autoanalyzer (Roche-Cobes). To measure serum creatinine, we utilized
Pars Azmoon Commercial kits.

2.5 | Statistical analyses

The data were expressed as mean and pooled standard error of mean
(SEM). Statistical analyses were conducted using the one-way ANOVA
with the Tukey post-hoc test to compare the mean concentrations
of different serological factors and clinical parameters within similar
hours among different experimental groups. The trend alterations of all
the studied parameters were evaluated employing the repeated mea-
sures ANOVA. The effects of group, time and their interactions on the
changes of each parameter were also analysed. All the statistical anal-
yses were conducted using the SPSS software (SPSS for Windows, ver-

sion 22), and the significance level was set at p < 0.05.

3 | RESULTS

After inducing endotoxaemia, serum concentrations of Hp increased
significantly in the groups receiving endotoxin and the rising trend con-
tinued until 6 hours in the Ctrl+ group (Table 1; p < 0.05). The Hps in
the Ctrl- group were significantly lower than those in the other stud-
ied groups at all the hours (except hour 0). After beginning the drug
administrations, the levels of Hp in the treatment groups (at hour 4.5)
decreased and were substantially lower than those in the Ctrl+ group
(Table 1; p < 0.05). The UFH 400 receiving sheep had the lowest signifi-
cant concentrations of Hp at hours 4.5, 6 and 24. Following intravenous
endotoxin infusion, serum levels of IFN-y significantly increased in all
the ewes (Table 1; p < 0.05). Following the administration of UFH to the
related groups, their levels in the UFH 200 and UFH 400 significantly
decreased. At hours 4.5, 6 and 24, the lowest significant concentrations
of IFN-y belonged to the UFH 400.

Following the induction of endotoxaemia, serum activity of TAS lev-
els decreased significantly in all the endotoxin-receiving sheep (Table 1;
p < 0.05). This decrease persisted in the Ctrl+ group until hour 6, but it
increased in the UFH groups after the drugs were administered. The
UFH 400 group had significantly higher serum levels of TAS at hours
4.5, 6 and 24 compared to the other endotoxin-receiving groups. Fol-
lowing endotoxin injection, serum MDA levels increased significantly
in all the endotoxic ewes up to hour 3. At hours 4.5, 6 and 24, serum
MDA concentrations in the UFH 400 group were significantly lower
than those in the UFH 200 groups (Table 1; p < 0.05).

After inducing endotoxaemia, serum concentrations of cTnl and
LDH increased significantly in the endotoxin-receiving groups. This rise
in the Ctrl+ group lasted until hour 6 (Table 2; p < 0.05). The serum

concentrations of cTnl and LDH in the Ctrl- group were significantly
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TABLE 1 Alterations (Mean + pooled SEM) of circulating acute phase protein (Hp), inflammatory cytokine (IFN-y) and antioxidant biomarkers
(TAS and MDA) following experimental endotoxaemia induction by intravenous LPS of E. coli serotype O55:B5 at 0.4 ug/kg in sheep and its
treatment by intravenous UFH at 200 and 400 1U/kg

Hours Pooled p-value*
Parameters Groups 0 1.5 3 4.5 6 24 SEM Group Time Group X time
Hp (g/dL) Ctrl+ 0.092 0.38° 0.52° 0.64° 0.622 0.522 0.02 <0.001 <0.001 <0.001
Ctrl- 0.09? 0.1° 0.12b 0.15° 0.13° 0.09° 0.01
UFH 200 0.092 0.42 0.522 0.38¢ 0.26° 0.09° 0.02
UFH 400 0.09° 0.422 0.56° 0.32¢ 0.2° 0.08° 0.01
IFN-y (pg/dL) Ctrl+ 26.972P¢  49.03° 64.982 77.27° 88.56° 83.68? 0.54 <0.001 <0.001 <0.001
Ctrl- 28.532 30.62° 31.67° 32.72° 31.53° 28.3° 0.36
UFH200 27.52° 51.45° 68.892 55.86¢ 40.76° 29.01° 0.33
UFH400  25.21° 48.942 64.97° 44.444 29.22b 28.68P 0.24
TAS (mmol/L) Ctrl+ 2.192 1.12 0.892 0.622 0.442 0.3° 0.02 <0.001 <0001 <0.001
Ctrl- 2.22° 2.3° 2.46° 2.45° 2.45° 2.25° 0.04
UFH 200 2.292 1.22 0.99° 0.792 1.68°¢ 2.32° 0.06
UFH 400 2.352 1.262 1.052 0.85? 1.97¢ 2.38° 0.09
MDA (mmol/L) Ctrl+ 0.612 1.382 1.922 2.3 2.632 2472 0.03 <0.001 <0.001 <0.001
Ctrl- 0.632 0.68° 0.66° 0.7° 0.65° 0.69° 0.02
UFH 200 0.632 1.372 1.852 1.2¢ 0.83¢ 0.68° 0.03
UFH 400 0.612 1.312 1.792 0.944 0.57° 0.57¢ 0.02

