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Saengmaeksan (SMS) is a traditional drink that consists of three natural herbs, Lirio platyphlla, Panax ginseng, and Schisandra
chinensis, and improves fatigue, liver function, and immunity. Moderate-intensity exercise has a positive effect on fatigue, liver
function, and immune function, whereas long-term high-intensity training has a negative effect on these aspects. We hypothesized
that SMS intake will improve fatigue (ammonia, lactic acid), liver function (aspartate transaminidase (AST) and alanine amino-
transferase (ALT)), and immunity (IgA, IgG, IgM) with high-intensity training. To investigate this hypothesis, 17 male college
tennis players were randomly assigned to SMS and placebo groups with high-intensity training. SMS and placebo were consumed
in 110mL doses for a total of 770mL. High-intensity training was performed at 70%–90% of heart rate reserve, conducted five
times weekly for 4 weeks. A significant interaction effect was observed between the SMS and control (CON) groups regarding
ammonia, ALT, and IgA levels. Ammonia levels significantly decreased in the SMS group, but there was no difference in the lactic
acid levels. AST significantly decreased in the SMS group. IgA significantly increased in the SMS group, IgM significantly decreased
in both groups, but there was no change in IgG. The correlation analysis revealed positive correlation in ΔAST vs. ΔALT, ΔALT vs.
ΔIgG, and ΔIgA vs. ΔIgG in the SMS group. These findings demonstrate that SMS intake can reduce ammonia, AST, ALT, and IgM
levels, while causing an increase in IgA, which has a positive effect on fatigue reduction, liver function, and immunoglobulins in a
high-intensity training or related environment.

1. Introduction

Fatigue research focuses on the performance of athletes who
require high performance. Fatigue is caused by the accumu-
lation of lactic acid and ammonia in the blood during exer-
cise, resulting in a negative correlation with exercise ability
[1]. Ammonia is a direct precursor leading to the production
of other metabolites that trigger fatigue during strenuous
exercise. Elevated blood ammonia levels are associated with
various functional and metabolic neurological disorders, as
well as fatigue [2]. Blood ammonia and lactate levels are
elevated in well-trained athletes that perform high-intensity
exercise compared to those of untrained individuals. Thus,

the metabolic function of ammonia is essential for athletes to
maintain performance [3].

High-intensity exercise also affects liver function. Exercise
increases blood flow to the skeletal muscles while decreasing
blood flow to the liver, which can lead to liver damage. Intense
exercise releases enzymes from the liver, raising indicators
related to liver damage such as aspartate aminotransferase
(AST) and alanine aminotransferase (ALT); thus, continuing
at such intensity for long periods of time can cause chronic
liver damage [4]. An increase in AST alone may indicate heart
or muscle disease, and abnormal elevation of both AST and
ALT can increase liver-related mortality [5]. In an animal
experiment investigating the effects of high-intensity exercise
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on the liver in mice, exercise at 75% and 90%maximal oxygen
consumption (VO2max) increased both AST and ALT levels.
A higher exercise intensity was associated with more distinct
edema and inflammatory response in the liver [6]. In a human
experiment, exercise-induced oxidative stress and skeletal
muscle damage increased AST and ALT levels, similar to
the effects found in animal experiments [7].

Serum immunoglobulin (Ig) is an immune status indica-
tor. Low Ig levels indicate immunodeficiency, whereas high
Ig levels may cause liver, chronic inflammatory, and blood
diseases [8, 9]. Vigorous exercise induces an increase in
inflammatory cytokine levels. For example, marathon races
increase interleukin (IL)-6 levels by a factor of 100 and also
show a high correlation with Ig levels [10, 11]. In addition,
endurance athletes have an increased incidence of upper
respiratory tract infections after high-intensity training.
Because the concentration of IgA appears to be low after
high-intensity exercise, the levels of Igs can help determine
the risk of infection and the degree of training in athletes [12].

Numerous researchers have made greater efforts to find a
way to maintain athletic performance while maintaining
high training intensities. Several studies have been conducted
on the acute effects of fatigue substances, liver function, and
immune function [13–15]. However, longitudinal studies to
confirm the long-term effects of consuming natural sports
drinks are limited.

With growing interest in traditional Chinese medicine
tea beverages, the U.S. National Institutes of Health has
defined herbal and botanical supplements containing herbs
as “health supplements” [16]. These beverages have synergis-
tic effects, if prepared properly by a combination of one or
more herbal formulas [17]. SMS is a traditional herbal bev-
erage prepared by blending three natural medicinal herbs,
Lirio platyphlla, ginseng, and Schisandra chinensis, and is
often used for rejuvenation during the summer [18].

