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Immunomodulatory Effect of Eleutherococcus Senticosus Stem Extract
by Cultivars in RAW 264.7 Macrophage Cells

Ye-Eun Choi, Jung-Mo Yang, Chae-Won Jeong, Hee-Won Yoo, Hyun-Duck Jo, Ju-Hyun Cho*

Haram Central Research Institute, Cheongju, Korea

(Received November 28, 2023/Revised December 24, 2023/Accepted December 29, 2023)

ABSTRACT - Global interest in natural functional materials to strengthen human immunity is increasing due to
the increase in immune-related diseases associated with COVID-19 and the aging population. In this study, we deter-
mined the potential therapeutic effect of Eleutherococcus senticosus stems on immune enhancement according to the
cultivation region. The contents of eleutheroside B and E, which are chemical components of E. senticosus stems,
were analyzed. We showed that the eleutheroside B content of E. senticosus stems in different cultivation regions
ranged from 2.96+0.11 to 6.24+0.05 mg/g and from 1.1140.05 to 2.11+0.03 mg/g in 70% ethanol and hot water
extracts, respectively. The eleutheroside E content ranged from 4.93+0.20 to 10.79+0.03 mg/g and 1.75+0.14 to
3.64+0.05 mg/g in 70% ethanol and hot water extracts, respectively. In addition, the immunomodulatory effect of E.
senticosus stems was evaluated using RAW 264.7 macrophages. The 70% ethanol extract of E. senticosus stems
showed no cytotoxicity up to 200 pg/mL, and the hot water extract showed no cytotoxicity up to 500 pg/mL. Addi-
tionally, the E. senticosus stem extract significantly increased the production of nitric oxide and cytokines (TNF-a, IL-
6, and IL-1f) compared to their production in the control group. These results suggest that E. senticosus stem extracts
are a potential functional food material and ingredient to enhance the immune response.
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7HA &7V (Eleutherococcus senticosus)= T2 2234}
3 (araliaceae)l] & 3h= 2713 Y-F(acanthopanas
sessiliflorum seeman)oll &38}H, =, ¥ F=+ Ao}
T FEoRAO AGE FACE AL F7]9} B
e 2 d3 duf Fo] AF dEEA FEEHIL AT
7 27 e o] ArlgAdol] tigk AR ks, &
A, TR AZHO, FoHD i 819 = rhoka} of
Z 5ol BAEN gtk 7hA @7t 9 Bre, &7, ¢
dujjof gfE F2 HESZ = eleutheroside A-G 3F3HE
2 sesamine, phenolic glycoside, chlorogenic acid, caffeic
acid, B-sitosterol 5°] HIE I om, E3] 7PA] 7Y
=719 fE8AESZE eleutheroside B, E 2 sterol,
chiisansoide 5°] €4S UEllE 8 HAESZ <A
AT, 2 F 7 e7H] FEAE S AFPROE AL
4537 Q)= eleutheroside B9} eleutheroside 2| $HF<
EAste] A7 AE AR EEetarat shlTEo.

Syringin®| 2} % EE| = eleutheroside BE ¥d X 23}
1= o] =(phenylpropanoid)®ll &3t= gl vl FA(lignan
glycoside)°]™, eleutheroside E= F71¢] phenylpropanoid
G 7 EEO] FAAE FRo|T. B AFoA = A
d 9 = & 7R 7F ¢ cleutheroside B 3
eleutheroside E®] #41S 93l A& e sst=4
o] 2] ¢ 2HEE 98] AFHS-E= high-performance liquid
chromatography (HPLC)2} UV Ee 7MAJEA Gde] |l
< F7ete 54 NgS /e SES AEce
photodiode-array detector (PDA)S A3 1},

A MZe] EAst= de 2-AAI AtsbE A4 TNF-

o
>{:E 1y

a, IL-6, IL-1B 534 72 pro-inflammatory cytokine2 &
Hgto 24 MW whg-& xdste] WSS F=d
Tl G Aok, wEbA TR evb] FEE] WY &

