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a b s t r a c t

Background: Most clinical studies of immune responses activated by Korean Red Ginseng (KRG) have
been conducted exclusively in patients. However, there is still a lack of clinical research on immune-
boosting benefits of KRG for healthy persons. This study aims to confirm how KRG boosts the immune
system of healthy subjects.
Methods: A total of 100 healthy adult subjects were randomly divided into two groups that took either a
2 g KRG tablet or a placebo per day for 8 weeks. The primary efficacy evaluation variables included
changes in T cells, B cells, and white blood cells (WBCs) before and after eight weeks of KRG ingestion.
Cytokines (TNF-a, INF-g, IL-2 and IL-4), WBC differential count, and incidence of colds were measured in
the secondary efficacy evaluation variables. Safety evaluation variables were used to identify changes in
laboratory test results that incorporated adverse reactions, vital signs, hematological tests, blood
chemistry tests, and urinalysis.
Results: Compared to the placebo group, the KRG intake group showed a significant increase in the
number of T cells (CD3) and its subtypes (CD4 and CD8), B cells, and the WBC count before and after eight
weeks of the intake. There were no clinically significant adverse reactions or other notable results in the
safety evaluation factors observed.
Conclusion: This study has proven through its eight-week intake test and subsequent analysis that KRG
boosts the immune system through an increase in T cells, B cells, and WBCs, and that it is safe according
to the study's safety evaluation.
� 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Modern society's awareness of immune diseases as serious
health concerns have developed with the advances in modern
health sciences [1]. As long as the human body is healthy, the im-
mune system continuously fights to prevent viruses and bacteria
from invading the body [1,2]. An immune function refers to the
body's ability to defend against foreign bodies, and its decline
weakens the body's natural healing ability as people are constantly
exposed to the threat of reduced immunity due to the stresses of

daily life. Several studies have shown that malnutrition is directly
related to the deterioration of immune functions and that people
should take a long-term approach to immunity improvement [3].

Natural foods come up in the discourse around enhancing bodily
functions, one of which is ginseng. Ginseng is a plant in the family
Araliaceae and the genus Panax, with the scientific name of Panax
ginseng Meyer. Panax ginseng is notable for its genus name Panax,
which comes from the word Panacea, meaning “cure-all.” Red
ginseng (Korean Red Ginseng) has been recognized by the Korean
Ministry of Food and Drug Safety for its six functions: improving
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immunity, improving fatigue, improving blood circulation (by
preventing blood platelet aggregation), enhancing memory, anti-
oxidation, and improving the health of post-menopausal women
[4]. Ginseng has various types, namely Korean ginseng (Panax
ginseng Meyer, Korea), American ginseng (Panax quinquefolium L,
US and Canada), South China ginseng (Panax notoginseng, China),
and Japanese ginseng (Panax japonicus Meyer, Japan) [5]. Panax
ginseng (P. ginseng) has been called “mysterious medicine” for
thousands of years and has been traditionally used for health
improvement, mainly in Korea, China, and Japan [6]. According to
the conventional manufacturing method of ginseng, P. ginseng is
largely divided into three types: fresh ginseng, Korean Red Ginseng
(KRG), and white ginseng. Of these, fresh ginseng refers to the raw
ginseng harvested from the field that contains 70 to 80% of mois-
ture. Therefore, it is susceptible to decay or damage during distri-
bution and requires special storage facilities or packaging for long-
term storage.

Red ginseng is onlymanufactured in Korea, so it has been named
Korean Red Ginseng. KRG generally refers to unpeeled fresh
ginseng cooked by steaming and drying. Its color ranges from light
yellowish-brown to light reddish-brown. White ginseng is dried
without peeling and cooking by sunlight, hot air, or other methods;
its color ranges fromwhite to light yellow [7,8]. P. ginseng contains
various nutritional components, including glycosides-containing
saponin, nitrogen-containing compound proteins, amino acids,
nucleic acids, alkaloids, and fat-soluble fatty acids, essential oils,
polyacetylenes, phenolic compounds, phytosterols, terpenoids,
saccharides, including monosaccharides oligosaccharides, poly-
saccharides, pectic substances, vitamins (thiamine [B1], riboflavin
[B2], cobalamin [B12], niacin, biotin, pantothenic acid, and folic
acid), and minerals (manganese, copper, vanadium, cobalt,
germanium, phosphorus, aluminum, and nickel) [4]. In particular,
KRG undergoes secondary component conversion during the heat
treatment process, producing new components (e.g. ginsenosides
Rg2, Rh1, Rg3, and arginine-fructose-glucose) that are not found in
fresh ginseng or white ginseng [9e14].

