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Abstract

Sepsis, a result of a hyperreaction of the immune system to acute infection, has been recognized as a significant health-
care challenge due to the considerable associated morbidity and mortality. In this study, the antisepsis effects of bovine
lactoferrin (bLF) and metoprolol were evaluated in a lipopolysaccharide (LPS)-induced sepsis model in mice. Eighty
mice were divided into two equal groups and received LPS or PBS inoculation. Prior to LPS/PBS inoculation, each group
was further divided into four equal groups to receive saline solution (SS), metoprolol, bLF, or bLF + metoprolol. Mouse
survival was monitored at 0, 3, 24, 48 and 96 h after LPS/PBS inoculation, and blood was collected for inflammatory
cytokine and lactate measurements. Morphological and structural changes in vital organs, such as the heart, kidney, and
liver, were recorded. The survival rates of septic mice treated with metoprolol, bLF, and bLF + metoprolol significantly
improved compared to those of mice treated with SS. The levels of inflammatory cytokines and lactate decreased in the
bLF and bLF +metoprolol groups, and tissue injury was diminished in all groups compared with septic LPS-SS mice. This
study shows an antisepsis effect of bLF against LPS-induced sepsis in mice, an effect that is boosted in combination with

metoprolol, indicating a novel option to prevent or treat sepsis.
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Introduction

Sepsis is a serious medical condition that involves a sys-
temic inflammatory response against microbial infections
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(Rello et al. 2017). This condition represents one of the lead-
ing causes of death among hospitalized patients, causing the
deaths of 250,000 individuals in the USA and 30-40% of
annual mortality worldwide (Camacho-Gonzalez et al. 2013;
Hajj et al. 2018). Microbial pathogens that can cause sepsis
include fungi, viruses, and bacteria, in particular Gram-
negative bacteria (Bizzarro et al. 2005). Moreover, specific
bacterial structures, such as lipopolysaccharides (LPS)
and lipoteichoic acid, found in Gram-negative and Gram-
positive bacteria, respectively, are often reported to cause
sepsis by dysregulating immune system responses by high
production of pro-inflammatory cytokine (Liu et al. 2017).
Cytokines plays a central role in sepsis process, they medi-
ate the response of infection but in sepsis there an overreac-
tion, and TNF, IL-6, IL-1, IL-8 are associated with systemic
inflammatory response syndrome (SIRS), they participate
in activating endothelial cells to stimulate the synthesis of
chemokines to attract immune system cells, secretion of
procoagulant factors and in endothelial cell dysfunction/
necrosis to increase vascular permeability and nitric oxide
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production (Kellum et al. 2007). On the other hand, anti-
inflammatory cytokine as IL-10, they are secreted to try to
block the action of pro-inflammatory cytokine and modu-
late the overreaction response (Chousterman et al. 2017).
The pathogenesis of sepsis, in addition to immune system
dysfunction and inflammatory response, involves oxidative
stress, endothelial dysfunction, and coagulative disorders
(Zhou et al. 2019). As consequence of it, some biomarkers
will be elevated in blood, one of the most important is lac-
tate, the high blood levels of lactate in sepsis are associated
with higher risk of mortality (Toffaletti 1991), in fact the
blood lactate levels are the most widely utilized biomarker
that indicate injury and organ dysfunction in sepsis (Billeter
et al. 2009). The early detection of biomarkers related of
sepsis are very important to choose the correct treatment to
patients, including those involving antibiotics, steroids, res-
veratrol, and beta blockers (B-blockers), such as propranolol
and metoprolol (van Loon et al. 2018; Zhou et al. 2019).

Metoprolol has been shown to attenuate the effects of
sepsis through immune-modulating effects, regulation of
the cardiovascular system, coagulopathy, and attenuation of
the hypermetabolic state (van Loon et al. 2018).

Despite the availability of multiple strategies to treat
this pathology, patient deaths from sepsis remain high. The
challenge of developing more effective therapeutic methods
is complicated by the roles the host immune system plays
in the progression of local infection and eventual systemic
dissemination. Compounds that modulate oxidative stress
and inflammation and regulate host immune responses may
improve patient outcomes. Lactoferrin (LF), a nonheme and
cationic glycoprotein with high affinity to iron, represents
a promising strategy for the development of new antisepsis
therapies (Zagulski et al. 1989). LF is naturally produced
by the mammary gland and secondary granules of neutro-
phils and has been classified as a multifunctional protein
presenting, among other functions, antibacterial, antitumor
and antioxidant activities (Baggiolini et al. 1970; Masson
and Heremans 1971). Moreover, it has been suggested that
LF can exert immunomodulatory activity by the regulation
of both innate and adaptive immune responses with the acti-
vation of natural killer cells, neutrophils, lymphocytes and
immune cell recruitment and the modulation of cytokine/
chemokine production (Fischer et al. 2006; Kuhara et al.
2006; Wakabayashi et al. 2006). All these LF functions rely
on not only its capacity to sequester iron but also its prop-
erty to interact with the molecular and cellular components
of both the host and pathogens, including LPS and its recep-
tor (Elass-Rochard et al. 1995). Zagulski et al. reported that
LF treatment protected mice receiving a lethal dose of Esch-
erichia coli in an experimental infection model (Zagulski et
al. 1989). Guillén et al. investigated the response to Staphy-
lococcus aureus infection in transgenic mice carrying a
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functional human LF gene, with transgenic mice having bet-
ter bacterial clearance than their congenic littermates, which
was further associated with trends of reduced incidence
rates of septicemia and mortality (Guillen et al. 2002).

