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Korean mistletoe has anti-inflammatory and antioxidant functions and may be a useful training supplement. We investigated the
effect of Korean mistletoe extract (KME) on inflammatory markers after high-intensity exercise by 20 university male rowers (KME
group vs. CON group) consuming 110 mL KME/dose (2 times a day over 8 weeks). Blood samples were collected for measurement
of serum cytokine levels at baseline, immediately after exercise, and following 30 minutes of recovery. Interleukin-6 (IL-6), tumor
necrosis factor-alpha (TNF-«), and C-reactive protein (CRP) were used as markers for inflammation. After supplementation, IL-6
and TNF-« levels were significantly lowered in the KME group than in the CON group at baseline, immediately after exercise, and
following 30 minutes of recovery. KME can reduce high-strength exercise-induced increases in the levels of serum inflammatory

cytokines in active individuals and improve anti-inflammatory functions.

1. Introduction

Exercise promotes health, prevents disease, increases life
expectancy, and is considered to some to be a medicine. How-
ever, elite athletes are a paradox that should be emphasized [1].
For athletes to achieve a higher rank or exceptional results in
competitive sport, tolerance for strenuous exercise is necessary.

Strenuous exercise may serve as a physical stressor and
can thus create a state similar to an inflammatory response
[2]. Inflammation is a tissue’s immune response to various
stimuli [3], and during inflammatory processes by macro-
phages and inflammatory cells, inflammatory mediators
including nitric oxide, cytokines, and chemokines are
released [4]. As such, arduous conditions during exercise
activate neutrophils, monocytes, and macrophages. It can

also increase levels of proinflammatory cytokines including
interleukin-1 beta (IL-1f), tumor necrosis factor-alpha
(TNF-w), and interleukin-6 (IL-6) and amplify different
aspects of inflammation through cytokine action [5]. These
factors impede exercise performance and increase interac-
tions between serum inflammatory cytokines and other
organ systems, resulting in signs and symptoms of inflamma-
tion [1, 6]. TNF-« is the major active cytokine during an
acute inflammatory response and sends a stimulatory signal
to leukocytes at sites of inflammation to eliminate microor-
ganisms and decrease inflammation [7]. Activation of
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-xB), in combination with the TNF receptor 1,
exerts a negative effect on induction of intracellular gene
expression in response to oxidative stress [8]. IL-6 is a
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cytokine that is essential to the transport of proteins that reg-
ulate immunity. IL-6 levels change significantly in response
to exercise. It is mostly activated during skeletal muscle con-
traction and plays crucial roles in the control of immune and
metabolic functions [9]. IL-6 simultaneously regulates both
inflammatory and anti-inflammatory functions [10, 11].
Inﬂammatory proteins, enzymes, and C-reactive protein
(CRP) have been used as biomarkers in medicine to assess
levels of inflammation, infection, and injury [12].

Nutrition planning may be useful to counteract inflam-
matory responses after strenuous exercise, and dietary sup-
plements are able to inhibit inflammatory response and
specific immune functions [13]. Thus, many studies have
attempted to establish the importance of nutrition that
enhances immunity during athlete training and during com-
petition [14]. Dietary supplements with anti-inflammatory
and antioxidant functions may aid athlete recovery after
repetitive intense exercise [15]. To characterize the effects
of such dietary supplements on exercise physiology, future
studies should be planned carefully and with precision. It is
important to determine the effect of specific supplements
on exercise physiology, as opposed to having performance
as the sole consideration [16]. Vegetable polyphenols are
known to have various biological effects, and administration
of polyphenols can reduce oxidative stress and levels of pro-
inflammatory cytokines [17].