To date, KRG's immunity activation has been studied in vitro and
in vivo on components like ginsenoside, saponin fraction, and red
ginseng acidic polysaccharide (RGAP). KRG primarily activates
macrophage and natural killer cells (NK cells), which are respon-
sible for primary innate immunity to protect the body against non-
specific infections and harmful substances. Its secondary property
is increasing the activity and number of T cells and B cells
responsible for acquired immunity by acting on cellular and hu-
moral immunity and modulating cytokine and other activities to
enhance specific immune responses [4]. KRG is known to promote
intraperitoneal macrophage activity [15e19], dendritic cell (DC)
activity [20,21], and NK cell activity [22,23]. KRG promotes anti-
body production and T cell proliferation [24e26] and alleviates
allergies and inflammatory diseases caused by an imbalance be-
tween Th1 and Th2 cell activity by regulating their activities [27,28].
KRG also regulates the immune response by controlling the activity
and number of Treg cells [29,30].

KRG was found to have beneficial effects for subjects with acute
respiratory diseases in clinical studies, including antiviral proper-
ties that specifically alleviate influenza [31e36]. KRG also signifi-
cantly reduced the incidence of contracting a cold in one study [37]
and reduced the frequency of contracting acute respiratory diseases
in another [38]. Clinical studies have confirmed that KRG had a
positive effect on immune cell count and cytokine in cancer pa-
tients [39e41]. However, there is still a lack of clinical research
regarding changes in the immune cells of healthy adult subjects
who ingest KRG. In this light, the present study sought to examine
the changes in the immune cells of healthy subjects after ingesting
KRG.

2. Methods

2.1. Participants

The present study was conducted with the approval of the
Institutional Review Board of Semyung University KoreanMedicine
Hospital (IRB no. SMJOH-2018-12-08). Volunteers who participated
in the clinical study signed the consent form and were chosen ac-
cording to the study's selection and exclusion criteria. A total of 100
subjects were randomly assigned between the test and placebo
group (50 subjects each). On the one hand, the selection criteria
were: (1) male and females aged between 40 and 65, (2) those with
WBC level below 6.0 � 10/uL, (3) those who had an upper respi-
ratory infection within a month of participation in the study
(including patients with colds), and (4) those who volunteered to
participate in the study and signed the consent form. On the other
hand, the exclusion criteria were: (1) those who have experienced
adverse reactions like hypersensitive reactions and allergies upon
taking dietary supplements and medicines, including ginseng, (2)
those with autoimmune diseases (multiple sclerosis, lupus, and
rheumatoid arthritis), (3) those with a history of malignant tumor
within 5 years, (4) those who were prescribed an immunosup-
pressive drug within 6 months of the first visit, (5) those who have
been taking dietary supplements and herbal medicine that may
affect the improvement of immune disease within 1 month of the
first visit, (6) those who have a history of thromboembolic disor-
ders, cerebrovascular disorders, and severe cardiovascular disor-
ders within 1 year of the first visit, (7) those with liver function
defects (aspartate aminotransferase and alanine aminotransferase
values 3 times higher than normal value) and kidney function de-
fects (Creatinine 2 mg/dL or higher), resistant hypertension (sys-
tolic blood pressure 160 or diastolic blood pressure 100 mmHg or
higher after drug administration), uncontrolled diabetes (HbA1c
7.0% or higher after drug administration or fasting blood sugar of
160 mg/dL or higher), and patients taking thrombolysis (heparin
and warfarin), (8) those with drug or alcohol addiction, (9) those
who continued to carry out high-strength exercises within 3
months of the first visit (more than 10 hours of exercise), (10) those
who have hypersensitivity to test food or food ingredients, (11)
those who participated in other clinical tests within 1 month of the
first visit.

