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Abstract

Hyperlipidemia is a medical condition that can trigger various diseases, one of which is a
neurodegenerative or neurological disease. Lactoferrin is known to have multiple protective
activities, one of which is antioxidant. This study aimed to determine the potential of lactoferrin
bovine to decrease brain MDA levels in Sprague-Dawley (SD) rats induced by hyperlipidemia.
This study was an in vivo experimental study using 24 male SD rats divided into six groups:
normal, negative control, positive control, low-dose bovine lactoferrin (LLF), intermediate-
dose bovine lactoferrin (ILF), and high-dose bovine lactoferrin (HLF). The diet in the normal
group was the standard diet, and the other groups were induced by a high-fat diet (HFD). The
intervention for the positive control group was simvastatin. In contrast, LLF, ILF, and HLF
groups were given bovine lactoferrin doses of 100, 200, and 400 mg/kg BW, respectively. After
seven weeks, all rats were necropsied, and their brains were taken to be tested for
malondialdehyde (MDA) levels with an MDA assay kit using a spectrophotometer. Data was
then analyzed using the Shapiro-Wilk and Levene test, which was continued with one-way
ANOVA and post-hoc Tukey test. There were significant differences (p<0.05) between the
negative control group (269.99+13.50 nmol/g weight) and every bovine lactoferrin group
(219.92+22.99 nmol/g weight, 151.60£23.43 nmol/g weight, 158.16+12.33 nmol/g weight,
respectively) in reducing brain MDA levels. In summary, all bovine lactoferrin groups (100,
200, and 400 mg/kgBW) significantly reduced brain MDA levels of SD rats in hyperlipidemia
conditions.
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1. INTRODUCTION

Hyperlipidemia is one of the conditions that need attention and caution. Based on
Indonesia Basic Health Research in 2018, data on the population in Indonesia aged >15 years
with a high proportion of total cholesterol levels (>240 mg/dl) was 7.6%, low HDL (high-
density lipoprotein) levels (<40 mg/dl) was 24.3%, high LDL (low-density lipoprotein) levels
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(160-189 mg/dl) was 9.0%, and high triglyceride levels (200-499 mg/dl) was 13.8% (National
Institute of Health Research and Development Indonesian Ministry of Health, 2018).
Hyperlipidemia is characterized by increased serum total cholesterol, LDL, triglyceride, or even
a decrease in HDL levels (Nelson, 2013; Yang et al., 2017). Currently, statin (HMG-CoA
reductase inhibitor) is recommended as the first-line treatment in most hyperlipidemia patients
(Grundy et al., 2019). However, taking a statin cannot be separated from the side effects, such
as rhabdomyolysis, diarrhea, myopathy, hepatotoxicity, and increased risk of diabetes (Pinal-
Fernandez et al., 2018).

High cholesterol and increased free cholesterol levels induce oxidative stress, forming
reactive oxygen species (ROS) (Amiya, 2016; Dias et al., 2014). In addition, the structure of
the lipid raft, which is part of the cell membrane, will also be disturbed (Amiya, 2016). The
continuous increase in intracellular ROS levels will cause the formation of oxidative stress,
disrupting the body's cellular working mechanism (Forrester et al., 2018; Rodwell et al., 2015).
Oxidative stress in hyperlipidemia can cause disturbances and damage various body organs,
such as the heart, liver, kidneys, and brain (Chan et al., 2015; Shichiri, 2014). Oxidative stress
plays a role in developing various diseases, including neurodegenerative or neurological
diseases, such as Alzheimer's, Parkinson's, Huntington's, and multiple sclerosis (Phaniendra et
al., 2015; Pizzino et al., 2017). The brain is the central nervous system (CNS), which is very
sensitive to oxidants due to the brain's high lipid content and oxygen demand, as well as low
antioxidant levels (Phaniendra et al., 2015). Some brain parts, like the hippocampus, prefrontal
cortex, substantia nigra, and corpus striatum, are sensitive to free radicals (Phaniendra et al.,
2015; Zlatkovi¢ et al., 2014).

ROS resulted in the formation of lipid peroxidation in cell membranes (Ayala et al.,
2014). Lipid peroxidation is a chain reaction due to the continuous formation of ROS/free
radicals that can potentially cause damage (Rodwell et al., 2015). Lipid peroxidation is formed
by an interaction between free radicals and polyunsaturated fatty acids, especially in
phospholipid membranes susceptible to free radicals (Catald & Diaz, 2016). Malondialdehyde
(MDA) is a secondary product of lipid peroxidation and has relatively stable properties, so it is
often used as a biomarker for lipid peroxidation. MDA reacts with thiobarbituric acid (TBA) to
produce a pink chromogen (Ayala et al., 2014).