Mistletoe (Viscum album var. coloratum) is an angiosperm
that survives by absorbing moisture, minerals, and organic
materials from several host trees. As it retains photosynthetic
function, this makes it a hemiparasite that is not entirely
dependent on its host. Mistletoe is chemically composed of
viscotoxins, lectins, flavonoids, phenolic acids, terpenoids, ste-
rols, phenylpropanoids, and alkaloids [18]. It has been
reported to be effective not only as an antitumor [19] and
anti-inflammatory agent [20] but also for immune enhance-
ment and regulation [21] and treatment of atherosclerosis
and hypotension [22]. Mistletoe also promotes antioxidant
functions [23], increases endurance through increased mito-
chondrial activity [24], and has an antidiabetic effect through
insulin secretion [25]. As such, mistletoe is used as a supple-
ment to ameliorate symptoms of the above illnesses.

Excessive long-term training and intense exertion during
exercise can cause expression of inflammatory cytokines.
Various measures have been explored to minimize this
response, and dietary supplements with anti-inflammatory
and antioxidant effects may help athletes to recover from
repetitive intense exercise and thus prevent reductions in
performance. To address this, we conducted this study to
determine the effects of mistletoe extract supplementation
on levels of inflammatory markers in university-aged male
rowing athletes during an 8-week training period. The per-
formance measure for high-intensity aerobic and anaerobic
sport involved rowing a 2,000 m distance on an ergometer.

2. Methods

2.1. Subjects. Study subjects included 20 university-aged male
rowing athletes (means + SD: age = 20.37 £ 1.20 year, height
=179.96 + 4.33 cm, weight = 80.57 + 8.73 kg) at H Univer-
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sity, Busan, Republic of Korea. Subjects individually had
more than 5 years of rowing experience and were national-
level athletes who won at national competitions. This study
was conducted in accordance with protocols approved by
the institutional review board at Pusan National University
(PNU IRB/2016_24_HR). The subjects were fully informed
about the study and understood its objective and intent prior
to participation. Only those who gave voluntary written con-
sent were included in this study. All subjects were athletes
without a prior record of musculoskeletal or other injuries
and had not been treated with medication in the 6 months
prior to the study. The subjects were prohibited from taking
other nutritional supplements or drugs for a month before
commencement of the study and for its duration.

2.2. Study Design. Subjects were randomly divided into two
groups: the experimental group that was administered the
Korean mistletoe extract (KME) supplement (n=10) and
the control (CON) group (n=10). All subjects undertook
preseason training for 8 weeks (January to February), and
the KME group were administered mistletoe extract during
this period. All of the following parameters were measured
using the same protocol and under the same conditions:
2,000m rowing ergometer performance was assessed and
serum IL-6, TNF-«, and CRP levels were measured before
(0 week) and after (8 weeks) the training period. They were
measured at baseline, immediately after the 2,000 m rowing
exercise, and following 30 min of recovery. We set the recov-
ery time of inflammation markers through mistletoe extract
intake to 30 minutes based on previous recovery studies after
2,000 m rowing ergometer performance of rowers [26, 27].
The KME group was also administered mistletoe extract
(110 mL) and had 30 min of recovery after the rowing test.
The study design is shown in Figure 1.

2.3. Supplementation. The KME group was administered 220
mL of mistletoe extract (mistletoe juice, Jinheong Food Ltd.,
Uljin, South Korea) daily during the 8-week training period,
divided into two doses. A 110mL dose was administered
once every morning and again 1h after the evening meal
[28]. The KME group was administered an additional 110
mL of mistletoe extract before and immediately following
the 2,000 m rowing exercise, prior to blood collection. Mistle-
toe extract was prepared according to a method validated in
previous studies on natural plants [28, 29]. The specific
manufacturing process is as follows. Oak mistletoe (Viscum
album var. coloratum) grown at an altitude of 800m or
higher in Uljin (Mt. Tonggo and Mt. Baekam) in Gyeong-
sangbuk-do, Republic of Korea, was harvested and dried nat-
urally for 1 month. After that, it was cut into pieces of 5cm
each and roasted, 1,650 g of mistletoe and 22,000 mL of water
were added to the extractor, and the pressure was 0.15
kgf/cm® at 110°C, and extraction was performed for 3 hours.
After extraction, it was pasteurized for 40 minutes. The mis-
tletoe extract was provided by sealing and refrigeration in a
plastic pack of 110 mL (content of mistletoe, 13 g/pack).
Analysis by the Korea Advanced Food Research Institute
(2016) found that the main chemical components of mistle-
toe extract were water (97%), crude ash (0.2%), crude fat
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FIGURE 1: Overview of intervention study design. The pre- and postsupplementation was performed in the experiment in the same condition
and methods. Rowing performance measures (2,000m rowing ergometer race simulation) were completed before and after each
supplementation period (the mistletoe supplement group and the control group). Venous blood samples at the baseline were assessed
before the subjects underwent rowing ergometer test. After the exercise, venous blood measures were assessed immediately and after 30
minutes. The KME group took 110 mL of mistletoe extract immediately after the exercise.