2.2. Test methods

At the first screening visit, the researcher explained the purpose,
process, and method of the study to the subjects before receiving
their written consent. Subjects were each given a screening num-
ber in the order in which the consent form was signed, and the
subjects' demographic information, medical history, and medica-
tion information were examined. The first visit was conducted
within two weeks after screening. Test substances were packaged
according to a randomized schedule made by the SAS 9.4 program
and were prescribed to subjects in the order of the first visit. After
taking the test substance for four weeks from the first visit, the
second visit was conducted, where the test substance was newly
prescribed after returning the remaining test substance and eval-
uating substance compliance. On the third visit, an immunity self-
evaluation was conducted after returning the remaining test sub-
stance and evaluating substance compliance. Upon each visit,
physical examination and vital signs were measured, and changes
in concomitant medications and adverse reactions were investi-
gated. On the first and fourth visits, laboratory blood tests and
immunity self-evaluation were performed.

During the eight weeks, the test group and the control group
(placebo) were directed to take two tablets twice a day. The test

J Ginseng Res 2021;45:191e198192



group was given 500 mg KRG tablets, while the control group was
given 500 mg placebo (cellulose) tablets. The daily dose of dietary
supplement suggested by theMinistry of Food and Drug Safety is “3
to 80 mg/day for the sum of ginsenosides Rg1, Rb1, and Rg3” [42].
The KRG dose used in this study was 2 g of KRG tablet/day, con-
taining ginsenoside Rb1 (8.03 mg/g), Rc (3.29 mg/g), Rb2 (2.80 mg/
g), Rg3 (2.50 mg/g), Rf (1.47 mg/g), Re (1.29 mg/g), Rg1 (1.18 mg/g),
and Rd (1.0 mg/g) (Fig. 1).

The KRG formulation was prepared with 6-year-old P. ginseng
steamed according to the International Organization for Stan-
dardization ISO 19610:2017. KRG tablets were prepared by dehy-
drating KRG extracts (3 g of KRG extracts per 2 g tablet) until they
were light brown. Placebo tablets contained corn starch and cel-
lulose with KRG flavoring and color.

2.3. Evaluation variables

Tests were conducted before and after the 8 weeks that the
participants ingested the test substance to evaluate the efficacy of
KRG for improving immune functions. The primary efficacy evalu-
ation variables included changes in T cells, B cells, andWBCs before
and after 8 weeks of ingesting KRG. Meanwhile, the secondary ef-
ficacy evaluation variables included WBC differential count and
incidence of colds. Safety evaluation variables included changes in
laboratory test results, like adverse reactions, vital signs, hemato-
logical tests, blood chemistry tests, and urinalysis.

2.4. Data and statistical analysis

The researchers determined whether there is a statistical dif-
ference between the test group and the placebo group in terms of
demographic by calculating the continuous data through average,
standard deviation. These values were then compared for the two
groups using a t-test. The frequency distributions of categorical
variables among groups were compared by Chi-square test. The SAS
9.4 program was used for analysis, and a p-value of less than 0.05
was defined as statistically significant. Meanwhile, the efficacy
analysis of this clinical test analyzed the test substances in subjects
who fully completed the administration. In addition, the safety set
was randomized and analyzed for all subjects who took at least one
test substance.

3. Results

3.1. Study population

Fig. 2 shows the participants' dispositions. After the screening
period, the 100 subjects who volunteered in this clinical trial were

randomized into the KRG group (test group) and the placebo group
(control group) (n ¼ 50 for each group). In the test group, 1 subject
withdrew from the test after the retraction of consent after the
fourth visit, resulting in the final number of 99 subjects who
completed the test. The safety assessment included 100 subjects
who ingested clinical dietary supplements at least once (Fig. 2). The
demographic and baseline characteristics did not differ between
the KRG and placebo groups (Table 1).

