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Abstract
Since Korean mistletoe (Viscum album) has been used for alleviating metabolic diseases, it may also prevent the impairment of

energy, glucose, lipid, and bone metabolisms in an estrogen-deficient animal model. We determined that long-term consumption

of Korean mistletoe water extract (KME) can alleviate menopausal symptoms such as hot flush, increased abdominal fat mass,

dyslipidemia, hyperglycemia, and decreased bone mineral density in ovariectomized (OVX) rats fed a high-fat diet, and explored

the mechanisms of the effects. OVX rats were divided into four groups and fed high-fat diets supplemented with either 0.6%

dextrin (control), 0.2% lyophilized KME þ 0.4% dextrin (KME-L), or 0.6% lyophilized KME (KME-H). Sham rats were fed with the

high-fat diets with 0.6% dextrin as a normal-control without estrogen deficiency. After eight weeks, OVX rats exhibited impaired

energy, glucose and lipid metabolism, and decreased uterine and bone masses. KME-L did not alleviate energy dysfunction.

However, KME-H lowered serum levels of total-, LDL-cholesterol, and triglycerides and elevated serum HDL-cholesterol levels in

OVX rats with dyslipidemia, to similar levels as normal-control rats. Furthermore, KME-H improved HOMA-IR, an indicator of

insulin resistance, in OVX rats. Surprisingly, KME-H fed rats had greater lean mass in the abdomen and leg without differences in

fat mass but neither dosage of KME altered bone mineral density in the lumbar spine and femur. The increased lean mass was

related to greater phosphorylation of mTOR and eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1) in the

quadriceps muscles. Hepatic triglyceride contents were lowered with KME-H in OVX rats by increasing carnitine palmitoyltrans-

ferase-1 (CPT-1) expression and decreasing fatty acid synthase (FAS) and sterol regulatory element-binding protein-1c

(SREBP-1c) expression. In conclusion, KME may be useful for preventing some menopausal symptoms such as hot flushes,

dyslipidemia, hepatic steatosis, and loss of muscle mass in post-menopausal women.
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Introduction

Estrogen deficiency induces menopausal symptoms (hot

flush, urogenital atrophy, and cold sweats), fat redistribu-

tion, hyperlipidemia, osteoporosis, and cardiovascular dis-

ease.1 Hormone replacement therapy (HRT) uses exogenous

hormones to relieve menopausal symptoms, but HRT

has adverse effects, including increased risk of ischemic

stroke, venous thromboembolism, and breast cancer.2,3

Investigators are actively exploring alternative medicines
which have estrogen-like effects on glucose, lipid, and
bone metabolisms but antiestrogen-like effects on the
uterus and breasts in human and animal studies.4

Selective estrogen receptor modulators (SERMs) possess
these characteristics and there is widespread interest find-
ing new SERMS that are safe and effective.5,6

Phytoestrogens are attractive potential candidates that act
like SERMs used for treating menopausal syndrome and for
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minimizing its complications and side effects.6,7 However,
there are no natural substances or botanical extracts that
fully substitute for HRT.

Mistletoe (Viscum album) is a parasitic plant that grows
on a wide range of host trees worldwide. Mistletoe contains
various alkaloids, lectins, viscotoxins, phenylpropanoids,
tannins, lignans, and polyphenols and its contents are
somewhat varied according to the host trees from which
they are collected and the area in which they grow.8–10

The major components in Korean mistletoe have been iden-
tified as lectins, viscothionin, steroids, triterpenes, sesqui-
terpene lactones, flavonoids, and alkaloids.11,12 Since these
components have different water solubilities, the water and
methanol extracts have different active compounds and
therefore may have different bioactivities. Mistletoe has
been widely used as a folk medicine to treat various dis-
eases. Lectins and viscotoxins in mistletoe are reported to
exert anti-tumor properties by inducing cell cycle delay or
arrest, increasing apoptosis, inhibiting angiogenesis, and
potentiating immune responses.12–14 Furthermore, mistle-
toe has been demonstrated to possess a number of thera-
peutic efficacies for treating a wide range of diseases such
as diabetes mellitus, chronic cramps, stroke, stomach prob-
lems, heart palpitations, blood pressure, and difficulties in
breathing.15,16 Therefore, the consumption of mistletoe
extracts may modulate energy, glucose, and lipid
metabolisms.

We hypothesized that the long-term consumption of
mistletoe water extract would alleviate menopausal symp-
toms such as hot flushes, increased abdominal fat mass,
dyslipidemia, hyperglycemia, and decreased bone mineral
density (BMD) in estrogen-deficient animals with diet-
induced obesity. The present study tested the hypothesis
and explored the mechanisms of energy, glucose and lipid
metabolism modulation by mistletoe water extract in ovar-
iectomized (OVX) rats fed a high-fat diet (HFD). This model
exhibits similar symptoms as post-menopausal women and
the symptoms are mostly reversible with estrogen replace-
ment.3–5 Sham rats were fed a HFD as a normal-control
without estrogen deficiency.