TaBLE 1: Physical characteristics of subjects in both groups.

\éi(r)ﬁsles Age (yr) Height (cm) Weight (kg) BMI (kg/mz) Career (yr)
KME (n =10) 20.44 +£0.99 180.87 +5.03 81.73 £8.52 24.99 +£1.56 570+ 1.34
CON (n=10) 20.30 +£1.42 179.05 £ 3.53 79.41+£9.24 24.76 £ 3.03 5.20+1.55

Values are means + SD. KME: Korean mistletoe extract intake group; CON: control group.

(0.5%), crude protein (0.3%), carbohydrate (2.0%), sodium
(3.9mg/100 g), and flavonoids (32.0 mg/100 g).

2.4. Rowing Performance Test. An indoor rowing ergometer
(Concept2 Inc., VT, USA) that is typically used for physical
or technical training of rowing athletes was used to assess
exercise performance. Performance in a 2,000 m rowing test
was measured. This was a physically demanding task that
required maximum effort from the subjects. During the row-
ing performance test, heart rate was maintained at >80%
heart rate reserve, and changes in heart rate were measured
every 5s using a wireless heart rate meter (Polar RS400sd,
Polar Electro Inc., NY, USA). Prior to the test, all subjects
freely performed a warm-up on the rowing ergometer for 5
min.

2.5. Biochemical Analysis. Prior to blood collection, subjects
were required to fast from 8:00 pm of the previous day. To
measure cytokine levels at baseline, immediately after the
2,000m rowing exercise, and following 30 min of recovery,
10 mL of blood was drawn from the forearm vein using a vac-
uum collection tube. The blood samples obtained were then
centrifuged (Combi-514R, Hanil, Korea) for 10min at
3,000 rpm. Serum was separated from blood cells, transferred
to a microfuge tube, and was then stored at —80°C until anal-
ysis. Enzyme-linked immunosorbent assay (ELISA) was per-
formed to determine serum concentration of IL-6 and TNF-«
using CymaxTM Human IL-6 and TNF-«a ELISA Kits (AB

Frontier, Korea), respectively, and OD at 450 nm was mea-
sured using GENios (TECAN, Switzerland). An immunotur-
bidimetric assay with CRPL3 (Roche, Germany) and a
Modular Analytics (Roche, Germany) analyzer was used to
measure levels of CRP.

2.6. Statistical Analysis. Sample size was determined using a
G-power version 3.1 Windows program (Kiel University,
Kiel, Germany), based on a 0.25-point effect size (default),
an alpha level of p < 0.05, and 60% power [30]. The mean
value (M) and standard deviation (SD) of the measured
parameters were calculated using the Statistical Package for
the Social Sciences (SPSS) version 23.0 for Windows (SPSS
Inc.,, Chicago, IL). To analyze interaction of differences
between the groups (KME vs. CON, 2) and between periods
(before vs. after, 2), a two-way repeated measures analysis
of variance analysis was performed. To assess changes within
each group before and after supplementation, a paired ¢-test
was performed. An independent ¢-test was also used to ana-
lyze the delta (A) change. The level of statistical significance
was set at p < 0.05.