Various studies have recorded the health effects of SMS,
such as a reduction in body fat, increase in exercise time,
decrease in heart rate [19], an antihyperuricemic effect [20],
and an antioxidant effect [21]. These effects can be predicted
according to the individual effects of the component sub-
stances in SMS. L. platyphylla, which accounts for half of
SMS, produces steroid saponin as its main metabolite, fol-
lowed by flavonoids and phenols [22]. Saponins are mainly
produced in Liliaceae plants and induce various biochemical
changes such as improving cholesterol levels by regulating
lipids and oxidative stress [23]. Additionally, various pharma-
cological effects such as immunomodulatory, anticancer, and
antiviral effects [24] have been verified. More than 20 types of
ginsenosides, commonly referred to as steroidal saponins and
triterpene saponins, constitute the main components of gin-
seng [25]. The effects of ginseng include central nervous sys-
tem stimulation and inhibition, neurotransmitter control,
memory deficit prevention, anticancer activity, and immuno-
modulation [26]. Finally, S. chinensis, which produces the
five-flavor fruit ormagnolia berry, hasmore than 40 beneficial
components. Among them, lignans are the main active ingre-
dients with antioxidant effects, liver protection, immune
function improvement, osteoporosis improvement, and

antidepressant effects [27]. Therefore, we hypothesized that
SMS intake will improve fatigue, liver function, and immunity
under high-intensity training, which was tested in a placebo-
controlled study of male college tennis players.

2. Materials and Methods

2.1. Participants. The sample size of 18 participants was cal-
culated using G∗Power 3.1 (effect size: 0.25, significance: 0.05,
power: 0.5). Therefore, we recruited a total of 20 participants
considering potential dropouts. Before participating, the pur-
pose and procedure of the study were fully explained to the
participants. All participants provided written informed con-
sent approved by the Institutional Human Research Commit-
tee, which followed the Declaration of Helsinki and Ethical
Principles. The participants were also provided financial com-
pensation for the research intervention. The study partici-
pants were male tennis players, 20–30 years of age, at Pusan
National University. After confirming that there were no pro-
blems with SMS intake, the participants were randomly
assigned to the SMS and the placebo control (CON) groups.
Data from the SMS group (n= 9) and the CON group (n= 9),
disregarding two dropouts, were included in the final analysis.
The study participant characteristics are shown in Table 1.

2.2. Study Design. This study was set as a randomized con-
trolled trial to confirm the effect of SMS intake for 4 weeks.
The study was double-blinded to increase the data reliability.
Study participants were instructed not to exercise excessively
the day before the measurements. A basic medical question-
naire was issued to assess whether the participants had high
blood pressure, heart disease, or musculoskeletal disease and
were receiving drug treatment, or whether there were any
restrictions on participation in the study. The overall design
of this study is presented in Figure 1. The timing of SMS
intake and exercise program structures were established with
reference to the study of Kwak et al. [28]. The placebo was
developed to have the same color and shape as SMS and was
also provided in the same packaging to maintain blinding for
the participants and investigators. A total of 770mL SMS was
ingested seven times daily (110mL per dose); after breakfast,
20min before exercise, immediately before the start of exer-
cise, immediately after the main exercise, 30min after the
main exercise, after the type of exercise program, and after
dinner. The exercise program was conducted five times
weekly for 4 weeks with a length of 80–90min per session.
The program consisted of a 10min warmup (stretching and

TABLE 1: Participant characteristics.

Variables SMS (n= 9) Placebo (n= 9) p value

Age (years) 20.0Æ 1.6 20.0Æ 1.9 0.297
Height (cm) 177.0Æ 4.07 174.9Æ 3.97 0.733
Weight (kg) 69.27Æ 7.07 68.19Æ 5.67 0.608
Muscle mass (kg) 53.90Æ 2.30 52.33Æ 2.98 0.238
BMI (kg/m2) 22.11Æ 2.27 22.31Æ 1.57 0.837

Values are presented as meanÆ standard deviation. Variables were com-
pared with independent-sample t-tests. SMS, Saengmaeksan; BMI, body
mass index.
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running), 40–50min of the main exercise (stroke, volley, and
game), and 10min of cooldown (stretching and running).
During the main exercise, high-intensity exercise was per-
formed at an intensity of 70%–90% of the spare heart rate
(rated perceived exertion (RPE) [3–7]). Exercise intensity
was confirmed using a heart rate monitor watch (Polar
RS400sd, APAC, 90026360; Polar, NY, USA). For a compre-
hensive evaluation, the researcher monitored all participants
during the intervention period, and the CON group was
particularly encouraged to maintain their usual lifestyle.

