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Abstract

The aim of this study was to evaluate the immunomodulatory effects of Cervi Parvum Cornu (C) and
Acanthopanax sessiliflorus (A) mixtures (CA) in vitro and in vivo. For the in vitro evaluations, phagocytosis,
natural killer (NK) activity, nitric oxide (NO), pro-inflammatory cytokines, as well as the mRNA expression of
LP-BM5, were measured using enzyme-linked immunosorbent assay (ELISA) or real-time polymerase chain
reaction (RT-PCR). CA treatment increased phagocytosis, NK cell activity, and NO production, and decreased
pro-inflammatory cytokine level. LP-BM5 expression was also reduced in treated CA. In the in vivo study, we
evaluated changes in the levels of the major histocompatibility complex (MHC) | and Il, CD4 and 8(+) T-cells,
Th1/Th2 cytokines, NK cell activity, and leukocytes in response to forced swimming exercise (FSE) using flow
cytometry (FACS) and ELISA. Oral CA intake increased the levels of MHC | and Il, CD4 and 8(+) T-cells, Thl
cytokines, T-cell proliferation, and NK cell activity. CA treatment also decreased Th2 cytokine level, increased
B-cell proliferation, leucocyte counts, and the production of several immunoglobulins. Taken together, these
results suggest that the CA mixture may improve the immune response by controlling the Th1/Th2 cytokine
balance, making it a useful addition to immunomodulatory interventions.

Keywords: Immunomodulation, Cervi Parvum Cornu, Acanthopanax sessiliflorus.

1. Introduction

Over the past decade we have seen a steady increase in the interest in functional foods, especially those that
modulate the immune system. As the corona virus disease 2019 (COVID-19) outbreak continues to put strain on
health systems around the world, it is inevitable that people’s interest in strengthening their immune system will
also grow [1,2]. Immunity can be divided into innate and acquired immunity, and various mechanisms
underlying the activation and regulation of each have been indentified [3,4]. When foreign antigens, such as
viruses or bacteria, enter the body, the body’s antigen presenting cells (APCs) identify the antigen and activate
the immune defense system [5].

Viruses and bacteria generally enter the APCs via interacting with the major histocompatibility complex
(MHC) I or 1l, respectively. MHC 1 typically binds to the T cell receptors (TCR) of CD8 (+) T-cytotoxic cells,
while MHC Il binds to receptors expressed on CD4 (+) T-helper (Th) cells [6]. Among the cytokines involved
in immunity, interleukin (IL)-2 and interferon (IFN)-gamma (y) are associated with Thl responses and IL-4, 6,
10 and TNF-a are associated with Th2 responses. These cytokines are primarily produced by the CD4(+) Th
cells. Disparities in the Thl and Th2-type cytokines may negatively impact the immune responses, [7,8]
resulting in the reduction of T- and B-cell functions and decreased CD8(+) Th cells and natural killer (NK) cell
activities. These decreases may impair antigen neutralization and produce abnormalities in immunoglobulin (1g)
production and white blood cell counts [9-12].

In addition to the influence of external antigens, the immune system can also be affected by nutritional status,
aging, mental stress, and exercise. Of these, exercise is thought to have the most impact on the physical stress
experienced by people in modern society, with these outcomes being heavily dependent on its intensity and
frequency [13]. Regularly planned exercise therapy has a positive effect on the body's immune system, but
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unplanned and irregular one-time exercise has been known to lower immunity [14]. The forced swimming
exercise used in this study was originally designed to evaluate improvements in immune function and evaluate
changes in muscle strength and despair behavior [15]. Swimming is a high-intensity exercise requiring 70-85
V02 (%) oxygen, [16] making it an additional method for suppressing immunity in addition to the viral
injection method used before [17].

Cervi Parvum Cornu (C), also called deer velvet, has been used as a therapeutic agent for thousands of years in
China and Korea. This plant has been reported to antioxidant activity, splenocyte proliferation ability, in
addition to several immunomodulatory properties [18-22]. Acanthopanax sessiliflorus (A) belongs to the
Acraliaceae family and is known to be effective in the treatment of hypertension and immune stimulation [23,24].
However, little is known about the immunomodulatory effects of mixing these two compounds, i.e., CA. In this
study, we investigated the immunomodulatory effects of CA in vitro and in vivo.

2. Materials and Methods

2.1 Preparation of plant materials

C, A, and CA extracts were obtained from Mom&young bio (Cheongju, Korea) with the CA product mixed at a
1:1 ratio. The C, A, and CA extracts were sealed to protect against light and air and stored at -20 °C until use.

2.2 Cell culture and treatments

The RAW264.7, Yac-1, and SC-1 (CRL-1404) cell lines were purchased from the American Type Culture
Collection (ATCC, Rockville, MD, USA), and grown in RPMI-1640, supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin and cultured as previously described [25].

2.3 Experimental mice and treatment

The animal experimental protocol was approved by the Institutional Animal Care and Use Review Committee
of Kyung Hee University (KHGASP-20-277). Balb/c mice (N=6, female, 6-week-old) and C57BL/6N mice
(N=64, male, 4-week-old) were purchased from Saeronbio, Inc. (Uiwang, Korea). The animal care facility was
established using the same parameters as before [17]. Balb/c mice were used in ex vivo experiments, and
C57BL/6N mice were randomly divided into eight groups: wild type (WT), forced swimming exercise-control
(FSE-C), positive control [PC; FSE + red ginseng 300 mg/kg body weight (b.w.)], C200 (FSE + C 200 mg/kg
b.w.), A200 (FSE + A 200 mg/kg b.w.), CA50 (FSE + CA 50 mg/kg b.w.), CA100 (FSE + CA 100 mg/kg b.w.),
and CA200 (FSE + CA 200 mg/kg b.w.). Oral administration of C, A, and CA lasted for two weeks and
swimming exercises were completed using an acrylic water bath (W 40 cm x L 25 cm x H 18 cm) at 25 °C and
a water pressure of 14 L/min. Mice were forced to swim until they could no longer float on their own, at which
point, the exercise was terminated [15]. After the forced swimming, spleen and blood samples were collected
and used for downstream analysis.

2.4 Water soluble tetrazolium salt (WST) assay

Cell viability was confirmed using the EZ-CYTOX kit (Daeillab Service Co., Ltd, Seoul, Korea). Brietly RAW
264.7 cells were seeded in 96-well plates at a density of 1x10* cells/well and then allowed to grow for 1 day.
These cells were then treated with varying concentrations of C, A, and CA (0-1000 pug/mL) and incubated for
another day. Then each well was treat with 20 uL./200 uL. EZ-CYTOX and incubated for 3 h. The plate was
gently shaken for 30 sec before measuring the absorbance at 450 nm using an ELISA reader (Bio-Rad
Laboratories, Hercules, CA, USA).
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2.5 Cytokine ELISA

Raw 264.7 cells and isolated splenocytes were seeded at a density of 2x10° cells/well and 5x10° cells/well,
respectively in 96-well plates for assay. Raw 264.7 cells were treated with C, A, or CA and lipopolysaccharide
(LPS, 5 pg/mL; Gibco-BRL, Grand Island, NY, USA) to stimulate IL-1p, -6, and TNF-a (for 1 day) levels. The
splenocytes were treated with concanavalin A (Con A, 5 pg/mL; Sigma-Aldrich, St. Louis, MO, USA) or LPS
(5 pg/mL) to stimulate IL-2, -4, -6, -10, TNF-a (for 1 day), -12, -15 (for 2 days), and IFN-y (for 3 days) levels.
Samples were then evaluated using R&D DuoSet ELISA Development kits (R&D Systems, Minneapolis, MN,
USA) according to the manufacturer’s instructions.