3.2. Primary outcome

Changes in the total number of T cells, a subtype of T cells
(helper T cells, cytotoxic T cells), B cells, and WBCs after the intake
of the test substance for 8 weeks are shown in Table 2. Therewas no
statistically significant difference in the total T cell number at the
baseline. After 8weeks, the number of Tcells significantly increased
to 78.38 � 10.65% in the test group compared to 73.81 � 8.31% in
the control group (p ¼ 0.0191). In addition, changes in the T cell
(from baseline to 8 weeks) significantly increased in the test group
compared to the control group (p ¼ 0.0348).

The distribution and the amount of change in helper T cells
(CD3þCD4þ T cells) after the administration of the test substances
for 8 weeks are shown in Table 2. In the baseline, there was no
statistically significant difference between the test group and the
control group. However, after 8 weeks, the measurement increased
significantly in the test group compared to the control group
(p ¼ 0.0370). Changes in CD4þ T cells (from baseline to 8 weeks)
was 1.09 � 8.11% in the test group and �2.25 � 7.72% in the control
group, showing a statistically significant difference between the
two groups (p ¼ 0.0381).

The distribution of and changes in cytotoxic T cells
(CD3 þ CD8 þ T cells) at baseline and after 8 weeks of adminis-
tration are shown in Table 2. Cytotoxic T cells did not differ
significantly between the two groups at the baseline. After the
subjects' intake of the test substance for 8 weeks, the measurement
was increased in the test group to 28.64 � 12.64% by 2.99 � 11.19%
from the baseline, while it decreased in the control group
by�2.33� 15.08% from the baseline to 23.39� 10.88%. Meanwhile,
the cytotoxic cell distribution (p ¼ 0.0290) and the amount of
change (p ¼ 0.0498) significantly increased in the test group after 8
weeks.

The measurement of the distribution of B cells (CD 19) and the
amount of change in the subjects' blood after taking the test sub-
stance for 8 weeks are shown in Table 2. The B cell distribution of
the test group significantly increased by 2.07 � 3.79% to
9.92 � 5.65% from a baseline of 7.85 � 3.63% after taking KRG for 8
weeks (p¼ 0.0004). The B cell distribution of the control groupwas
8.03 � 3.34% for the baseline and 8.16 � 2.99% after 8 weeks,

Fig. 1. High-performance liquid chromatogram of ginsenosides detected from a Korean Red Ginseng tablet.
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indicating an increase of 0.13 � 3.05% after ingesting KRG
(p ¼ 0.7605). Compared to the baseline, the B cell distribution also
changed after 8 weeks and significantly increased in the test group
compared to the control group (p ¼ 0.0061).

The measurement of the amount of change in WBC count (103/
ml) after taking the test substance for 8 weeks are shown in Table 2.
At the baseline, there was no statistically significant difference
between the groups. After 8 weeks, the test group showed
5.10 � 1.22, and the control group 4.96 � 0.91, with no statistically
significant difference between both groups. From baseline to 8
weeks afterward, WBCs significantly increased in the test group
compared to the control group (p ¼ 0.0490).

3.3. Second outcome

The amount of change in cytokines, WBC differential count, and
the incidence of cold was measured as secondary efficacy evalua-
tion variables. Table 3 shows the changes in cytokines at the

baseline and after taking the test substance for 8 weeks. A change in
tumor necrosis factor (TNF)-a, a type of cytokine, was measured at
0.27� 19.84 pg/mL in the test group and�2.02� 3.69 pg/mL in the
control group, with no statistically significant difference between
both groups (p-value ¼ 0.4261). A change in interferon (INF)-g was
measured at �2.76 � 27.43 IU/mL in the test group
and �4.36 � 15.53 IU/mL in the control group, with no statistically
significant difference between both groups (p-value ¼ 0.7229). On
the one hand, therewas no statistically significant difference in IL-2
change at baseline and after 8 weeks between both groups (p-
value ¼ 0.7367). On the other hand, there was no significant dif-
ference in the amount of IL-4 between the test group and the
control group.