Materials and methods
Mistletoe extracts and viscothionin contents

Fresh mistletoe growing on oak trees was collected in
January 2011 from Taebak mountain in Kangwon-Do,
Republic of Korea, and it was identified by Dr BS Ko
(Korea Institute of Oriental Medicine, Daejeon, Korea),
and a voucher specimen (No. 2012-05) was deposited at
the herbarium of Department of Food & Nutrition, Hoseo
University. To prepare the mistletoe extract, mistletoe was
washed, dried at room temperature, freeze-dried, and pow-
dered. The powder was heated in distilled water at 100�C
for 12 h or in 70% ethanol for 5 h. After centrifugation, both
supernatants were lyophilized in freeze-dryer. The contents
of total phenolic compounds were measured using Folin–
Ciocalteu reagent and expressed as mg gallic acid (97.5%
purity, Sigma, St. Louise, MO) equivalents� g�1. The extracts
were dissolved in ethanol and the contents of total

flavonoids were measured by a colorimetric assay.17 Rutin
(>94% purity, Sigma) was used as the standard.

The contents of terpenoids in the 70% ethanol and water
extracts were analyzed using an HPLC instrument (Agilent
Technologies, USA) with a Luna C18 column (4.6� 250 mm,
5mm; Phenomenex, USA). The mobile phase consisted of
distilled water and acetonitrile (20:80) under isocratic con-
ditions. The mobile phase flow rate was 0.5 mL/min, the
column temperature was 40�C, the injection volume was
10mL, and UV detection was set at 210 nm. Betulinic acid
(�98% purity), oleanolic acid (�97% purity), and betulin
(�98% purity, Sigma) were used as standards for
quantification.

The isolation of viscothionin from Korean mistletoe
extract (KME) was performed using a slight modification
of a previously described method.11,18 Briefly, lyophilized
powder of the aqueous mistletoe extract was dissolved in
distilled water and dialyzed using membrane tubing with a
molecular weight cut off of 3.5 kDa against a 25 mmol/L
sodium acetate buffer (pH 4.8). The inner dialysate was
loaded on a carboxymethyl-sepharose fast flow column
(20� 4.6 cm) and eluted with an NaCl gradient solution
(0–0.5 mol/L). After removing NaCl by dialysis, the dialys-
ate was passed through a Sephadex G-50 column
(70� 1.6 cm) and fractions were collected according to size
of molecules. The second peak fractions were re-pooled and
centrifuged at 4000 r/min for 30 min using a 9 kDa molecu-
lar weight cut off centrifugal filtration unit (Thermo
Scientific, Rockford, USA). The viscothionin was detected
after separation on a 20% SDS-PAGE gel and was identified
as viscothionin by the partial sequencing of amino acids
and protein blast searching using Pubmed as described pre-
viously.11,18 The contents of viscothionin in KME were mea-
sured using bovine serum albumin as an external standard.

Animals and ethics

Eight-week-old female Sprague–Dawley rats (weighing
236� 19 g) were housed individually in stainless steel
cages in a controlled environment (23�C and with a 12-h
light/dark cycle). All surgical and experimental procedures
were performed according to the guidelines of the Animal
Care and Use Review Committee of Hoseo University,
Korea (2013-01). Rats underwent ovariectomy or a sham
operation under anesthesia induced by intramuscular injec-
tion of a mixture of ketamine and xylazine (100 and 10 mg/
kg body weight [bw], respectively).

Experimental design

Our preliminary study found that low dosage (0.5–2 mmol/
L) treatment with Korean mistletoe water extracts lowered
tumor necrosis factor-a expression in RAW 264.7 cells
(mouse leukemic monocyte macrophage cell line) activated
with lipopolysaccharides. Based on the preliminary study,
diets containing 0.2% and 0.6% of the Korean mistletoe
water extracts were given to OVX rats. After the ovariec-
tomy or sham operation, 30 OVX rats were randomly
assigned to the following three groups according to supple-
mentation of the diets: (1) low dose, 0.2% water extract of
Korean mistletoeþ0.4% dextrose (KME-L); (2) high dose,
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0.6% water extract of Korean mistletoe (KME-H), and
(3) OVX placebo control, 0.6% dextrose (OVX-control). Ten
sham-operated rats were assigned to the control HFD con-
taining 0.6% dextrose as a normal-control that naturally
maintained normal estrogen levels. All experimental ani-
mals were given free access to water and a HFD containing
KME or dextrose during the eight-week experimental
period. The HFD was a modified semi-purified AIN-93 for-
mulation for experimental animals.19 The diet consisted of
40 percent energy (En%) from carbohydrates, 20 En% from
protein, and 45 En% from fats. The major carbohydrate,
protein, and fat sources were starch plus sugar, casein
(milk protein), and lard (CJ Co., Seoul, Korea), respectively.