3. Results

3.1. Subject Characteristics. The physical characteristics of
study subjects are summarized in Table 1. There was no sig-
nificant difference in mean age, height, weight, body mass
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FIGURE 2: Before and after supplementation of 2,000 m rowing ergometer performance: (a) heart rate during the 2,000 m rowing test; (b)
2,000m rowing time trial; (c) total stroke count during the 2,000m rowing test. Data are shown as means+ SD. "*p <0.01 and

*7p < 0.001 before vs. after; *p < 0.05 KME vs. CON.

index, and career achievements of the rowers in the KME and
CON groups.

3.2. 2,000 m Rowing Ergometer Test. During the 2,000 m row-
ing ergometer trial test, there was no difference in heart rate
between groups and periods (KME group before: 173.33 +

12.26 bpm, after: 178.29 + 16.43 bpm, t =—1.032, p =0.329;
CON group before: 174.39 + 13.95 bpm, after: 178.91 + 8.52
bpm, t =—-1.514, p = 0.164). There was no significant differ-
ence in performance for the 2,000 m rowing test between the
KME group (418.25+14.03s) and the CON group
(420.98 + 16.64 s) prior to the experiment (t=-.397, p=

0.696). The 2,000 m rowing test times significantly decreased
in both the KME group (407.77 + 11.39s,t = 6.676, p < 0.001
) and the CON group (411.33 + 17.825s,t=3.770,p < 0.01) at
after 8 weeks. Total rowing stroke count also did not differ
significantly for the 2,000 m rowing test in both groups prior
to supplementation. The KME group had a rowing stroke
count of 213.60 + 11.5, and the CON group had a count of
222.80£14.40 (t=-1.566, p=0.135). Following supple-
mentation, total rowing stroke count was significantly differ-
ent between the groups. The KME group (207.10 + 14.11)
had a lower rowing stroke count than the CON group
(221.60 + 7.82), as shown in Figure 2 (¢ = -2.843, p < 0.05).

3.3. Serum Inflammation Markers

3.3.1. Interleukin-6 (IL-6). After the 8 weeks, baseline levels of
serum IL-6 decreased from 4.13 + 1.16 pg/mL to 3.57 £ 0.55
pg/mL in the KME group and increased from 4.62 + 1.41

pg/mL to 5.46 +0.54 pg/mL in the CON group. The main
effect of the two groups (F = 5.745, p < 0.05) after the 8 weeks
was different at baseline (¢ = -7.760, p < 0.001). Immediately
following exercise, the concentration of serum IL-6 in the
KME group was 9.95 + 1.79 pg/mL before and 10.22 + 1.49

pg/mL after supplementation. In the CON group, the con-
centration of serum IL-6 increased from 11.07 + 2.38 pg/mL
to 13.99 + 3.21 pg/mL after the 8 weeks. An interaction effect
(F=6.596, p<0.05) and the main effect of the groups
(F=12.117, p < 0.01) were observed immediately following
exercise. Serum IL-6 significantly increased immediately
after exercise in the CON group (¢ = —2.443, p < 0.05). There
were significant differences between the groups after the 8
weeks (t=-3.373, p<0.01). The concentration of serum
IL-6 in the KME group after 30 min of recovery was 5.86 +

1.98 pg/mL before supplementation and 5.45 + 1.49 pg/mL
after supplementation. In the CON group, the concentration
of serum IL-6 was 7.59 + 1.43 pg/mL before and 8.78 + 2.70
pg/mL after the 8 weeks. The main effect of the groups
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FiGure 3: Changes in interleukin-6 levels during the 2,000 m rowing ergometer exercise trials performed before and after supplementation
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(F =7.748, p < 0.05) and comparison of differences between
the two groups revealed that they were significantly different
before (F=-2.229, p<0.05) and after the 8-week period
(F =-3.425, p < 0.01), as seen in Figure 3.

Differences (A) between serum levels of IL-6 before and
after the 8 weeks are represented in Figure 4(a). Briefly, the
baseline of A-IL-6 was —0.56 + 0.90 pg/mL in the KME group
and 0.84 + 1.54 pg/mL in the CON group. This was signifi-
cantly different (¢t = -2.493, p < 0.05). Immediately following
exercise, the A-IL-6 was 0.27 + 1.91 pg/mL in the KME group
and 2.92+3.79pg/mL in the CON group (t=-1.978,
p=0.063). After 30 min of recovery, the A-IL-6 was —0.42
+0.88 pg/mL in the KME group and 1.19 +2.22 pg/mL in
the CON group. This was again significantly different
(t=-2.136, p < 0.05).