Antioxidants can reduce or control lipid peroxidation levels (Rodwell et al., 2015).
Antioxidant activity can be found in lactoferrin (or lactotransferrin). Lactoferrin (Lf) is an iron-
binding glycoprotein with a molecular weight of about 80 kDa capable of binding two Fe** to
prevent the effects of oxidative stress. Lf can be found in cow's milk, neutrophil granules, or
secreted from the human body, such as colostrum, tears, saliva, genital secretion, and urine
(Kell et al., 2020; Superti, 2020).

Many studies have been carried out to assess the activity of various health markers, such
as in reducing blood total cholesterol and triglyceride levels (Jusni et al., 2022), serum 8-
isoprostane level (Faridvand et al., 2017), serum and liver MDA levels (Chen et al., 2016), and
serum homocysteine and leptin levels (Nozari et al., 2018), as well as its ability to increase
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serum Paraoxonasel level (Faridvand et al., 2017). These studies have highlighted the
antioxidant and anti-inflammatory properties of Lf. Unfortunately, there was a lack of research
on the effects of Lf on brain MDA levels. Therefore, this study aimed to determine the potential
of bovine lactoferrin (bLf) in reducing brain MDA levels of male Sprague-Dawley (SD) rats in
hyperlipidemia conditions. The findings of this study could suggest that Lf may serve as an
alternative treatment for hyperlipidemia with minimal side effects and easy accessibility.

2. MATERIALS AND METHODS
2.1. Ethical clearance
The experiment was conducted after approval by the Chairman of the Ethical Clearance

Commission of the School of Medicine and Health Sciences Atma Jaya Catholic University of
Indonesia (protocol number: 07/11/KEP-FKIKUAJ/2021), and all procedures have complied
with international standards for animal experimentation.

2.2. Research design
This experimental animal study was conducted at the Biochemistry and Pharmacology

Laboratory and Animal House School of Medicine Atma Jaya Catholic University of Indonesia,
Jakarta.

2.3. Sample size determination
The total number of rats used in this study was determined using the formula by Charan

and Khantaria (2013), i.e., E = total number of animals - total number of groups. E is considered
adequate between 10-20. A total of 24 rats were used in this study, comprising six groups. Thus,
the E value is 18, which is considered adequate for this study.

2.4. Study subjects
The subjects used for this experimental study were Sprague-Dawley (SD) rats aged five

weeks, weighing 150-200 g, and obtained from the Indonesian Food and Drug Administration
Laboratory Service. A total of 24 (n=24) male SD rats were randomly divided into six
experimental groups, each consisting of four (n=4) SD rats. One rat (n=1) is added as a reserve
in each group to prevent dropout. Thus, there were 30 (n=30) SD rats in this study. The first
group (normal group) was fed a standard rat diet. The second group (negative control/NC) was
fed with a high-fat diet (HFD) containing 15% sucrose, 5% cow's fat, and 80% quail egg yolk
at a dose equivalent to 1.5 g/150 g body weight (BW) per day and addition of 0.01%
propylthiouracil (PTU). The third group (positive control/PC) was given HFD, PTU, and 1.5
mg/150 gBW simvastatin. The fourth (low-dose bovine lactoferrin/LLF), fifth (intermediate-
dose bovine lactoferrin/ILF), and sixth (high-dose bovine lactoferrin/HLF) group were given
HFD, PTU, and bLf doses of 100, 200, and 400 mg/kg BW, respectively. Bovine lactoferrin
(bLf) was purchased from Xi’an Ruisaen Biotechnology Co., Ltd., as pinkish-white crystals
slightly soluble in water with 99% purity (RSN201119). All rats were also given drinking water
ad libitum and were acclimatized for five days before being treated. NC, PC, LLF, ILF, and
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HLF group rats were induced with HFD and PTU for 23 days to achieve hyperlipidemia. Then,
they proceeded with intervention (simvastatin or bL{f) for 26 days based on the provisions of
each group. Meanwhile, the normal group is given a standard rat diet for seven weeks (49 days).

2.5. Measurements and laboratory analysis
After seven weeks of research, four rats (n=4) from each group were necropsied to obtain

the rat's prefrontal cortex part of the brain to be tested for malondialdehyde (MDA) levels using
the MDA Assay Kit. MDA Assay Kit was obtained from Beijing Solarbio Science and
Technology. The components of the MDA Assay Kit were extraction reagent (liquid 50 mLx1),
reagent I (liquid 30 mLx1), reagent II (Powderx2), MDA working reagent (add 15 mL of
reagent [ to reagent Il and dissolve by heating at 70°C and mix thoroughly), and reagent II1
(liquid 10 mLx1).

