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In the present study we examined whether oral administration of bovine lactoferrin (bLF) reduces plasma or hepatic triacylglycerol and
cholesterol in mice. When bLF mixed with a standard commercial diet (10 g/kg) was given to mice for 4 weeks, plasma triacylglycerol and
NEFA decreased, while plasma HDL-cholesterol levels increased (P,0·01). These changes in plasma lipid profiles were accompanied by
significant decreases in hepatic cholesterol and triacylglycerol contents. When mice were fed a high-fat diet containing 300·0 g lard, 10·0 g
cholesterol and 2·5 g bovine bile powder/kg for 4 weeks, bovine LF did not have any significant effects on plasma or hepatic cholesterol
and triacylglycerol concentrations. Furthermore, bLF had no significant effects on faecal excretion of total bile acids in mice. Interestingly,
bLF showed a suppressive effect on the lymphatic triacylglycerol absorption in chronically treated rats. We conclude that bLF has a ben-
eficial effect on plasma cholesterol levels and retards hepatic lipid accumulation in mice fed a standard diet.

Lactoferrin: Triacylglycerol: Hypercholesterolaemia: Cholesterol accumulation

Lactoferrin is an 80 kDa non-haem-Fe-binding, single-chain,
multifunctional glycoprotein, consisting of two lobes, each
of which binds a ferric ion. Virtually all body fluids contain
lactoferrin, but it is especially abundant in milk. In particular,
large quantities are found in the colostrum of such diverse
species as man, bovine animals, rhesus monkeys, mice and
sows (Masson et al. 1996). In addition, polymorphonuclear
leucocytes produce lactoferrin and store it in lactoferrin gran-
ules as maturation proceeds. A number of physiological roles
have been proposed for lactoferrin, including anti-inflamma-
tory, immunomodulatory, antimicrobial, antiviral and antic-
arcinogenic functions (Brock, 2002). Thus, lactoferrin is
regarded as a host-defence mediator. Furthermore, several
lines of evidence have demonstrated the occurrence of
specific lactoferrin receptors in a variety of cells, such as leu-
cocytes (van Snick & Masson, 1976), lymphocytes (Bennett
& Davis, 1981), hepatocytes (Debanne et al. 1985; Gijsbertus
et al. 1999) and endothelial cells (Fillebeen et al. 1999).
Recently Hayashida et al. (2003) reported that bovine lacto-
ferrin (bLF) possessed remarkable anti-nociceptive activity
in the rat spinal cord. Although lactoferrin receptors are
thought to be involved in mediating these multifunctional
activities, their physiological functions are still obscure.

Our attention has been focused on the effect of lactofer-
rin on lipid metabolism, because dyslipidaemia plays a

crucial role in both the onset and progression of CHD. It
was reported that ingestion of protein from milk especially
affects plasma lipid levels, and whey protein also tends to
lower plasma lipid levels (Zhang & Beynen, 1993).
Recently, it was shown that lactoferrin in liver cells
could bind to LDL receptor-related protein in the blood
(Huettinger et al. 1988; Ziere et al. 1992). Intravenous
injection of large amounts of lactoferrin inhibited the
LDL receptor-related protein-mediated uptake of ApoE-
containing lipoproteins such as chylomicron remnants and
VLDL (Huettinger et al. 1988; Crawford & Borensztajn,
1999). It has been suggested that amino acid sequences
rich in basic amino acids near the N-terminus of lactofer-
rin, and resembling the LDL receptor-related protein-bind-
ing sequence in ApoE, compete with ApoE in their
attempts to bind to LDL receptor-related protein (Huettin-
ger et al. 1988; Crawford & Borensztajn, 1999). Kajikawa
et al. (1994) reported that lactoferrin might compete with
the scavenger receptor of macrophages for binding to
modify LDL. This would resemble the cases of lactoferrin,
LDL receptor-related protein and ApoE mentioned earlier.