Ctrl+, positive control; Ctrl- negative control; UFH 200, unfractionated heparin at 200 IU/kg; UFH 400, unfractionated heparin at 400 1U/kg; Hp, haptoglobin;

IFN-y, interferon-gamma; TAS, total antioxidant status; MDA, malondialdehyde.

Different letters indicate significant differences among different groups at each study time about each parameter (p < 0.05).
*Effect of group, time and group x time following induction and treatment of endotoxaemia by different drugs about each studied parameter. The significance

level is lesser than 0.05.

lower than those in the other studied groups at all the hours (except
hour 0). The levels of cTnl and LDH in the treatment groups decreased

after the beginning of drug administrations (at hour 4.5), which were

rectal temperature were found to be significantly lower in the UFH 400
sheep at hours 4.5 and 6. At hour 24, there were no significant differ-

ences concerning the amounts of these parameters among the studied

significantly lower than those in the Ctrl+ group (Table 2; p < 0.05). At groups (p > 0.05).
hours 4.5, 6 and 24, the UFH 400-receiving sheep had the least signifi-
cant concentrations of cTnl, and LDH.
In all the endotoxic animals, serum levels of hepatic biomarkers (ALT 4 | DISCUSSION

and total bilirubin) increased significantly after intravenous endotoxin
infusion (Table 2; p < 0.05). UFH significantly reduced the levels of
these hepatic biomarkers. At hours 4.5, 6 and 24, the least significant
concentrations of ALT and total bilirubin were detected in the UFH
400. After endotoxin injection, serum renal biomarker (creatinine) lev-
els of all the studied groups increased substantially and all the endo-
toxic sheep’s levels increased up to hour 3. At hours 4.5, 6 and 24,
serum creatinine concentrations in the UFH 400 group were signifi-
cantly lower than those in the UFH 200 (Table 2; p < 0.05).

Following the induction of endotoxaemia, HR and RR and rectal tem-
perature increased significantly. The increasing pattern of the Ctrl+
group persisted until hour 4.5 (Table 3; p < 0.05). These clinical param-
eters were significantly lower in the Ctrl- group than in the other stud-
ied groups at all the hours (except for hour 0). The quantities of HR, RR
and rectal temperature in the treatment groups decreased after begin-
ning drug administration (at hour 4.5), which were significantly lower
compared with those in the Ctrl+ group (Table 3; p < 0.05). HR, RR and

Endotoxaemia is known to be a leading cause of morbidity around the
world. As aresult, implementing adequate treatment methods that are
efficient, reliable, easy and inexpensive is critical in treating this sit-
uation. These therapies should have the fewest possible side-effects
and be widely available (Mousavi et al., 2015). Therefore, the current
research sought to investigate the anti-inflammatory effects of UFH in
an Ovine experimental endotoxaemia model by analysing the APR and
MOD. Several animal and human studies have suggested that heparin
not only effectively prevents the coagulation mechanism in endotox-
aemia, but also causes a variety of anti-inflammatory responses against
infection. Human endotoxaemia experimental models have indicated
that heparin can treat endotoxaemia by inducing coagulation activi-
ties (Jaimes et al., 2006; Li et al., 2009; Li et al., 2013; Miranda et al.,
2014; Schiffer et al., 2002; Wyns et al., 2015; Zhao et al., 2017). How-
ever, in human models, the inhibition of inflammatory pathways follow-

ing endotoxaemia has not been as clearly demonstrated as in animal
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TABLE 2 Alterations (Mean + pooled SEM) of circulating cardiovascular (cTnl and LDH), hepatic (ALT and T. Bil.) and renal (creatinine)
biomarkers following experimental endotoxaemia induction by intravenous LPS of E. coli serotype O55:B5 at 0.4 ug/kg in sheep and its treatment

