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Abstract
In this study, the effect of lactoferrin (LF) on adenosine deaminase (ADA) activity, nitric oxide (NO) and liver enzyme levels were investigated in 
lipopolysaccharide (LPS)-induced experimental endotoxemia model in rats. Forty Sprague Dawley female rats were divided into four groups 
as control, LF (20 mg/kg, i.p.), LPS (20 µg/kg, i.p.) (E. coli type 0111:B4) and LF+LPS (20 mg/kg LF+20 µg/kg LPS, i.p.). For a week, LF was given 
daily, while LPS was given a single dose. Liver adenosine deaminase, nitric oxide and liver enzymes (aspartate aminotransferase ‘AST’, alanine 
aminotransferase ‘ALT’ and gamma glutamyltranspeptidase ‘GGT’) levels of animals sacrificed six hours after LPS injection were determined. 
It was found that ADA activity, considered to be a marker of cellular immunity, and NO levels increased in LPS-induced endotoxemia and LF 
supplementation decreased these levels significantly (P<0.001). There was no statistically significant difference between liver ALT, AST and 
GGT activity levels of all groups, but serum AST and GGT activity levels were significantly higher (P<0.001 and P<0.05, respectively) in the 
LPS group than in the other groups, and LF supplementation significantly reduced these enzyme levels. As a result, it can be said that LPS 
increases ADA synthesis and NO release and LF acts as an anti-inflammatory and immunosuppressor in stimulating immune response.
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Ratlarda Lipopolisakkarit İndüklü Deneysel Endotoksemi Modelinde 
Adenozin Deaminaz, Nitrik Oksit ve Karaciğer Enzimleri Üzerine 

Laktoferrinin Koruyucu Etkisi

Öz
Bu çalışmada, ratlarda lipopolisakkarit (LPS) ile indüklenen deneysel endotoksemi modelinde laktoferrin (LF)’in adenozin deaminaz (ADA) 
aktivitesi, nitrik oksit (NO) ve karaciğer enzim düzeyleri üzerine etkisi araştırılmıştır. Çalışmada 40 adet Sprague Dawley dişi rat kontrol, 
LF (20 mg/kg, ip), LPS (20 µg/kg, ip) (E. coli tip 0111: B4) ve LF+LPS (20 mg/kg LF+20 µg/kg LPS, ip) olmak üzere dört gruba ayrıldı. Bir 
hafta boyunca LF hergün verilirken, LPS tek doz uygulandı. LPS enjeksiyonundan 6 saat sonra sakrifiye edilen hayvanların karaciğer ADA 
aktivitesi, NO düzeyleri ve karaciğer enzim (aspartat aminotransferaz ‘AST’, alanin aminotransferaz ‘ALT’ ve gama glutamiltranspeptidaz ‘GGT’) 
aktiviteleri belirlendi. Hücresel immunitenin bir belirteci olan ADA aktivitesi ve NO düzeyleri LPS indüklü endotoksemide arttı ve LF takviyesi 
bu düzeyleri önemli şekilde azalttı (P<0.001). Tüm grupların karaciğer ALT, AST ve GGT aktivite düzeyleri arasında istatistiksel olarak önemli 
bir fark görülmezken, LPS grubunda serum AST ve GGT aktivite düzeyleri diğer gruplara kıyasla önemli şekilde daha yüksekti ve laktoferrin 
takviyesi bu düzeyleri önemli ölçüde azalttı (sırasıyla P<0.001 ve P<0.05). Sonuç olarak, LPS’nin ADA sentezini ve NO salımını arttırdığı ve 
LF’nin immün yanıtı uyarmada antienflamatuar ve immün baskılayıcı görev gördüğü söylenebilir.
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INTRODUCTION
Lactoferrin (LF) is an iron-binding single-chain glyco-
protein of the transferrin gene family, weighing 80-kDa [1]. 
Lactoferrin is a multifunctional protein that plays a role in 
many physiological processes such as regulation of iron 
metabolism, defense against a wide range of microbial 
infections, regulation of cell growth and differentiation, 
cancer prevention and metastasis [1,2]. Also, it is used in 
both health and industry because of its antiinflammatory, 
antifungal, antibacterial, antimicrobial, immunomodulatory, 
antioxidant and even antineoplastic properties.