In the present study we investigated the effects of bLF
on lipid metabolism in mice given either a commercial
diet or a high-fat diet containing fat, cholesterol and
bile acid. Furthermore, we examined what may be the
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mechanism by which bLF suppresses plasma or hepatic
cholesterol and triacylglycerol and thereby improves
lipid metabolism.

Materials and methods

Diets

The diet in Expt 1 was a commercial diet powder (CE-2;
Nihon CLEA, Tokyo, Japan). bLF was purchased from
Tatua Biologics (Tatua, New Zealand). bLF was mixed
at a concentration of 10 g/kg standard commercial diet.

The diet in Expt 2 was based on the AIN 76A purified
rodent diet (Hokanson & Austin, 1996; Jeppesen et al.
1998). Table 1 shows the composition of each diet,
including the basal group, the basal þ bLF group, the
high-fat (HF) group, and the HF þ bLF group for Expt
2. The all four diets had equal amounts of casein. Both
cholesterol (Nacalai Tesque, Tokyo, Japan) and gall
extract powder (Wako Pure Chemical, Osaka, Japan)
were substituted for an equal weight of sucrose. In HF
diets, lard was increased to 300 g/kg by reducing sucrose
(2150 g/kg) and maize starch (2150 g/kg). bLF was
mixed at a concentration of 10 g/kg with the basal and
HF diets.

Animals

Male ICR strain mice, 5 weeks old, were purchased from
Tokyo Experimental Animal Co., Ltd (Tokyo, Japan).
Wistar–Imamichi strain male rats, 5 weeks old, were
obtained from the Institute of Animal Reproduction (Ibar-
agi, Japan). The animals were housed in an air-conditioned
room at 22^28C with a 12 h light–dark cycle (lights on
07.00 hours). The animals first were fed a commercial
diet (CE-2; Nihon CLEA) for 1 week while they became
acclimated to the environment. In the Expts 1 and 2, the
mice were then fed one of the test diets for 4 weeks with
free access to food and water. Body weight and food
intake were determined at 3 d intervals.

On day 28 the mice were fasted overnight and the next
day were anaesthetized with pentobarbital sodium

(Nembutal; Abbott, North Chicago, IL, USA), after
which blood was withdrawn by cardiac puncture with a
heparinized syringe. Immediately after killing, the liver
was weighed and two portions were removed: one from
the left lateral lobe and the other from the largest lobe.
The samples were weighed separately and stored frozen
(2808C) until lipid extraction. Plasma was prepared from
blood and stored frozen (2808C) until analysis. Faeces
that had been collected in a 24 h period in the last week
of feeding were also stored frozen (2808C) until analysis.
All experiments were conducted in accordance with the
guidelines on the care of experimental animals as approved
by the Animal Research Committee at Tottori University.

Lipid analyses

Plasma total cholesterol, HDL-cholesterol, non-esterified
cholesterol, NEFA and triacylglycerol were determined
by Cholesterol C-Test Wako, HDL-Cholesterol-Test
Wako, Free-Cholesterol E-Test Wako, NEFA C-Test
Wako and Triacylglycerol E-Test Wako kits (Wako Pure
Chemical) respectively. Total lipids in the liver were
extracted by the procedure of Folch et al. (1957). The
extracts dissolved in CHCl3 were diluted with Triton
X100 (100 g/l) 2-propanol, followed by measurement of
triacylglycerol and cholesterol contents using Triacylgly-
cerol E-Test Wako and Cholesterol C-Test Wako kits
(Wako Pure Chemical) respectively. Hepatic lipids were
expressed on the basis of fresh liver weight.

Total bile acids in bile and faeces

Bile was collected by gall bladder puncture with a syringe.
Faeces bile acids and cholesterol were extracted with
chloroform–methanol (2:1, v/v). Total cholesterol in
faeces and total bile acids in bile and faeces were deter-
mined by cholesterol C-Test Wako and Total Bile Acids-
Test Wako kits (Wako Pure Chemical).