2.6 NO evaluations

Raw 264.7 cells were seeded at a density of 2x10° cells/well in 96-well plates and treated with C, A, and CA as
before and the supernatant was collected. Animal serum samples were collected from centrifuged (560 x g at
4°C for 20 min) whole blood, and the NO levels in were evaluated using the nitric oxide assay kit (Abcam,
Massachusetts, UK) according to the manufacturer’s protocol.

2.7 Phogocytosis activity

Raw 264.7 cells were seeded at a density of 1x10* cells/well in 96-well plates and then treated with CA as
before. Their phagocytic activity was then evaluated using the Cytoselect 96-well phagocytosis assay (zymosan
substrate) kit (Cell Biolabs Inc., San Diego, CA, USA), according to the manufacturer’s instruction.

2.8 NK cell activity

Splenocytes from the experimental mice were seeded at a density of 5x10° cells/well in 96-well plates and co-
cultured with Yac-1 cells (ATCC) (density, 1x10* cells/well). After a 4-h incubation at 37 °C, and 5% CO5, cell
supernatants were transferred to a new plate and NK-cell activity was measured using a CytoTox 96 Non-
Radioactive Cytotoxicity Assay kit (Promega Corporation, Madison, WI, USA).

2.9 RT-PCR

To evaluate changes in SC-1/LP-BMS5 virus replication, SC-1 (CRL-1404) and SC-1 (LP-BM5 murine leukemia
virus) cell lines were co-cultured in 12-well plates at a density of 1x10° cells/well, stabilized for 4 h, treated
with C, A, and CA, and cultured for 24 h (37°C, 5% CO,). Changes in the penetration of the SC-1/LP-BM5
virus were also evaluated using SC-1 (CRL-1404) cells seeded at a density of 1x10° cells/well in a 6-well plate
and stabilized for 4 h, and then the culture solution of SC-1 (LP-BMS5) was additionally added. In addition, cells
were treated with C, A, and CA and incubated at 37°C in an atmosphere of 5% CO, for 24 h. Following
treatment, all cells were collected and the homogenized for RNA extraction, cDNA synthesis, and RT-PCR
were performed as described previously [26]. The following primers were used for the RT-PCR: GAPDH, 5°-
CATGGCCTTCCGTGTTCCTA-3’ and 5’-GCGGCACGTCAGATCCA-3’; LP-BMS5, 5'-
CCAATGTGTCCATGTCATTT-3 and 5-GCGATGAGCAGAGAGAGAAAG-3.

2.10 Flow cytometry (FACS)

Splenocytes were dispensed in Eppendort tubes at a density of 3x10° cells/tube, washed, and then probed with
each of the following primary antibodies: anti-mouse CD45-PE/CY?7, anti-mouse CD8a FITC, and anti-mouse
CD4 PE (SouthernBiotech, Birmingham, AL, USA), MHC class | monoclonal antibody, and MHC class Il
monoclonal antibody (Thermo Fisher Scientific, Waltham, MA, USA) for 30 min on ice. Then, the cells were
washed twice in a flow cytometry staining buffer (Thermo Fisher Scientific) and then were resuspended in flow
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cytometry staining buffer and counted using a CytoFLEX (Beckman Coulter, Brea, CA, USA). The results were
analyzed using the CytExpert 2.2 program (Beckman Coulter).

2.11 T- and B-cell proliferation

Splenocytes were seeded at a density of 5x10°cells/well in 96-well plates and treated with Con A (5 ug/mL) or
LPS (5 pg/mL) to promote T- or B-cell proliferation. After two days (37°C, 5% CO,), T- and B-cell
proliferation was measured using an Ez-CyTox kit (Daeil Lab Service) according to the manufacturer’s
instructions.

2.12 Evaluating immunoglobulin productions

Serum from whole blood samples was used to evaluated IgE, IgA, and 1gG levels in experimental animals using
relevant mouse ELISA kits (Abcam) according to the manufacturer’s protocols.

2.13 Leukocyte counts

Leukocytes were isolated from whole blood treated with 2% EDTA (Sigma-Aldrich) and mixed with DPBS
and, Histopaque®-1077 (Sigma-Aldrich), then centrifuged for 20 min (556 x g at 4°C). Finally, the leukocyte-
enriched supernatant was removed and mixed with new DPBS and leukocytes were counted.

2.14 Statistical analysis

All the results of the in vitro and in vivo experiments are presented as the mean + standard deviation (SD). The
significance of the effects of C, A, and CA was determined using a one-way analysis of variance (ANOVA) and
Duncan’s multiple range test, and student’s t-test using SPSS Statistics 22.0 software (SPSS Inc., Chicago, IL,
USA). A p value of < 0.05 was considered significant.

3. Results and discussion

3.1 Effects of CA treatment on NO production in RAW 264.7 cells

NO levels significantly increased, by 16.3 and 58.9%, in the PC50 and PC200 groups, respectively compared to
those observed in the normal control (NC). NO levels also increased in the C (50: 40.1%, 200: 57.1%) and A
(50: 48.6%, 200: 64.9%) groups compared with those in the NC group. The CA-treated groups (50: 53.9%, 100:
56.7%, and 200: 71.3%) also exhibited significantly increased NO production in a dose-dependent manner
compared with the NC group (p < 0.05; Fig. 1A)

3.2 Effect of CA treatment on RAW 264.7 phagocytosis

The phagocytic activity of PC (50: 21.4%, 200: 33.4%), C (50: 4.6%, 200: 15.0%), and A (50: 10.2%, 200:
17.3%) groups was significantly increased compared to that of the C4 group. The CA-treated groups (50: 7.6%,
100: 14.7%, and 200: 22.0%) also exhibited significantly increased phagocytosis in a dose-dependent manner
compared to the C4 group (p < 0.05; Fig. 1B).

3.3 Effects of CA treatment on NK activity against Yac-1 cells

NK cell activity of the PC (50: 10.4%, 200: 30.4%), C (50: 5.5%, 200: 12.1%), and A (50: 8.7%, 200: 15.4%)
groups was significantly increased compared to that of the NC group. The CA-treated groups (50: 11.0%, 100:
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12.1%, and 200: 23.6%) exhibited significantly increased NK cell activity in a dose-dependent manner
compared to the NC group (p < 0.05, Fig. 1C).
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Figure 1. Effect of cervi parvum cornu (C), acanthopanax (A), and CA mixtures on NO production,
phagocytosis, and NK cell activity. NC, normal control; PC, positive control (red ginseng 50 and 200 pg/mL); C,
cervi parvum cornu 50 and 200 pg/mL; A, acanthopanax 50 and 200 pg/mL; CA, C and A mixture (50 and 200
pg/mL); C1-C4 (control). Values are recorded as the mean + SD (n=3), and the different superscript letters
(alphabet) indicate significance at p < 0.05. Significant differences from each control were evaluated using
student’s t-test: *p < 0.05, **p < 0.01, ***p < 0.001.

