M) Check for updates

] Physiol & Pathol Korean Med 39(2):95~102, 2025

ZA R 2gEolHA FEE9]
Balb/c mice HIZA|EZ2] Ao mX= F3F

43d - ol

#* - A3 - f5

EEEEER BSELLAEEELE TR

Effects of Red Ginseng and Hericium Erinaceus Extracts on the
Activity of Balb/c Mouse Spleen Cells

Choong Hyeon Han, Hyun Lee*, Jae Hui Kang, Hwa Yeon Ryu

Department of Acupuncture and Moxibustion Medicine, College of Korean Medicine, Daejeon University

The study aimed to evaluate the effects of mixed extracts of Hericium erinaceus and red ginseng on immune
function activation. Splenocytes from Balb/c mice were used to assess the cytotoxicity and immune cell activity of
Hericium erinaceus extract, Korean red ginseng extract, and their mixed extract (HRM). The concentrations of IL-2,
IL-4, IL-12, and INF-y were measured in various treatment groups. Hericium erinaceus extract showed cytotoxicity at
high concentrations (HEE 400), with increased secretion of IL-2, IL-4, IL-12, and INF-y in a concentration-dependent
manner. Korean red ginseng extract and HRM also showed a concentration-dependent increase in these cytokines.
Notably, IL-2, IL-4, and INF-y were significantly higher in the RGE 400 and HRM 400 groups compared to the ConA
group, and IL-12 was significantly higher in the RGE 400 group compared to the Normal and ConA groups. The study
suggests that combined extracts of Koran Red ginseng and Hericium Erineceus may be more effective than single
extracts in activating immune function, but further studies are needed to determine safety and human applicability.
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et AFE obRl RE3 WMol wepd, B AToIA
Ao £¥ 5520 BN 9Y 2523 vast] ojuy Ak
UEREA] Bo1sh] 913 Balb/c miceo] HIAHES Abgstol A

3
29 H9 7l 848 ans FHsc. o 2871 9%
< R AFY A5 whd |AA 2R weke @ E4si
53] Y Fu] R HANE o]F] Fa FAAHmMMUCSAC,
mTARC), ¥% U7l {A*HmCOX-2, mMIP2), &5 % 734
H& #3 QAAHmTRPAL, mTRPV]) 5 & 6%9] QAXto| Tt
real-time qPCR £4& &, 5429 A& 7|FE B JUst
A gAYt uAL shgict.
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B2 FYs|E(H, Korea)olAl #AFH A2 AdH2
o w2t AE3t 3, 40°ColA 24A1%F AZX, 95°ColA A% &
24, 233 g Az B2 AN AxRsgd. Ax" &
100g2 575 1L F&5t0] EFFE71(H-3, Korea)ol A 3A|7F
ot 283 5592 &Y o3}, YYSFIIEYELA. CO. LTD,
Japan)2 olgatel Y BEF F, olF T SHAZY
(PF-10/ALPHA 1-2LD, Germany)2 AX7AX5t9 38 52.9%9]
ZAF &3 (Red ginseng extract, RGE)S 49 on, o]5 -84°C
oA BstH Mo ARgstct.

L23PoHAL 5 AFAl ARG 2o A 55
oM YT BAES AokpAdel et ws AR 54 N1ES
FE51E AT AEsll 2ol Ao wIFoluS

2 OE 5, ZR4 109 3 EFFE714
ol 90°ColA 4AIZF FoF FESIQT. olF ZAUFRIIE 21
brix7tx] &% & 5 A AZRAA Agsted,
82 35.84%%ct &Y F&E(Hericium Erinaceus Extract,
HEE)2 -80°ColA 35 B#sto] Ao AMESIUL o] & =2
FholHA x&23 BN £5E9 $2Ux BeHE 7:39 v&
2 Alo] 100 mg/kgdt 200 mg/kg B3 -=(Red Ginseng and
Hericium Erinaceus Extract Mix, HRM)& 9r=9ict
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2. WAES B U vl

27 8%239] Balb/c mice(FOLAS INTERNATIONAL)Q] ]
e Fstol YPe] 2 HBSS 8olo] &1 87]o] Yo 5,
2 BHoe 542 WA Austol U N E FLAS Hxst
ot dEtH2 cell strainer(FALCON, USA)E E£3df ojutsia,
HBSSZ 33] AAstded, A& Al AAEd+= 1,000 rpmofA
235ttt A&l & ANl RPMI 1640 HjX]o] 10% FBS ¥ 1%

penicillin/streptomycing 715t 2&E & 2 X 10° cells/ml
2 248l

3. ELISAY S o] &3t WM&/ FF B7T

2 X 10° cells/ml2 73t v|ZAANZE 24 well plateo] well
g 1 m¥ E5F g, ZF AL Con A(0.5 pg/ml) % RGE,
HEE, RHM £&&& 782} 400, 200, 100, 50 pg/ml =2 T
st HIZANZE 10% FBS ¥ 1% penicillin/streptomycin©]
2 RPMI 1640 "jx|o] wjgFet &, 7] 2+ AL ze=
48A o HigstEth. B5qS Aol [FN-y, IL-2, IL-4,
IL-10, IL-129] w¥E ELISA kit(Chondrex, USA, R&D
Systems, USA)Z2 &A3519ct. 96 well ELISA plateo]
anti-mouse IFN-y, IL-2, IL-4, IL-10, IL-12 capture IAE 1
pg/ml SE2 FYSED 4CH 1247 PRIstgch. 39 3, 2%
BSA7} E3}El PBSE H|Eolx AL AT § 37COIA 243
¢ blockingZ £38stict. PBS-T2 43] AAg &, v 5
o 4 cytokine EFEMES Zt wello]] 100 pl® A7}st 37°Co|A
2A17F ¥r-2-A]Z Tt o]S biotinylated detection &A](0.05 pg/ml)
= xajsty, avidin-HRPE A7} & ABTS 7]AS ©HSA|HA
ELISA reader2 405 nm mox &35 EAs519ct 2 &7