To further elucidate the immunomodulatory activity of
LF and the relationship with sepsis prevention, we evaluated
the antisepsis effect of bLF and the beta blocker metoprolol
in an LPS-induced sepsis mouse model by determining the
mouse survival rate, the levels of lactate and cytokines, and
the structural changes in the heart, kidney, and liver.

Materials and Methods
Mouse Studies

Studies were approved by the Research Committee of the
School of Medicine, Autonomous University of Sinaloa,
Mexico (SE-2018-037). All mice were 6- to 8-week-old
females weighing 20-25 g and had a Balb/CAnN Hsd back-
ground. Prior to treatment intervention, they were housed in
standard cages in a temperature- and light-controlled room
and fed ad libitum.

Mouse Treatments and Sample Collection

Eighty mice were randomly divided into two groups of 40
mice: one group was inoculated with lipopolysaccharide
(LPS) from E. coli O111:B4 (Sigma, Aldrich, St. Louis, Mis-
souri, United States) to induce sepsis, and the other group
was inoculated with phosphate-buffered saline (PBS). Prior
to LPS/PBS inoculation, both groups were divided into four
groups of 10 mice to receive one of four treatments: intra-
gastric saline solution, intraperitoneal metoprolol (Hikma
Pharmaceuticals, London, UK, 2.5 mg/kg), intragastric bLF
saturated at 20% iron (Nutriscience, Connecticut, USA,
1.95 mg/kg), or intragastric bLF + intraperitoneal metopro-
lol. Treatments were applied every 12 h for a total of 48 h.
The inoculated group then received intraperitoneal LPS
(20 mg/kg) and non-inoculated intraperitoneal PBS solution
(Fig. 1). The mouse survival rate was monitored at 0, 3, 24,
48, 72 and 96 h after LPS/PBS inoculation, and blood was
collected from the tail cut for lactate and cytokine measure-
ments. Mice were sacrificed by cervical dislocation, and
macroscopic analysis of damage in organs was made, them
the heart, liver, and kidney were collected for histological
analysis.

Cytokine Measurements

Blood samples were taken at 0, 3, 24, 48, and 96 h after LPS/
PBS inoculation and centrifuged at 1500 rpm for 10 min to
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Fig. 1 Experimental design. (A) Eighty mice were randomly divided into two equal groups to receive PBS or LPS, both groups were divided
into four groups and pretreated with saline solution, metoprolol, bLF, or bLF + metoprolol. (B) Treatments were applied every 12 h for a total of
48 h. Then mice were inoculated with intraperitoneal LPS or PBS, the mouse survival rate was monitored at 0, 3, 24, 48 and 96 h after LPS/PBS
inoculation, blood was collected for lactate and cytokine measurements. Mice were sacrificed and the heart, liver, and kidney were collected for
histological analysis. LPS, lipopolysaccharide; PBS, phosphate-buffered saline; bLF, bovine lactoferrin; Ip, intraperitoneal; Ig, intragastric.

obtain serum. Serum was used to measure pro- and anti-
inflammatory cytokines, including interleukin (IL) 2, 4, 6,
10, 17, tumor necrosis factor (TNF), and interferon y (INF
v), by flow cytometry (BD Accuri C6, New Jersey, USA)
using the CBA mouse Th1/Th2/Th17 cytokine kit (BD Bio-
science, New Jersey, USA) following the manufacturer’s
instructions.

Lactate Measurement

Serum lactate was determined using a lactate assay kit II
(Sigma-Aldrich, MAKO065) according to the manufacturer’s
protocol. Serum was first deproteinized with a 10-kDa cut-
off spin filter to remove lactate dehydrogenase. The lactate
reaction mixture, consisting of 50 ul of lactate reagent and
50 pl of filtered serum, was incubated at room temperature
in the dark for 30 min. Subsequently, absorbance was mea-
sured at 450 nm (A,s,) using a 96-well microplate reader
(Multiskan™ FC Microplate Photometer, ThermoFisher
Scientific, Helsinki, Finland), and the results were calcu-
lated using a lactate standard plot through linear regression
and expressed as mmol of lactate per liter of the sample
(mmol/L).

Histological Analysis

Liver, kidney, and heart tissues were collected from mice
at 24 h post-LPS/PBS inoculation and fixed in neutral-buff-
ered formalin. Fixed tissues were embedded in paraffin and
sectioned at 8-um thickness for hematoxylin-eosin staining.
Samples were sent to pathology services of Civil Hospital
of Culiacan for it analyze. Structural changes such as centri-
lobular necrosis, inflammatory infiltrate hemorrhagic con-
gestion in the liver; hypertrophy, myocarditis, and muscle
cell damage in the heart; and tubular necrosis and glomeru-
lar injury in the kidney of stained sections were examined
by a histologist to determine organ damage. Damage was
classified as follows: — null; + low; ++ moderate; and +++
high.

Statistical Methods

Statistical significance (p <0.05) was determined by a non-
parametric Kruskal-Wallis test. Kaplan-Meier method was
used to determine the survival rate of mice. All data were
analyzed using SigmaPlot version 12.0 (Sytastac Software
Inc. CA, USA).
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Fig. 2 Survival rates at 0, 24, 48, 72, and 96 h post-LPS/PBS inoculation of mice pretreated with saline solution, metoprolol, bLF, or bLF + meto-
prolol. All non-septic mice showed 100% survival. Septic mice treated with saline solution exhibited 40% decreased survival at 48 h after LPS
inoculation. Septic mice pretreated with metoprolol, bLF, or bLF +metoprolol exhibited 70%, 80%, and 90% survival at 48 h post-LPS inocula-
tion. Survival rate was estimated by Kaplan-Meier method LPS, lipopolysaccharide; PBS, phosphate-buffered saline; bLF, bovine lactoferrin.