3.4 Effect of CA treatment on pro-inflammatory cytokine production in RAW 264.7 cells

Pro-inflammatory cytokine (IL-1p, IL-6, and TNF-a) levels are shown in Figure 2. The levels of IL-1p, IL-6,
and TNF-a increased in LPS-treated RAW 264.7 cells (LPS-C) compared to those in the NC. The levels of IL-
1B decreased in a dose dependent manner in the CA-treated groups (50: 15.4%, 100: 19.4%, and 200: 26.8%)
compared with that in the LPS-C group (Fig. 2A). The CA-treated group also exhibited a dose dependent
decrease in IL-6 levels (50: 13.5%, 100: 22.1%, and 200: 29.9%) compared to the LPS-C group (Fig. 2B). TNF-
a levels were significantly and dose-dependent decreased in the CA-treated groups (50: 9.0%, 100: 18.6%, and
200: 27.2%) compared to those in the LPS-C group (p < 0.05; Fig. 2C).
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Figure 2. Effects of cervi parvum cornu (C), acanthopanax (A), and CA mixtures on the level of pro-
inflammatory cytokines in RAW 264.7 cells. (A) IL-1pB, (B) IL-6, (C) TNF-a. NC, normal control; LPS-C, LPS
(5 pg/mL)-control; PC, positive control (red ginseng 50 and 200 ug/mL); C, cervi parvum cornu 50 and 200
ug/mL; A, acanthopanax 50 and 200 pug/mL; CA, C and A mixture (50 and 200 pg/mL). Values are presented
as the mean = SD (n=3), and the different superscript letters (alphabet) indicate significance at p < 0.05.
Significant differences from each control were evaluated using student’s t-test: *p < 0.05, ***p < 0.001, "p <
0.05, *p < 0.01, *p < 0.001.

3.5 Effect of CA on the replication and penetration of the SC-1/LP-BM5 virus

An increase (more that 5-fold) in LP-BM5 transcription was observed in the control (C) group upon
transduction with the SC-1/LP-BM5 virus compared to that in the NC group. In addition, LP-BM5 transcription
was decreased in a dose-dependent manner in cells treated with CA (50: 19.3%, 100: 29.2%, 200: 32.7%) (Fig.
3A). SC-1/LP-BM5 penetration was confirmed based on the presence of the viral genome. Viral DNA increased
by 52% in the control (C) (versus the NC group). In addition, the LP-BM5 DNA decreased, in a dose-dependent
manner in the CA-treated groups (50: 39.3%, 100: 47.8%, 200: 55.6%) compared with those in the C group (p <

0.05; Fig. 3B).
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Figure 3. Effects of cervi parvum cornu (C), acanthopanax (A), and CA mixtures on replication and penetration
of LP-BM5 virus in SC-1 cells. (A) Inhibition of LP-BMD5 replication, (B) inhibition of viral penetration. NC,
normal control; C, virus induction control; PC, positive control (red ginseng 50 and 200 pg/mL); C, cervi
parvum cornu 50 and 200 pg/mL; A, acanthopanax 50 and 200 pg/mL; CA, C and A mixtures (50 and 200
ug/mL). Values are presented as the mean £ SD (n=3), and the different superscript letters (alphabet) indicate
significance at p < 0.05. Significant differences from each control were evaluated using student’s t-test: **p <
0.01, ***p < 0.001, “p < 0.05, *p < 0.01, **p < 0.001.

3.6 Effects of CA on weight gain and organ weight in mice subjected to forced swimming exercise

The effects of CA on weight gain, food intake, food efficiency rate (FER), and organ weight are summarized in
Table 1. No significant differences were observed in weight gain, food intake, FER, or all organ weights
between any of the groups (p < 0.05).

Table 1: Effects of CA on weight gain, food intake, FER and organ weight of C57BL/6N mice exposed to
forced swimming exercise induced immunosuppression.
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Forced swimming exercise

Groups WT FSE-C PC C 200 A 200 CA 50 CA100 CA 200
Weight gain* G'gio.esgab 5'810.63ab 5'210.85” 5'2:0.31ab 6'310.653 5'?:0.39ab 5'310.313" 6'%10.566‘
27 s 2.7 2.7 2.7 2.8 2.7 2.7 2.7
Food intake g+016™ 7,019 7, £018 “ox019 “#015 “o*0.18 T £0.14 “-0.16
FER*** 1‘2:0.22*"’ 1'?110.21ab 1;10.27" 1‘8:0.10ab 2'210.21a 1‘2:0.13ab 1'210.103" 1'310.18a

Organ weight

(9)
Spleen O'gio.ofs 0'810.01 O'giO.OO O'giO.OO O'giO.OO 0'810.01 O'giO.OO 0'810.01
. 1.3 s 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Liver (£0.07" 74006 T0£007 U007 T 2004 T5£0.05 T £0.04  T0.06
Kidney O'iio.of’ 0'§¢o.osb 0'510.013" O'gio.of‘b 0'310.01” O'gio.of‘b 0'310.01” 0'3:0.01ab

Values are presented as the mean + standard deviation (n = 8), and different superscript letters indicate
significance at p < 0.05. WT, wild type; FSE-C, forced swimming exercise (FSE)-control; PC, positive control
(FSE + red ginseng 300 mg/kg body weight); C 200 [FSE + Cervi Parvum Cornu (C) extract 200 mg/kg body
weight]; A 200 [FSE + Acanthopanax (A) extract 200 mg/kg body weight]; CA 50 (FSE + C and A 50 mg/kg
body weight); CA 100 (FSE + C and A 100 mg/kg body weight); CA 200 (FSE + C and A 200 mg/kg body
weight). *Weight gain (g/2 weeks) = final body weight (g) — initial body weight (g). **Food intake,
g/day/mouse. ***FER (Food efficiency rate) = weight gain (g)/total food consumption (g) x 100.

3.7 Effect of CA on the expression of MHC I, MHC Il and the production of CD4(+), and CD8(+) T-cells from
primary mouse splenocytes

MHC 1| expression was significantly decreased (28.9%) in the FSE-C group compared with that in the WT
group, and significantly increased (43.7%) in the PC group compared with that in the FSE-C group. The the
C200 (7.6%), A200 (25.4%), and CA (50: 14.6%, 100: 30.0%, 200: 35.7%) groups displayed significant
increases in MHC 1| expression. MHC Il expression was significantly decreased (17.6%) in the FSE-C group
compared with that in the WT, and significantly increased (18.8%) in the PC group compared with that in the
FSE-C group. The C200 (4.3%), A200 (11.5%), and CA (50: 4.6%, 100: 10.7%, 200: 16.2%) groups exhibited
significant upregulation of MHC Il expression (p < 0.05; Fig. 4A and C) compared to the FSE-C group.

CDA4(+) T cell counts were significantly decreased (57.7%) in the FSE-C group compared with those in the WT
control, and significantly increased (76.3%) following PC treatment. In addition, the C200 (14.7%), A200
(35.7%), and CA (50: 21.8%, 100: 45.4%, 200: 58.2%) groups demonstrated significantly increased CD4(+) T
cell counts. CD8(+) T cell counts significantly decreased (73.2%) in the FSE-C group compared to those in the
WT group and were significantly increased (more than 2-fold) in the PC group. The C200 (45.1%), A200
(148.0%), and CA (50: 69.3%, 100: 116.0%, 200: 155.1%) groups exhibited significantly increased CD8(+) T
cell counts (p < 0.05; Fig. 4B and D).
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Figure 4. Effects of cervi parvum cornu (C), acanthopanax (A), and CA mixtures on MHC | and Il expression,
and CD4(+) and CD8(+) counts in splenocytes from C57BL/6N mice with induced immunosuppression
following forced swimming exercises. (A) expression of MHC | and MHC Il evaluated by FACS, (B) CD4(+)
and CD8(+) counts evaluated by FACS, (C) mean fluorescence intensity (MFI) for MHC | and MHC I, (D)
MFI for CD4(+) and CD8(+) cells. WT, wild type; FSE-C, forced swimming exercise-control; PC, positive
control (red ginseng 300 mg/kg b.w.); C, cervi parvum cornu 200 mg/kg b.w.; A, acanthopanax 200 mg/kg
b.w.; CA, C and A mixtures (50, 100, and 200 mg/kg b.w.). Values are presented as the mean = SD (n=3), and
the different superscript letters (alphabet) indicate significance at p < 0.05.