Before being necropsied, the rats were anesthetized by intramuscular injection with
ketamine/xylazine. The brains taken were washed in ice-cold 0.9% NaCl, wiped with a paper
filter, and obtained the prefrontal cortex part weighing 0.1 g. The weighted brain was mixed
with 1 mL of extraction reagent to be homogenized on an ice bath and then centrifuged at 8000
xg for 10 minutes at 4°C using a Niive NF 800R centrifuge to obtain the supernatant. There
were two kinds of tubes used for testing in the spectrophotometer, namely test tube (mixture of
200 pL sample supernatant, 600 uL. MDA working reagent, and 200 pL reagent IIT) and blank
tube (mixture of 200 pL distilled water, 600 pL. MDA working reagent, and 200 pL reagent III).
The mixture was then incubated at 100°C for 60 minutes. Next, a centrifuge was done at 10.000
xg for 10 minutes at room temperature to remove insoluble materials. Finally, using a Shimadzu
UV-1900i spectrophotometer, we collected 200 pL of supernatant in a 1 mL glass cuvette to
measure the absorbance at 450, 532, and 600 nm. The MDA calculation formula (nmol/g
weight) follows what is stated in the MDA assay Kkit.

2.6. Statistical analysis
SPSS software version 23 was used for statistical analysis, and R-4.2.2 was used for

diagram visualization. Data results are presented as mean + SD. In this study, parametric
assumptions, including normality (Shapiro-Wilk) and homogeneity (Levene) test, were
satisfied (p>0.05). Thus, a parametric test was established using a one-way analysis of variance
(ANOVA) test for statistical significance analysis among the group means. The Tukey posthoc
test assessed the significance of differences between groups. In all instances, a p-value less
than 0.05 (p<0.05) was considered statistically significant.

3. RESULTS AND DISCUSSION
3.1. Results
This study showed that the ILF group had the lowest average brain MDA level, while the

NC group had the highest brain MDA level. The result of the ANOVA test in this study showed
significant differences between groups (p<0.05), so it could be continued with Tukey's post-
hoc test (Figure 1).
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Figure 1. ANOVA and Tukey's post-hoc test result on brain MDA levels in male Sprague-
Dawley rats brain (prefrontal cortex) after 49 days. Data results are presented as mean + SD,
and a p-value less than 0.05 (p<0.05) was considered statistically significant. Description:
Negative control (NC); Positive control (PC); 100 mg/kg (LLF); 200 mg/kg (ILF); and 400
mg/kg (HLF).

As shown in Figure 1, there was a significant difference (p<0.05) between the normal and
NC groups. Brain MDA levels showed a significant difference (p<0.05) between the NC group
and PC group and also the NC group and all bLf groups (LLF, ILF, and HLF groups). Figure 1
also showed that brain MDA level had a significant difference (p<0.05) between the PC group
and LLF group, where brain MDA level was lower in the PC group, while between the PC
group and ILF and HLF groups showed no significant difference (p>0.05). In addition,
differences were found significantly between the LLF ILF and HLF groups (p<0.05).