3.3.2. Tumor Necrosis Factor-Alpha (TNF-a). An interaction
effect (F=8.678, p<0.05) was observed for baseline levels
of serum TNF-a; there was a significant main effect of group
(F=7.612, p<0.05). Concentration of serum TNF-«
decreased from 54.05 +16.75 pg/mL to 41.51 + 3.68 pg/mL
after supplementation in the KME group. In contrast, in the
CON group, concentration of serum TNF-a was 56.57 +
13.90 pg/mL prior to and 64.89 + 10.06 after the 8 weeks.
This demonstrated that the KME group had significantly
lower TNF-a levels (t=2.360, p < 0.05). Significant differ-
ences were observed between the two groups after the 8
weeks (F=-6.900, p <0.001). Immediately following exer-
cise, concentration of serum TNF-a in the KME group
decreased from 140.04 + 34.17 pg/mL to 93.27 £ 5.10 pg/mL
after supplementation. In the CON group, concentration of
serum TNF-a was 134.28 + 23.27 pg/mL before and 138.46

+25.59 pg/mL after the 8 weeks. There was an interaction
effect (F=8.201, p<0.05), a main effect of group
(F=6.169, p <0.05), and main effect of time (F=10.827,
p <0.01). The decrease observed in the KME group was sta-
tistically significant (¢t =4.092, p <0.01). After the 8-week
period, the difference between the two groups was also statis-
tically significant (f =-5.477, p<0.001). After 30 min of
recovery, serum concentration of TNF-« in the KME group
was 65.31+32.71 pg/mL prior to supplementation and
66.14 £ 19.05 pg/mL after supplementation. In the CON
group, serum concentration of TNF-«a was 91.68 +20.32 pg
/mL prior to and 94.22 +20.64 pg/mL after the 8 weeks.
There was no statistically significant interaction. We
observed significant differences between the two groups prior
to (t=-2.165, p<0.05) and after supplementation
(t=-3.161, p < 0.01), as shown in Figure 5.

Differences (A) in levels of TNF-« before and after the 8-
week period are presented in Figure 4(b). The baseline A
-TNF-a was —12.54 +16.81 pg/mL in the KME group and
8.32+16.23 pg/mL in the CON group. This difference was
significant (f =-2.823, p<0.05). Immediately following
exercise, A-TNF-a¢ was —46.77 +36.14 in the KME group
and 4.18 +33.38pg/mL in the CON group (t=-3.275,
p <0.01). After 30 min of recovery, A-TNF-a was 0.83 +
21.26 pg/mL in the KME group and 2.54+18.43 in the
CON group (t =-0.192, p =0.850).

3.3.3. C-Reactive Protein (CRP). Baseline concentration of
serum CRP in the KME group was 0.21 + 0.16 mg/L prior
to and 0.22 + 0.15 mg/L after supplementation. In the CON
group, it was 0.33 + 0.20 mg/L before and 0.35 +0.31 mg/L
after the 8-week period. Immediately following exercise,
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concentration of serum CRP in the KME group was 0.27 +
0.23 mg/L prior to and 0.24 + 0.15 mg/L after supplementa-
tion. In the CON group, it was 0.36 + 0.24 mg/L before and
0.32 + 0.28 after the 8-week period. After 30 min of recovery,
the concentration of serum CRP in the KME group was
0.21 +0.17 mg/L prior to and 0.22 + 0.19 mg/L after supple-
mentation. In the CON group, the concentration was 0.30
+0.18 mg/L before and 0.34 £ 0.26 mg/L after the 8-week
period. No interaction effect was observed, and there were
no significant differences between the two groups (Figure 6).