Systemic status of bacterial infection is called sepsis and 
gram (-) bacterial endotoxin in circulation is called endo-
toxemia. As a systemic inflammatory response to infection, 
sepsis describes a complex clinical syndrome. The sepsis 
progressively results in septic shock, multiple organ failure, 
and ultimately death. Bacteria, viruses, fungi and parasites 
can cause septic shock and result in a mortality rate of 
around 20-80%. Lipopolysaccharide (LPS) is a group of 
substances in the glycolipid structure obtained from the 
cell wall of gram-negative bacteria, used in experimental 
animal septic shock models [3].

Lactoferrin binds to endothelial cells with specific affinity 
and crosses from the apical to the abluminal surface 
without being degraded, possibly via caveolae. Although 
the effect of LF on endothelial cells is not yet known, LF 
increases the production of nitric oxide, a vasodilating 
agent produced from endothelial cells, from macrophages. 
Adenosine deaminase (ADA), a key enzyme in purine 
metabolism, is considered to be a marker of cellular 
immunity. ADA activity has been demonstrated during the 
activation period of autoimmune diseases and has been 
reported to be associated with highly impaired cellular 
and humoral immunity, developmental retardation and 
serious infections [4,5]. LF can prevent the development of 
tissue damage caused by inflammation and the release of 
pro-inflammatory cytokines and reactive oxygen species, 
thanks to its antimicrobial activity and the ability to bind 
components of bacterial cell walls (LPS) or their receptors [6]. 
The mechanism of interaction between LF and LPS has not 
yet been understood. New studies are needed to better 
understand its activity and interactions to enable safe use 
of LF in clinical and veterinary medicine. In this study, it 
was aimed to investigate the effect of LF on adenosine 
deaminase, nitric oxide and liver enzymes in LPS-induced 
experimental endotoxemia model in rats.

MATERIAL and METHODS
Animal

The required permission for the study was obtained by 
the Local Ethics Committee of Kafkas University Animal 
Experiments (Approval No: KAU-HADYEK/2015-018). 
Housing, maintenance, and experimental procedures were 

carried out at Kafkas University Experimental Animals 
Production and Experimental Research Center. During the 
experiment, the subjects were placed in cages in a 12-h 
light and 12-h dark cycle and to reach food and water 
whenever they wanted. The rats were housed in plastic 
cages with chip shafts and five rats in each cage during 
the trial period.

Experimental Design

Forty Sprague Dawley female 6 months old rats were used 
in the study. Subjects were randomly distributed to four 
groups and rats were weighed for dose calculations. The 
rats were as follows: Control (n=10), LF (n=10), LPS (n=10), 
and LF + LPS (n=10) groups. During the experiment, saline 
was administered intraperitoneally to the control group 
daily for one week. Group II was given LF (20 mg/kg i.p.) 
once a day for one week. Group III received LPS (20 µg/
kg i.p. (E. coli type 0111:B4)) single dose. Group IV was 
given LF (20 mg/kg i.p.) once a day for one week with 
lipopolysaccharide (20 µg/kg i.p.) single dose. Six hours 
after a single dose of lipopolysaccharide injection, animals 
were sacrificed under anesthesia and the intracardiac 
blood samples from animals were centrifuged at 3000 rpm 
and +4°C for 15 min to separate the serum. Liver tissues 
were stored to be used in subsequent analyzes.

Determination of Nitric Oxide Level

Nitric oxide concentrations in liver tissue were determined 
using a spectrophotometer (PowerWave XS, BioTek, Vermonts, 
USA) by the method of Miranda et al.[7]. The samples were 
de-proteinized with 10% zinc sulphate. Total NO (nitrate 
and nitrite) concentrations were measured colorimetrically 
by acidic Griess reaction via reaction involving reduction 
of nitrate to nitrite by vanadium (III) chloride.