Lymphatic absorption of triacylglycerol

Rats were used for this experiment. The control group was
fed a commercial diet powder (CE-2; Nihon CLEA) and
the treated group the commercial diet powder sup-
plemented with bLF (10 g/kg). Each group was fed the
diet for 4 weeks; the animals were then used for the exper-
iment. The intestinal lymph duct was cannulated according
to the method of Bollman et al. (1948) under pentobarbital
sodium anaesthesia. Postoperatively, the rats were warmed
up by using a heating pad. The test meal containing 100 g
lard/l saline (9 g NaCl/l) was infused into the duodenum by
using a twenty-six-gauge needle over 1 min at a dose of
3 ml/kg body weight. Lymph fluid was collected each
hour into a plastic tube under the anaesthesia up to 6 h.
The volume of lymph fluid was measured and stored
frozen (2808C) until lipid analysis. The triacylglycerol
concentration in lymph fluid was determined by Triacyl-
glycerol E-Test Wako kits (Wako Pure Chemical). Finally,
the total output of triacylglycerol into lymph fluid was
calculated for each sample.

Table 1. Dietary composition of test meal in Expt 2 (g/kg)

Ingredient

Diet

Basal Basal þ bLF HF HF þ bLF

Casein 250 250 250 250
Maize starch 417·5 407·5 217·5 207·5
Sucrose 250 250 150 150
Lard 0 0 300 300
bLF* 0 10 0 10
Mineral mix† 40 40 40 40
Vitamin mix† 10 10 10 10
Cellulose 20 20 20 20
Cholesterol‡ 10 10 10 10
Bovine bile powder§ 2·5 2·5 2·5 2·5

bLF, bovine lactoferrin; HF, high fat.
* Tatua Biologics, Tatua, New Zealand.
† The composition of mineral and vitamin mixtures has been described by

Kohashi et al. (1990).
‡ Nacalai Tesque, Tokyo, Japan.
§ Wako Pure Chemical, Osaka, Japan.
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Statistical analyses

The results are expressed as means values with their stan-
dard errors. The significance of differences between the
groups was determined by the Student’s t test in Expt 1
and two-way ANOVA (diet £ treatment) followed by
post hoc test in Expt 2. A probability level of P,0·05
was taken to be statistically significant.

Results

Expt 1: effects of bovine lactoferrin in mice fed the
standard diet

During the early stage of the experiment, the bLF-treated
group gained slightly more weight than the control
group. Final body weight, however, was almost the same
in both groups, and ANOVA revealed no significant differ-
ences between the two groups. Diet intake in bLF-treated
group was similar to that in the control.

It is apparent that bLF treatment affects lipid concen-
trations in plasma. The plasma total and non-esterified
cholesterol tended to increase at 115·7 and 116·1 % in the
bLF-treated group compared with the control value; the
difference between the two diet groups was not significant
(Fig. 1(A)). bLF treatment increased the plasma concen-
tration of HDL cholesterol significantly (þ24·8 %,
P,0·01) over the control value. The HDL-cholesterol:total
cholesterol ratio was 0·76 (SEM0·02) in the control and 0·82
(SEM 0·01) in the bLF-diet group, with a significant differ-
ence (P,0·05). Treatment with bLF significantly reduced

the plasma concentrations of triacylglycerol (Fig. 1(B))
and NEFA (Fig. 1(C)) to levels 78·6 and 72·6 % below
the control values (P,0·05) respectively.

The bLF treatment decreased the hepatic lipid levels
in mice. The treatment reduced total hepatic cholesterol
and triacylglycerol to 67 (P,0·01, Fig. 2(A)) and 58
(P,0·05, Fig. 2(B)) % of the control values respectively.
The changes in hepatic lipids were accompanied by a ten-
dency for a decrease in liver weight (to 92·9 % of the con-
trol value, NS).

Expt 2: effects of bovine lactoferrin in mice fed the high-fat
diet

The body-weight gains differed between groups during the
study. The greatest gain in body weight was noted in the
HF group in the second week. Diet intake in HF group
was about 50 % that of the basal-diet group, and the treat-
ment with bLF did not have any effect on the diet intake.