3.8 Effect of CA on T- and B-cell proliferation in primary mice splenocytes

T-cell and B-cell proliferation in ConA treated splenocytes from FSE-C animals significantly decreased (54.5%
and 37.4%, respectively) compared to that in the WT group. The PC (85.1%), C200 (19.1%), A200 (34.4%),
and CA (50: 22.0%, 100: 45.4%, 200: 60.8%) groups exhibited significantly increased T-cell proliferation
compared to the FSE-C group. In addition, the PC (43.2%), C200 (11.1%), A200 (22.6%), and CA (50: 17.7%,
100: 25.6%, 200: 38.3%) groups exhibited significantly increased B-cell proliferation compared to the FSE-C
samples. The CA treatment group exhibited a dose-dependent increase in T-cell and B-cell proliferation
compared with the FSE-C group (p < 0.05; Table 2).

3.9 Effect of CA on Thl-type cytokine production in primary mouse splenocytes

The levels of Thil-type cytokines IL-2 and IFN- y are presented in Table 2. The level of IL-2 and IFN-y in Con
A-treated splenocytes from FSE-C mice was shown to be significantly decreased (76.3% and 40.7%) when
compared to that in the WT control. The PC (283.8%), C200 (133.2%), A200 (188.7%), and CA (50: 156.7%,
100: 192.1%, 200: 250.6%) groups exhibited significant upregulation of 1L-2 compared to the FSE-C group. In
addition, the PC (51.4%), C200 (4.0%), A200 (21.3%), and CA (50: 13.0%, 100: 26.0%, 200: 32.7%) groups
exhibited significant upregulation of IFN- y compared to the FSE-C group. CA treatment was also shown to
induce a dose-dependent increase in Th1-type cytokine production (p < 0.05).
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3.10 Effect of CA on Th2-type cytokine production in primary mouse splenocytes

The level of Th2-type cytokines IL-4, IL-6, IL-10, and TNF-a is presented in Table 2. The level of both IL-4
and IL-10 was upregulated (140.2% and 262.5%, respectively) in Con A-treated splenocytes from the FSE-C
group compared to that in the WT control. The PC (49.2%), C200 (16.7%), A200 (22.9%), and CA (50: 18.5%,
100: 25.2%, 200: 37.6%) groups exhibited significantly decreased IL-4 production compared to FSE-C group.
Further, the PC (67.5%), C200 (30.1%), A200 (45.3%), and CA (50: 34.8%, 100: 45.3%, 200: 58.4%) groups
exhibited significantly decreased IL-10 production. The level of IL-6 and TNF-a in LPS-treated splenocytes
was significantly increased (195.9% and 106.8%, respectively) in the FSE-C group compared to that in the WT
control. The PC (42.7%), C200 (10.4%), A200 (20.9%), and CA (50: 13.5%, 100: 25.1%, 200: 36.2%) groups
exhibited significantly decreased IL-6 production compared to the FSE-C group. Further, the PC (42.0%), C200
(11.8%), A200 (24.1%), and CA (50: 16.5%, 100: 23.2%, 200: 31.1%) groups also exhibited significantly
decreased TNF-a production in the CA treatment groups demonstrated some degree of dose-dependence (p <
0.05).
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Table 2: Effects of CA on various parameters in splenocytes and blood of C57BL/6N mice exposed to forced swimming exercise induced
immunosuppression

Forced swimming exercise

Groups WT FSE-C PC C 200 A 200 CA50 CA 100 CA 200
Splenocytes
IL-2 (pg/mL) 461.5+20.48* 109.6 +4.40° 420.6+24.53" 2555+13.57" 316.3+13.44" 281.3+12.73° 320.1+8.48" 384.1+6.35°

IFN-y (p/mL)  678.9+13.31* 402.6+7.39" 609.5+7.73° 418.6+7.24° 488.3+7.82° 455.0+16.78" 507.3+4.21° 534.4+13.52°
IL-4 (pg/mL) 65.72+5.00° 157.9+10.66*° 80.2+7.42" 131.5+576° 121.8+7.85° 128.7+1.83° 118.1+1.87" 98.5+7.27°
IL-6 (pg/mL) 170.5+9.84" 504.5+7.97° 289.1+14.36° 451.9+13.74° 399.2+7.94° 436.6+14.67° 377.9+8.98° 321.9+8.73"
IL-10 (pg/mL) 51.0+3.75° 185.0+12.05° 60.2+11.27° 129.3+13.89° 101.3+7.78° 120.6+8.42° 101.3+7.78°  77.045.43"
TNF-o (pg/mL)  99.1+4.71" 204.9+22.83* 118.9+14.97° 1555+3.77° 171.1+10.92™ 157.4+8.48° 157.4+8.48° 141.1+502

T cell (%) 100.0+3.03* 455+1.63° 84.2+2.83" 5424222 61.1+272° 555+3.29" 66.1+0.76° 73.1+3.20°
B cell (%) 100.0+5.95° 62.6+4.31" 89.6+2.61" 69.5+2.75°  76.7+2.33°  73.7+0.67* 78.6+2.95°  86.5+1.38"
Blood
Leukocyte 388.0+£17.22* 166.8+17.29" 338.8+26.34" 228.3+9.29° 288.0+7.26° 258.0+8.29° 300.0+14.40° 329.5+8.81°
NO (umol/mL)  106.9+5.17" 191.0+9.29° 121.3+10.70° 180.8+7.42" 160.2+7.88° 166.5+2.69° 161.9+2.35° 147.2+4.69"
IgE (ng/mL) 3.9+0.64*°  2.6+0.45° 3.1+0.45° 2.6+0.42"° 2.8+0.29" 2.9+0.25°  3.1+041°  3.2+0.29
IgA (ng/mL) 78.7+3.56* 53.7+3.60° 67.3+4.15" 582+1.03° 61.6+0.88° 60.5+0.66" 61.9+1.39° 65.7+1.08™
IgG (ng/mL) 101.2+1.53* 67.4+277° 929+253" 731+2.32" 823+202" 77.9+158 81.3+1.07* 86.5+2.09°

Values are presented as the mean * standard deviation (n = 8), and different superscript letters indicate significance at p < 0.05.