Results

Bovine Lactoferrin And Metoprolol Increase The
Mouse Survival Rate in LPS-Inoculated Mice

To determine the antisepsis effect of bLF and metoprolol,
the mouse survival rate was first analyzed in septic (LPS-
inoculated mice) and non-septic mouse (PBS-inoculated
mice) mice treated with saline solution, metoprolol, bLF,
or bLF + metoprolol. Saline/septic mice exhibited a marked
decrease in the survival rate, reaching levels of 50% sur-
vival at 24 h of LPS inoculation. The metoprolol/septic,
bLF/septic, and bLF +metoprolol/septic mice had higher
survival rates than the saline/septic mice, with survival rates
of 70% with metoprolol and 90% with bLF and bLF + meto-
prolol. From 48 to 96 h, the bLF + metoprolol/septic mice
continued to have the highest survival rate (90%). All non-
septic mice had 100% survival independent of the treatment
(Fig. 2). By the Kaplan-Meier method, the survival of meto-
prolol + bLF/septic mice had was higher compared to bLF/
septic, metoprolol/septic, and saline solution/septic mice.
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Modulation of Inflammatory Cytokine Production
by Bovine Lactoferrin and Metoprolol in LPS/PBS-
Inoculated Mice

To evaluate the effect of bLF and metoprolol on reducing
the inflammatory response caused by sepsis, the levels of
proinflammatory (IL-2, IL-6, IL-17, TNF, and INF-y) and
anti-inflammatory (IL-4 and IL-10) cytokines were deter-
mined at 0, 3, 24, 48, and 96 h after LPS/PBS inoculation
(Fig. 3). Serum levels of pro- and anti-inflammatory cyto-
kines increased in saline solution/septic mice 3 h (IL-6,
IL-10, and TNF), and 24 h (IL-17 and IFN-y) after LPS
inoculation, the highest levels of cytokines are shown below
(pg/ml): 35,977.32, 2.34, 847.01, 302.81, and 99.43 for
IL-6, IL-17, TNF, INF-y and IL-10, respectively. After 24 h,
most of cytokines dropped significantly in septic groups
were treated, in comparison with saline solution/septic
mice. bLF + metoprolol/ septic mice decreased significantly
(p<0.05) the levels of IL-6 (16.65 vs. 10,838.30 pg/ml),
IL-10 (0.0001 vs. 39.83 pg/ml), TNF (25.92 vs. 258.02 pg/
ml) and IFN-y (0.36 vs. 302.81 pg/ml), in comparison with
saline solution/septic mice, (Fig. 3). In bLF/septic mice sig-
nificantly reduction was observed after 24 h of IL-6 (232.48
vs. 10,838.30 pg/ml), IL-10 (9.33 vs. 39.83 pg/ml), and
IFN-y (1.22 vs. 302.81 pg/ml) in comparison with saline
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Fig. 3 Regulation of serum IL-6, IL-17, IL-10, TNF, and IFNy at 0, 3, 24, 48, and 96 h post-LPS inoculation in mice pretreated with saline solu-
tion, metoprolol, bLF, or bLF + metoprolol. All three selected pretreatments resulted in reductions in IL-6, IL-17, IL-10, TNF, and IFNy expression
compared with saline solution LPS-septic mice. IL-2 and IL-4 were found below the limit of detection in all LPS-septic mice. PBS-inoculated
mice presented no alterations in cytokine levels. Differences between the saline solution group and the metoprolol, bLF, and bLF + metoprolol
groups were analyzed at 24 h post-LPS inoculation using the nonparametric Kruskal-Wallis test. p<0.05 was considered statistically significant

(significantly different values are shown in the main text).

solution/septic mice. On the other hand, metoprolol/septic
mice only decreased the IFN-y (2.13 vs. 302.81 pg/ml).
Additionally, after 24 h on ward, no significant difference
among groups was detected in terms of anti and pro inflam-
matory cytokines in comparison with saline solution/sep-
tic mice, (Fig. 3). Regarding IL-2 and IL-4, there were no
significant changes between mice and all non-septic mice
presented no alterations in cytokine levels (data not shown).

Bovine Lactoferrin and Metoprolol Decrease Lactate
Levels in LPS-Inoculated Mice

To further evaluate the antisepsis potential of bLF and meto-
prolol, lactate serum levels were determined at 3, 24, 48,
and 96 h after LPS inoculation (Fig. 4). Serum lactate levels
increased 3 h after LPS inoculation in saline solution/sep-
tic mice, with a value of 9.6 mmol/L. Septic mice treated
with metoprolol, bLF and bLF + metoprolol showed lower
levels (8.2, 5.6 and 5.5 mmol/L at 3 h after LPS inocula-
tion, respectively), although the differences were not signifi-
cant, in comparison saline solution/septic mice. From 3 to
96 h, no significant differences were found in lactate levels
among all the mice.