The HF diet significantly increased the lipid contents in
both plasma and liver in comparison with the standard
commercial diet in the Expt 1. Both of the groups that
were fed a HF diet had significant elevations in plasma
and liver cholesterol concentrations, as expected. The HF
diet significantly increased (P,0·05) the plasma non-ester-
ified cholesterol concentration to 767 (SEM 56) mg/l
(Table 2). The addition of bLF to the HF diet did not

Fig. 1. Effect of bovine lactoferrin (bLF) treatment on plasma lipids
level in mice fed a standard diet. Concentrations of cholesterol ((A),
total, non-esterified and HDL), triacylglycerol (B) and NEFA (C) in
plasma are shown for the control group (A) and bLF-treated group
(10 g/kg diet; p). For details of diets and procedures, see Table 1
and p. 000. Values are means with their standard errors shown by
vertical bars (seven mice per group). Mean values were significantly
different from those of the control group: *P,0·05, **P,0·01.

Fig. 2. Effect of bovine lactoferrin (bLF) treatment on the liver lipid
concentrations in mice fed a standard diet. Total cholesterol (A) and
triacylglycerol (B) concentrations in liver are shown in control group
(A) and bLF-treated group (10 g/kg diet; p). For details of diets and
procedures, see Table 1 and p. 000. Values are means with their
standard errors shown by vertical bars (seven mice per group).
Mean values were significantly different from those of the control
group: *P,0·05, **P,0·01.
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cause a significant difference by bLF treatment or inter-
action of fat level £ bLF treatment. bLF had no clear
effect on plasma HDL-cholesterol in the HF group. The
HF diet significantly reduced (P,0·05) the plasma
NEFA below the level found in the mice fed the basal
diet. For the basal-diet mice and the HF-diet mice, bLF
had no effect on the NEFA level.

The hepatic total cholesterol was approximately twice
as high in the HF diet group as in the basal diet group
(Table 3). In mice fed the HF diet, bLF did not cause
significant difference by treatment. Hepatic triacylglycerol
had a similar tendency: triacylglycerol content in the HF
diet group increased to 162·3 % that of the basal diet
group, and bLF treatment did not suppress the increment
(Table 3).

To evaluate the effects of bLF on bile acid secretion and
enterohepatic circulation of bile acid, we estimated total
bile acids in bile and faeces. The totals are shown in
Table 4. There were no significant differences in the total
bile acid in bile amongst the basal, HF and HF þ bLF
groups. However, total bile acid excreted in the faeces
was significantly increased (P,0·01) by feeding the HF
diet. bLF did not have a significant effect on the total
bile acids in the faeces compared with the HF-diet group.
There were no significant differences in the total faecal
cholesterol.

Lymphatic absorption of triacylglycerol in rats

Fig. 3 shows the lymphatic triacylglycerol output during
the first 6 h after the duodenal infusion of 100 g lard/l
saline (9 g NaCl/l) solution. The fasting lymphatic triacyl-
glycerol output was about 5 g/l and 5 mg/h per kg body
weight in both groups. There was a marked change in
the lymphatic triacylglycerol concentration following the
infusion of lard. The concentration of lymphatic triacylgly-
cerol in the control group increased rapidly and was
maintained at a higher concentration throughout the exper-
imental period. In contrast, the concentration of lymphatic
triacylglycerol in the bLF-group was significantly lower
than that in the control (P,0·0001). Total lymphatic
triacylglycerol output in the bLF-treated group was also
significantly lower during the first 2 h compared with the
control value (P,0·0001).