Differences (A) in concentration of serum CRP before
and after the 8-week period are represented in Figure 4(c).
There were no significant differences observed for all time
points. The baseline for A-CRP in the KME group was 0.01
1 0.17mg/L and was 0.02 +0.24 mg/L in the CON group
(t=-0.107, p=0.916). Immediately following exercise, A
-CRP was —0.03 + 30.24 mg/L in the KME group and —0.04
+0.13mg/L in the CON group (t = 0.081, p = 0.936). After
30min of recovery, A-CRP was 0.01 +0.22mg/L in the
KME group and 0.04+0.21mg/L in the CON group
(t=-0.341, p=0.737).

4. Discussion

This study demonstrated the effect of mistletoe supplementa-
tion on the release of proinflammatory cytokines induced by
strenuous exercise. Immediately following a bout of strenu-
ous exercise (a 2,000 m rowing ergometer trial), there was a
rapid increase in serum inflammatory cytokines such as IL-
6 and TNF-a. Supplementation with mistletoe extract after
exercise for the purposes of quick recovery dampened the
increase in IL-6 and TNF-a from baseline levels. Daily
administration of the mistletoe extract supplement for 8
weeks prevented possible increases in the levels of IL-6 and
TNF-a induced by long training periods. Immediately fol-
lowing a break after strenuous exercise, levels of serum IL-6
and TNF-a decreased. Our data suggest that mistletoe extract
decreases levels of inflammation in elite athletes. This is the
first study to investigate the effects of such an antioxidant
treatment on exercise-induced oxidative stress.

Training protocols include long training times and high-
intensity training for the purposes of reinforcing skills and
improving performance. In this study, the subjects
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performed high-intensity training for 8 weeks. During the
off-season period, performance of rowing athletes in a
2,000m rowing ergometer trial was compared pre- and
postsupplementation with mistletoe extract. Our results dem-
onstrated that the time taken to row 2,000 m on the rowing
ergometer significantly decreased in each group. As both
groups had undertaken 8 weeks of training, the time for the
trial decreased compared to the baseline level in both groups.
In particular, the KME group reduced the record of 2,000 m
rowing performance. Furthermore, the total number of
strokes was significantly lower in the KME group compared
to the CON group.

Mistletoe extract stimulates the release of peroxisome
proliferator-activated receptor gamma coactivator 1-alpha
and sirtuin 1 in myoblasts, resulting in improved endurance
by upregulating mRNA expression of genes associated with
mitochondrial creation and function [24]. It has also been
shown to increase expression of mitochondrial uncoupling
protein-3 in a myoblast cell line, which activates adenosine
monophosphate-activated protein kinase (AMPK) [31].
Another animal study on mistletoe extract supplement
enhancement of endurance reported that administration of
mistletoe extract for 12 weeks extended time to exhaustion
on the treadmill by 2.5 times and swimming time by 212%
and reduced postexercise lactate levels in the experimental
group compared to the control group [24]. Administration
of mistletoe extract during treadmill exercise also increased
distance and duration of exercise till exhaustion compared
to control [31]. This suggests that rowing performance

improvements in the KME group that was administered mis-
tletoe extract may be due to increased capacity in the electron
transport chain system through increased oxygen consump-
tion by mitochondria [24]. Alternatively, improvements
may be due to changes in muscle function and muscle differ-
entiation index [32].

Several mechanisms are involved in inflammatory
responses: (1) detection of harmful stimuli via binding to
the cell surface receptor, (2) revitalizing inflammatory chan-
nels, (3) release of inflammatory molecules, and (4) recruit-
ment of inflammatory cells [12]. Cytokines regulate
inflammation through a complex network of interactions
and calibrate immune response to infection or inflammation.
However, excessive inflammatory cytokine production can
cause damage including tissue injury, hemodynamic
changes, and organ insufficiency that ultimately results in
death [33, 34]. An appropriate level of IL-6 maintains glucose
homeostasis in muscle tissue and activates the production of
AMPK in skeletal muscles to stimulate absorption of glucose
and fat oxidation [35]. IL-6 plays a major role in anti-
inflammation by blocking the IL-1 receptor and directly inhi-
biting the expression of TNF-« and IL-1f and is therefore
classified as both a pro- and anti-inflammatory cytokine
[36]. However, a rapid increase in IL-6 causes cytokine
imbalance and induces a critical inflammation state. Athletes
who engage in intensive strength-based exercise for long
periods are vulnerable to chronic inflammatory conditions
[14], and this form of physical exertion results in increased
levels of inflammatory cytokines in the blood [37].
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FIGURE 6: Changes in C-reactive protein levels during the 2,000 m rowing ergometer exercise trials before and after supplementation

(means + SD). There was no difference.