Hours Pooled p-value*
Parameters Groups 0 1.5 3 4.5 [ 24 SEM Group Time Group X time
cTnl (ng/mL) Ctrl+ 0.18? 0.472 0.572 0.622 0.69° 0.48*  0.01 <0.001 <0.001 <0.001
Ctrl- 0.18? 0.19° 0.19° 0.19° 0.19> 0.18° 0.01
UFH 200 0.192 0.472 0.572 0.51¢ 0.41¢ 0.33¢ 001
UFH 400 0.192 0.482 0.582 0.414 0.32¢ 0.26¢ 001
LDH (1U/L) Ctrl+ 854.04% 1537.27% 1844.72° 2029.2° 225241 1126.2* 20 <0.001 <0.001 <0.001
Ctrl- 846.04°  849.65°  844.04>  840.17° 85263 851.8° 8.35
UFH 200 855.26* 1539.472 1847.37° 1477.89< 1182.31¢ 945.85¢ 9.98
UFH 400 834.12 1501.39 1801.672 1080.99¢ 918.84° 872.9b 12.52
ALT (U/L) Ctrl+ 20.252 36.452 51.022 61.232 67.36° 47.15* 056 <0.001 <0.001 <0.001
Ctrl- 20.732 20.24b 20.33° 20.57° 20.17° 2025  0.32
UFH200 20.77° 37.392 52.352 41.88° 33.50¢ 28.47¢ 048
UFH400 20.16* 36.282 50.792 35.554 28.444 22.754 0.49
T. Bil. (umol/L) Ctrl+ 3.442 4122 4.952 5.442 5.982 4.792 0.06 <0.001 <0.001 <0.001
Ctrl- 3.4° 341° 3.45° 3.45P 3.46° 348>  0.07
UFH 200 3.51° 4.212 5.042 4.94¢ 4.84¢ 4742 0.09
UFH 400 3.45° 4.142 4.96° 4.36¢ 4.274 3.85¢  0.07
Creatinine (mg/dL)  Ctrl+ 1.04° 1.34° 1.482 1.33? 1.26? 1.14* 001 <0.001 <0.001 <0.001
Ctrl- 1.032 1.03° 1.03° 1.03° 1.03° 1.03° 0.01
UFH 200 1.032 1.342 1.472 1.18¢ 1.06° 104> 001
UFH 400 1.022 1.322 1.462 1.114 1.02° 103> 001

Ctrl+, positive control; Ctrl-, negative control; UFH 200, unfractionated heparin at 200 1U/kg; UFH 400, unfractionated heparin at 400 1U/kg; cTnl, cardiac
troponin |; LDH, lactate dehydrogenase; ALT, alanine transaminase; T. Bil., total bilirubin.

Different letters indicate significant differences among different groups at each study time about each parameter (p < 0.05).

*Effect of group, time and group x time following induction and treatment of endotoxaemia by different drugs about each studied parameter. The significance

level is lesser than 0.05.

models. The current research explored the anti-inflammatory effects
of UFH in an Ovine endotoxaemia model, focusing on inflammatory,
oxidative stress, cardiovascular, hepatic, renal and clinical indices to
generalize it to humans and other inflammatory conditions. In this
research, we compared the efficacy of two different doses of UFH (200
and 400 1U/kg) in endotoxic sheep. The current study found that UFH
at 400 IU/kg was effective in reducing inflammation and organ dysfunc-
tion in sheep following endotoxaemia.

Heparin is the most commonly available and least expensive anti-
coagulant utilized to treat DIC. Haneberg et al. (1983) conducted the
first randomized human clinical trial of heparin in 1983, studying 26
babies and children with acute meningococcal sepsis. Eleven patients
were given intravenous heparin “as soon as possible after admission”
and on a continuous basis for 2 days. Standard care was giventoonly 15
children. There were two deaths in each group, and the clinical course
of the patients who survived did not indicate any major changes. This
research investigated admission duration, clinical seriousness, comor-
bidities, concomitant treatments and other potentially important dif-

ferences between the groups (Haneberg et al., 1983).