WT, wild type; FSE-C, forced swimming exercise (FSE)-control; PC, positive control (FSE + red ginseng 300 mg/kg body weight); C 200 [FSE +
Cervi Parvum Cornu (C) extract 200 mg/kg body weight]; A 200 [FSE + Acanthopanax (A) extract 200 mg/kg body weight]; CA 50 (FSE + C and
A 50 mg/kg body weight); CA 100 (FSE + C and A 100 mg/kg body weight); CA 200 (FSE + C and A 200 mg/kg body weight); IL, interleukin;
IFN-y, interferon-gamma; TNF-a, tumor necrosis factor alpha; NO, nitric oxide; Ig, immunoglobulin.
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3.11 Effect of CA treatment on IL-12 and IL-15 productions and NK-cell activity in primary mouse splenocytes

The level IL-12 and IL-15 in the various treatment groups is summarized in figure 5. The level of both IL-12
and 1L-15 was significantly downregulated (54.2% and 63.9%, respectively) in Con A-treated splenocytes from
FSE-C animals compared to that in the WT control. The PC (63.3%), C200 (16.1%), A200 (21.2%), and CA
(50: 20.9%, 100: 26.8%, 200: 33.4%) groups demonstrated significantly increased IL-12 production (Figure.
5A) compared to the FSE-C group. In addition, the PC (128.1%), C200 (44.0%), A200 (72.6%), and CA (50:
60.3%, 100: 78.6%, 200: 92.6%) groups also showed significantly increased IL-15 production (Figure. 5B)
compared to the FSE-C group. CA groups also demonstrated a dose-dependent increase in the expression of
these factors compared to the FSE-C group (p < 0.05).

NK-cell activity was significantly decreased (54.6%) in the FSE-C group compared to that in the WT control.
Further, the PC (131.6%), C200 (33.8%), A200 (56.6%), and CA (50: 54.4%, 100: 72.0%, 200: 97.0%) groups
were also shown to demonstrate some degree of dose-dependence with respect to these responses (p < 0.05; Fig.
5C).
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Figure 5. Effects of cervi parvum cornu (C), acanthopanax (A), and CA mixture on IL-12 (A), and IL-15 (B)
levels, and natural Kkiller (NK) cell activity in splenocytes from C57BL/6N mice with induced
immunosuppression following forced swimming exercises. WT, wild type; FSE-C, forced swimming exercise-
control; PC, positive control (red ginseng 300 mg/kg b.w.); C, cervi parvum cornu 200 mg/kg b.w.; A,
acanthopanax 200 mg/kg b.w.; CA, C and A mixture (50, 100, and 200 mg/kg b.w.). Values represent the mean
+ SD (n=3), and the different superscript letters (alphabet) indicate significance at p < 0.05.

3.12 Effect of CA on serum NO and immunoglobulin production

Serum NO levels significantly increased (78.7%) in FSE-C group compared to those in the WT control. Further,
the PC (36.5%), C200 (5.3%), A200 (16.1%), and CA (50: 12.9%, 100: 15.2%, 200: 22.9%) groups
demonstrated significantly decreased NO production compared to the FSE-C group. The CA groups also
demonstrated a dose-dependent decrease in NO production compared to the FSE-C group (p < 0.05; Table 2).

IgE, IgA, and IgG levels were decreased by 34.7%, 31.8%, and 33.4%, respectively in the FSE-C group
compared to those in the WT control. However, no significant differences were observed in IgE production
between any of the groups and when compared with that in the FSE-C group. Further, the PC (25.3%), C200
(8.4%), A200 (14.7%), and CA (50: 12.7%, 100: 15.4%, 200: 22.5%) groups demonstrated significantly
increased IgA levels. IgG levels were also significantly increased in the PC (37.9%), C200 (8.5%), A200
(22.1%), and CA (50: 15.6%, 100: 20.6%, 200: 28.4%) groups compared to those in the FSE-C group (p < 0.05;
Table 2).
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3.13 Effect of CA treatment on blood leukocyte counts in mice subjected to forced swimming exercise

Leukocyte numbers were significantly decreased (57.0%) in the FSE-C group compared to those in the WT
control. While leukocyte numbers were shown to increase significantly in the PC (103.1%), C200 (36.9%),
A200 (72.7%), and CA (50: 54.7%, 79.9%, 200: 97.6%) groups compared to those observed in the FSE-C group.
CA treatment was once again demonstrated to exhibit a dose-dependent effect with respect to these responses
when compared with the FSE-C group (p < 0.05; Table 2).

COVID-19 has caused a drastic change in the everyday habits of most of the world population. This crisis has
brought human health, and specifically the idea of immunity into sharp focus increasing the demand for
functional foods and natural immune boosters [27,28]. Many natural products, including tumeric, red ginseng,
and B-glucan are known to enhance immunity and have been the subject of extensive evaluation [29,31]. C is
known to improve hematopoietic function, anti-inflammatory responses, and immune function. Among the
constituents of C, the phosphatidylcholine fatty acid chain has been linked to the proliferation of lymphocytes,
and thus the regulation of the immune response [32-35]. In addition, A has been reported to stimulate the
immune system by regulating the levels of several cytokines [24]. However, the synergistic effects of C and A
are still unknown. Therefore, we designed this study to evaluate the immunomodulatory effects of CA mixtures
in vitro and in vivo. Cytotoxicity tests performed before the start of this project demonstrated that all of the
compounds used in this analysis were nontoxic (data not shown).

Macrophage phagocytosis occurs in almost all tissues, and is one of the primary intrinsic immune responses in
response to pathogen challenge [36]. Various intermediaries are produced during phagocytosis, including NO,
which acts as a critical mediator for antigen killing in both the innate and innate and adaptive immune
responses [37]. However, excessive NO secretion can be toxic to normal cells and can lead to the onset of
immune diseases, inflammation, and septic shock [38]. Activated macrophages secrete several cytokines (IL-18,
IL-6, and TNF-a) and stimulate the adaptive immune system to remove antigens. Among the various cytokines,
TNF-a plays a role in localizing infection, and induces inflammation at the site of infection, thereby facilitating
the host defense response. However, excessive amounts of TNF-a, and other cytokines, can cause the cytokine
storm syndrome which may be extremely detrimental to the host [39-41]. Therefore, proper production of NO
and TNF-a in macrophages is critical for the proper regulation of the immune system. Here, treatment with CA
not only increased NO expression, but also decreased the expression of pro-inflammatory cytokines IL-1p, T1L-6,
and TNF-a compared to that observed in the LPS-C group in vitro. In addition, we confirmed that phagocytosis
increases in CA-treated groups.

When pathogens, including viruses, infiltrate the body, they enter the host cells and start replicating, thereby
inducing the immune response which either blocks or clears these pathogens. NK cells recognize major
histocompatibility complex (MHC) | and are activated by macrophage-derived cytokines to selectively clear
infected cells [42]. In our in vitro study we used, Yac-1 cells as invaders to evaluate changes in NK-activation
in splenocytes treated with various concentrations of CA; a concentration of 200 pg/mL of the CA mixture was
found to increase NK activity. Once this was confirmed we went on to evaluate CA-mediated inhibition of viral
replication and penetration using LP-BM5, a murine leukemia virus (MulV), model. The LP-BMS5 virus used in
this study has been reported to cause hypertrophy of the spleen and lymphatic systems, and disorders in the T-
and B-cells [43]. Treatment with CA inhibited the replication as well as the penetration of the LP-BMS5 virus in
vitro.

Positive body management including proper exercise improves the body's adaptive immune response via cell-
mediated and positive humoral responses [44]. However, irregular exercise, such as one-time activity, can result
in abnormal signaling in the immune response such as increasing oxidative stress, inducing inflammation,
abnormal lymphocyte proliferation and allergic reactions [45,46]. Kwak et al. reported that lymphocyte
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proliferation in splenocytes decreased in mice that were forced to swim without pre-exercise [47]. Thus, we
designed a novel immune suppression model for our in vivo evaluations, which relied on changes in the
adaptive immune response induced by forced swimming rather than viral infection. Using this model we were
able to show that oral CA intake induced a significant increase in MHC | and Il expression and CD4(+) and
CD8(+) T-cells counts compared to that observed in the FSE control. T-cells mediate apoptosis during the
adaptive immune response and can be categorized as CD4(+) T-cells and CD8(+) T-cell, and CD4(+) is called
T-helper cell, and CD8(+) is called a cytotoxic T-cell. When antigen presenting cells (APCs) recognize virus-
like antigens, MHC molecules select T-cells and interact with T-cell co-receptors to mediate antigen clearance
[48]. MHC 1 is expressed by almost all nucleated cells, while MHC 11 is only expressed by APCs, such as
macrophages, B-cells, dendritic cells, and thymic epithelial cells Although the functions of the MHC | and Il
appear similar, they react to specific antigens by recognizing different mediators, i.e., CD8 (+) and CD4 (+) T-
cells, respectively [49].