2.3. SMS Preparation. L. platyphlla (15 g), P. ginseng (7.5 g),
and S. chinensis (7.5 g) extracts were mixed (at a ratio of
2 : 1 : 1) with 1,500mL water using an herbal extractor. The
mixed solution was then heated to 100°C under 0.7 kg/cm2

pressure for 3 hr and extracted. The extract was sealed and
stored in a small plastic bag [28].

2.4. Blood Sampling. Blood samples were taken twice before
and after exercise to analyze the measurement variables. All
study participants were asked to fast for at least 10 hr before
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FIGURE 1: Study design. Twenty participants, excluding dropouts, were randomly assigned to either the SMS (n= 9) or placebo (n= 8) group,
consuming 100mL doses at a time, seven times (770mL total) daily. High-intensity training was conducted five times weekly for 4 weeks, and
training intensity was performed at 70%–90% of the heart rate reserve. The following outcomes were measured after 4 weeks (posttest):
ammonia, lactic acid, AST, ALT, IgA, IgG, and IgM. SMS, Saengmaeksan; CON, control.
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measurements. Between 8 and 9 AM, 10mL of blood was
collected from the forearm vein. The collected blood was
placed in an ethylenediaminetetraacetic acid-treated tube to
inhibit coagulation. The serum was then separated by centri-
fugation at 3,000 rpm for 10min (Combi-514, Hanil, Korea).

Ammonia was analyzed using the NH3L system (Roche,
Switzerland), and lactic acid was measured using a Cobas
Integra 800 (Roche, Switzerland) biochemical analyzer. Liver
function (AST and ALT levels) was analyzed using AST-ALT
reagents (Bayer, USA) and an ADVIA 1650 device (Bayer,
Japan). IgA, IgG, and IgM levels were analyzed by immuno-
turbidity measurements using IGGT, IGA, and IGM devices
(Roche Diagnostic System, Germany). After mixing each
antiserum with serum and incubation at 37°C for 10min,
absorbance was measured at 340 nm (Integra 800, Roche,
Switzerland), and the concentration of IgA, IgG, and IgM
was determined from the concentration in the standard
curve [29].

2.5. Statistical Analysis. All data were analyzed using IBM
SPSS 27.0. The data are presented as the mean and standard
deviation. Two-way analysis of variance was performed with
treatment (SMS and placebo) and time (before exercise and
after exercise) as independent variables to investigate the
effect of SMS intake on fatigue substances, liver function,
and immune function during high-intensity exercise. The
least-significant difference (LSD) test was used for post hoc
analysis. Pearson’s correlation analysis was performed using
the difference values (Δ, delta) measured before and after
exercise to confirm the relevance of the differences in the
responses of the variables after treatment. The significance
level was set as p<0:05.

3. Results

3.1. Effects of SMS Intake on Fatigue-Related Substances
during High-Intensity Exercise. Figure 2 shows the effect of
SMS intake on fatigue-related substance levels after 4 weeks

of high-intensity exercise. Ammonia levels decreased from
120.56Æ 43.61 μg/dL to 58.89Æ 37.21 μg/dL in the SMS
intake group and increased from 142.22Æ 35.32 μg/dL to
160.78Æ 48.18μg/dL in the CONgroup. There were significant
main effects of time (F= 6.244, p<0:05) and treatment
(F= 12.455, p<0:01), and a significant time× treatment inter-
action (F= 21.620, p<0:001). The lactic acid level decreased
from 10.81Æ 88mg/dL to 10.33Æ 3.23mg/dL in the SMS
group and from 18.30Æ 4.22mg/dL to 16.06Æ 5.94mg/dL in
the CON group. There was a significant effect of treatment
(F= 11.486, p<0:01) but no significant effect in the time×
treatment interaction. The post hoc analysis indicated that
only the SMS intake group showed a significant change only
in ammonia levels among the fatigue-related substance variables
(p<0:001).

3.2. Effects of SMS Intake on Liver Function during High-
Intensity Exercise. Figure 3 shows the effect of SMS intake
on liver function after 4 weeks of high-intensity exercise.
The ALT level decreased from 20.67Æ 12.32 IU/L to
15.78Æ 8.14 IU/L in the SMS intake group and increased
from 13.22Æ 8.21 IU/L to 16.44Æ 11.29 IU/L in the CON
group. There was a significant effect of the time× treatment
interaction (F= 4.963, p<0:041). The AST level decreased
from 20.78Æ 4.97 IU/L to 17.00Æ 3.67 IU/L in the SMS intake
group and from 18.89Æ 4.11 IU/L to 18.22Æ 3.42 IU/L in the
CON group. However, there was no statistically significant effect
found. The post hoc analysis indicated that the SMS intake group
only showed a significant difference in AST among the liver
function variables (p<0:05).