4 Bss A7) f1ste] RAW 264.7 thA Al oA 2H]
= nitric oxide (NO)®} pro-inflammatory cytokine (TNFao,

IL-6 2 IL-1p)e] A8 BEE SHTFOEA W A4S

AT A7 F AR TS FlsiTh

Materials and Methods

=
EZ<2  eleutheroside B (CAS: 39432-56-9)}
eleutheroside E (CAS: 118-34-3)= ChromaDex (Irvine,
CA, USA)A FYstion, HPLC &4 AH&€
acetonitrile¥} methanol> J.T. Baker (Phillipsburg, NIJ,
USA)IA F9dste] AREsIiT |52 27 ZAbel At
4% trypsin-EDTA, penicillin/streptomycin (P/S), phosphate
buffered saline (PBS, pH 7.4), Dulbecco’s modified Eagle’s
medium (DMEM) and fetal bovine serum (FBS)< Gibco
(Waltham, MA, USA)°llA F+43ted 21831tk MTT

=l o
N g

assay kit?} NO assay kiti= 2+ DoGenBio (Seoul, Korea)
9} IntronBio (Seongnam, Korea)oll Al 3l ARE-3I3AT).
ELISA cytokine kitt= R&D system (Minneapolis, MN,
USA)IIA Fiate] ARS8ttt

INEESS

H Ao A3 A U= Zhzb Eﬂuu 2] OJ /\1-;24
AAE Fd71sdolA 2023 7Ll 3 7W°7M
o] £7] FiES ARgsilh 747 "]E‘C Az 5 24
ato] ARSI 70% oEE FEE2 B4 AR 150¢g
F 3L9 70% ethanols &3%tsk & 9 °C°ﬂ*1 A7 =
sion, A4 FE2EL Ed A8 AlE 150g T 5L
o] &5 T F 120°ColA 4AZF FE6AT 4 =
N2 106 um pore size®] test sieve (Chung Hye Inc.,

Seoul, Korea)Z o343t ¥ Vaccum rotary evaporator
(Eyela, Tokyo Rikakikai Co. Ltd, Tokyo, Japan)E ©]-&3}
o] FE3IATE ©|F, Freeze-dryer (Labcono, Kansas City,
MO, USA)E A 7xsInth. 78 X9 7N 7] &
7] derE @ dF FEE 29 93 sEE 345k

gl AHgsaT

Eleutheroside B Bl E 8M

AgE 7Rt FEFEC]  eleutheroside
eleutheroside E¢] #4S 9138t Cho 579 &4
AHEEIoH, AR e F le] ZFELS B4
3} Th. Eleutheroside B % eleutheroside E= Waters
€2695 separation module HPLC system3} Waters 2998
photodiode array detector (Waters Co., Milford, MA,
USA)7} ZA3%E HPLC 71718 %l AZ=AoH,
Kromasil C18 column (4.6 mm x 250 mm x 5.0 pum,
Tedia, Rio de Janeiro, Brazil)>.2 FZ]3}tt. £4 %27
< Table 137 2o 1E'°1 FAFES 10 uL, 52 1.0
mL/min, Column &%=+ 30°CZ FAEHALeH, UV I3
< 220nme® A4 o}oﬂl A olsderE oF

Table 1. HPLC conditions for eleutheroside B and eleutheroside
E analysis for E. senticosus stem extracts according to cultivated
regions

Instrument Conditions
Column Kromasil C18 (5.0 pm, 4.6 mmx250 mm)
Column temp. 30°C
Mobile phase (A) Water : (B) Acetonitrile=85: 15
Detector PDA detector (220 nm)
Flow rate 1.0 mL/min
Injection vol. 10 uL
Run time 15 min
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2+ (A) Watere} o5 (B) Acetonitrile sonicator® &
715ke] ARRSE R, T80 8] FA(isocratic system)S
o]-g-ato] AT