Adenosine Deaminase Activity Assay

Adenosine deaminase activity in liver samples was 
performed according to the method of Giusti and Galanti [8]. 
Adenosine, used as a substrate, was incubated with the 
sample at 37°C for 30 min. The ammonia formed forms 
blue indophenol in the presence of sodium hypochlorite 
and phenol in alkaline medium. In this experiment where 
sodium nitroprusside has a catalyst effect, the ammonia 
concentration is directly proportional to the absorbance 
of indophenol. Briefly, 1 mL of phosphate buffer and 50 
µL of distilled water into the reagent blind tube, 1 mL 
ammonium sulfate and 50 µL distilled water into the 
standard tube, 1 mL adenosine solution and 50 μL sample 
into the sample tube, 1 mL of adenosine solution was 
added to the sample blind tube. After the test tubes were 
closed, they were incubated in a 37°C incubator for 1 h  
and 3 mL of phenol/nitroprusside solution was added. 
After adding 0.05 mL of sample to the sample blind tube,  
3 mL of alkaline hypochlorite solution was added to all 
tubes. The tubes were closed again and incubated at 
37°C for 30 min. After incubation, the absorbance of the 
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tubes against the blind was read at 625 nm. One unit of 
ADA activity was defined as the amount of enzyme that 
releases 1 μmol of ammonia from adenosine per minute. 
ADA activities of the groups were expressed as U/mg 
protein, divided by the amount of protein.

Determination of Aspartate Aminotransferase 
(AST), Alanine Aminotransferase (ALT) and Gamma 
Glutamyltranspeptidase (GGT) Activities

The serum and liver aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and gamma glutamyl-
transpeptidase (GGT) activities were determined colori-
metrically using commercial kits (ERBA Diagnostics, Miami, 
Florida, ABD).

Determination of Total Protein

Liver total protein concentration was determined by the 
Bradford method using bovine serum albumin (BSA) as the 
standard at 595 nm.

Statistical Analysis

Statistical analysis of the data obtained from the study was 
done using SPSS Windows 16.0 package program (SPSS 

Inc.). Mean values between groups were determined by 
one-way analysis of variance (ANOVA) and differences 
between groups by Duncan test. Data (n=10) are expressed 
as mean±SD values.

RESULTS

Liver NO levels increased significantly in LPS group 
compared to other groups (P<0.001) (Fig. 1). The NO levels 
in control, LF and LF+LPS groups were statistically similar. 
Liver ADA activity levels, considered to be a marker of 
cellular immunity, increased significantly in LPS group 
compared to other groups (P<0.001) (Fig. 2). The ADA 
activity levels of other groups were statistically similar.

Serum AST and GGT activity levels were significantly 
higher in the LPS group than in the other groups, and 
LF supplementation significantly reduced these enzyme 
levels (P<0.001 and P<0.05, respectively). Serum ALT activity 
level was significantly higher (P<0.05) in the LPS group, but 
it was not statistically significant even though ALT activity 
decreased with lactoferrin supplementation. AST, ALT and 
GGT activities were significantly lower in the LF group 
compared to the LPS group (Fig. 3-A). When liver ALT, AST 

Fig 1. The eff ects of lactoferrin on liver nitric oxide levels in 
LPS-induced experimental endotoxemia model. Data (n=10) 
are expressed as mean±SD values. The difference between 
the groups indicated by diff erent letters (a and b) is statistically 
significant (P<0.001)

Fig 2. The effect of lactoferrin on liver adenosine deaminase 
activity levels in LPS-induced experimental endotoxemia model. 
Data (n=10) are expressed as mean±SD values. The diff erence 
between the groups indicated by diff erent letters (a and b) is 
statistically significant (P<0.001)
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and GGT activity levels of all groups were compared, it was 
not statistically significant (Fig. 3-B).