Protective Effect of bLF and Metoprolol on Sepsis-
Induced Damage in Heart, Liver, and Kidney Tissue

The organ-protective effect of bLF and metoprolol against
sepsis were first evaluated based on morphological changes
(Fig. 5). Septic mice treated with saline solution presented
inflammation in both the intestine and liver and necrosis in
the spleen, while treated with bLF and metoprolol presented
inflammation only in the intestine. No visible damage in
bLF + metoprolol/Septic mice was detected among different
organs, presenting similar size, color, and morphology to
the PBS/non-septic groups (Fig. 5). Organ damage was then
examined based on structural changes, and the results are
shown in Table 1. saline solution/septic mice had marked
organ damage presenting high centrilobular necrosis, high
inflammatory infiltrate, and high hemorrhagic congestion in
the liver; high hypertrophy, high myocarditis, and high mus-
cle cell damage in the heart; and moderate tubular necrosis
and moderate glomerular injury in the kidney. The metopro-
lol/septic and bLF/septic mice exhibited signs of reversal of
organ damage caused by sepsis, ranging overall from null
to moderate damage. bLF + metoprolol/septic mice showed
the highest protective effect, exhibiting low centrilobular
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Fig.4 Serum lactate levels at 0, 3, 24, 48, and 96 h post-LPS inoculation of mice pretreated with saline solution, metoprolol, bLF, or bLF + meto-
prolol. At 3 h post-LPS inoculation, metoprolol, bLF and bLF + metoprolol showed overall lower lactate levels, although not statistically signifi-
cant, than saline solution. Differences between the saline solution group and the metoprolol, bLF, and bLF + metoprolol groups were analyzed at
3 h post-LPS inoculation using the nonparametric Kruskal-Wallis test. p<0.05 was considered statistically significant.

necrosis, low inflammatory infiltrate, and low hemorrhagic
congestion in the liver; low hypertrophy, low myocarditis,
and null muscle cell damage in the heart; and low tubular
necrosis and null glomerular injury in the kidney, similar to
the non-septic mice.

Discussion

Despite significant scientific and clinical efforts, the number
of patients diagnosed with sepsis is increasing worldwide
(Paoli et al. 2018). Therefore, the development of novel
therapies is a paramount concern for the scientific commu-
nity. The present study shows that bLF and bLF in combina-
tion with metoprolol decrease the levels of proinflammatory
cytokines (after 24 h), lactate, and organ damage in a mouse
sepsis model. The immunomodulatory activity of bLF con-
tributed to the organ-protective effects exhibited by both the
bLF and bLF +metoprolol groups, as was observed in the
morphologies of the liver, kidney, and heart tissues. More-
over, bLF treatment increased the mouse survival rate, an
effect that was boosted when the mice were treated in com-
bination with metoprolol.

Sepsis and severe sepsis management remain major chal-
lenges for healthcare systems, with an estimation of more
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than 6.3 million deaths annually in developing countries (de
Souza et al. 2017). In this context, the search for novel and
effective therapies to face the challenges that sepsis poses is
of the utmost importance. In 1995, Dhainaut et al. studied
the immunomodulatory activity of a “humanized” monoclo-
nal antibody against human antitumor necrosis factor-alpha
(TNF-alpha) in patients with septic shock. They reported
a decrease in TNF-alpha levels after 30 min of antibody
inoculation, although mortality was found to be similar to
the placebo group (Dhainaut et al. 1995; Chen et al. 2019)
demonstrated that oral administration of Lactobacillus
rhamnosus reversed sepsis-induced microbiota dysbiosis in
an experimental model of sepsis (Chen et al. 2019).

In this study, using an LPS-induced mouse model of sep-
sis, it was shown that the administration of bLF increased
the survival rate in comparison to saline solution alone
(Fig. 2). The preventative effect of bLF on sepsis has been
suggested previously in different models. Akin et al. (2014)
determined increased sepsis prevention rates in premature
children taking LF (200 mg/day) in a placebo-controlled
trial, reporting 4.4 and 17.3 sepsis events/1000 patients per
day for LF and placebo, respectively (Akin et al. 2014).

Some of the antisepsis mechanisms known for LF are
bactericidal and bacteriostatic effects. Mosquito et al. (2010)
evaluated the bactericidal effect of bLF in a sepsis mouse
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Fig. 5 Macroscopic changes in organ tissues involved in the sepsis process in analyzed mice. From left to right: mice inoculated with PBS and
pretreated with saline solution; mice inoculated with LPS and pretreated with saline solution; metoprolol; bLF; and bLF + metoprolol. At 24 h
post-LPS/PBS inoculation, mice were opened, and the size, color and morphology of organs were analyzed in the (A) thoracic and abdominal cavi-
ties, (B) liver, and (C) spleen. Indication of inflammation: white arrow, Indication of necrosis: white arrowhead. LPS, lipopolysaccharide; PBS,

phosphate-buffered saline; bLF, bovine lactoferrin.

model inoculated with Salmonella enterica Typhimurim,
which resulted in a lower mortality rate than the control
(Mosquito et al. 2010). Similarly, the bactericidal effect
of bLF was previously reported by our group in an E. coli
0157:H7-infected mouse model. bLF produced a marked
decrease in bacterial density and a higher mouse survival
rate than the control (Flores-Villasenor et al. 2012). Using
LPS in this study negates the possibility of LF-derived bac-
teriostatic and bactericidal effects.