3.3. Effects of SMS Intake on Immune Function during High-
Intensity Exercise. Figure 4 shows the effect of SMS intake on
immune function after 4 weeks of high-intensity exercise.
The IgA level increased from 199.00Æ 143.22 mg/dL to
208.33Æ 140.54mg/dL in the SMS group and decreased
from 205.78Æ 100.27 mg/dL to 194.11Æ 94.42 mg/dL in
the CON group. There was a significant effect of the
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FIGURE 2: Effect of Saengmaeksan intake on fatigue-related substances in tennis players. Significant differences were observed between the
SMS and CON groups in the levels of ammonia (time effect, p<0:05; group effect, p<0:01; interaction effect, p<0:001). Ammonia levels were
significantly decreased in the SMS group (p<0:001). Significant differences were observed between SMS and CON groups in the levels of
lactic acid (group effect: p<0:01). All data are presented meanÆ SD. $$$p<0:001 vs. pre and ##p<0:01 vs. group.
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time × treatment interaction (F = 13.024, p<0:01). The
IgG level increased from 1,224.56Æ 201.71 mg/dL to
1,281.59Æ 300.22mg/dL in the SMS group and decreased
from 1,247.56Æ 279.40mg/dL to 1,220.89Æ 221.55mg/dL
in the CON group. However, there was no statistically sig-
nificant effect observed. The IgM level decreased from
121.67Æ 52.51mg/dL to 113.11Æ 33.41mg/dL in the SMS
ingestion group and decreased from 105.22Æ 31.78mg/dL
to 96.67Æ 33.41mg/dL in the CON group. There was a sig-
nificant effect only for time (F= 15.271, p<0:001). The post
hoc analysis indicated that among the variables of immune
function, there was a statistically significant increase in IgA
in the SMS intake group (p<0:05) and a statistically signifi-
cant decrease in the CON group (p<0:05). However, there
was a statistically significant decrease in IgM in both the SMS
intake and CON groups (p<0:05).

3.4. Correlation between Changes in Measurement Variables.
Figure 5 shows the results of Pearson’s correlation analysis
between changes in each variable according to SMS intake
after 4 weeks of high-intensity exercise. There was a positive
correlation between ΔIgA and ΔIgG (r= 0.761, p ¼ 0:001),
followed by ΔALT and ΔAST (r= 0.607, p ¼ 0:008). The
correlation analysis between changes by group indicated
that the CON group had a positive correlation with ΔIgA
vs. ΔIgM (r= 0.872, p ¼ 0:002), followed by ΔIgA vs. ΔIgG
(r= 0.727, p ¼ 0:026). The SMS group had a positive corre-
lation with ΔALT vs. ΔAST (r= 0.905, p ¼ 0:001), followed
by ΔIgA vs. ΔIgG (r= 0.893, p ¼ 0:001), and ΔALT vs. ΔIgG
(r= 0.675, p ¼ 0:046).

4. Discussion

We confirmed the correlation between fatigue (ammonia and
lactic acid), liver function (ALT and AST), and immunity
(IgA, IgG, and IgM) variables by analyzing changes between
treatments (SMS or placebo control), time, and time ×
treatment interaction to determine whether SMS intake can
protect and/or improve the negative effects of high-intensity
exercise. We found a significant interaction effect among
ammonia, ALT, and IgA, and a positive correlation between
ΔALT and ΔAST and between ΔIgA and ΔIgG. However,
these results suggest that SMS intake during high-intensity
exercise can have a positive effect on fatigue and liver func-
tion, and that there is a positive correlation between changes
in liver and immune function variables.

In a meta-analysis examining the effect of ginseng on
fatigue, consumption of 1,000mg or more per day resulted in
a decrease in fatigue, although the number of included studies
was small [30]. In this study, approximately 3,500mg of gin-
seng was consumed by ingesting 770mL of SMS daily. We
believe that the L. platyphylla and S. chinensis components
caused a significant decrease in ammonia. In addition, the
reduction of AST and ALT helped to reduce the ammonia level
since the improvement of fatigue-related substances found in
this study has detoxification and ammonia removal functions
owing to the notable roles of SMS on liver function [2].