Overnight-fasted serum glucose levels, food and water
intakes, and bws were measured every Tuesday at 10:00.
Insulin resistance was determined using the homeostasis
model assessment estimate of insulin resistance
(HOMA-IR) (HOMA-IR ¼ fasting insulin [mIU/mL] � fast-
ing glucose [mmol/L]/22.5).20 At the end of the study, rats
were anesthetized with ketamine and xylazine (100 and
10 mg/kg bw, respectively). Epididymal and retroperiton-
eal fat mass and uteruses were then removed and weighed.
Uterus index was calculated as uterus weight divided by
bw. After blood collection by abdominal cardiac puncture,
human insulin (5U/kg bw) was injected through the infer-
ior vena cava to determine insulin signaling in the liver.
Serum samples were then stored at �70�C for biochemical
analysis.

Tail skin temperature measurement

Tail skin temperature was monitored at the fourth and
eighth weeks of the experimental periods during the sleep
cycle. Tail skin temperature measurements were conducted
using an infrared thermometer (BIO-152-IRB, Bioseb,
Chaville, France) designed for small rodents and three
measurements were made 10 min apart and the average
value for the animal was used as a single data point.21

Energy expenditure analysis by indirect calorimetry

After seven weeks of the assigned treatment, energy
expenditure was assessed at the beginning of the dark
phase of the light/dark cycle after 6 h of fasting. The rats
were placed into metabolic chambers (airflow ¼ 800 mL/
min) with a computer-controlled O2 and CO2 measurement
system (BIOPAC Systems, Inc., Goleta, CA) to determine
their calorimetric parameters. The respiratory quotients
(RQs) and resting energy expenditures (REEs) were calcu-
lated using previously reported equations.22,23

BMD and lean and fat mass measurements

A densitometer was calibrated daily with a phantom sup-
plied by the manufacturer. After anesthetization with keta-
mine and xylazine (100 and 10 mg/kg bw, respectively), the
animals were laid in a prone position with their hind legs
maintained in external rotation with tape. Hip, knee, and
ankle articulations were in 90� flexion. Upon completion of
scanning, BMD was determined in the designated and
equivalent areas of right femur and lumbar spine in all

rats by dual-energy X-ray absorptiometry (DEXA) using
an absorptiometer (pDEXA Sabre; Norland Medical
Systems Inc., Fort Atkinson, WI), which was equipped
with the appropriate software for assessment of bone dens-
ity in small animals.23 Similarly, abdominal fat mass and
lean mass were measured by DEXA.

Isolation of liver total RNA and real-time PCR

Livers were collected at the end of treatment period, pow-
dered with a cold steel mortar and pestle, and then mixed
with a monophasic solution of phenol and guanidine iso-
thiocyanate (TRIzol reagent; Gibco-BRL, Rockville, MD) for
total RNA extraction, according to the manufacturer’s
instructions. cDNA was synthesized from equal amounts
of total RNA using superscript III reverse transcriptase,
and polymerase chain reaction (PCR) was performed with
high-fidelity Taq DNA polymerase. Equal amounts of
cDNA were added to SYBR Green mix (Bio-Rad,
Richmond, CA) and amplified using a real-time PCR instru-
ment (Bio-Rad). The expression levels of the genes of inter-
est were normalized to that of the housekeeping gene b-
actin. To assess changes in the expression of genes related
to fatty acid synthesis and oxidation in the liver, the expres-
sions of sterol regulatory element-binding protein-1c
(SREBP-1c), acetyl CoA carboxylase (ACC), fatty acid syn-
thase (FAS), carnitine palmitoyltransferase-1 (CPT-1), and
uncoupling protein (UCP)-1 were measured with corres-
ponding primers as previously described.24

Immunoblot analysis

Quadriceps muscles were dissected after 10 min of insulin
stimulation and immediately frozen in liquid nitrogen.
Frozen tissues were lysed with a 20 mmol/L Tris buffer
(pH 7.4) and after 30 min on ice, the lysates were then cen-
trifuged for 10 min at 12,000 r/min at 4�C. Lysate samples
with equivalent protein levels (30–50mg) were directly
resolved by SDS-PAGE. Immunoblotting with specific anti-
bodies against mammalian target of rapamycin (mTOR),
eukaryotic translation initiation factor 4E-binding protein
1 (4E-BP1), phosphorylated mTORSer2448, 4E-BP1Thr37/46,
and b-actin (Cell Signaling Technology, Beverly, MA) as pre-
viously described.23 The intensity of protein expression was
determined using Imagequant TL image analysis software
(Amersham Biosciences, Piscataway, NJ).

Statistical analysis

Statistical analysis was performed using SAS, version 7.0
(SAS, Inc. Cary, NC). Results are expressed as means �
standard deviations. The significant differences among dex-
trin (OVX-control), KME-L, KME-H and normal-control
were analyzed by one-way analysis of variance (ANOVA).
Multiple comparisons among the groups were identified by
Tukey’s tests. If there was no significant difference in
ANOVA, the significant differences between the OVX-
control and normal-control groups were determined using
two-sample t-tests. P< 0.05 was considered statistically
significant.