Moreover, LF has also shown significant immunomodu-
latory activity (Uchida et al. 1994; van de Graafet al. 1991).
During sepsis, LPS is bound on the surface of macrophages
to cluster of differentiation 14 (CD14) which facilities the
transfer of LPS to complex toll-like receptor 4 (TLR4)/

myeloid differentiation 2 (MD-2) protein, the complex rec-
ognizes the LPS, which triggering a signal cascade into de
macrophages to its activation, as result of it, starts the pro-
duction of proinflammatory cytokines (Wright et al. 1990).
In this study, bLF and the combination of bLF + metoprolol
decreased the production of IL-6, IL-10, IL-17, TNF, and
INFy (Fig. 3). Recent studies suggest that at least some
of the immunomodulatory effects of LF rely on its capac-
ity to form complexes with LPS blocking LPS-TLR4 or
CD14 interaction and thereby inhibiting macrophage acti-
vation and the production of cytokines (Kim et al. 2012;
Puddu et al. 2009). The results of the present study are in
line with those reported by Kruzel et al. 2002, in which LF
decreased IL-6 and TNFa levels in the serum of LPS-treated
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Table 1 Histological analysis of liver, heart, and kidney at 24 h post-PBS/LPS inoculation of mice pretreated with saline solution, metoprolol,

bLF, and bLF + metoprolol.

Group Treatment Liver Heart Kidney
Centrilobular Inflam- Hemorrhagic Hypertrophy Myocarditis Muscle Tubular Glo-
necrosis matory congestion cell necrosis meru-

infiltrate damage lar
injury

PBS Saline solution + + + + - - - _

Metoprolol + + - + - - - -
bLF - - - + - - - -
bLF + Metoprolol - - - + - - - -

LPS Saline solution +++ +++ +++ +4++ +4++ +++ ++ ++

Metoprolol + + + + ++ - + -
bLF ++ + + ++ + + + -
bLF + Metoprolol + + + + + - + _

Abbreviations: PBS: phosphate-buffered saline; LPS: lipopolysaccharide. Damage level: — null; + low; ++ moderate; and +++ high

mice (Kruzel et al. 2002). Moreover, in lactoferrin knock-
out mice infected with Staphylococcus mutans, intrave-
nous LF administration abrogated the overproduction of
the proinflammatory cytokines INFy, TNFa, IL-1 and IL-6
(Velusamy et al. 2014a).

Here, for the first time, the antisepsis effect of the com-
bination bLF +metoprolol was determined. This combina-
tion presented the highest immunomodulatory activity and
the best protective effect of the selected treatments, with the
highest mouse survival rate and the lowest production of
inflammatory cytokines. Although the underlying mecha-
nism by which B-blockers such as metoprolol decrease
cytokine levels has not been well elucidated, this effect has
been observed previously and can be partially explained by
the modulatory activity of metoprolol on the adrenergic sys-
tem and macrophage activity (Boost et al. 2007; Deng et al.
2004; Muthu et al. 2005; Novotny et al. 2009).

To further investigate the antisepsis effect of bLF and
metoprolol, lactate serum levels were determined in all
groups. Lactate is considered an important marker of tis-
sue damage associated with inflammation and mortality in
patients and has previously been shown to predict the occur-
rence and prognosis of sepsis (Filho et al. 2016; Nguyen
et al. 2004; Scott et al. 2017). Additionally, new treatment
strategies have focused on the clearance of lactate (Barze-
gar et al. 2016). In 2018, Xu J. et al. reported that ergos-
terol decreased lactate levels by more than 50% in septic
rats inoculated with LPS and modulated myocardial marker
enzymes altered by sepsis, such as CK and LDH (Xu et
al. 2018). The bLF + metoprolol group exhibited the most
marked decrease in lactate 3 h after LPS inoculation com-
pared to bLF or metoprolol alone (Fig. 4), which could be
the result of a synergistic effect on the immunomodulatory
activity of bLF and metoprolol.

Finally, the protective effect of lactoferrin and meto-
prolol against sepsis was directly determined in organs by
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measuring morphological and structural changes. Notably,
treatments that showed the highest immunomodulatory
activity and the lowest lactate levels (bLF and bLF + meto-
prolol) exhibited notably lower damage in the liver, heart,
and kidney (Table 1). This organ-protective effect of LF has
been previously observed in the liver and spleen of an LF
knockout mouse infected with Aggregatibacter actinomy-
cetemcomitans (Velusamy et al. 2014b).

The limitation of this study was that some mice had been
already dead before the time points of blood collection, also
then histological images were not included in the study.
Both facts could provide important information.

Conclusions

In conclusion, this study shows a protective effect of bLF
against LPS-induced sepsis in mice. Moreover, for the first
time, the synergic immunomodulatory activity between bLF
and metoprolol against sepsis, which exhibited the highest
protective effect, is shown. This synergism suggests that this
combination could represent a novel alternative therapy to
prevent or treat sepsis.

Acknowledgements We wish to thank CONACyT México and PRO-
FAPI-UAS for support through grants CB-2014-236546 and 2014/105
(NLS) and 2015/168 (JIMG). We wish to thank personal from CIASaP
for their technical support.

Author Contribution Jests Javier Martinez-Garcia and: Data cura-
tion, Writing-Original draft preparation, conceptualization; Adrian
Canizalez-Roman: Visualization, Investigation, Methodology; Uriel
A. Angulo-Zamudio and Jorge Velazquez-Roman: Formal analysis,
Data curation; Héctor Flores-Villasefior and Marco A. Valdez-Flores:
Writing- Reviewing and Editing; Efren Rios-Burguefio, David Moran-
Portela: Supervision, Validation and Reviewing; Nidia Leon-Sicairos:
Writing-Original draft preparation, conceptualization, Project admin-
istration, Funding acquisition. All authors contributed to the writing of
the final manuscript.