Continuous muscle contraction due to high-intensity
training causes skeletal muscle fatigue. Therefore, lactic

acid transport and recovery are critical because the accumu-
lation of high concentrations of lactic acid inhibits the release
of calcium from the sarcoplasmic reticulum and interferes
with muscle contraction [31]. No specific changes were
found in lactic acid in this study. However, well-trained ath-
letes show higher ammonia levels during exercise than
untrained athletes [3]. Therefore, the results of this study
regarding the effect of ammonia level reduction and the
time× treatment interaction are quite meaningful.

There is a positive correlation between the increase in blood
lactate and ammonia during exercise [32]. However, no such
relationship was found in the recovery of lactic acid and ammo-
nia after maximal exercise in elite athletes [33]. We did not
identify a significant relationship between ammonia and lactic
acid changes in the present study; therewas a significant decrease
in ammonia in the SMS group but no change in lactic acid. These
results suggest that lactate and ammonia in the blood at rest can
be regulated through different mechanisms. Importantly, we
found that ammonia can be reduced through SMS intake,
although there is no effect on the change of lactic acid.

S. chinensis has a long history of use in traditional
Chinese medicine with various pharmacologically significant
roles, such as an antioxidant, antitumor promotion agent,
and calcium antagonist [27]. It is particularly effective for
liver protection because the main components are lignans
and polysaccharides [34]. High-intensity exercise can
increase AST and ALT levels by causing oxidative stress
and muscle damage [7]. When the liver is damaged, ALT
is released into the bloodstream and levels increase. Because
an increase in AST levels in blood at a low level conveys
damage to the heart or muscle, it is essential to protect the
liver in athletes [5].

ALT showed a significant time× treatment interaction in
the SMS group. The significant decrease in AST compared to
that before exercise is attributed to the removal of free radi-
cals and a reduction in oxidative stress by the S. chinensis
component of SMS, thereby reducing liver damage [35].
Although ALT is mainly found in the liver, it can also be
found in the heart, skeletal muscle, and kidneys. Therefore, a
significant decrease in AST is accompanied by improvements
to the liver, heart, skeletal muscle, and kidneys, indicating
that SMS intake can induce various benefits [5].

Ginseng is a natural ingredient often used in oriental
medicine to improve fatigue and stamina. Various effects of
ginsenoside, the main component of ginseng, have been
reported on the central nervous system, neuroendocrine func-
tion, immune function, and cardiovascular system, depending
on the dosage and method [36]. Ginseng extracts positively
affect the anti-inflammatory system, intestinal microbiome,
and immune system in rats. In this study, the cytokine IL-10
and IgA levels were increased, while IgG and IgM levels
decreased [37]. The induction of IL-10 protects against intes-
tinal and systemic inflammatory responses by limiting the
development of proinflammatory Th17 cells [38]. IgA signifi-
cantly increased in the SMS group with a significant time×
treatment effect in post hoc analysis. In addition, the post
hoc analysis indicated that SMS intake induced a significant
decrease in IgM.
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Regular exercise can strengthen the immune system.
However, strenuous physical activity can cause stress and
weaken the immune system, which increases the risk of
respiratory diseases in athletes who engage in high-intensity
endurance exercise [39, 40]. A reduction in IgA levels was
commonly found among cross-country athletes, kayakers,
female hockey players, and swimmers. In addition, the con-
centration of IgA was reported to be reduced in overtrained
athletes [41].

A decrease in the concentration of IgA after exercise in
endurance sports athletes may be an indication for an
increase in the incidence of upper respiratory tract infections
[42]. High-intensity exercise decreases the concentration and
secretion rate of IgA. However, IgM and IgG concentrations
are not reduced [12]. We found a significant difference in
IgA and IgM in the SMS group, but there was no significant
difference in IgG levels. Gleeson and Pyne [41] found that
changes in salivary IgA and IgM can be detected within a few
days after high-intensity training but show a negligible effect
on IgG levels, suggesting that more than 3 months may be
required for significant immunosuppression.

SMS intake decreased ammonia levels during high-
intensity exercise, decreased liver function variables (AST
and ALT), and altered Ig levels. These results suggest that
SMS intake during high-intensity exercise may have a posi-
tive effect on fatigue, liver function, and immunity.

The results of this study should be interpreted in the
context of the following limitations. First, the participants’
daily lifestyle could not be controlled. Second, the number of
participants was relatively small and the study period was
short. Because this study was limited to male tennis players,
it may be difficult to generalize the results to other popula-
tions. Therefore, future research will be based on various
subjects of other sports, ages, and gender.
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