The study also recorded a change in the WBC differential count
after the intake of the test substance for 8 weeks (data not shown).
The neutrophil count increase in the test group was 2.13 � 10.36%
and 0.03 � 9.19% in the control group, showing no statistically
significant difference between the two groups (p-value ¼ 0.2885).
Changes in the lymphocyte count in the test group
were �1.63 � 8.91% and 0.92 � 8.87% in the control group (no
statistically significant difference; p-value ¼ 0.1562). There were
also changes in the monocyte count in the test group
with �0.24 � 2.14% and �0.49 � 2.04% in the control group (no
statistically significant difference; p-value ¼ 0.5583). Meanwhile,
the Eosinophile count change in the test group was �0.28 � 1.41%
and �0.41 � 1.49% in the control group (no statistically significant
difference; p-value ¼ 0.6415). The researchers also recorded a
Basophile change in the test group with 0.03 � 0.59%
and �0.05 � 0.60% in the control group (no statistically significant
difference; p-value ¼ 0.5454).

The measurements of the incidence of colds during the test
period. During the 8-week test period, there were 11 cases of colds

Fig. 2. Study design for evaluating the Immuno-enhancement properties and safety of test substance administration for 8 weeks.

Table 1
Baseline characteristics of study participants

Characteristics KRG group
(n ¼ 50)

Placebo group
(n ¼ 50)

p-value

Sex Male, n (%) 3 (6.00%) 7 (14.00%) 0.1824*
Female, n (%) 47 (94.00%) 43 (86.00%)

Age Mean � SD 50.12 � 6.43 50.38 � 5.97 0.8344y
Height (cm) Mean � SD 158.32 � 5.98 160.87 � 7.29 0.0587y
Weight (kg) Mean � SD 58.75 � 6.72 62.59 � 11.35 0.0422y

KRG, Korean Red Ginseng.
* Analyzed by Chi-square test.
y Analyzed by two-sample t-test.
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in the test group and 10 in the control group, showing a higher
incidence rate in the test group. However, there was no statistically
significant difference between both groups (data not shown).

3.4. Safety evaluation

Safety evaluations, which included adverse reactions and all
data from subjects, have been randomly assigned. The clinical test's
100 subjects, as well as 100 patients, were supplied with dietary
supplements at least once. Out of a total number of 100 subjects in
the safety group, there were 42 cases of adverse reactions that
appeared during the test period, where a patient can have more
than 1 case of adverse reaction. Out of the 50 patients in the test
group, 30% (15/50 patients) had 20 cases, while 38 (19/50 patients)
in the control group had 22 cases, showing no statistically signifi-
cant difference between them (p-value ¼ 0.3984).

Among the laboratory hematological tests (Table 4), the re-
searchers found a significant difference in creatinine levels be-
tween the control group and the test group after measuring the
change at the end of the study and comparing them to the mea-
surements during screening. The researchers determined that the
values were within the normal range. The test group showed sta-
tistically significant levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). Meanwhile, the control group
showed statistically significant levels of ALT, AST, creatinine, and
alkaline phosphatase (ALP) (Table 4). However, these values were
all within the normal range.

For vital signs (systolic and diastolic blood pressure, pulse, and
body temperature) measured during each visit, there was no sta-
tistically significant change between the screening and the end of
the study (Table 5).

4. Discussion

KRG is known to stimulate immunity by increasing T cell and B
cell proliferation and activity, as well as WBC count. This immu-
noactivity of red ginseng has been demonstrated in many in vitro
and in vivo clinical studies [4]. The oral administration of RGAP (a
well-known immunoactivity ingredient in KRG) in mice led to a
significant increase in LPS-stimulated B cell proliferation and
concanavalin A-induced splenic T cell proliferation compared to the
control group [43]. Kenarova B et al [44] showed that ginsenoside