DISCUSSION
Lipopolysaccharide, the main outer membrane component 
of gram-negative bacteria, causes many pathophysiological 
processes such as fever, hypotension, disseminated intra-
vascular coagulation, and multiple organ failure. When the
history of sepsis is examined, there are many diagnostic 
approaches from microbiological evaluation of infection 
to the use of prognostic biomarkers. The main therapeutic 
approach to sepsis in recent years is intravenous immuno-
globulin therapy and appropriate antibiotic use.  LF binding 
to LPS causes bacterial surface damage and the binding 
to free LPS neutralizes its pro-infl ammatory eff ects. Thus, 
LF is a potential adjunctive agent for infl ammation and 
endotoxemia/sepsis [9]. LF, a major component produced 
from LF neutrophils, increases in bacterial infection sites [10,11].
Studies have reported that there is a direct binding 
between LF and LPS in LF-mediated LPS inhibition based on 
molecule-molecule interactions [12-15]. LF has been reported to 
interfere with intracellular events leading to nuclear factor 
kappa B (NF-κB) activation, inhibiting cytokine production 
and inhibiting LPS-induced cytokine gene expression 
within 2 h by inhibiting NF-κB binding to DNA [3].  LF from 
porcine-20 (LF-20), one of the anti-microbial peptides 
containing 20 amino acids, has been reported to inhibit 
the response to LPS-induced infl ammation by inhibiting 
MyD88/NF-κB and MyD88/MAPK signaling pathways [16]. 
Although LF is a glycoprotein that plays an important role 
in immunomodulation, its mechanism of action has not 
been fully explained yet. In this study, the eff ect of LF on 
ADA activity, NO and liver enzyme levels were investigated 
in an experimental endotoxemia model in rats.

Adenosine deaminase, a key enzyme in purine metabolism, 

is an enzyme that catalyzes the conversion of adenosine 
and 2‘-deoxyadenosine to inosine and 2‘-deoxynosine, 
respectively. ADA activity in humans is higher in thymus, 
spleen, lymph node, bone marrow and peripheral blood 
lymphocytes. ADA1, which has a low molecular weight 
of two isoforms, is found in the thymus, erythrocyte and 
heart, while ADA2 in high molecular weight is found in the
liver, kidneys and intestines. ADA2 is also the dominant 
enzyme form in human blood plasma. ADA activities 
detected in T lymphocytes are higher than B lymphocytes, 
but there is a significant increase in ADA activity during
T cell differentiation [17]. The ADA reaction is of great 
importance in controlling the intracellular concentration 
of adenosine. Since this reaction catalyzed by ADA is
irreversible, it constitutes the control step in the destruction 
of adenosine. Increasing intracellular levels of adenosine 
and deoxyadenosine is toxic, and ADA plays an important 
role in regulating the intracellular levels of these nucleo-
sides [18]. It is known that ADA activity increases during 
the mutagenic defense of the cell and is responsible 
for the proliferation and differentiation of lymphocytes 
and monocytes. ADA inhibition has been associated 
with lower plasma-mediated reactive oxygen species 
(ROS) production. In one study, incubation of neutrophils 
in plasma has been reported to increase total ADA activity 
10 times from 1.3 U/mL to 12 U/mL [19]. ADA activity has 
been demonstrated in the autoimmune disease period 
such as typhoid, infectious mononucleosis, brucellosis, 
acute pneumonia, tuberculosis, sarcoidosis, liver diseases, 
acute leukemia, cancer, rheumatoid arthritis, systemic 
lupus erythematosus, psoriasis and Behçet disease [4]. ADA 
deficiency has been reported to be associated with lympho-
penia, severely impaired cellular and humoral immunity, 
developmental retardation, and severe infections [5]. 

Nitric oxide is a signaling molecule that acts as an endocrine 
molecule in recent years [20]. During inflammation, NO 

The Protective Effect of Lactoferrin on ...