Kim et al. Korean mistletoe and menopausal symptoms 479
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . .



Results
Bioactive components of KME

Both water and methanol extracts of mistletoe have been
studied for physiological bioactivities. Water extracts of
Korean mistletoe contained less total phenolic compounds
and flavonoids than 70% methanol extracts, but peptides
were mostly found in water extracts (Table 1). The terpen-
oids, betulinic acid, and oleanolic acid were only present in
the 70% methanol extracts (Table 1, Figure 1a). The main
peptide in water extracts was the 6 kDa viscothionin
(Figure 1b) at about 2.7 mg/g dry weight (Table 1).

Figure 1 HPLC chromatogram of 70% ethanol extract (a) and peptide patterns of Korean mistletoe water extract (b). Lanes 1, 5 – molecular weight marker,

lane 2 – water extract of Korean mistletoe (KME), lane 3 – semi-purified polypeptide from KME, and lane 4 – purified polypeptide from KME. 1: betulinic acid, 2: oleanolic

acid, 3: betulin

Table 1 The contents of phenolic compounds and flavonoids (unit: mg/g

dry weight)

Water extract of

Korean mistletoe

70% methanol extract

of Korean mistletoe

Polyphenols 3.53� 0.54 5.86�0.63

Flavonoids 1.32� 0.22 2.38�0.31

Betulinic acid ND 0.51�0.00

Oleanolic acid ND 0.89�0.01

Viscothionin 2.71� 0.52 ND

ND: non-detectable. Values are means�SD.
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Changes in skin temperature, body composition, and
energy metabolism by KME

Tail skin temperature was initially only slightly lower in the
normal-control group than control group, but at the fourth
and eighth weeks it was markedly increased in control rats
(30.7� 1.3�C) compared to normal-control rats
(28.4� 1.0�C) (Figure 2), indicating that tail skin tempera-
ture increased only in OVX rats over time. KME dose-
dependently lowered tail skin temperature by the eighth
week of the experimental period, but was still higher than
the normal-controls.

KME supplementation, regardless of dosage, did not
modify bw or peri-uterine and retroperitoneal fat pad
weights of OVX-control rats, which were higher than
normal-control rats (Table 2). Overnight-fasted leptin
levels were significantly higher in OVX-control rats than
in normal-control rats in parallel with visceral fat mass; nei-
ther KME-L nor KME-H changed serum leptin levels in
OVX rats (Table 2). In contrast to visceral fat mass, brown

fat mass was lowered in OVX-control rats than normal-con-
trol rats, whereas KME increased the brown fat mass in a
dose-dependent manner and was slightly higher in KME-H
than the normal-controls. UCP-1 expression in brown fat
decreased in OVX-control rats in comparison to normal-
control rats whereas KME-H prevented the decreased
expression in OVX rats (Table 2). Serum estrogen levels
were almost completely suppressed in OVX-control rats
and they were 3.7 folds lower in OVX rats than normal-
control rats, and KME did not prevent the suppression
(Table 2). Uterine weight was much lower in OVX-control
rats than normal-control rats but KME did not alter the
weight (Table 2).

As determined by DEXA, lean mass in the abdominal
and leg regions was lowered in OVX-control rats than
normal-control rats and the decrease was greater at eighth
week than the fourth week. Therefore, estrogen deficiency
decreased lean mass and increased fat mass. Surprisingly,
KME-H prevented the decreased lean mass by OVX
(Figure 3a). However, fat mass in the abdomen and leg
regions, like visceral fat, was not changed by KME treat-
ments (Figure 3b). The BMD was lower in OVX rats than
normal-control rats at week 8, but KME did not alter BMD
(Figure 3c).

Energy intake did not differ between OVX-control rats
and normal-control rats and KME did not affect energy
intake regardless of dosage (Table 3). However, daily
energy expenditure, measured by indirect calorimetry,
was lower in OVX-control rats than in normal-control rats
and KME did not change energy expenditure. RQ, calcu-
lated by the ratio of CO2 and O2, appeared to be higher in
OVX-control rats than in normal-control rats, but the differ-
ence was not significant. KME did not affect RQ in OVX rats
(Table 3). Carbohydrate oxidation was higher and fat oxi-
dation was lower in OVX-control rats than in normal-con-
trol rats. KME-H did not alter carbohydrate oxidation but
fat oxidation was greater in KME-H than OVX-control
(Table 3). Thus, overall, KME did not improve the energy
dysfunction but fat metabolism was partially normalized in
OVX-control rats.