Rg1 enhances immunity by increasing the number of spleen
plaque-forming cells, the titers of sera hemagglutinins, and the
number of antigen-reactive T-cells when administered intraperi-
toneally and intravenously to mice. Their study has also shown that
Rg1 increases the number of T-helper cells in relation to the total
number of T-cells and natural killer activation of splenocyte [44].
Saba et al [45] confirmed that the number of T cells and B cells in
the spleen and thymus significantly increased when KRG extract
was orally administered to mice with reduced immunity. Also, KRG
was reportedly effective in enhancing immunity by significantly
increasing the number of WBCs in blood [45]. Most studies that
examined the immunity enhancement effect of KRG measured
immune cells and cytokines in patients [37e39,46,47]. In patients
with human immunodeficiency virus type 1 (HIV), the decrease in
CD4þ T cell count was delayed by the concomitant administration
of a therapeutic drug and KRG, or the long-term administration of
KRG alone, and an immunity enhancement effect of maintaining a
soluble CD8 level was also observed [46,47]. Suh et al conducted
studies on patients who underwent surgery for digestive system
cancer and divided them into groups, one that ingested KRG and

Table 2
Immune cell distribution changes between baseline and 8 weeks of test substance administration

Cell (%) KRG group (n ¼ 49) Placebo group (n ¼ 50) p-valuez

Mean � SD p-value* Mean � SD p-valuey

Total T cell (CD3) W0 76.86 � 8.33 75.76 � 6.45 0.0348z

W8 78.38 � 10.65 0.2178 73.81 � 8.31 0.0752
W8eW0 1.52 � 8.53 �1.95 � 7.57

Helper T cell (CD3þCD4þ) W0 48.86 � 8.73 48.05 � 8.42 0.0381z

W8 49.95 � 11.48 0.3507 45.80 � 7.71 0.0444y

W8eW0 1.09 � 8.11 �2.25 � 7.72
Cytotoxic T cell (CD3þCD8þ) W0 25.65 � 9.04 25.72 � 10.82 0.0498z

W8 28.64 � 12.64 0.0680 23.39 � 10.88 0.2808
W8eW0 2.93 � 11.09 �2.33 � 15.08

B cell (CD19) W0 7.85 � 3.63 8.03 � 3.34 0.0061z

W8 9.92 � 5.65 0.0004* 8.16 � 2.99 0.7605
W8eW0 2.07 � 3.79 0.13 � 3.05

WBC ( � 108/mL) W0 4.67 � 0.88 4.96 � 0.79 0.0490z

W8 5.10 � 1.22 0.0179* 4.96 � 0.91 0.9635
W8eW0 0.43 � 1.23 0.01 � 0.86

KRG, Korean Red Ginseng; SD, standard deviation; WBC, white blood cell; W8, 8th week; W0, Baseline.
* Analyzed by Paired t-test (compared within treatment group).
y Analyzed by Paired t-test (compared within control group).
z Analyzed by Paired t-test (compared between groups: baselinee8th week).

Table 3
Cytokine level changes between baseline and 8 weeks of test substance
administration

KRG group (n ¼ 49) Placebo group (n ¼ 50) p-valuez

Mean � SD p-value* Mean � SD p-valuey

TNF-a
(pg/mL)

W0 10.99 � 11.19 8.75 � 2.36 0.4261
W8 11.44 � 15.46 0.9268 6.73 � 3.22 0.0003y

W8eW0 0.27 � 19.84 �2.02 � 3.69
INF-g

(IU/mL)
W0 19.60 � 15.25 17.88 � 14.17 0.7229
W8 17.06 � 21.36 0.4932 13.52 � 5.80 0.0526

W8eW0 �2.76 � 27.43 �4.36 � 15.53
IL-2

(IU/mL)
W0 25.81 � 15.41 22.91 � 7.46 0.7367
W8 21.66 � 11.25 0.0927 19.45 � 8.28 0.0270y

W8eW0 �4.47 � 17.83 �3.47 � 10.72
IL-4

(IU/mL)
W0 17.52 � 19.28 12.68 � 5.85 0.2162
W8 11.58 � 9.30 0.0232* 9.95 � 6.61 0.0389y

W8eW0 �6.43 � 18.76 �2.73 � 9.11

KRG, Korean Red Ginseng; SD, standard deviation; TNF, tumor necrosis factor; IFN,
interferon; IL, Interleukin; W8, 8th week; W0, Baseline.