EE89 Y A8 ZK]

Eleutheroside B % eleutheroside E X5 =33 717}
25 mgS F3l] 574 2mLE £33t methanolS 7}
3 10mLE A &3} ©]& stock solution>Z 3} %1t}
Working solution A|Z%¥ stock solutions ©]-&3}e] 3.9,
7.8, 15.625, 31.25, 62.5, 125, 250 uyg/mL7} H =5 80%
methanol® 3|4 3to] ARE-EFQITE Al@&e 4% E
AEE 100 mg FHE 5 10 mL F3) Z=3e &2
7T 2mLS ¥ § methanolS 71l 4087F 25
%3 & 2T methanols 71 10 mLE g8kt
4EHS #H3le] PTFE 0.45 pm syringe filter (Hyundai
Micro, Seoul, Korea)= o3}3te] A|@&) 02 ARSI

o
o o

M B

RAW264.7 D& H22= American Type Culture Collection
(ATCC, TIB-71, Manassas, VA, USA)ollA4] &t} high-
glucose DMEM #X]ell 10% FBS$} 100 units/mL P/SE
A 7rste] AF&3F AL 37°C, 5% CO, incubator (311GP,
Thermo Fisher Scientific, Waltham, MA, USA)ollA] 8%k
skt

NE=’8 Bt

TN Qe FEEC gk RAW 264.7 A2 Al
¥ =4S #7187 Y8l MTT assayS 23 3HA k. MTT
assay= Cho 5°2¢] Wilo] ulg} EZ-cytox cell viability
kits ©]-8§-3te] AT RAW 264.7 AAXE 1x10°
cells/mLe] EX== 96 well-plateol] Z3L 24717} &<t 37°C,
5% CO, incubatorol|l A e ok FEES A7 &
RF M3kt MTT AloFS H7bete] 2A17F &<F vl
3k % microplate reader (Epoch, Biotek Instruments, Inc.,
Winooski, VT, USA)E ©]-&3t4 450 nm®] F3= oA =
433k,

NO *¥d3 £%

RAW 264.7 t4 Al 4 NO29| 8-S 57371 93l
NO assay kitS 23} th NO assay:= Han 579 W
o we} NO assay kits ©]-&3t] 733Ut RAW 264.7
QM EZE 5x10° cells/mLe] H=5 48 well-plated]] Z3L
24A17F &<t 37°C, 5% CO, incubatoroll A B3 T 3=
=2 WA T At wiF F AlE Ak
NO FEE NO assay kitE o]&3ste =As9om,
microplate reader& ©]-8-3 540 nmollA FF=E 43}

ik,

Cytokine A =%

RAW 264.7 2] A EZA cytokine (TNFa, IL-6, IL-1pB)
o] AL Chow 599 Wyl wet S35kt RAW
264.7 A EZE 5x10° cells/mLe] == 48 well-plate
of Z3 24X7F <t 37°C, 5% CO, incubatoroll A ¥l <%
g oy FEES /A7 TS Ak AlE vk ul
g daEelste] Aede skt FEE v
S99 cytokine TS ELISA kitZS AME-dle] =433
om, 450 nmellM EFFE=S S

AN

Eleutheroside B & eleutheroside E $3, WdZ7) 24
Az ko] EAAHE SPSS™ (vev. 29.0, SPSS Inc.,
Chicago, IL, USA)E ©]-&3ate] A8kt 25 7+
o] E218 9|3l one-way analysis of variance (ANOVA)
= AAI52H, Duncan multi-range testS ©]-&3}e] z}
AET 7ke] §o3E P<0.05 FEA AFEAA 3T
FBAA= Pearson®] A& ZF7A|F(Pearson’s correlation
coefficient)& ©|-&-3l F-2]AdS E7]3A T