Sudden high-intensity exercise has been reported to decrease macrophage and NK cell function and decrease
the ratio of CD4(+) to CD8(+) co-factors [50]. In this study, NK cell activity increased in mice treated with CA
compared to that observed in the FSE-C group. CD4(+) T cells are of two types (Th1 and Th2), where Th1l cells
are primarily responsible for macrophage activation and Th1l-type cytokine (IL-1B and IFN-y) secretion, while
Th2 cells stimulate B cells and are involved in antibody production via the secretion of Th2-type cytokines (IL-
4, 1L-6, IL-10, and TNF-a). Immune function is regulated by the appropriate balance and complementary
regulation of Thl- and Th2-type cytokine production [51,52]. IL-12 and IL-15 activate NK cell activity, and NK
cells bind to virus-infected cells via several pathway and eliminate APCs following the receipt of active signals
[53]. In this study, oral CA intake induced significant increases in Thl-type, IL-12, and IL-15 cytokine levels
compared to that observed in the FSE-C group, while Th2-type cytokines like IL-4, 1L-10, IL-6, and TNF-a
were shown to be secreted at abnormally high levels in an immunosuppression study [54].

IL-6 and TNF-a are known to activate the NF-kB pathway and regulate immune cell activity [7,8]. In this study,
oral CA intake induced significant decreases in Th2-type cytokine and NO levels compared with that in the
FSE-C group. High-intensity short-term exercise has been reported to increase NO production, [55] reduce the
number of white blood cells and B cells which may affect antibody production. Here CA increased leukocyte
counts IgA/1gG production compared to FSE-C (Fig. 6).
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Figure 6. Effects of cervi parvum cornu (C), acanthopanax (A), and CA mixtures on immunosuppression. CD,
cluster of differentiation; IFN-y, interferon-gamma; IL, interleukin; MHC, major histocompatibility complex;
Th, T-helper; TNF-a, tumor necrosis factor alpha
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4, Conclusions

We investigated the immunomodulatory effects of CA mixtures in vitro and in vivo. We found that CA
treatment increased NO production, phagocytosis and NK cell activity, and decreased pro-inflammatory
cytokines production and inhibited viral replication and penetration in vitro. Furthermore, we found that oral
CA intake increased MHC | and II expression, CD4(+), CD8(+) T-cell counts, IL-12 and IL-15 levels, NK-cell
activity, B-cell proliferation, and leukocyte counts in FSE mice. Taken together our results suggest that CA has
the potential to be developed into a novel, effective immunomodulatory for functional supplementation.

Disclosure statement

The authors report no conflict of interest.

References

[1] L. Cong, M. Mirosa, W. Kaye-Blake, P. Bremer. “Immune-boosting functional foods: a potential remedy for
Chinese consumers living under polluted air”, Business and Management Studies, 6, 1, 2020, pp. 12-27.

[2] C. M. Galanakis. “The food systems in the era of the coronavirus (COVID-19) pandemic crisis”, Foods, 9,
2020, pp. 523.

[3] Y. Huang. “Chen Z. Inflammatory bowel disease related innate immunity and adaptive immunity”, Am J
Transl Res 8, 6, 2016, pp. 2490-2497.

[4] J. A. Hoffmann, F. C. Kafatos, C. A. Janeway, R. A. Ezekowitz. “Phylogenetic perspectives in innate
immunity”, Science, 284, 1999, pp. 1313-1318.

[5] S. Y. Kim, H. Phuengkham, Y. W. Noh, H. G. Lee, S. H. Um, Y. T. Lim. “Immune complexes mimicking
synthetic vaccine nanoparticles for enhanced migration and cross-presentation of dendritic cells”, Adv Funct
Mater, 26, 2016, pp. 8072-8082.

[6] J. Xing, K. Luo, Y. Xiao, X. Tang, W. Zhan. “Influence of CD4-1+, CD4-2+ and CD8+ T lymphocytes
subpopulations on the immune response of B lymphocytes in flounder (Paralichthys olivaceus) immunized with
thymus-dependent or thymus independent antigen”, Fish Shellfish Immun, 84, 2019, pp. 979-986.

[7] M. Clerici, G. M. Shearer. “The Th1-Th2 hypothesis of HIV infection: new insights”, Immunology Today,
15, 12, 1994, pp. 575-581.

[8] R. lida, K. Saito, K. Yamada, A. S. Basile, K. Sekikawa, M. Takemura, H. Fujii H, H. Wada, M. Seishima,
T. Nabeshima. “Suppression of neurocognitive damage in LP-BM5-infected mice with a targeted deletion of the
TNF-alpha gene”, FASEB J, 14, 2000, pp. 1023-1031.

[9] T. S. Lim, J. K. H. Goh, A. Mortellaro, C. T. Lim, G. J. Himmerling, P. Ricciardi-Castagnoli. “CD80 and
CD86 differentially regulate mechanical interactions of T-cells with antigen-presenting dendritic cells and
B-cells”, PL0oS One, 7, 2012, pp. e45185.

[10] S. T. Holgate. “Innate and adaptive immune responses in asthma”, Nat Med, 18, 2012, pp. 673-683.

[11] K. A. Daniels, C. L. O’Donnell, C. Castonguay, T. M. Strutt, K. K. McKinstry, S. L. Swain, R. M. Welsh.
“Virus-induced natural killer cell lysis of T cell subsets”, Virology, 539, 2020, pp. 26-37.

[12] J. Li, M. Li, L. Su, H. Wang, K. Xiao, J. Deng, Y. Jia, G. Han, L. Xie. “Alterations of T helper lymphocyte
subpopulations in sepsis, severe sepisis, and septic shock: a prospective observational study”, Inflammation, 38,
2015, pp. 995-1002.

39



IJSEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021
ISSN: 2395-3470
WWw.ijseas.com

[13] Y. S. Kwak, T. W. Jin, L. Y. Paik, S. Y. Um. “The analysis of exercise on the immune response”, Immune
Network, 5, 2005, pp. 117-123.

[14] D. C. Nieman. “Current perspective on exercise immunology”, Curr Sports Med Rep, 2, 2003, pp. 239-242.

[15] E. Y. Sim, T. H. Lee. “Effects of mixture of lycii radicis cortex and moutan cortex on corticotropin-
releasing factor, c-fos, and tyrosine hydroxylase in forced swimming test”, Kor J Herbology, 26, 2011, pp. 59-
66.

[16] C. H. Lee, Y. M. Cho, E. S. Park, C. S. Shin, J. Y. Lee, H. S. Jeong. “In vivo immune activity of sap of the
white birch (Betula platyphylla var. Japonica)”, Korean J Food Sci technol, 41, 2009, pp. 413-416.