International Journal of Peptide Research and Therapeutics

Page90of 10 141

Data Availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Conflict of interest None of the authors have any proprietary interests
or conflicts of interest related to this submission.

References

Akin IM et al (2014) Oral lactoferrin to prevent nosocomial sepsis
and necrotizing enterocolitis of premature neonates and effect on
T-regulatory cells. Am J Perinatol 31:1111-1120. doi:https://doi.
org/10.1055/s-0034-1371704

Baggiolini M, De Duve C, Masson PL, Heremans JF (1970) Asso-
ciation of lactoferrin with specific granules in rabbit heterophil
leukocytes. J Exp Med 131:559-570

Barzegar E, Ahmadi A, Mousavi S, Nouri M, Mojtahedzadeh M
(2016) The Therapeutic Role of Vasopressin on Improving Lac-
tate Clearance During and After Vasogenic Shock: Microcircula-
tion, Is It The Black Box? Acta Medica Iranica 54:15-23

Billeter A, Turina M, Seifert B, Mica L, Stocker R, Keel M (2009)
Early serum procalcitonin, interleukin-6, and 24-hour lactate
clearance: useful indicators of septic infections in severely trau-
matized patients. ] World journal of surgery 33:558-566

Bizzarro MJ, Raskind C, Baltimore RS, Gallagher PG (2005) Sev-
enty-five years of neonatal sepsis at Yale: 1928-2003. Pediatrics
116:595-602. doi:https://doi.org/10.1542/peds.2005-0552

Boost KA et al (2007) The beta-adrenoceptor antagonist propranolol
counteracts anti-inflammatory effects of isoflurane in rat endo-
toxemia. Acta Anaesthesiol Scand 51:900-908. doi:https://doi.
org/10.1111/j.1399-6576.2007.01363 x

Camacho-Gonzalez A, Spearman PW, Stoll BJ (2013) Neonatal infec-
tious diseases: evaluation of neonatal sepsis Pediatric. Clin North
Am 60:367-389. doi:https://doi.org/10.1016/j.pc1.2012.12.003

Chen L, Li H, Li J, Chen Y, Yang Y (2019) Lactobacillus rhamnosus
GG treatment improves intestinal permeability and modulates
microbiota dysbiosis in an experimental model of sepsis. Int J
Mol Med. doi:https://doi.org/10.3892/ijmm.2019.4050

Chousterman BG, Swirski FK, Weber GF (2017) Cytokine storm and
sepsis disease pathogenesis. Semin Immunopathol 39:517-528.
doi:https://doi.org/10.1007/s00281-017-0639-8

de Souza DC, Barreira ER, Faria LS (2017) Epidemiol Sep-
sis  Child Shock 47:2-5.  doi:https://doi.org/10.1097/
SHK.0000000000000699

Deng J, Muthu K, Gamelli R, Shankar R, Jones SB (2004) Adrenergic
modulation of splenic macrophage cytokine release in polymicro-
bial sepsis. Am J Physiol Cell Physiol 287:C730-736. doi:https://
doi.org/10.1152/ajpcell.00562.2003

Dhainaut JF et al (1995) CDP571, a humanized antibody to human
tumor necrosis factor-alpha: safety, pharmacokinetics, immune
response, and influence of the antibody on cytokine concentra-
tions in patients with septic shock. CPD571 Sepsis Study Group
Critical care medicine 23:1461-1469

Elass-Rochard E et al (1995) Lactoferrin-lipopolysaccharide interac-
tion: involvement of the 28-34 loop region of human lactoferrin
in the high-affinity binding to Escherichia coli 055B5 lipopoly-
saccharide The Biochemical journal 312 (Pt 3):839-845

Filho RR, Rocha LL, Correa TD, Pessoa CM, Colombo G, Assun-
cao MS (2016) Blood Lactate Levels Cutoff and Mortality
Prediction in Sepsis-Time for a Reappraisal? a Retrospective.

Cohort Study Shock 46:480-485. doi:https://doi.org/10.1097/
shk.0000000000000667

Fischer R, Debbabi H, Dubarry M, Boyaka P, Tome D (2006) Regula-
tion of physiological and pathological Thl and Th2 responses by
lactoferrin Biochemistry and cell biology = Biochimie. et Biol
cellulaire 84:303-311. doi:https://doi.org/10.1139/006-058

Flores-Villasenor H, Canizalez-Roman A, Velazquez-Roman J, Nazmi
K, Bolscher JG, Leon-Sicairos N (2012) Protective effects of
lactoferrin chimera and bovine lactoferrin in a mouse model of
enterohaemorrhagic Escherichia coli O157:H7 infection Bio-
chem. Cell Biol 90:405-411. doi:https://doi.org/10.1139/011-089

Guillen C et al (2002) Enhanced Thl response to Staphylococcus
aureus infection in human lactoferrin-transgenic mice. J Immunol
168:3950-3957

Hajj J, Blaine N, Salavaci J, Jacoby D (2018) The “Centrality of
Sepsis”: A Review on Incidence, Mortality, and Cost of Care
Healthcare (Basel, Switzerland) 6 doi:https://doi.org/10.3390/
healthcare6030090

Kellum JA et al (2007) Understanding the inflammatory cyto-
kine response in pneumonia and sepsis: results of the Genetic
and Inflammatory Markers of Sepsis (GenIMS). Study Arch
Intern Med  167:1655-1663.  doi:https://doi.org/10.1001/
archinte.167.15.1655