* Analyzed by Paired t-test (compared within treatment group).
y Analyzed by Paired t-test (compared within control group).
z Analyzed by Paired t-test (compared between groups: baselinee8th week).
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one that ingested placebos. They then measured the number of
immune cells and cytokines in both groups. The KRG group showed
an increase in CD4þ and CD8þ Tcell count, B cell count,WBC count,
and blood IL-2 contentdwhich improves immune function after
cancer surgerydcompared to the placebo group with a decrease in
IL-10 [39,40].

In the present study, the KRG group showed significantly
increased T cell (total T cell, helper T cell, and cytotoxic T cell), B cell,
and WBC levels compared to the placebo group. These results
confirmed that red ginseng increases immunity not only for cancer
patients but also for healthy subjects with reduced immunity. KRG
is known to regulate the body's immune response by regulating the
secretion of cytokines, which mediate the immune response [4].
One study reported the efficacy of Rb1 in treating asthma, which

measured the cytokine content in the bronchoalveolar lavage fluid
after the administration of Rb1 to asthma-induced animals. The
study observed a decrease in the IL-4 level and an increase in the
IFN-g level [48]. In another animal study, ginsenoside Rd inhibited
transplant rejection by inhibiting cytokines IL-2, IL-12, TNF-a, and
IFN-g [49]. In mice, ginsenosides Rb1 and Rb2 inhibited the
expression of TNF-a and other cytokines, and reduced infarction
volume [50,51]. Park et al demonstrated that KRG is effective for
atopic dermatitis by reducing the TNF-a level in an atopy animal
model [52]. Another study reported that KRG significantly reduced
inflammatory cytokines IL-2, IL-10, IL-12, TNF-a, and IFN-g in
children after making a full recovery from cancer [53].

In the present clinical study, there was no significant change in
TNF-a, INF-g, IL-2, and IL-4 levels in the test group (KRG intake)

Table 4
Hematological test result changes between baseline and 8 weeks of test substance administration

KRG group (n ¼ 50) Placebo group (n ¼ 50) p-valuez

Mean � SD p-value* Mean � SD p-valuey

RBC ( � 106/㎕) W0 4.32 � 0.34 4.35 � 0.40 0.8695
W8 4.32 � 0.31 0.9935 4.34 � 0.44 0.8201

W8eW0 0.00 � 0.17 �0.01 � 0.17
Hemoglobin (g/dL) W0 13.41 � 0.98 13.69 � 1.20 0.9846

W8 13.45 � 0.91 0.5788 13.74 � 1.33 0.4934
W8-W0 0.04 � 0.56 0.05 � 0.47

Hematocrit (%) W0 40.58 � 2.77 41.27 � 3.44 0.7155
W8 40.93 � 2.74 0.1620 41.50 � 3.86 0.3500

W8eW0 0.35 � 1.75 0.23 � 1.69
Platelet ( � 108/mL) W0 247.32 � 58.05 242.58 � 56.53 0.6142

W8 242.96 � 54.18 0.2608 240.96 � 53.30 0.6742
W8eW0 �4.36 � 27.10 �1.62 � 27.08

ALT (IU/L) W0 19.56 � 10.42 22.78 � 10.41 0.5400
W8 16.98 � 5.59 0.0377* 19.06 � 7.11 0.0109y

W8eW0 �2.58 � 8.54 �3.72 � 9.94
AST (IU/L) W0 24.04 � 5.83 24.84 � 7.30 0.5280

W8 22.74 � 4.96 0.0356* 22.80 � 4.88 0.0471y

W8eW0 �1.30 � 4.25 �2.04 � 7.08
Total cholesterol (mg/dL) W0 216.54 � 50.66 211.80 � 35.60 0.5689

W8 215.40 � 43.75 0.7500 207.46 � 38.10 0.3202
W8eW0 �1.14 � 25.16 �4.34 � 30.56

Glucose (mg/dL) W0 92.94 � 10.75 95.52 � 14.81 0.2205
W8 93.84 � 13.23 0.6406 92.90 � 13.00 0.2216