Results and Discussion

AIX1H 9l &80 T\ 271 &89 eleutheroside

B 9! eleutheroside E T

AR TN o7t EF7] FEEY eleutheroside B %
eleutheroside E 3H2FS A3 Aal= B0 ALL3 TZE
A eleutheroside B & eleutheroside E2] ™5 A]7H(retention
time, RT)&} A8 7 9719 &7] F2=9 #F5 A7t
o] YXEFATHFig. 1). A 77 £7] FE=9] A
AR SR Table 29F o] SA AT} Eleutheroside B
Zro.

o
|

2 70% NS FEEolA =Y, Y,
719 o2 77} 6.24+0.05, 3.57+0.05, 2.96+0.11 2
3.04£0.07 mg/g® UERtO ™, Aul A 7he-v] eaollx 5=
et 7ML 7H 70% ek FEEelM 7MY = e
e A= 571l 7HE v e YER
th G FEENHE Au) A el wek 22k 2.11+0.03,
1.24+0.01, 1.23£0.09 2 1.1140.05 mg/g= YFEFO W, 2wl
A 7k euloA 7Y =2 e UERA AL HholA
71 e skeke vl T). Eleutheroside E SHFS 70% o]
e FEEA B, A, A 2 s sHv1Ed &
o7 7z} 7.46+0.05, 10.79£0.03, 4932020 2 9.07+0.19 mg/
g2 UeRgom, dollA 7Y =2 ke YA M
AN 7 @ TS Ueplth d FEECAME 27
1.96£0.17, 3.51£0.11, 1.75£0.14 2 3.64+0.05 mg/g® LEFs
om, HYH FH7EdNN 7P =2 e vERAL A
Hol|A 71 e TS et WA eleutheroside B

FFE 0% e FEE 2 I FEE] A5 sl

Z (e}
KIS I A R Rt
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Fig. 1. HPLC chromatograms of standard mixutre and E. senticosus stem extracts according to cultivated regions. A, Standard mixture
compound; B, Taebaek (TB); C, Cheorwon (CW); D, Samcheok (SC); E, Gangwon-do Agricultural Research & Extension services (AR).
(1): Eleutheroside B, (2) Eleutheroside E.

Table 2. Comparison of eleutheroside B and eleutheroside E contents of E. senticosus stem extracts accroding to cultivated regions

Cultivated regions (mg/g)

Compounds Extract solvents
TB Ccw SC AR
) 70% ethanol extracts 6.24+0.05* 3.57+0.05° 2.96+0.11¢ 3.04+0.07°
Eleutheroside B
Water extracts 2.11£0.03° 1.24+0.01° 1.2340.09° 1.11£0.05°
) 70% ethanol extracts 7.46+0.55° 10.79+0.03* 4.93+0.20¢ 9.07+0.19°
Eleutheroside E
Water extracts 1.96+0.17° 3.51+0.11° 1.75+0.14° 3.64+0.05°

Results are presented as the mean+SD of 3 independent in triplicate. Different small letters in the same column indicate a significant
difference at P<0.05 by Duncan’s multiple range test. Taebaek, TB; Cheorwon, CW; Samcheok, SC; Gangwon-do Agricultural Research
& Extension services, AR.

A 7P =& S JE A, eleutheroside E TS 70% £ 59 g3k wlel xjo]E B Ao g ALRHTE HIk
et FEE2 Oﬂfﬂ A FE2=2 A 2 w971 % 4718 eleutheroside B 2 E ¥ dF FEEHT
dollA 7H h:z"% FFS ek Guo 59 =™ 7 70% AgE & %‘)ﬂ/\ﬂ E2 FEFS Uehilen, ol dg
Al @7 el SHrE eleutheroside B % ES] $H2 Ajul A & F57t Eod 4 E eleutheroside BoF E §Hao] skt