Kim CW, Lee TH, Park KH, Choi SY, Kim J (2012) Human lactofer-
rin suppresses TNF-alpha-induced intercellular adhesion mole-
cule-1 expression via competition with NF-kappaB in endothelial
cells. FEBS Lett 586:229-234. doi:https://doi.org/10.1016/j.
febslet.2011.12.011

Kruzel ML, Harari Y, Mailman D, Actor JK, Zimecki M (2002) Dif-
ferential effects of prophylactic, concurrent and therapeutic lacto-
ferrin treatment on LPS-induced inflammatory responses in mice.
Clin Exp Immunol 130:25-31

Kuhara T, Yamauchi K, Tamura Y, Okamura H (2006) Oral administra-
tion of lactoferrin increases NK cell activity in mice via increased
production of IL-18 and type I IFN in the small intestine. J inter-
feron cytokine research: official J Int Soc Interferon Cytokine Res
26:489-499. doi:https://doi.org/10.1089/jir.2006.26.489

Liu YC, Yu MM, Shou ST, Chai YF (2017) Sepsis-Induced Cardiomy-
opathy: Mechanisms and Treatments Frontiers in immunology 8.
1021. https://doi.org/10.3389/fimmu.2017.01021

Masson PL, Heremans JF (1971) Lactoferrin in milk from different
species Comparative biochemistry and physiology B. Comp Bio-
chem 39:119-129

Mosquito S, Ochoa TJ, Cok J, Cleary TG (2010) Effect of bovine
lactoferrin in Salmonella ser. Typhimurium infection in mice
Biometals: an international journal on the role of metal ions in
biology, biochemistry. and medicine 23:515-521. doi:https://doi.
org/10.1007/s10534-010-9325-1

Muthu K, Deng J, Gamelli R, Shankar R, Jones SB (2005) Adrenergic
modulation of cytokine release in bone marrow progenitor-derived
macrophage following polymicrobial sepsis. J Neuroimmunol
158:50-57. doi:https://doi.org/10.1016/j.jneuroim.2004.08.003

Nguyen HB, Rivers EP, Knoblich BP, Jacobsen G, Muzzin A, Ressler
JA, Tomlanovich MC (2004) Early lactate clearance is associated
with improved outcome in severe sepsis and septic shock. Crit
Care Med 32:1637-1642

Novotny NM et al (2009) beta-Blockers in sepsis: reexamin-
ing. Evid Shock 31:113-119. doi:https://doi.org/10.1097/
SHK.0b013e318180ffb6

Paoli CJ, Reynolds MA, Sinha M, Gitlin M, Crouser E (2018)
Epidemiology and Costs of Sepsis in the United States-An
Analysis Based on Timing of Diagnosis and Severity Level.
Crit Care Med 46:1889-1897. doi:https://doi.org/10.1097/
ccm.0000000000003342

@ Springer


http://dx.doi.org/10.1097/shk.0000000000000667
http://dx.doi.org/10.1097/shk.0000000000000667
http://dx.doi.org/10.1139/o06-058
http://dx.doi.org/10.1139/o11-089
http://dx.doi.org/10.3390/healthcare6030090
http://dx.doi.org/10.3390/healthcare6030090
http://dx.doi.org/10.1001/archinte.167.15.1655
http://dx.doi.org/10.1001/archinte.167.15.1655
http://dx.doi.org/10.1016/j.febslet.2011.12.011
http://dx.doi.org/10.1016/j.febslet.2011.12.011
http://dx.doi.org/10.1089/jir.2006.26.489
http://dx.doi.org/10.3389/fimmu.2017.01021
http://dx.doi.org/10.1007/s10534-010-9325-1
http://dx.doi.org/10.1007/s10534-010-9325-1
http://dx.doi.org/10.1016/j.jneuroim.2004.08.003
http://dx.doi.org/10.1097/SHK.0b013e318180ffb6
http://dx.doi.org/10.1097/SHK.0b013e318180ffb6
http://dx.doi.org/10.1097/ccm.0000000000003342
http://dx.doi.org/10.1097/ccm.0000000000003342
http://dx.doi.org/10.1055/s-0034-1371704
http://dx.doi.org/10.1055/s-0034-1371704
http://dx.doi.org/10.1542/peds.2005-0552
http://dx.doi.org/10.1111/j.1399-6576.2007.01363.x
http://dx.doi.org/10.1111/j.1399-6576.2007.01363.x
http://dx.doi.org/10.1016/j.pcl.2012.12.003
http://dx.doi.org/10.3892/ijmm.2019.4050
http://dx.doi.org/10.1007/s00281-017-0639-8
http://dx.doi.org/10.1097/SHK.0000000000000699
http://dx.doi.org/10.1097/SHK.0000000000000699
http://dx.doi.org/10.1152/ajpcell.00562.2003
http://dx.doi.org/10.1152/ajpcell.00562.2003

141 Page 10 of 10

International Journal of Peptide Research and Therapeutics

Puddu P, Valenti P, Gessani S (2009) Immunomodulatory effects of
lactoferrin on antigen. presenting cells Biochimie 91:11-18.
doi:https://doi.org/10.1016/j.biochi.2008.05.005

Rello J, Valenzuela-Sanchez F, Ruiz-Rodriguez M, Moyano S (2017)
Sepsis: A Review of Advances in Management Advances.
in  therapy  34:2393-2411. doi:https://doi.org/10.1007/
$12325-017-0622-8