Several animal and human trials have been conducted to investigate
the possible benefits of heparinin the treatment of bacterial infections.
Heparin may increase cardiac output and oxygen delivery (Redmond
et al., 1993). They used E. coli endotoxin on 14 sheep continuously for
24 hours. Seven sheep were given a fixed dose of 5000 units of heparin
every 4 hours after endotoxin injection while seven other sheep
served as controls. Heparinized animals demonstrated a three-phase
cardiovascular response with a rise in the cardiac index and a decrease
in systemic vascular resistance in the first 2 hours, followed by a return
to baseline in about 4 hours. The cardiac index improved and systemic
vascular resistance decreased dramatically in the final stage (8 to
24 hours).

Schiffer et al. (2002) investigated the anti-inflammatory effects of
UFH and hirudin on sheep after endotoxaemia induction. They ran-
domly assigned 22 sheep to one of their three treatment groups: (a)
normal saline, (b) continuous infusion of conventional un-fractioned
bovine lung heparin and (c) continuous injection of recombinant
hirudin. Escherichia coli endotoxin was administered after a 6-hour

baseline evaluation period. Endotoxin injections killed all the sheep in
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TABLE 3 Alterations (Mean + Pooled SEM) of clinical signs (HR, RR and rectal temp.) following experimental endotoxaemia induction by
intravenous LPS of E. coli serotype O55:B5 at 0.4 ug/kg in sheep and its treatment by intravenous UFH at 200 and 400 1U/kg

Hours Pooled p-value*
Parameters Groups 0 1.5 3 4.5 [ 24 SEM Group Time Group X time
HR (beats/min) Ctrl+ 742 1442 1492 147.82 13442 77.8% 1.25 <0.001 <0.001 <0.001
Ctrl- 75° 83.8° 94.8° 92.4> 79.4° 82.42 1.29
UFH 200 75.42 145.42 148.4° 1274 106.4¢ 782 11
UFH 400 77.6% 147.62 145.2*  110.2¢ 89.2d 78.42 1.26
RR (breath/min) Ctrl+ 23.82 55.8° 63.8° 71.82 66.82 24.82 0.54 <0.001 <0.001 <0.001
Ctrl- 24.82 24.4° 33.4° 322> 25b 24.82 0.58
UFH 200 25.22 57.22 65.22 40.2¢ 32.2¢ 23.42 0.43
UFH 400 242 56° 642 34 26P 24.62 0.54
Rectal Temp. (°C) Ctrl+ 39.18? 40.58* 4048 40.26° 40.08* 39.22 0.03 <0.001 <0001 <0.001
Ctrl- 39.16% 39.14° 39.18°> 39.22° 39.2° 39.22 0.03
UFH 200 39.142 40.54*  40.44> 40.04°  39.74° 39.24* 0.2
UFH 400 39.222 40.62° 40522 39.72¢  39.42¢ 39222 003

Ctrl+, positive control; Ctrl- negative control; UFH 200, unfractionated heparin at 200 1U/kg; UFH 400, unfractionated heparin at 400 IU/kg; HR, heart rate;

RR, respiratory rate; Rectal Temp., rectal temperature.

abAnti-inflammatory effects of heparin and its derivatives: a systematic review.

Different letters indicate significant differences among different groups at each study time about each parameter (p < 0.05).
*Effect of group, time and group x time following induction and treatment of endotoxaemia by different drugs about each studied parameter. The significance

level is lesser than 0.05.

the control and hirudin groups, but four of the seven animals which
were given continuous heparin injections lived to the end of the trial.
The animals in the control group died between 6 and 44 hours after
the start of endotoxin administration while the animals in the hirudin
group died between 8 and 30 hours. Between 48 and 56 hours after the
beginning of endotoxin administration, three sheep died in the heparin
group. When compared to the other two treatment animals, the differ-
ence in survival rate was statistically significant in this group (Schiffer
etal.,, 2002).