[17] S. J. Park, D. Lee, M. Lee, H. O. Kwon, H. Kim, J. Park, W. Jeon, M. Cha, S. Jun, K. Park, J. Lee. “The
effects of curcuma longa L., purple sweet potato, and mixtures of the two on immunomodulation in C57BL/6J
mice infected with LP-BM5 murine leukemia retrovirus”, J Med food, 21, 7, 2018, pp. 689-700.

[18] Z. Sui, L. Zhang, Y. Huo, Y. Zhang. “Bioactive components of velvet antlers and their pharmacological
properties”, J Pharm Biomed Anal, 87, 2014, pp. 229-240.

[19] F. Wu, H. Li, L. Jin, X. Li, Y. Ma, J. You, S. Li, Y. Xu. “Deer antler base as a traditional Chinese
medicine: a review of its traditional uses, chemistry and pharmacology”, J Ethnopharmacol, 145, 2013, pp. 403-
415.

[20] K. B. Lee, S. K. Park. “Effects of cornu cervi parvum pharmacopuncture on the blood picture and
antioxidative activity in rats”, Korean J Acupunct, 27, 2, 2010, pp. 25-34.

[21] S.J. Jang, H. N. Chun, S. S. Yun, I. S. Lee, Y. S. Lee. “Effects of deer antler extract on serum IGF- I, bone
growth and splenocyte proliferation in growing rats”, J Nutr Health, 39, 3, 2006, pp. 225-235.

[22] H. S. Kim, I. H. Huh, S. J. Lee, H. S. Ann. “Studies on the immunological characteristic of cervi cornu
extract”, Yakhak Hoeji, 38, 6, 1994, pp. 806-813.

[23] I. H. Jung, S. E. Kim, Y. G. Lee, D. H. Kim, H. Kim, G. S. Kim, N. I. Baek, D. Y. Lee. “Antihypertensive
effect of ethanol extract from acanthopanax sessiliflorus fruits and quality control of active compounds”, Oxid
Med Cell Longev, 2018, pp. 5158243.

[24] J. H. Kim, E. H. Shin, H. Y. Lee, B. G. Lee, S. H. Park, D. I. Moon, G. C. Goo, D. Y. Kwon, H. J. Tang, O.
J. Kim, H. G. Oh. “Immnostimulating effects of extract of acanthopanax sessiliflorus”, Exp Anim, 62, 3, 2013,
pp. 247-253.

[25] S. A. Yoo, O. K. Kim, D. E. Nam, Y. Kim, H. Baek, W. Jun, J. Lee. “Immunomodulatory effects of
fermented curcuma longa L. extracts on RAW 264.7 cells”, J Korean Soc Food Sci Nutr, 43, 2, 2014, pp. 216-
223.

[26] S. J. Park, D. S. Lee, D. K. Kim, M. Lee, G. In, S. T. Han. S. W. Kim, M. H. Lee, O. K. Kim, J. Lee. “The
non-saponin fraction of Korean red ginseng (KGCO05P0) decreases glucose uptake and transport in vitro and
modulates glucose production via down-regulation of the PISBK/AKT pathway in vitro”, J Ginseng Res, 44,
2020, pp. 362-372.

[27] A. Kumeri, P. Ranjan, N. K. Vikram, D. Kaur, A. Sahu, S. N. Dwived, U. Baitha, A. Goel. “A short
questionnaire to assess changes in lifestyle-related behavior during COVID 19 pandemic”, Diabetes Metab
Syndr, 14, 2020, pp. 1697-1701.

[28] K. W. Lange, Y. Nakamura. “Food bioactives, micronutrients, immune function and COVID-19”, J Food
Bioact, 10, 2020, pp. 1-8.

40



IJSEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021
ISSN: 2395-3470
WWw.ijseas.com

[29] H. S. Shin, H. J. See, S. Y. Jung, D. W. Choi, D. A. Kwon, M. J. Bae, K. S. Sung, D. H. Shon. “Turmeric
(Curcuma longa) attenuates food allergy symptoms by regulating type 1/type 2 helper T cells (Th1/Th2) balance
in a mouse medel of food allergy”, J Ethnopharmacol, 175, 2015, pp. 21-29.

[30] J. E. Kim, C. Monmai, W. Rod-in, A. Y. Jang, S. G. You, S. M. Lee, S. K. Jung, W. J. Park. “Co-
immunomodulatory activities of anionic macromolecules extracted from codium fragile with red ginseng extract
on peritoneal macrophage of immune-suppressed mice”, J Microbiol Biotechnol, 30, 3, 2020, pp. 352-358.

[31] P. Garcia-Valtanen, R. M. Guzman-Genuino, D. L. Williams, J. D. Hayball, K. R. Diener. “Evaluation of
trained immunity by B-1, 3 (D)-glucan on murine monocytes in vitro and duration of response in vivo”,
Immunol Cell Biol, 95, 2017, pp. 601-610.

[32] T. Y. Dai, C. H. Wang, K. N. Chen, W. S. Hong, S. Y. Wang, Y. P. Chen, C. Y. Kuoa, M. J. Chen. “The
antiinfective effects of velvet antler of Formasan sambar deer (Cervus unicolor swinhoei) on Staphylococcus
aureus-infected mice”, Evid Based Complement Alternat Med, 2011, 2011, pp. 534069.

[33] S. H. Lee, H. J. Suh, H. S. Lee, Y. Park, J. W. Park, E. Y. Jung. “Hematopoietic effect of Bacillus subtilis-
fermented antler extract on phenylhydrazine-induced hemolytic anemia in Spraque-Dawley rats”, J Med Food,
15, 2012, pp. 774-780.

[34] K. H. Kim, E. J. Lee, K. Kim, S. Y. Han, G. J. Jhon. “Modification of concanavalin A-dependent
proliferation by phosphatidylcholines isolated from deer antler, Cervus elaphus”, Nutrition, 20, 2004, pp. 394-
401.

[35] J. S. Suh, J. S. Eun, J. N. So, J. T. Seo, G. J. Jhon. “Phagocytic activity of ethyl alcohol fraction of deer
antler in murine peritoneal macrophage”, Biol Pharm Bull, 22, 1999, pp. 932-935.

[36] H. Sano, D. K. Hsu, J. R. Apgar, L. Yu, B. B. Sharma, I. Kuwabara, S. lzui, F. T. Liu. “Critical role of
galectin-3 in phagocytosis by macrophages”, J Clin Invest, 112, 3, 2003, pp. 389-397.

[37] C. Bogdan. “Nitric oxide and the immune response”, Nat Immunol, 2, 10, 2001, pp. 907-916.

[38] C. Szabd. “Alterations in nitric oxide production in various forms of circulatory shock”, New Horiz, 3,
1995, pp. 2-32.

[39] K. J. Tracy, A. Cerami. “Tumer necrosis factor: a pleiotropic cytokine and therapeutic target”, Annu Rev
Med, 45, 1994, pp. 491-503.

[40] F. Faroogi, N. Dhawan, R. Morgan, H. Dinh, K. Nedd, G. Yatzkan. “Treatment of severe COVID-19 with
tocilizumab mitigates cytokines storm and Averts mechanical ventilation during acute respiratory distress: a
case report and literature review”, Trop Med Infect Dis, 5, 2020, pp. 112.

[41] A. Hariharan, A. R. Hakeem, S. Radhakrishnan, M. S. Reddy, M. Rela. “The role and therapeutic potential
of NF-kappa-B pathway in severe COVIV-19 patients”, Inflammopharmacology (Online) published November
07, 2020, 10.1007/s10787-020-00773-9.