3.2. Discussion

In this study, the significant difference (p<0.05) between the normal group and NC group
indicates that inducing hyperlipidemia with a high-fat diet (15% sucrose, 5% cow’s fat, and
80% quail egg yolk) to increase brain MDA levels was successful. All bovine lactoferrin (bLf)
groups [LLF (100 mg/kgBW), ILF (200 mg/kgBW), and HLF (400 mg/kgBW)] were able to
reduce brain MDA levels of Sprague-Dawley (SD) rats in hyperlipidemia condition
significantly (p<0.05). The comparison between the PC group and all bLf groups shows that
the ILF and HLF groups cannot significantly reduce brain MDA levels in hyperlipidemia
(p>0.05) compared to the PC group. However, the PC group can significantly (p<0.05) reduce
brain MDA levels in hyperlipidemia conditions compared to the LLF group. Besides that, ILF
and HLF groups significantly reduced brain MDA levels in hyperlipidemia (p<0.05) than the
LLF group.
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Another published study supporting this study's results that the authors have conducted
with other students by testing various indicators in SD rats induced by HFD was from Jusni et
al. (2022), which showed that bLf doses of 100, 200, and 400 mg/kg BW could reduce rats'
blood total cholesterol and triglyceride levels in hyperlipidemia condition. Besides that, all
doses of bLf in the study also lowered the histopathological steatosis score and activated the
Kupffer cell score of rats' fatty liver induced by hyperlipidemia. Several previous studies have
also examined the activity of bLf as an antioxidant. However, they did not test brain MDA
levels, one of which was a study that has been conducted by Faridvand et al. (2017), which
showed that bLf at a dose of 200 mg/kg was able to reduce the value of 8-isoprostane and
increase the value of Paraoxonasel (PON1) in serum in a group of rats induced by high
cholesterol diet. 8-isoprostane can be used as a biomarker against lipid peroxidation or oxidative
stress (Chandra et al., 2016), and PON1 can act as an antioxidant to inhibit lipid peroxidation
(Wu et al., 2022). In addition, research by Chen et al. (2016) showed a significant decrease in
the mean value of serum and liver MDA levels after being given a low dose (0.5% bovine
lactoferrin) and also a high dose of bLf (1% bovine lactoferrin) in mice induced by high
cholesterol diet. Nozari et al. (2018) also conducted the effect of bLf at a dose of 200 mg/kgBW,
which could act as an antioxidant to significantly reduce or improve serum homocysteine and
leptin levels in rats induced by a high-cholesterol diet. Increased serum homocysteine and leptin
levels correlate with the formation of ROS or oxidative stress.

Lactoferrin can reduce MDA levels in hyperlipidemia because the brain augments the
expression of lactoferrin receptors in the brain. One of the conditions that can increase the
expression of lactoferrin receptors in the brain is a neurodegenerative disease (Khan et al., 2020;
Li & Guo, 2021). Lactoferrin (Lf) receptors are found on the intestinal mucosa, intestinal
lymphatic tissue cells, and BBB (blood-brain barrier) endothelial cells (Superti, 2020). Lf will
be digested in the stomach into smaller molecules after passing the oral route. The digestion
results will be absorbed by the intestines and transported through the bloodstream to the central
nervous system and ultimately to the brain. Lf is known to penetrate the BBB through a process
of transcytosis mediated by the Lf receptor (Khan et al., 2020; Superti, 2020).

Neurodegenerative diseases are associated with increased exposure to oxidative stress
(Phaniendra et al., 2015). Dysregulation of brain cholesterol levels in hyperlipidemia also
increases the risk of neurodegenerative diseases (Vance, 2012). This foundational theory is
supported by research conducted by Brooks et al. (2017), Chun et al. (2020), and Zhao et al.
(2017), which shows that the condition of hyperlipidemia/hypercholesterolemia can contribute
to the development of neurodegenerative diseases. On the other hand, this study showed a
significant difference (p<0.05) in brain MDA levels between the NC group and PC group,
which indicates that simvastatin has antioxidant activity to reduce brain MDA levels of SD rats
in hyperlipidemia conditions. A systematic review and meta-analysis by Zinellu et al. (2019)
also showed that statins could reduce systemic MDA levels. The study by Zhang et al. (2015)
also showed that simvastatin significantly reduces rabbits’ hippocampus MDA levels in
hypercholesterolemia.
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This study did not encounter any side effects in rats after being given bLf at doses of 100
mg/kgBW, 200 mg/kgBW, and 400 mg/kgBW, which is supported by the United States Food
and Drug Administration and has determined bLf as a food ingredient that is safe for
consumption or can be called GRAS (Generally Recognized as Safe) (Gaynor, 2015; Superti,
2020). One product is an isolate from whey protein derived from cows' milk with lactoferrin as
one of the primary ingredients. It has been used as a food ingredient for infants and toddlers
and has been designated GRAS (Gaynor, 2015). The highest dose studied in rats using the
product was up to 2,000 mg/kg BW by Forster et al. (2014), and no side effects were found in
rats in the study. Therefore, 2,000 mg/kgBW can still be defined as a NOAEL (no-observed-
adverse-effect level).

This study only measured MDA as the lipid peroxidation biomarker, even though other
lipid peroxidation biomarkers such as isoprostane and 4-hydroxynonenal (HNE) can be tested.
Therefore, we suggest testing other lipid peroxidation biomarkers in the brain in hyperlipidemia
conditions to obtain comparable results.

4. CONCLUSION

Bovine lactoferrin (bLf) doses of 100, 200, and 400 mg/kgBW significantly reduced
Sprague-Dawley rats' brain malondialdehyde (MDA) levels in hyperlipidemia conditions.
However, in this study, bLf doses of 200 and 400 mg/kgBW showed the potential to have the
same effect as simvastatin in reducing brain MDA levels.
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