Discussion

The present study is the first to demonstrate that milk-
derived lactoferrin reduces plasma or hepatic cholesterol
and triacylglycerol concentrations, with an increase in
plasma HDL-cholesterol, an anti-atherogenic lipoprotein,
in mice fed standard diets. These effects of bLF may
serve to prevent atherosclerosis, since epidemiological
studies indicate an inverse correlation between HDL-
cholesterol levels and the incidence of CHD (Jeppesen
et al. 1998). However, bLF had no significant suppressive
effects on the lipid metabolism in the mice fed a HF diet.
In the Expt 2, the HF diet contained 10 g cholesterol and
2·5 g bile powder/kg. bLF could not suppress the elevation
of cholesterol and triacylglycerol concentrations in plasma
or liver. bLF may affect on the plasma and liver lipid
concentrations when a standard diet is fed.

It has been reported that lactoferrin interferes with
ligand binding to lipoprotein receptor protein (LRP) and
inhibits selective uptake of HDL-cholesteryl esters by
35–50 % in human primary adipocytes and SW872 liposar-
coma cells (Vassiliou et al. 2001). LRP may contribute
physiologically to HDL-cholesteryl ester-selective uptake
in adipocytes, because lactoferrin is another LRP ligand
that is also a potent inhibitor of ApoE and an inhibitor of
lipoprotein lipase binding to LRP (Willnow et al. 1992).
Kajikawa et al. (1994) reported that bLF reduced the

Table 2. Influence of bovine lactoferrin treatment on the plasma lipids of mice fed a high-fat diet*

(Mean values with their standard errors for seven mice per group)

Diet

Total cholesterol
(mg/l)

Non-esterified
cholesterol (mg/l)

HDL-cholesterol
(mg/l)

Triacylglycerol
(mg/l)

NEFA
(mmol/l)

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Basal 2112 299 515 53 870 139 448 56
Basal þ bLF 2199 188 521 42 866 89 374 93
HF 2122 143 767 56 1155 74 320 74
HF þ bLF 1898 156 572 71 1008 24 364 63
Statistical significance of effect (two-way ANOVA)

Fat amount NS P,0·05 NS NS P,0·05
bLF treatment NS NS NS NS NS
Interaction NS NS NS NS NS

* For details of diets and procedures, see Table 1 and p. 534.

Table 3. Influence of bovine lactoferrin treatment on the liver lipids
of mice fed a high-fat diet*

(Mean values with their standard errors for seven mice per group)

Diet

Total cholesterol
(mg/l)

Triacylglycerol
(mg/l)

Mean SEM Mean SEM

Basal 108 18 327 36
Basal þ bLF 96 12 311 62
HF 212 34 531 57
HF þ bLF 149 27 441 69
Statistical significance of effect (two-way ANOVA)

Fat amount P,0·01 P,0·01
bLF treatment NS NS
Interaction NS NS

bLF, bovine lactoferrin.
* For details of diets and procedures, see Table 1 and p. 534.
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accumulation of cholesteryl esters in macrophages
incubated with acetylated LDL by more than 80 % com-
pared with the control value. In addition, van Dijk et al.
(1991) reported that lactoferrin inhibits the uptake of

chylomicrons into liver in vivo, whereas the liver uptake
of b-VLDL is efficiently blocked. Thus, it is probable
that bLF modifies lipid metabolism in liver and helps to
reduce the accumulation of lipids into the adipose tissue
and liver.

To clarify whether bLF affects the production of bile
acids and/or re-absorption of bile acids from intestine, we
measured total concentrations of bile acids in bile and
faeces. bLF did not have significant effects on the
excretion of bile acids in faeces, although the mice fed
the HF diet excreted significantly greater quantities of
total bile acids in faeces relative to the mice fed the
basal diet. These results suggest that bLF does not affect
the re-uptake of bile acids in intestine. The liver plays
the central role in maintaining whole-body lipid and lipo-
protein balance. In the steady state, the faecal sterol loss
must be equalled by the rate of intestinal cholesterol
absorption and hepatic cholesterol synthesis. On the other
hand, van Dijk et al. (1993) reported that when [3H]choles-
teryl (ester)-labelled chylomicrons were injected into rats,
lactoferrin not only delayed the rate at which radioactivity
was excreted into the bile, but also reduced the total
amount of radioactivity recovered therein. Apparently,
hepatic uptake of chylomicron cholesteryl (esters) must
be efficient in order to efficiently remove and secrete this
cholesterol into bile that protects from extrahepatic depos-
its. Furthermore, in another study lactoferrin reduced the
biliary secretion of radioactivity, especially during the
first hour after injection (van Dijk et al. 1993). Taken
together, bLF may affect on the hepatic cholesterol
uptake in our present study.