Li et al. (2020) studied the signalling mechanisms that may be
involved in UFH'’s anti-inflammatory effects on LPS-stimulated human
pulmonary microvascular endothelial cells. They discovered that UFH
clearly inhibited LPS-stimulated IL-6 and IL-8 production. Further-
more, UFH inhibited the phosphorylation of 1xB-«, ERK1/2, JNK, p38
MAPK and STAT3 by LPS. UFH also inhibited LPS-induced nuclear
translocation of NFx-B. More importantly, siRNA targeting |xB-a
induced a more evident inflammatory response. In IxB-a silencing cells,
UFH inhibited cytokine synthesis and phosphorylation of various sig-
nalling pathways. Their findings demonstrated that UFH exerts anti-
inflammatory effects through various signalling pathways (Li et al.,
2020).

Derhaschnig et al. (2003) evaluated UFH’s anti-inflammatory prop-
erties in human endotoxaemia. Following endotoxaemia, they found
that UFH had little effect on cytokine production and endothelial cell
activation. UFH also decreased L-selectin downregulation and lym-
phocytopenia (Derhaschnig et al., 2003). Heparin has been shown in
several studies to reduce the inflammatory response following car-

diopulmonary bypass. The use of heparin-treated surfaces in cardiopul-

monary bypass circuits has been shown to reduce leukocyte activa-
tion and complement cascade activation (Ludwig, 2009). As a result,
the need for inotropic support, post-operative mechanical ventilation
time and incidence of acute lung injury, on top of the length of hospi-
tal stay, decrease, reflecting heparin’s beneficial impact in cardiopul-
monary bypass circuits (Redmond et al., 1993; Svenmarker et al., 1997).
In these trials, the heparin-coated circuit significantly reduced the lev-
els of cytokines, such as TNF-«, complement complex, neutrophils and
elastase, when compared to the non-heparin-coated circuit. The cur-
rent study found that UFH at 400 |U/kg significantly decreased the
inflammatory process and combated MOD after endotoxaemia induc-
tion in the studied sheep (Tables 1-3; p < 0.05). According to our
results, UFH at 400 IU/kg had anti-inflammatory properties superior
to 200 1U/kg.

IFN-y is the only member of class Il IFNs and is important for both
innate and adaptive immunity against viral and intracellular bacterial
infections. The role of IFN-y in the immune system is owing to its abil-
ity to directly inhibit virus replication as well as its immune-stimulating
and regulating effects (Parameswaran & Patial, 2010; Schroder et al.,
2004). IFN-y reduced in the UFH 200 and UFH 400 after the drugs
were administered to these groups. Following the therapy, the con-
centrations of this cytokine in the UFH 400 were significantly lower
than those in the UFH 200 (Table 1; p < 0.05). Since IFN-y is a
marker of inflammation and APR, its substantial reduction follow-
ing UFH administration at 400 1U/kg, when compared to other drug-
receiving ewes, may suggest that UFH has the potential to reduce
inflammation following endotoxaemia in this Ovine endotoxaemia

model.
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Hp is an acute phase protein that has been proposed as a stress
biomarker in animals (Eckersall and Bell, 2010). Hp is synthesized in
the liver and is a key acute phase protein in several animal species. The
amount of Hp in the bloodstream of ruminants is usually negligible,
but it increases more than 100-fold once the immune system is stim-
ulated (Eckersall and Bell, 2010; George & Sack, 2018). Several studies
have highlighted the significance of Hp as a useful para-clinical parame-
ter for assessing the occurrence and severity of inflammatory diseases
in sheep (Chalmeh et al., 2014). Serum Hp determination has shown
that this protein can be useful in the diagnosis of infection and inflam-
matory conditions. According to Chalmeh et al. (2013), serum concen-
trations of Hp increased significantly after inducing endotoxaemia in
sheep. UFH decreased the circulating levels of Hp following the start of
the treatments in the current study; however, UFH at 400 IU/kg sig-
nificantly reduced the concentrations of this protein as compared to
the UFH 200 group (Table 1; p < 0.05). This may explain why heparin
has anti-inflammatory properties that help to reduce the inflammation
caused by endotoxaemia.