Inflammation is accompanied by muscle pain and discom-
fort, which increases risk of injury and reduces performance
of athletes [38].

Korean mistletoe has higher inhibition of lipid peroxida-
tion than an equivalent concentration (10 mg) of vitamin C
and demonstrates high antioxidative properties [39]. Oak
tree mistletoe plays a role as a natural antioxidant as it con-
tains polyphenols, has a superior ability to donate electrons,
and increases activity of superoxide dismutase [40]. In
particular, homoflavoyadorinin-B, a bioactive flavonoid
found exclusively in mistletoe, shows potential in preventing
and treating diseases associated with the generation of
reactive oxygen species [41]. Mistletoe’s anti-inflammatory
effects also include inhibition of cytokines induced by
prostaglandin E2 biosynthesis through selective inhibition
of cyclooxygenase-2 (COX-2) [20]. It has also recently been
suggested that Korean mistletoe may exert anti-
inflammatory effects via activating transcription factor 3
and mitogen-activated protein kinase (MAPK) and inhibit-
ing NF-«B signal transduction, decreasing inflammatory
effectors such as inducible nitric oxide synthases (iNOS),
COX-2, TNF-q, and interleukin-1 beta (IL-1/3) [42].

Serum TNF-« was elevated after the 2,000 m rowing trial
and induced IL-6 expression. The KME group had a lower
concentration of IL-6 and TNF-a compared to the CON
group after 30 min of recovery, both before and after postex-
ercise supplementation. This indicated that supplementation
with mistletoe extract was effective in treating acute exercise-
induced inflammation when coupled with 30 min of recov-
ery. The KME group also had a lower concentration of serum
inflammatory cytokines compared to the CON group at

baseline, immediately after exercise, and after 30 min of
recovery postsupplementation. This finding implies that sup-
plementation with mistletoe ameliorates inflammatory
responses induced by long-term intensive training.

However, despite the rapid increase in serum inflamma-
tory cytokines after the 2,000 m rowing trial, there was no sig-
nificant change in the level of CRP and no interaction effect.
Acute phase proteins including CRP also increased after
excessive exercise, but it was confirmed that the increase
was delayed compared to IL-6 and TNF-a. Because CRP
increases dramatically during the inflammatory process and
remains elevated for long periods of time, it is thought to
be considered in future studies of chronic inflammation
levels in athletes.

5. Conclusions

Supplementation with  mistletoe extract had anti-
inflammatory and positive effects on performance during
long-term high-intensity training and extreme exertion (a
2,000 m rowing trial). Thus, we propose that mistletoe extract
may be a valuable anti-inflammatory supplement that pro-
tects against exercise-induced oxidative damage in athletes
who have increased inflammation due to high-intensity
training.

Abbreviations

KME: Korean mistletoe extract
IL-6: Interleukin-6
TNF-a: Tumor necrosis factor-alpha
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CRP:  C-reactive protein

NF-«B: Nuclear factor kappa-light-chain-enhancer of acti-
vated B cells

COX-2: Cyclooxygenase-2

MAPK: Mitogen-activated protein kinase

iNOS:  Inducible nitric oxide synthases
IL-13:  Interleukin-1 beta.
Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Additional Points

Highlights. (i) Korean mistletoe extract (KME) has shown
functional foods for anti-inflammation. (ii) Inflammatory
cytokine expression increased dramatically after strenuous
exercise. (iii) KME supplementation prevented increases in
IL-6 and TNF-« levels induced by high-intensity training.
(iv) KME was consequently helpful in recovery.
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