It is well known that bLF is one of the most potent basic
proteins and its surface is covered with a positive charge.
The strongly basic protein lactoferrin inhibited the rat
liver’s uptake of chylomicron remnants (Huettinger et al.
1988). Parenchymal cells of the liver probably represent
the chylomicron remnant receptor (van Dijk et al. 1993),
as human lactoferrin inhibited the rat liver’s uptake of
b-VLDL containing chylomicron remnants (Murase et al.
2001); however, a negatively charged heparin molecule
accelerates the clearance of chylomicrons by promoting
lipoprotein lipase-mediated hydrolysis of triacylglycerols
(Redgrave & Callow, 1990). Thus, bLF is unlikely to

Table 4. Influence of bovine lactoferrin on concentrations of total bile acids and cholesterol in bile and faeces of mice fed a high-fat diet*

(Mean values and standard errors for seven mice per group)

Bile Faeces

Bile acid (nmol/g) Bile acid (nmol/g) Cholesterol (mg/g)

Diet Mean SEM Mean SEM Mean SEM

Basal 114·7 11·5 798·1 105·3 13·3 3·9
Basal þ bLF 118·5 10·2 820·3 111·5 13·9 2·9
HF 121·3 13·2 1138·9 160·4 14·8 2·0
HF þ bLF 124·2 19·1 1465·7 155·5 15·8 1·4
Statistical significance of effect (two-way ANOVA)

Fat amount NS P,0·01 NS
bLF treatment NS NS NS
Interaction NS NS NS

bLF, bovine lactoferrin; HF, high fat.
* For details of diets and procedures, see Table 1 and p. 534.

Fig. 3. Effect of bovine lactoferrin (bLF) treatment on the lymphatic
absorption of triacylglycerol in rats fed a standard diet. Concen-
trations of lymphatic triacylglycerol (A) and total lymphatic triacylgly-
cerol output (B) are shown for the control group (W) and
bLF-treated group (10 g/kg diet; X). Values are means with their
standard errors shown by vertical bars (four to six rats per group)
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accelerate the clearance of lipids from plasma, at least via
the uptake of chylomicron remnants in liver.

We tried to estimate the possibility that bLF directly
suppresses the intestinal absorption of lipids. Interestingly,
the concentration of lymphatic triacylglycerol was signifi-
cantly suppressed by chronic treatment with bLF in rats
(Fig. 3). Thus, it is probable that bLF has a suppressive
effect on the lipid absorption in mice. These results may
explain the lower concentrations of plasma NEFA and
triacylglycerol in mice fed a standard diet. Recently,
Nagaoka et al. (2001) reported a novel hypocholesterolae-
mic peptide derived from b-lactoglobulin tryptic hydroly-
sate. They suggested that the inhibition of micellar
solubility of cholesterol suppresses the absorption of
cholesterol by a direct interaction between cholesterol-
mixed micelles. Thus, bLF may affect on the micellar
solubility of cholesterol, because bLF apparently sup-
pressed lymphatic triacylglycerol absorption in our present
study. Further study is necessary to clarify a precise
mechanism for suppressive effect of bLF on the lipid
metabolism.

In conclusion, treatment with bLF in mice had a ben-
eficial effect on plasma cholesterol levels and retarded
hepatic lipid accumulation. bLF had a suppressive effect
on the lymphatic triacylglycerol absorption in rodents. As
a natural substance, bLF may be thus be useful in the
control of lipid accumulation.
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