Fig 3. The eff ect of lactoferrin on AST, ALT and GGT activity levels in LPS-induced experimental endotoxemia model. A: Serum AST, ALT 
and GGT activity levels (P<0.05). B: Liver AST, ALT and GGT activity levels (Non-signifi cant). Data (n=10) are expressed as mean±SD values. 
The diff  erence between the groups indicated by diff erent letters (a, b and c) is statistically significant
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is increased by inducible nitric oxide species (iNOS) and 
activated by cytokines and reacts with superoxide anions 
leading to formation of peroxinitrite radical [21] and free 
radicals [22]. In a study conducted on CaCo-2 and RAW 246.7 
cell lines, it was reported that recombinant LF (rLF) and its 
hydrolysates were effective in decreasing interleukin 8 
and production of ROS in relieving the response to LPS-
induced inflammation. Also, rLF did not affect the NO 
content in CaCo-2 monolayers [19]. The studies reported 
here indicate that recombinant human LF is effective in 
modulating the inflammatory responses of CD14+ and 
CD16+ macrophages during low and high stimulating 
conditions [23]. NO levels and ADA activity were increased 
in patients with Entamoeba coli, Enterobius vermicularis, 
Giardia intestinalis, Demodex spp., hydatid cyst and 
Toxoplasma gondii serum positive compared to control [24].

Adenosine and its receptors have been reported to increase 
nitric oxide production in LPS -treated RAW 264.7 cells. 
Increased NO production by adenosine was inhibited by 
adenosine uptake inhibitors, such as dipyridamole, S(4-
nitrobenzyl)-6-thioinosine and S(4-nitrobenzyl)-6-thio- 
guanosine [25]. In doxorubicin-induced cardio toxicity, ADA 
and NO levels were observed to be significantly higher 
than control. Erdosteine, which is given as a protector 
in cardiac toxicity, did not change the ADA activity, but 
significantly decreased the NO level in rats [26]. Akinyemi 
et al.[27] show that significantly increased adenosine 
deaminase activity with cadmium-induced renal toxicity 
in rats decreased curcumin. It was observed that cadmium 
toxicity decreased kidney nitric oxide level and this level 
increased with curcumin supplementation. The ADA activity 
and NO levels were examined by giving glutathione to 
rabbits at certain hours (0. 3. 6. and 12.) and no change 
was observed in plasma ADA levels. However, NO levels 
decreased significantly at 3. and 6. hours with significant 
glutathione supplementation [28]. In the study, it was 
found that ADA activity and NO levels increased in LPS-
induced endotoxemia model and LF supplementation 
decreased these levels significantly (P<0.001). It can be 
said that LPS increases ADA synthesis and NO release and 
LF acts as an anti-inflammatory and immunosuppressor 
in stimulating immune response. Excessive amounts of 
neutrophils, macrophages, lymphocytes and eosinophils  
are produced as a response to microorganisms [20]. LPS 
stimulates immune responses and proinflammatory 
mediator secretion by monocytes, macrophages, and 
neutrophils, which are recruited into specific host tissues 
by LPS exposure [29,30]. The levels of TNF-α, IL-1b, IL-6, IL-8 
and NO have been shown to increase during infection [20]. 
In a previous study, it was found that total oxidant capacity 
and NO was higher after the injection of LPS and total 
antioxidant capacity was demonstrated with a reduction 
in response to LPS in mice [31].

The alanine aminotransferase “ALT”, alkaline phosphatase 
(ALP), and GGT enzymes are used to evaluate the functions 

of the liver and high levels of these enzymes increase risk 
of disease and all-cause mortality. In clinical practice, they 
are used as an indicator of damage in a spectrum ranging 
from inflammation to necrosis rather than indicating 
liver function [32]. In the presented study, there was no 
statistically significant difference between liver ALT, AST 
and GGT activity levels of all groups, but serum AST and 
GGT activity levels were significantly higher in the LPS 
group than in the other groups, and LF supplementation 
significantly reduced these enzyme levels. AST, ALT, and 
GGT activities were significantly lower in the LF group 
comparing to the LPS group.

As a result, LF showed a protective effect by reducing ADA 
synthesis and NO release in the LPS-induced experimental 
endotoxemia model. LPS increases ADA activity and NO 
levels and LF plays a complex role in modulating the 
inflammatory response. The results showed that ADA 
and NO may have the potential to become a marker in 
endotoxemia.
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