[42] A. O. Dokun, S. Kim, H. R. Smith, H. S. Kang, D. T. Chu, W. M. Tokoyama. “Specific and nonspecific
NK cell activation during virus infection”, Nat Immunol, 2, 2001, pp. 951-956.

[43] S. K. Chattopadhyay, D. N. Sengupta, T. N. Fredrickson, H. C. Morse, J. W. Hartley. “Characteristics and
contributions of defective, ecotropic, and mink cell focus-inducing viruses involved in a retrovirus-induced
immunodeficiency syndrome of mice”, J Virol, 65, 1991, pp. 4232-4241.

[44] A. Jeurissen, X. Bossuyt, J. L. Ceuppens, P. Hespel. “The effects of physical exercise on the immune
system”, Ned Tijdsschr Ceneeskd, 147, 2003, pp. 1347-1351.

41



IJSEAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021
ISSN: 2395-3470
WWw.ijseas.com

[45] M. Penkowa, C. Keller, P, Keller, S. Jauffred, B. K. Pedersen. “Immunchistochemical detection of IL-6 in
human skeletal muscle fibers following exercise”, FASEB J, 17, 2003, pp. 2166-2168.

[46] L. Sanchez-Morillas, A. Lglesias Cadarso, L. Zapatero Remon, M. Reafio Martos, M. Rodriguez Mosquera,
M. I. Martinez Molero. “Exercise induced anaphylaxis after apple intake”, Allergo Immunopathol, 31, 4, 2003,
240-243.

[47] W. S. Kwak, L. Y. Paik. “The effects of regular swimming training on tuberculosis infection in the mouse
model”, The Korean Journal of Physical Education, 41, 2002, pp. 483-490.

[48] Y. S. Ovodov, G. M. Frolova. “Triterpenoid glycosides of Eleuterococcus senticosus leaves”, Il. Khim
Prirodnih Soedin, 1, 1971, pp. 618-622.

[49] L. S. Zhao, Q. An, F. Qin, Z. L. Xiong. “Simulataneous determination of six constituents in the fruit of
Acanthopanax sessiliflorus (Rupr.et maxim.) seem. By HPLC-UV”, Natural Product Research, 7, 2014, pp.
500-502.

[50] H. Von Boehmer. “The developmental biology of T lymphocytes”, Ann Rev Immunol, 6, 1988, pp. 309-
326.

[51] L. S. Berk, S. A. Ton, C. D. Nieman, E. C. Eby. “The suppressive effect of stress from acute exhaustive
exercise on T-lymphocyte helper/suppressor ratio in athletes and non-athletes”, Med Sci Sports Exerc, 18, 1986,
pp. 706-710.

[52] F. Powrie, R. L. Coffman. “Cytokine regulation of T-cell function: potential for therapeutic intervention”,
Immunol Today, 14, 1993, pp. 270-274.

[53] S. C. Zimmerli, A. Harari, C. Cellerai, F. Vallelian, P. A. Bart, G. Pantaleo. “HIV-1-specific IFN-
gamma/IL-2-secreting CD8 T cells”, Proc Natl Acad Sci USA, 102, 2005, pp. 7239-7244.

[54] P. Biswas, G. Poli, A. L. Kinter, J. S. Justement, S. K. Stanley, W. J. Maury, P. Bressler, J. M. Orenstein,
A. S. Fauci. “Interferon gamma induces the expression of human immunodeficiency virus in persistently
infected promonocytic cells (Ul) and redirects the production of virions to intracytoplasmic vacuoles in phorbol
myristate acetate-differentiated Ul cells”, J Exp Med, 176, 1992, pp. 739-750.

[55] Y. Yoshikai, H. Nishimura. “The role of interleukin 15 in mounting an immune response against microbial
infections”, Microbes Infect, 2, 2000, pp. 381-389.

42



International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021
ISSN: 2395-3470

WWw.ijseas.com
Remove antigen
’ﬂ R \
) Effect of CA cnsmn:n' Phagocytosis "‘ NK activity '
- =P
v . . Macrophage NK cell
MHC I tv' CDB(H) T cell
Immunosuppression f /
Activation
MHCI K CI}I{+1T cell t Th1 _Cvtnlune .
. > ©< ,’v lllm.:odobulilt
o -
s e Tu2cnee | it
Memory B cell
A B C
- 2,500 + o 160
_ 0, ~ |2 25 140
'E 400 X z 2,000 b Z5 1204 a a
2 300 2 1500 1 ' SE 10 c 2
& ; e d = f X% 80
E 200 7 5 1,000 1 g 4 £ 60
= 7 = i 4 40
° 5‘“’ / 2 10
0 - 0 T T a T 0 T - T bl = -
Qsﬂ OL i R S LS @ L Qc S O
,‘-0 q W@ QP k) D o
& v o S T c{g" i v»q’ F o o
A . Wr ., PC_ C200 A0  CASD CAI00  CA200
:-prlennute MHC 1 |
o J.- . __,_4,____ _‘. L A__ L ‘

B N R L wr . C PC . C200 . A200 . CAs0 . CA100  CA200
: ZSp[cnocytc |

* Singlecell | CDS(+) :
/ l& A i A i i
| N 1.l _a § PR [ A A ]
D
140040 3000
12000 . OMHC | BMHC T 2500 g ocnd mCDs
10000 2 e * f d e cd b 2000 b
. <
g S0 2 2 ¢ d c b £ 1500 ¢ & r :
= 6000 @ d = a
40000 1000
a a
2004 500 d ¢ b [ b b

WT FSE-C rC €200 AZ00  CAS0  CAL00 CA 200 wT FSE-C PC € 200 A200 CAS0 CAL00 CA 200

43



IJSEAS

=~

— —
T NS

mRNA expression
of LP-BMS
o (o] E=N (=) o0

I e e
h o W

of LP-BM5
=

mRNA expression

<
n

e
o

International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021
ISSN: 2395-3470
WWw.ijseas.com

sk

Hi

4 f '

NC C PLSO PLZOO C50 C200 AS0 A200 CAS0 LAIOOCAZOO

# %

50 200 50 100 200

44



IJSEAS

A

(pg/mL)

oo D e
S5 3S

IL-1p production

=

B

(S e s R e I
oo O O O O

[L-6 production
(pg/mL)

@

TNF-a production
(pg/mL)

International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021

i

ISSN: 2395-3470
WWw.ijseas.com

*

NC LPS-C PC50 PC200 C50 (C200 AS0 A200 CASO CA]OOCAZOO

i it #

L

1

S

NC LPS—C PC50 PC200 C50 C200 AS0 AZUU CAS50 CA100CA200

ok ok

ITIII!T |

it
¢ d

#itH
ef

NC LPS-C PC50 PC200 C50 C200 A50 A200 CAS0 LA]OOLA200

45



>

\
[=a)
=

]

(nmoL/uL)
e
)

(]
(=]
1

Nitric oxide

International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-7, Issue-2, February2021

ﬂ

(4]
(=]
=

150

100

Phagocytosis
(% of control)

Ln
=

Inhibitor

Zymosan

200 -

@
S
1

NK activity
S
=

(% of normal control)

Ln
=
L

T T

PCQUU C50 C200 As50 A200 CAS50 CA100 CA200

PC50

sokok T

C4 PC50 PC200 C50 C200 AS50 A200 CAS50 CA100CA200
+ + - - - - - - - - - .

- + + + + + + + + + + +

*% #* wk
L * * ok

de f

=

NC

T T T

A200

PC50 PC200 C50 A50 CAS50 CA100 CA200

ISSN: 2395-3470
WWw.ijseas.com

46