The pro- and antioxidants could be used to measure oxidative stress.
MDA is a pro-oxidant derived from lipid peroxidation; however, it
is a weak indicator of oxidative damage (Tsikas, 2017). Nonetheless,
we employed this parameter to assess lipid peroxidation. Endogenous
antioxidants are a network of substances in the body that can deal
with an oxidative assault. Antioxidant enzymes are a form of endoge-
nous antioxidant. Since other forms of antioxidants are not taken into
account, assessing the enzymes alone cannot decide the status of
antioxidants throughout the body (Valko et al., 2007). As a result, by
assessing TAS, it would be possible to determine the combined action
of all the antioxidants present in the target samples (Erel, 2004). In
the current research, circulating levels of TAS significantly reduced
after endotoxin infusion with the lowest levels observed 24 hours
after endotoxaemia induction in the Ctrl+ ewes (Table 1; p < 0.05).
These findings indicated that the major evolving patterns of TAS are
consumptive during APR after endotoxaemia induction. Following the
therapies, TAS levels increased and at hour 24, these levels were sim-
ilar to those in the baseline in the UFH 200 and UFH 400 groups.
The current study found that the serum concentration of oxidative
stress biomarkers in the UFH 400 ewes was not significantly different
from that in the Ctrl- sheep at hour 24 (Table 1; p > 0.05). This result
could be explained through UFH'’s efficacy in decreasing reactive oxy-
gen species pathways; thus, modulating oxidative stress could be done
more potently by UFH at 400 IU/kg than 200 1U/kg.

Examining circulating cardiovascular biomarkers may also provide
useful information about the cardiovascular health. Several studies
have reported that once myocardium and endothelium are impaired,
circulating levels of cTnl and enzymes like LDH augment (Aldous,
2013). Endotoxaemia can affect physiological cardiovascular functions;
accordingly, cardiovascular isoenzymes and biomarkers alter (Chalmeh
et al., 2014). As a result, these diagnostic biomarkers are useful param-
eters in the early detection of cardiovascular complications caused by
ischaemia, injury, or inflammation. The literature describes the changes
in cardiac injury biomarkers following endotoxaemia induction in farm

animals (Chalmeh et al., 2014; Peek et al., 2008). Serum concentrations

of cardiovascular biomarkers increased rapidly and significantly at
hour 1.5 after endotoxaemia induction (Table 2; p < 0.05) and remained
elevated in the Ctrl+ ewes until hour 24. The emergence of cTnls as
the gold standard, as well as responsive and precise biochemical mark-
ers of myocardial injuries, has helped the diagnosis and management
of myocardial injuries over the recent years (Aldous, 2013). The rise in
cTnl immediately after LPS administration in the current study could
indicate myocardial injuries during endotoxaemia. Increased cTnl have
been linked to a variety of animal cardiac disorders. Serum cardiac LDH
levels significantly increased 1.5 hours after endotoxin infusion in all
the endotoxin-receiving sheep (Table 2; p < 0.05). In the Ctrl+ animals,
high concentrations of these enzymes were observed at all the hours
after endotoxaemia induction and remained elevated up to hour 24
after endotoxin administration. LDH is a cytoplasmic enzyme found in
the heart, skeletal muscle, liver, kidney and red blood cells. This enzyme
is a marker of increased cellular damage and its increased activity is a
result of its increased release from damaged cells, as well as a reflection
of metabolic changes in inflamed tissues, specifically the heart (Aldous,
2013). Damage to the skeletal or heart musculature causes a signifi-
cant rise in serum LDH levels since the majority of the vessels in the
body can be thought of as a sufficient reservoir of enzymes liable to
be released and identified during pathological situations. As a result,
any damage to the vasculature could trigger enzyme leakage, mak-
ing it a valuable tool in the early detection of pathological conditions
(Pourjafar et al., 2013).

The findings in the current study indicated that circulating car-
diovascular biomarkers significantly increased after endotoxaemia
induction in the sheep receiving endotoxin, reflecting the severe
cardiovascular damage in this acute inflammatory state. UFH reduced
cardiovascular biomarkers and UFH at 400 1U/kg was significantly
more effective than UFH at 200 IU/kg. Hence, it is possible to state
that UFH is of anti-inflammatory effects on reducing cardiovascular
damage and dysfunction in endotoxic sheep.