Table 2 Metabolic parameters at the end of the 12-week treatment

OVX-control

(n¼ 15)

KME-L

(n¼ 15)

KME-H

(n¼15)

Normal-control

(n¼15)

Body weight at 4th weeks (g) 348� 38 350�36 355�37 301�32*

Body weight at 8th weeks (g) 379� 41 380�39 383�40 323�35*

Peri-uterine fat (g) 7.8� 1.2 7.7�1.0 7.3�0.8 4.5�0.8*

Retroperitoneum fat (g) 11.7� 1.2 11.3�1.4 10.7�1.4 5.6�0.9*

Serum leptin levels (ng/mL) 4.2� 0.6 4.0�0.5 3.8�0.5 3.4�0.5*

Brown fat (g) 0.20� 0.04b 0.24�0.04ab 0.28�0.05a 0.25�0.04a

UCP-1 expression 1.32� 0.27b 1.44�0.25ab 1.71�0.25a 1.84�0.29a

Serum 17b-estradiol levels (pg/mL) 1.5� 0.8 1.7�0.7 1.6�0.7 5.5�1.1*

Uterine weight (g) 0.21� 0.04 0.22�0.05 0.22�0.05 0.64�0.13*

OVX-control: OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-L: OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H: OVX

rats fed HFD with 0.6% Korean mistletoe water extract; normal-control: sham rats fed a high-fat diet (HFD) with 0.6% dextrin with normal estrogen levels. Values are

mean�SD.
a,bSignificantly different among all groups at P<0.05.

*Significant difference between OVX-control and normal-control rats at P<0.05.

Figure 2 Tail skin temperature at 4th and 8th weeks of the experimental

period. OVX-control, OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-L,

OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin;

KME-H, OVX rats fed HFD with 0.6% Korean mistletoe water extract. Normal-

control, Sham rats fed a HFD with 0.6% dextrin with normal estrogen levels.

At 4th and 8th weeks, tail skin temperature was measured using infrared

thermometer. Each bar represents the mean�SD (n¼15). a,b,cSignificantly dif-

ferent among all groups at P<0.05
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Changes in lipid metabolism by KME

Triglyceride contents in the gastrocnemius and quadriceps
muscles were higher in OVX-control rats than normal-con-
trol rats, but were significantly lowered by KME-H in com-
parison to the OVX-control (Table 4). The triglyceride
storage in the quadriceps muscles was dose-dependently
decreased by KME in the OVX rats (Table 4), but did not
decrease to the levels of the normal-control group.

Since lean mass in the abdomen and legs was affected by
OVX and KME, the mTOR! 4E-BP1 signaling, a regulator

of muscle mass, was examined in the gastrocnemius mus-
cles. The phosphorylation of mTORSer2448 and 4E-BP1Thr37/

46 was lower in OVX-control rats than normal-control rats,
but KME normalized the phosphorylation to levels of the
normal-control group (Figure 4).

Hepatic triglyceride contents were higher in OVX-con-
trol rats than in normal-control rats, but were normalized
by KME-H (Table 4). Expression of CPT-1, a key regulator of
fatty acid oxidation, was lower in OVX-control rats, but
KME-H rats had similar expression levels as normal-control

Figure 3 Body composition at 4th and 8th weeks of the experimental period measured by DEXA. OVX-control, OVX rats fed a high-fat diet (HFD) with 0.6% dextrin;

KME-L, OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H, OVX rats fed HFD with 0.6% Korean mistletoe water extract. Normal-

control, sham rats fed a HFD with 0.6% dextrin with normal estrogen levels. At 4th and 8th week, fat mass and lean mass were measured in the abdomen and leg by

DEXA whereas BMDs of the femur and lumbar spine were also measured. a, Lean body mass in the abdomen and right leg. b, Fat mass in the abdomen and right leg.

c, Bone mineral density in lumbar spine and femur. Each bar represents the mean�SD (n¼ 15). a,bSignificantly different among all groups at P< 0.05. *Significantly

different between the OVX-control and normal-control groups at P<0.05
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rats (Figure 5). SREBP-1c and FAS, which are involved in
the regulation of fatty acid synthesis, were higher in OVX-
control rats, but KME-H maintained their expression at
similar levels as normal-control rats (Figure 5).

Total and low-density lipoprotein (LDL) cholesterol and
triacylglycerol concentrations were significantly higher and
high-density lipoprotein (HDL) cholesterol levels were
lower in OVX-control rats than normal-control rats
(Table 5). KME-H decreased the serum levels of total and
LDL cholesterol, but not to the normal-control levels. Serum
triglyceride and HDL cholesterol levels were lower in a
dose-dependent manner in OVX rats, but in KME-H rats
they were similar to those of normal-control rats (Table 5).

Changes in glucose metabolism by KME

OVX-control rats exhibited impaired glucose homeostasis
compared to normal-controls: serum levels of both glucose
and insulin were higher in OVX-control than in normal-
control rats (Table 5). KME did not alter overnight-fasted
serum glucose and insulin levels, but HOMA-IR was mark-
edly increased in OVX rats, compared to normal-control
rats and was partially restored by KME-H supplementation
(Table 5).