W8eW0 0.90 � 13.55 �2.62 � 14.97
Blood urea nitrogen (mg/dL) W0 13.67 � 3.53 14.34 � 3.81 0.3289

W8 12.90 � 3.15 0.1373 14.31 � 3.64 0.9506
W8eW0 �0.76 � 3.58 �0.03 � 3.86

Triglyceride (mg/dL) W0 118.26 � 55.94 140.64 � 86.15 0.3077
W8 118.52 � 60.13 0.9712 128.18 � 92.02 0.2246

W8eW0 0.26 � 50.64 �12.46 � 71.64
Creatinine (mg/dL) W0 0.65 � 0.10 0.67 � 0.15 0.0214

W8 0.64 � 0.10 0.4404 0.70 � 0.15 0.0258y

W8eW0 �0.01 � 0.06 0.03 � 0.09
ALP (IU/L) W0 77.74 � 21.20 79.86 � 23.63 0.4970

W8 76.38 � 21.51 0.2933 77.32 � 21.08 0.0341y

W8eW0 �1.36 � 9.05 �2.54 � 8.24
T-protein W0 7.55 � 0.39 7.45 � 0.32 0.8005

W8 7.59 � 0.37 0.3840 7.48 � 0.34 0.5859
W8eW0 0.04 � 0.32 0.02 � 0.31

r-glutamyl transferase W0 20.64 � 17.87 23.82 � 20.41 0.9032
W8 18.82 � 12.92 0.2089 21.78 � 18.37 0.0696

W8eW0 �1.82 � 10.11 �2.04 � 7.77
Urine pH W0 6.25 � 0.90 6.14 � 0.76 0.4588

W8 6.31 � 0.89 0.6846 6.36 � 0.88 0.1681
W8eW0 0.06 � 1.04 0.22 � 1.11

Urine specific gravity W0 1.02 � 0.01 1.02 � 0.01 0.5071
W8 1.02 � 0.01 0.1327 1.02 � 0.01 0.6945

W8eW0 0.00 � 0.01 0.00 � 0.01

KRG, Korean Red Ginseng; SD, standard deviation; RBC, red blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; W8, 8th
week; W0, Baseline.

* Analyzed by Paired t-test (compared within treatment group).
y Analyzed by Paired t-test (compared within control group).
z Analyzed by Paired t-test (compared between groups: baselinee8th week).
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compared to the control group due to large individual differences in
cytokine levels. Although KRG may not significantly change cyto-
kine levels in a healthy body, it may play a role in maintaining
homeostasis in the body by regulating cytokine secretion in various
disease conditions.

Saba et al showed that lymphocyte levels significantly increased
after the oral administration of KRG extract to mice with reduced
immunity compared to the control group, even when their
neutrophil levels did not change [45]. However, Suh et al reported
that cancer patients had no changes in lymphocyte and monocyte
count after taking red ginseng [39]. Like Suh et al‘s study, the
present study's results were also no significant differences in
neutrophil, lymphocyte, monocyte, eosinophil, and basophil levels
in the KRG group compared to the control group.

Recently, a KRG intake safety study was conducted in 1,000
healthy adult subjects. The results showed that KRG tablets are safe
when consumed 2 g a day for 24 weeks [54]. In the present clinical
study, there were no clinically significant adverse reactions due to
the administration of KRG, and there were no clinically significant
results in other safety evaluation factors. The present study deter-
mined how KRG affects immune functions by evaluating the
changes in the healthy subjects' total T cell, helper T cell, cytotoxic T
cell, and B cell and WBC levels before and after the 8-week period
where subjects ingested KRG. The present study, on the other hand,
is meaningful in that it confirmed immunity enhancement in
healthy subjects who were administered with KRG. These results
show that KRG increases the number of immune cells, especially T
cells, B cells, and WBC, to help improve immunity when consumed
by healthy adults with slightly downregulated immunity.

In summary, Korean Red Ginseng is a dietary supplement vali-
dated for safety, and it can be an excellent immunopotentiator for
people who want to improve their immune systems.
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