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In the present study, we investigated whether treatment with KRG improve the parameters of immune
activity such as the cytotoxicity, populations of CD4þ CD8þT cell, CD3�CD172�CD8þ NK cell and CD172þ

monocyte as well as natural cytotoxicity receptors such as Nkp46, Nkp44, Nkp30. In results, KRG
significantly increased these immune activities. These results indicate that KRG has distinct immune-
enhancing effects by increasing the roles of T cells and NK cell in porcine.
© 2022 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/).
Korean Red Ginseng (KRG) has been widely used as medicine
and for tonifying in Korea, China, and Japan. Recently, numerous
studies have suggested that KRG show antiinflammatory, antioxi-
dant, and anticancer effects [1,2]. However, pharmacological effects
of KRG, its immunostimulatory ability on porcine is poorly under-
stood. The pig (Sus scrofa domesticus) is an omnivorous, mono-
gastric species with many advantages to serve as an animal model
for human diseases. There are very high similarities to humans in
physiological functions of the immune system, e.g., the presence of
tonsils, which are absent in rodents. The porcine immune system
resembles man for more than 80% of analyzed parameters in
contrast to the mouse with only about 10% [3]. In addition, the pig
can easily be bred, and there are less emotional problems to use
them as experimental animals than dogs or monkeys. Meanwhile,
there are many markers available to characterize immune cells.
Therefore, the present study aimed to newly investigate the
immunostimulatory functions of KRG in terms of signaling mole-
cules, cytokines, and immune cells such as T and NK cells on
porcine.

KRG was supplied by Korea Ginseng Corporation (KGC, Daejeon,
Korea). The contents of ginsenosides in KRG analyzed by HPLC-
edicine, Biosafety Research
labuk-Do, Republic of Korea.

lishing services by Elsevier B.V. Th
evaporative light scattering detector (ELSD) method [4] were
mainly composed of ginsenoside Rb1, 8.27 mg/g; Rc, 3.90 mg/g;
Rg1, 2.01 mg/g; Re, 2.58 mg/g; Rg2S, 1.35 mg/g; Rh1, 0.95 mg/g; Rd,
1.09 mg/g; and other minor ginsenosides. KRG was dissolved in tap
water to dose of 3 and 6 g. Other chemicals were purchased from
Sigma (St. Louis, MO, USA). KRG was dissolved in autoclaved
distilled water and administrated by per oral. The total twenty-four
male Yorkshire piglets weighing 15 ± 1.5 kg were purchased from a
farm (Kimje, Jellabukdo, Korea) and used in present study. Animals
were housed in colony cages at an ambient temperature of 22 ± 2�C
and humidity of 45 ± 10�C with alternating 12 h light/dark cycles.
For study, animals were divided into four groups in each group
(n¼ 6, total two times). In normal control, animals were received in
tap water daily for 14 days. In shame group, animals were orally
administered with 0.2 % (vol/vol) starch orally once daily for 14
days. In the 3 and 6 g KRG groups, animals were treated with 3 and
6 g/day KRG (gastric gavages, respectively) for 14 days. (Fig. 1A). To
analysis, blood from individual pigs were collected into tubes
containing ethylenediaminetetra-acetic acid (Becton Dickinson,
Parsippany, NJ). Then whole blood samples were centrifuged at
600 � g for 15 min at room temperature, after which the super-
natant for cytokines analysis was carefully collected and stored
at�70�C. The different types of cytokines (IL-2, IL-4, IL-6 and IL-10)
were measured using enzyme-linked assay and performed ac-
cording to the instructions. Also, to isolate peripheral blood
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Fig. 1. Schematic diagram for the experiment, male porcine were treated with 3 and 6 g/day KRG and immune parameters were analyzed after 14 and 28 days (A). Cell viability after
exposure to KRG at concentrations ranging from 100 and 200 mg/ml of 0, 7 and 14 days was evalulated (B). Cytotoxic activity was analyzed in each time-point after KRG treatment
(C).