During oral glucose tolerance test (OGTT), serum
glucose levels at peak were higher and they decreased
more slowly in OVX-control rats than normal-control rats

(Figure 6a), indicating that OVX induced glucose intoler-
ance, but KME did not affect serum glucose levels during
OGTT. Area under the curve (AUC) of glucose at both first
phase (0–40 min) and second phase (40–120 min) during
OGTT was higher in OVX-control rats than normal-control
rats (Figure 6b). The AUC of insulin during the second
phase was higher by 20.3% in OVX-control rats than
normal-control rats, but was not affected at either phase
by KME (Figure 6c), suggesting that KME did not alter glu-
cose tolerance although it did reduce insulin resistance.

Discussion

Menopause results in disturbances in energy, glucose, lipid,
and bone metabolism due to low estrogen levels.1,3 These
dysregulations are reversed by estrogen treatment.1,3

However, estrogen treatment has adverse side effects such
as potential risk of ischemic stroke, breast cancer, and endo-
metrial cancer.2,3 Estrogen works differently when binding
to receptor-a versus -b in different target tissues, and some
phytoestrogens and drugs selectively activate estrogen
receptor-b in liver, brain, and skeletal muscles, but not in
the a receptors in breast and uterus and are considered
SERMs.4,5 These SERMs alleviate metabolic dysregulation
but minimize adverse effects. In addition, phytoestrogens
have varied activities for alleviating menopausal symptoms
and metabolic disturbances. Thus, all menopausal

Table 3 Energy intake and energy expenditure measured by indirect calorimetry at the end of the 12-week treatment

OVX-control

(n¼ 15)

KME-L

(n¼ 15)

KME-H

(n¼15)

Normal-control

(n¼15)

Food intake at 4th week (g/day) 14.3� 1.6 14.2� 1.5 14.0�1.5 13.3�1.4

Food intake at 8th week (g/day) 14.2� 1.4 13.8� 1.3 14.4�1.5 13.5�1.4

Energy expenditure (kcal/kg0.75/day) 103� 11 106� 12 110�11 130�13*

Respiratory quotient 0.84� 0.11 0.84� 0.10 0.81�0.10 0.79�0.09

VO2 (mL/kg0.75/min) 14.7� 1.8 14.9� 1.8 15.2�2.0 18.5�2.5*

VCO2 (mL/kg0.75/min) 12.7� 1.7 12.9� 1.8 13.0�2.0 15.0�2.1

Carbohydrate oxidation (mg/kg0.75/min) 5.8� 0.7 5.8� 0.7 5.4�0.7 4.9�0.7*

Fat oxidation (mg/kg0.75/min) 5.2� 0.6c 5.4� 0.7bc 6.0�0.7b 9.0�1.1a

OVX-control: OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-L: OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H: OVX

rats fed HFD with 0.6% Korean mistletoe water extract. Normal-control: sham rats fed a high-fat diet (HFD) with 0.6% dextrin with normal estrogen levels. Values are

mean�SD.
a,b,cSignificantly different among all groups at P<0.05.

*Significant difference between OVX-control and normal-control rats at P<0.05.

Table 4 Triglyceride storage in the liver, gastrocnemius muscle, and quadriceps muscles

OVX-control

(n¼ 15)

KME-L

(n¼ 15)

KME-H

(n¼15)

Normal-control

(n¼ 15)

Liver (mg/g tissues) 0.61�0.08a 0.55�0.08ab 0.49� 0.07b 0.45�0.06b

Gastrocnemius muscles (mg/g tissues) 1.21�0.26a 1.03�0.24ab 0.91� 0.18b 0.67�0.18c

Quadriceps muscles (mg/g tissues) 2.57�0.38a 2.36�0.32b 2.04� 0.24c 1.21�0.22c

OVX-control: OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-L: OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H: OVX

rats fed HFD with 0.6% Korean mistletoe water extract; normal-control: sham rats fed a high-fat diet (HFD) with 0.6% dextrin with normal estrogen levels. Values are

mean�SD.
a,b,cSignificantly different among all groups at P<0.05.
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symptoms need to be measured when herbal extracts and/
or single compounds are studied for the alleviation of
menopausal symptoms. The present study found that
KME-H suppressed serum levels of total and LDL choles-
terol and increased HDL cholesterol in OVX rats that exhib-
ited dyslipidemia. Furthermore, KME-H improved insulin
sensitivity in OVX rats. Surprisingly, KME increased lean
body mass in the abdomen and leg without changing fat
mass, but KME did not alter BMD in the lumbar spine and
femur. The increase in lean mass was related to increased
phosphorylation of mTOR and 4E-BP1 in the skeletal

muscles. Hepatic triglyceride contents were lowered by
KME-H in OVX rats by increasing CPT-1 expression and
decreasing FAS and SREBP-1c expression, which indicates
an upregulation of fatty acid oxidation and downregulation
of fatty acid synthesis. Therefore, KME may have efficacy
for improving post-menopausal hepatic lipid metabolism
and suppressing the loss of skeletal muscle mass.