Liver plays an important role in protective responses to scavenge
bacteria and the development of inflammatory mediators during the
endotoxaemia (Yao et al., 2013). Endotoxaemia-related liver dysfunc-
tion has been historically thought to be a late feature of serious illness,
manifesting as jaundice and hyperbilirubinaemia (Lida et al., 2009).
Recent studies, however, have identified liver dysfunction as an early
event in endotoxaemia (Marshall, 2012). As a result, it is critical to
comprehend the pathophysiological changes leading to endotoxaemia-
related liver dysfunction, which has been characterized as a combina-
tion of cellular injury and increased inflammation. Endotoxaemia may
cause damage to hepatocytes. This damage is caused by hypoperfusion
in the presence of hypovolaemia and insufficient cardiac performance
and could be repaired quickly with supportive therapy (Rivera et al.,
2003). This injury is distinguished through the leak of transaminase
enzymes, which represents acute cellular and mitochondrial dam-
ages. According to the literature, ALT is rapidly elevated following
an episode of hypotension or shock (Kobashi et al., 2013). When the
underlying path was reversed, ALT levels dropped dramatically in a
matter of days. Septic shock combined with hypoxic hepatitis can

lead to fulminant hepatic failure, which often results in disseminated
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intravascular coagulation and bleeding. Lactate and amino acid
clearance, on top of protein synthesis, reduces after hepatic injuries
caused by endotoxaemia. Gluconeogenesis and glycogenolysis are
also reduced and hypoglycaemia may occur. In endotoxaemia, jaundice
is much more prevalent than hypoxic hepatitis. Jaundice is usually
a late complication of serious endotoxaemia. However, even in the
absence of fever or leukocytosis, jaundice may occur at an early stage
of endotoxaemia (Famularo et al., 2003); hence, serum bilirubin is the
most commonly used biomarker for detecting hepatic dysfunction
during sepsis (Patel et al., 2013). Bilirubin levels, on the other hand, lack
precision in reflecting the broad range of liver dysfunction and distin-
guishing an acute reaction from a pre-existing organ chronic disease.
The obtained results herein revealed that serum levels of ALT and total
bilirubin increased significantly after endotoxaemia induction (Table 2;
p < 0.05) and this pattern persisted to hour 24 in the Ctrl+ ewes. Thus,
endotoxaemia can cause hepatocyte damage, resulting in an increase
in ALT and total bilirubin. Furthermore, owing to the anti-inflammatory
properties of the used drugs in this research, UFH prevented further
liver damage. In the studied endotoxic sheep, the concentrations of
circulating ALT and total bilirubin decreased greatly. According to the
current findings, UFH at 400 1U/kg had a greater potency to reduce the
concentrations of ALT, and total bilirubin, thereby preventing further
damage to the liver.

Creatinine, a waste product of phosphocreatine catabolism, is
primarily filtered by the kidney though a limited amount is deliberately
secreted. While there is some tubular reabsorption of creatinine, this
is offset by nearly equal amounts of tubular secretion. Any increase in
creatinine levels in the blood is related to excretion and, thus, indicates
kidney dysfunction. However, in case of extreme renal impairment,
creatinine clearance may be overestimated due to active creatinine
secretion, which accounts for a greater fraction of overall creatinine
cleared. Higher levels of it than normal could indicate dehydration
(Uchino, 2010). Understanding the effects of endotoxaemia on renal
blood flow, glomerular filtration rate, renal vasculature and tubular
function is critical for identifying potential intervention targets to
reduce the complications of endotoxaemia-induced acute renal failure
(Wanget al.,2010). In the current study, all the endotoxic sheep had sig-
nificantly higher circulating creatinine levels after endotoxin infusion
(Table 2; p < 0.05). The creatinine rise in this work was most likely due
to endotoxin damage to renal tissue and its inability to expel creatinine
from the body. Since all the animals in our study received intravenous
fluids, an increase in blood creatinine after endotoxaemia could not
be attributed to dehydration in the endotoxin-receiving ewes. 4.5 and
6 hours after endotoxaemia induction, serum creatinine concentra-
tions in the UFH 400 group were significantly lower than those in the
UFH 200 (Table 2; p < 0.05). As a result, UFH at 400 1U/kg was able to
minimize renal failures following endotoxaemia in the sheep and this
capacity may be on account of its anti-inflammatory properties.