Fig. 2. Effect of KRG on the serum levels of the cytokines by ELISA. The secretion of IL-
2, IL-4, IL-6 and IL-10 by lymphocytes, as compared with the control group were
significantly increased (*P < 0.05, **P < 0.01).
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mononuclear cells (PBMC), whole bloodwas loaded on Ficoll-Paque
(GE healthcare lifesciences, Sweden) following the previous
method [5]. After centrifuging whole blood at 600 � g for 20 min,
buffy coat was harvested and washed with PBS. PBMC was washed
and prepared for measuring the immune cell activities. Also, for
analyzing of cytotoxicity, porcine splenocytes were isolated
following the previous method [6]. All statistics were calculated
using SigmaPlot for Windows version 12.0 (Systat Software, Inc., IL,
USA). Datawere subjected to one-way analysis of variance (ANOVA)
and statistical significance was considered at P < 0.05. In results,
KRG extract did not elicit any cytotoxicity at any time periods of
exposure at the concentrations up to 100 and 200 mg/ml for the
time periods of 0, 7, and 14 days. Namely, it significantly didn't
affect the viability of splenocytess in a KRG dose-dependent
manner (Fig. 1B). Based on these findings, animal experiment was
performed using the concentrations of 3 and 6 g/day KRG extract.
Because if 6 g KRG is administered to 20 kg porcine, it corresponds
to 300 mg/kg, which corresponds to the concentration commonly
administered in animal experiments using KRG [7]. The cytotoxic
property of effector cells, splenocytes, against target cells, Yac-1
cells, was analyzed. As seen in Fig. 1C, the ratios of effector cells
and target cells were 12.5:1 to 200:1. A significant increase in
cytotoxic function in response to treatment of KRGwas observed 28
days later. In low ratio of effector cell (12.5:1, 25:1 and 50:1),
cytotoxic changes were significantly difference (P > 0.05). However,
high ratio of effector cell (100:1 and 200:1), cytotoxic alteration
show significant difference (P < 0.05) (Fig. 1C). These results show
that KRG treatment could bemore cytotoxic activities against target
cells than no treated group. And, level of Th1 cytokine (IL2), and
Th2 cytokines (IL-4, IL-6 and IL-10) were increased after treatment
of 3 and 6 g/day KRG. Namely, Th1 and Th2 cytokine productions in
KRG groups were significantly higher in animals than in control
group. (Fig. 2) Namely, both Th1 and Th2 cytokines were
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significantly increased when treatment of KRG, especially the Th2
cytokines increased by larger margin, which indicating specific Th2
immune responses were stimulated when porcines were admin-
istrated with KRG. Therefore, when KRG was administered, im-
mune responses may result from the production of Th1 and Th2
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cytokines. And, to study whether KRG had a beneficial effect on the
maintenance of T cells, NK cell, and monocyte, PBMC of the pig
were assayed by flow cytometry. The results showed that KRG
treatment significantly increased CD4þT cell (**P < 0.01; Fig. 3A),
CD8þT cell (*P < 0.05, **P < 0.01; Fig. 3B), CD4þCD8þT cell
(**P < 0.01; Fig. 3C), CD3-CD172-CD8þNK cell (**P < 0.01; Fig. 3D),
and CD172þmonocyte (*P < 0.05, **P < 0.01; Fig. 3E) in the
compared with those in the normal control group. Namely,
compared with the normal group, the KRG-treated groups had a
significantly higher ratio of these immune cells. These results
indicated that KRG had a beneficial effect on these immune cells
function in porcine. Because ginseng may induce NK cell cytotox-
icity against tumor cells by a secretion of granzyme B in animal
model [8], we examined whether the treatment of KRG increased
granzyme B activity. Fig. 4 show that KRG treatment have
Fig. 3. Effect of KRG on the activities for T cells, NK cell, and monocyte. KRG treatment sig
CD8þNK cell (D), and CD172þmonocyte (E) (*P < 0.05, **P < 0.01, respectively).

Fig. 4. Effect of KRG on the expression of granzyme B and production of natural cytotoxicity
abundant than normal group, excepting Nkp44 in 3 g/day KRG group after 14 days (*P < 0
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significantly increased the expression of granzyme B than normal
group (*P < 0.05, **P < 0.01, Fig. 4A and B(a)). We have plan to
further study for confirmation the KRG treatment will correlated
with Nk cells surface marker expression as showed of NK activating
receptors whether the increase in cytolytic activity [9]. This was
done by cytofluometry using MoAb specific for NKp46, NKp44 and
NKp30. As a result, our data showed that NKp30 and NKp46 were
significantly more abundant than normal group (*P < 0.05,
**P < 0.01) (Fig. 4B(b), (d)). Only, the expression of NKp44 was
significantly increased in 6 g KRG group (*P < 0.05 **P < 0.01),
whereas there is no difference in 3 g KRG group after 14 days
(P > 0.05) (Fig. 4B(c)). Taken together, these results indicate that
KRG increases porcine immune activityes by cytokines production.
These findings are valuable, but further study is necessary to
elucidate the effect in KRG exhibiting these effects.
nificantly increased CD4þT cell (A), CD8þT cell (B), CD4þCD8þT cell (C), CD3-CD172-

receptors. The levels of granzyme B, NKp30, NKp44 and NKp46 were significantly more
.05, **P < 0.01).
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