Scott HF, Brou L, Deakyne SJ, Kempe A, Fairclough DL, Bajaj
L (2017) Association Between Early Lactate Levels and
30-Day Mortality in Clinically Suspected Sepsis in Children.
JAMA  Pediatr  171:249-255.  doi:https://doi.org/10.1001/
jamapediatrics.2016.3681

Toffaletti JG (1991) Blood lactate: biochemistry, laboratory methods,
and clinical interpretation. J Crit reviews Clin Lab Sci 28:253-268

Uchida K, Matsuse R, Tomita S, Sugi K, Saitoh O, Ohshiba S (1994)
Immunochemical detection of human lactoferrin in feces as a new
marker for inflammatory gastrointestinal disorders and colon can-
cer. Clin Biochem 27:259-264

van de Graaf EA, Out TA, Kobesen A, Jansen HM (1991) Lactofer-
rin and secretory IgA in the bronchoalveolar lavage fluid from
patients with a. stable asthma Lung 169:275-283

van Loon LM, van der Hoeven JG, Lemson J (2018) Hemodynamic
response to beta-blockers in severe sepsis and septic shock: A
review of current literature. J Crit Care 50:138—143. doi:https://
doi.org/10.1016/j.jcrc.2018.12.003

Velusamy SK, Fine DH, Velliyagounder K (2014a) Prophylactic effect
of human lactoferrin against Streptococcus mutans bacteremia

@ Springer

in lactoferrin knockout mice. Microbes Infect 16:762-767.
doi:https://doi.org/10.1016/j.micinf.2014.07.009

Velusamy SK, Poojary R, Ardeshna R, Alabdulmohsen W, Fine DH,
Velliyagounder K (2014b) Protective effects of human lactoferrin
during Aggregatibacter actinomycetemcomitans-induced bacte-
remia in lactoferrin-deficient mice Antimicrobial. Agents Che-
mother 58:397-404. doi:https://doi.org/10.1128/AAC.00020-13

Wakabayashi H, Takakura N, Yamauchi K, Tamura Y (2006) Modu-
lation of immunity-related gene expression in small intestines
of mice by oral administration of lactoferrin Clinical and vac-
cine immunology. CVI 13:239-245. doi:https://doi.org/10.1128/
CVI1.13.2.239-245.2006

Wright SD, Ramos RA, Tobias PS, Ulevitch RJ, Mathison JC (1990)
CD14, a receptor for complexes of lipopolysaccharide (LPS) and
LPS binding protein. Science 249:1431-1433. doi:https://doi.
org/10.1126/science.1698311

Xu J, Lin C, Wang T, Zhang P, Liu Z, Lu C (2018) Ergosterol Attenu-
ates LPS-Induced Myocardial Injury by Modulating Oxidative
Stress and Apoptosis in Rats Cellular. Physiol Biochem 48:583—
592. doi:https://doi.org/10.1159/000491887

Zagulski T, Lipinski P, Zagulska A, Broniek S, Jarzabek Z (1989) Lac-
toferrin can protect mice against a lethal dose of Escherichia coli
in experimental infection in vivo. Br J Exp Pathol 70:697-704

Zhou J, Yang D, Liu K, Hou L, Zhang W (2019) Systematic review and
meta-analysis of the protective effect of resveratrol on multiple
organ injury induced by sepsis in animal models. Biomedical Rep
10:55-62. doi:https://doi.org/10.3892/br.2018.1169

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this arti-
cle is solely governed by the terms of such publishing agreement and
applicable law.


http://dx.doi.org/10.1016/j.micinf.2014.07.009
http://dx.doi.org/10.1128/AAC.00020-13
http://dx.doi.org/10.1128/CVI.13.2.239-245.2006
http://dx.doi.org/10.1128/CVI.13.2.239-245.2006
http://dx.doi.org/10.1126/science.1698311
http://dx.doi.org/10.1126/science.1698311
http://dx.doi.org/10.1159/000491887
http://dx.doi.org/10.3892/br.2018.1169
http://dx.doi.org/10.1016/j.biochi.2008.05.005
http://dx.doi.org/10.1007/s12325-017-0622-8
http://dx.doi.org/10.1007/s12325-017-0622-8
http://dx.doi.org/10.1001/jamapediatrics.2016.3681
http://dx.doi.org/10.1001/jamapediatrics.2016.3681
http://dx.doi.org/10.1016/j.jcrc.2018.12.003
http://dx.doi.org/10.1016/j.jcrc.2018.12.003

	﻿Lactoferrin and Metoprolol Supplementation Increase Mouse Survival in an Experimental LPS-Induced Sepsis Model
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Mouse Studies
	﻿Mouse Treatments and Sample Collection
	﻿Cytokine Measurements
	﻿Lactate Measurement
	﻿Histological Analysis
	﻿Statistical Methods

	﻿Results
	﻿Bovine Lactoferrin And Metoprolol Increase The Mouse Survival Rate in LPS-Inoculated Mice
	﻿Modulation of Inflammatory Cytokine Production by Bovine Lactoferrin and Metoprolol in LPS/PBS-Inoculated Mice
	﻿Bovine Lactoferrin and Metoprolol Decrease Lactate Levels in LPS-Inoculated Mice
	﻿Protective Effect of bLF and Metoprolol on Sepsis-Induced Damage in Heart, Liver, and Kidney Tissue

	﻿Discussion
	﻿Conclusions
	﻿References