The body temperature increases after endotoxin administration and
it is a right pyrogenic reaction (Centanni, 1984). Small doses of endo-
toxin induce a monophasic fever response in common laboratory ani-
mals whereas moderate to large doses can induce a biphasic fever

response. The initial fever response, which is caused by a direct impact

on the thermoregulatory centre in the hypothalamus, is thought to
have a 1-hour latency period. If a second high occurs, it appears 4
hours after the endotoxin is administered (Coskun et al., 2020). Endo-
toxaemia causes fever and in the current study, the rectal temperature
of the endotoxic sheep increased significantly after endotoxin infusion
(Table 3; p < 0.05). Following drug administrations, this clinical param-
eter decreased significantly in the treatment groups. At hours 4.5 and
6, the rectal temperature in the UFH 400 was significantly lower than
that in the UFH 200. Rectal temperatures at hour 24 after endo-
toxin infusion did not vary significantly between the groups. Based
on the findings, we could conclude that UFH at 400 1U/kg was more
potent in reducing inflammatory and pyrogenic processes than UFH at
200 IU/kg.

HR fluctuations are a physiological phenomenon primarily regu-
lated by the autonomic nervous system. Therefore, HR monitoring is a
non-invasive method that could be utilized to investigate the complex
equilibrium of sympathetic and parasympathetic activities. It has been
demonstrated that HR analysis is a sensitive method for studying the
autonomic nervous system in animals and detecting discrete changes in
sympathetic-parasympathetic balance, particularly, vagal function. The
inflammatory response and the autonomic nervous system are inextri-
cably related. The acute response to endotoxaemia involves improve-
ments in the autonomic nervous function as well as activation of innate
immune mechanisms (Chalmeh et al., 2014). Measuring HR has been
suggested to provide insight into the acute effect of sympathetic and
cholinergic anti-inflammatory pathways. In the current research, HRs
increased substantially after the induction of endotoxaemia. Nonethe-
less, at hours 4.5 and 6 after endotoxin infusion, this parameter was sig-
nificantly lower in the UFH 400 group than that in the UFH 200 ewes
(Table 3; p < 0.05). The decreasing trend of HR in this group might be
linked to lowering APR and balancing the autonomic nervous system.

Endotoxin has a significant impact on the structure and function
of the lungs. Endotoxin causes both noticeable and subtle effects on
the workings of the airways and the pulmonary circulation. These
side-effects include diffuse lung inflammation and pulmonary vascular
endothelial damage. Endotoxin can also cause endothelial cell damage
invitro (Rojas et al., 2013). In this study, RR increased significantly dur-
ing endotoxaemia and decreased following the therapeutic regimens.
The lowest RR was observed in the UFH 400 at hours 4.5 and 6 follow-
ing endotoxaemia induction (Table 3; p < 0.05), indicating that UFH has
anti-inflammatory effects on endotoxaemia in sheep.

Heparin-induced thrombocytopenia (HIT) may occur following hep-
arin administration, which can be fatal if left untreated. Platelet deple-
tion following thrombocytopenia may be rapid or delayed, but platelet
counts usually increase after discontinuation of heparin. Therefore, the
decision to re-administer heparin should be accompanied by platelet
counting and monitoring (Ahmed et al., 2007). There are few studies on
HIT in sheep (Connell et al., 2006). The sheep in this study had not pre-
viously received UFH and they did not receive UFH again after treat-
ment in this research, therefore, they were less likely to develop com-
plications from HIT. Platelet count was not performed in this study but
clinical observations after this experiment did not show any signs of
HIT in these sheep. Based on the present study, it can be stated that
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according to the method used in this research, UFH can be used due to
its anti-inflammatory properties in endotoxic sheep.

5 | CONCLUSIONS

In conclusions, we shed light on the fact that UFH acts as an anti-
inflammatory mediator in sheep by decreasing inflammatory cytokines
and acute phase proteins, modulating oxidative stress biomarkers and
lowering MOD after E. coli serotype O55:B5-induced endotoxaemia.
Furthermore, the anti-inflammatory effects of UFH at 400 1U/kg were
substantially higher than those of UFH at 200 |U/kg; this exhibited the
dose-dependent action of this drug. The current study found that UFH
has therapeutic effects in the treatment of Ovine endotoxaemia as an
inflammatory model. It is possible that the findings be applied to the
treatment of other inflammatory conditions and further studies are
needed. This research examined the effect of two doses of UFH and
higher doses may have more anti-inflammatory effects that require fur-

ther studies.
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