As mistletoe contains polyphenols, phenolic acids, fla-
vonoids, terpenoids, and lectins, it has been studied as
both water and methanol extracts.9 Methanol and ethanol
extracts contain more flavonoids and terpenoids but do not
have peptides. However, water extracts include peptides
and proteins. In the present study, water extract of Korean
mistletoe contained less polyphenols, and did not contain
terpenoids such as betulinic acid and oleanolic acid.
However, the water extract of Korean mistletoe contained
viscothionins. Thus, the bioactivities of Korean mistletoe
water and methanol extracts are expected to be different
and should be studied separately. Furthermore, the toxicity
of mistletoe has raised concern. Korean mistletoe is known
to be relatively non-toxic, compared to European and North

Table 5 Serum lipid and glucose profiles in overnight-fasted rats at the end of the 12-week treatment

OVX-control (n¼ 15) KME-L (n¼15) KME-H (n¼ 15) Normal-control (n¼ 15)

Serum total cholesterol (mg/dL) 112� 10a 107� 10ab 101� 8ab 92.1� 9c

Serum LDL cholesterol (mg/dL) 58.0� 6.9a 51.7� 6.7a 42.8� 6.2b 36.1� 4.8c

Serum HDL cholesterol (mg/dL) 36.4� 4.1b 38.9� 3.9ab 42.4� 4.3a 41.1� 3.3a

Serum triglyceride (mg/dL) 87.4� 6.9a 82.3� 5.6ab 79.2� 6.0b 74.6� 6.2b

Serum glucose (mg/dL) 108� 12 104� 12 101� 13 88.0� 10*

Serum insulin (ng/mL) 1.33� 0.18 1.30� 0.17 1.27� 0.16 0.94� 0.13*

HOMA-IR 8.0� 1.0a 7.5� 0.9ab 7.1� 0.9b 4.6� 0.7c

OVX-control: OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-L: OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H: OVX

rats fed HFD with 0.6% Korean mistletoe water extract; normal-control: sham rats fed a high-fat diet (HFD) with 0.6% dextrin with normal estrogen levels. Values are

mean�SD.
a,b,cSignificantly different among all groups at P<0.05.

*Significant difference between OVX-control and normal-control rats at P< 0.05.

Figure 4 The phosphorylation of mTOR and 4E-BP1Thr37 in the quadriceps

muscle. OVX-control, OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-

L, OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin;

KME-H, OVX rats fed HFD with 0.6% Korean mistletoe water extract. Normal-

control, sham rats fed a HFD with 0.6% dextrin with normal estrogen levels. At

end of the experimental period, the phosphorylation of mTORSer2448, mTOR, and

4E-BP1Thr37/46 in the quadriceps muscle was measured by immunoblotting. Each

bar represents the mean�SD (n¼6). a,bSignificantly different among all groups

at P< 0.05

Figure 5 mRNA expression of CPT-1, SREBP-1c, and FAS in the liver. OVX-

control, OVX rats fed a high-fat diet (HFD) with 0.6% dextrin; KME-L, OVX rats fed

HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H, OVX rats

fed HFD with 0.6% Korean mistletoe water extract. Normal-control, sham rats

fed a HFD with 0.6% dextrin with normal estrogen levels. At end of the experi-

mental period, mRNA levels of hepatic genes involved in fatty acid oxidation

(CPT-1) and synthesis (SREBP-1c and FAS) were measured by real-time PCR.

Each bar represents the mean�SD (n¼5). a,b,cSignificantly different among all

groups at P<0.05
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American mistletoe, but it was shown to be somewhat toxic
if not properly prepared.25 We conducted a preliminary
mouse study examining the toxicity of Korean mistletoe
water extracts heated for 12 h at 80�C, and it exhibited no
toxicity, including liver damage, when 5 g KME/kg bw was
given for one month. Therefore, we used the properly pre-
pared water extract to determine its effect on menopausal
symptoms in this study.

Hot flushes are one of the common symptoms experi-
enced by menopausal women and are characterized by a
transient increase in skin temperature.1 This symptom is
also induced in OVX rats and can be monitored by measur-
ing tail skin temperature.21 It is related to vasomotor dys-
function due to estrogen deficiency.26,27 Shuto et al.26

demonstrated that tail skin temperatures are increased in
OVX rats after forced exercise and it is related to