E
ool mwet 2ol & Yehller, ol= A2jd 54, e, 71 AL BAEE Jwa 9, Lim 5779 A9} FARE A
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Fig. 2. Effects of E. senticosus stem extracts according to cultivated regions on the cell viability in RAW 264.7 cells. RAW 264.7 cells
were treated with (A) E. senticosus stem 70% ethanol extracts and (B) E. senticosus stem water extracts according to cultivated regions
for 48 h. Cell viability was measured by MTT assay. Results are presented as the mean+SD of 3 independent in triplicate. Means with
different letters on the same kind of bars are significantly different at P<0.05 by Duncan’s multiple range test. Taebaek, TB; Cheorwon,
CW; Samcheok, SC; Gangwon-do Agricultural Research & Extension services, AR.
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Fig. 3. Effects of E. senticosus stem extracts according to cultivated regions on the NO production in RAW 264.7 cells. RAW 264.7 cells
were treated with (A) E. senticosus stem 70% ethanol extracts and (B) E. senticosus stem water extracts according to cultivated regions
for 48 h. NO production was measured by Griess reagent assay. Results are presented as the mean+SD of 3 independent in triplicate.
Means with different letters on the same kind of bars are significantly different at P<0.05 by Duncan’s multiple range test. Tacbaek, TB;
Cheorwon, CW; Samcheok, SC; Gangwon-do Agricultural Research & Extension services, AR.
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Fig. 4. Effects of E. senticosus stem 70% ethanol extracts according to cultivated regions on cytokine (TNF-o, IL-6, IL-1pB) release in
RAW 264.7 cells. RAW 264.7 cells were treated with E. senticosus stem 70% ethanol extracts according to cultivated regions for 48 h.
(A) TNF-qa, (B) IL-6 and (C) IL-1p secretion in RAW 264.7 cell culture supernatant was determined using an ELISA kit. Results are
presented as the mean+SD of 3 independent in triplicate. Means with different letters on the same kind of bars are significantly different
at P<0.05 by Duncan’s multiple range test. Tacbaek, TB; Cheorwon, CW; Samcheok, SC; Gangwon-do Agricultural Research & Exten-

sion services, AR, tumor necrosis factor, TNF; interleukin, IL.
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Fig. 5. Effects of E. senticosus stem water extracts according to cultivated regions on cytokine (TNF-a, IL-6, IL-1p) release in RAW
264.7 cells. RAW 264.7 cells were treated with E. senticosus stem water extracts according to cultivated regions for 48 h. (A) TNF-a, (B)
IL-6 and (C) IL-1p secretion in RAW 264.7 cell culture supernatant was determined using an ELISA kit. Results are presented as the
mean+SD of 3 independent in triplicate. Means with different letters on the same kind of bars are significantly different at P<0.05 by Dun-
can’s multiple range test. Taebaek, TB; Cheorwon, CW; Samcheok, SC; Gangwon-do Agricultural Research & Extension services, AR.
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Table 3. Correlation coefficient between eleutheroside B content, eleutheroside E content, nitric oxide production and cytokine (TNF-a,

IL-6, IL-1P) release of E. senticosus stem 70% ethanol extracts

EB EE TNF-a IL-6 IL-1P
EB 1 - - - -
EE -0.020 1 - - -
NO 0.286 -0.089 - - -
TNF-a 0.184 0.477 1 - -
IL-6 0.457 0.500 0.785 0.954* 1 -
IL-1B 0.411 0.439 0.839 0.972* 0.995%* 1

P-value tested by person correlation at *P<0.05 **P<0.01.

Table 4. Correlation coefficient between eleutheroside B content, eleutheroside E content, nitric oxide production and cytokine (TNF-a,

IL-6, IL-1p) release of E. senticosus stem water extracts

EB EE TNF-a IL-6 IL-1P
EB 1 - - - -
EE -0.555 1 - - -
NO 0.269 0.205 - - -
TNF-a 0.431 -0.121 0.946 1 - -
IL-6 0.458 0.099 0.979* 0.954* 1 -
IL-1B 0.345 -0.953 -0.115 0.206 -0.066 1

P-value tested by person correlation at *P<0.05.
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