Figure 6 Serum glucose levels and area under the curve (AUC) of glucose and insulin during oral glucose tolerance test (OGTT). OVX-control, OVX rats fed a high-fat

diet (HFD) with 0.6% dextrin; KME-L, OVX rats fed HFD with 0.2% Korean mistletoe water extract þ 0.4% dextrin; KME-H, OVX rats fed HFD with 0.6% Korean

mistletoe water extract. Normal-control, sham rats fed a HFD with 0.6% dextrin with normal estrogen levels. a. Changes of serum glucose levels during OGTT. b. The

average of the AUC of glucose during the first part (0–40 min) and second part (40–120 min) of OGTT. c. The average of the AUC of insulin during the first part (0–40 min)

and second part (40–120 min) of OGTT. Each dot and bar represents the mean�SD (n¼15). *Significantly different between the OVX-control and normal-control

groups at P<0.05
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exacerbated vasomotor dysfunction via decreasing the pro-
duction and release of nitric oxide. In addition, serotonin
reuptake inhibitors are the first-line therapy for hot flushes
since serotonin in the brain ameliorates it.28,29 In the present
study, skin temperature was higher in OVX-control rats
than normal-control rats and it increased over time only
in OVX-control rats. KME consumption significantly ame-
liorated rat skin temperature at the eighth week of the
experimental period in comparison to OVX-control rats.
Thus, KME may be beneficial for alleviating hot flushes.

Estrogen deficiency is known to disturb energy metabol-
ism, reallocate fat distribution, decrease lean body mass,
and as a result, it markedly increases visceral fat mass
and decreases muscle mass in humans and animals.24

Energy dysregulation in the estrogen deficient state is
mainly due to decreased energy expenditure and not
energy intake. In the present study, OVX-control rats
increased bw and visceral fat mass and decreased brown
adipose tissues. Surprisingly, KME prevented the decrease
in lean body mass in the abdomen and leg during the
experimental periods, probably due to the potentiation of
mTOR ! 4 E-BP1 signaling. Jung et al.30 found that water
extract of Korean mistletoe enhances exercise endurance by
increasing mitochondrial activity, possibly by activating
peroxisome proliferator-activated receptor gamma coacti-
vator 1-a and sirtuin-1 in mice. They suggested that the
water extract has great potential as a novel mitochondria-
activating agent. However, it may also be due to increasing
lean muscle mass as shown in the present study. However,
KME did not alter bw and visceral fat mass in OVX rats in
the present study. In addition, KME did not affect energy
intake or energy expenditure in OVX-control rats. However,
since daily energy expenditure was slightly higher in the
KME-H group than the OVX-control group (P¼ 0.08), the
accumulation of energy expenditure during total experi-
mental periods would be expected to be higher in KME-H
group. KME did result in a small but significant increase in
fat oxidation in comparison to OVX control rats, but was
still much less than normal-control rats. Furthermore, the
amount of brown adipose tissues was greater in the KME
group than the OVX-control group whereas UCP-1 in
brown adipose tissues tended to be greater in the KME
group but it was not significantly different. The lack of
change in bw might be related to increased muscle mass.
In a study of the effects of KME on energy metabolism, Jung
et al.30 demonstrated that 12-week supplementation of 0.4%
water extract of Korean mistletoe lowered bw and epididy-
mal fat mass in C57BL/6 male mice fed a HFD without
changing food intake. In addition, the supplementation
increased UCP-1 expression in brown adipose tissues
during cold exposure. Thus, KME may increase fat oxida-
tion in some tissues independent of the estrogen pathway.

Post-menopausal dyslipidemia and hepatic steatosis are
common in humans and experimental animals.31,32 The
anti-dyslipidemia effect and mechanism of mistletoe
extracts have not been thoroughly studied although
Korean mistletoe protects against hepatic steatosis in mice
with high fat induced obesity.33 The present study showed
that KME-H prevented the dysregulation of lipid metabol-
ism in OVX rats and the circulating and hepatic lipid levels

of KME-H treated OVX rats were similar to those of normal-
control rats. Several studies have evaluated the effects of
mistletoe on lipid metabolism: ethanol extract of African
mistletoe normalized the streptozotocin-induced dyslipide-
mia in male mice34 and ethanol extract of European mistle-
toe prevented high cholesterol diet-induced dyslipidemia
in male mice, but water extract only decreased serum tri-
glyceride levels.35 A survey of traditional healers in the
African country of Cameroon found that the African mistle-
toe (Loranthaceae species) is used for treating menopausal
symptoms, but no scientific evidence of efficacy was pro-
vided.36 Therefore, this is the first study we are aware of
that investigated the use of mistletoe for treating symptoms
and metabolic abnormalities associated with menopause.

In conclusion, KME alleviated hot flushes and amelio-
rated dyslipidemia and hepatic steatosis by decreasing
cholesterol biosynthesis due to suppressed SREBP-1c
expression and by increasing fatty acid utilization to
normal levels in OVX rats. In addition, KME improved
insulin sensitivity and increased lean body mass by poten-
tiating phosphorylation of mTOR and 4E-BP1, to levels
similar to those of normal-control rats. These results sug-
gested that KME is beneficial for alleviating some meno-
pausal symptoms and may be useful in combination with
other herbs for alleviating energy dysregulation and main-
taining lean body mass.
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