© 3 well® ulE3slo] Alstaict,

4. Real-time qPCRZ o] &< fAA 2 »& 53

Total RNA(3-5pg) &2 mRNA(0.2-0.5pg)2 70°CollA] 1083t
g 2lsto] HAAIZl &, MMLV reverse transcriptase?t dNTP,
oligo d(T)E olgsto] AESAPE A gt 25gAat uhgo]
e 42ColN 4587 wSstel cDNAS @At wHe
cDNA(0.1-0.2 volume)o]] 5Z&5t1A 5t= &4 S§AAL] primer
9} 2.5mM dNTP, Taq polymerase(0.3U/md), 10xg&82HS
7tsto] PCRE 30-35 cycle £33ttt $52 {AA= Applied
Biosystems 7500 Real-Time PCR A|AHlS A}25}o] A5G0
o, Ar2" el §AAE= mMUCS5AC, mMIP2, mTARC,
mCOX-2, mTRPA]l, mTRPVIZ H| AxojA HY U dF urg
o A" |RAA EES Foksh] Yl AREHAY A Ee
&4 £&2(RGE), =F3PoIHA FES(HEE), R S =83
Polw A B3 FEE(RHM)E 27 100 pg/meet 200 ng/mie] &=
7H] sE2 A2|sto] {AA T WIS EAsi
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=2 A Zae Bd + BEUARE BA|SIY
RStudio(version 2024.12.0 Build 467, R Foundation for
Statistical Computing, Vienna, Austria)E o] &3f
Kruskal-Wallis testS A|Sj5t@ o, AlSAAR o2 Dunn x5
v g A]3P5tgict. p<0.05¢ W go)do] ok WAL
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] N F53, 3 =239oyA
25 47 A A AL AEFYELY 2FS
oot A xS, ConAE 500 ng/mLz2 A2d djzx,
ConAZE 500 ng/mLe} 4t @ ZAMESIE S 400 pg/mL, 200 pg
/mL =52 ZAo] &a]st AR IL-2, IL-4, [L-12, [FN-yo]
Buake &£A5to] vlwstgict 1 A, IL-2, IL-4, IL-12, IFN-
vl Bu|Fo] 217} 0] &R0 F7L5IICHTable 1)
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Table 1. Cytokine density in RGE and RHM (pg/ml)
Density IL-2 IL-4 IL-12 INF-y

(ug/md) | Mean | SE. | Mean | SE. | Mean | SE. | Mean | SE.
RGE 200| 1586 | 068 | 1575 | 0.19 | 3030 | 1.18 | 11887 | 146
RGE 400 | 19.07 | 1.14 | 1750 | 048 | 36.63 | 043 |131.28| 235
RHM 200 15.70 | 1.06 | 16.00 | 0.73 | 27.28 | 117 | 117.06 | 0.68
RHM 400| 1848 | 0.77 | 1762 | 069 | 3154 | 060 | 12787 | 143

1) IL-2

AT BY 258 0% SE7t $olURS 1L-29 WAYo|
375ttt Normalw, ConA+wt, RGE200+, RGE400w, RHM200
2. RHMA00Z 29 IL-2 LF Aole $£H Zuk 1% o]
$7502 gojuldt Afol7} HALYTHx? = 18.562, df = 5. p <
0.01). o2 BhFo 2 Dunn t}3ARE o) 18 7 HY vag
433 A%, RGE400Zo] ConAZch IL-2 WAFS SosH
£7I171E Ho2 Ueton], ConAZa RHMA00Z ZHE §olu]
g Aolt HAIEiglct. e 2 ol Sojulat Aol Bolx] ¢
of 574 189 au} FCaxA YYcHTable 1, Fig. 1)

10

€ 200 RGE 4 RHM 2 RHM 4
Fig. 1. Density of IL-2 in Normal, ConA, RGE 200, RGE 400, RHM 200,
and RHM 400. Normal : Control group(non treated group). ConA :
Density of IL-2 ConA 500 ng/m¢. RGE 200 : Density of IL-2 RGE 200 pg/me.
RGE 400 : Density of IL-2 RGE 400 pg/m¢. RHM 200 : Density of IL-2 RHM
200 pg/me. RHM 400 : Density of IL-2 RHM 400 pg/me (* p<0.05)

2) IL-4

34 252 8% 550 OEFoR IL-49) THFo| 5
7}st9ct. Normalit, ConA#, RGE200+, RGE400<, RHM200
2. RHM400Z 719] IL-4 WA o2 ¥AF 2w, 1% Mo
£AMoR ojulst Atolst Helelgickx? = 20.038, df = 5, p =
0.0012). ol vlFo2 Dunn THEARE 4Wstel 18 3t 4
dlZ2 Fhat Ak, RGEA00F0] ConAZHTH IL-4 WAFL
9J51A £71AZ o, RHM400+°] ConAZdHLCH =2 [L-4 &y
2 ugth ogl, ofE 2 3 uEoHE Sojujgt Aol LiEpt

of Jo ng

A] oroicHTable 1, Fig. 2).
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Fig. 2. Density of IL-4 in Normal, ConA, RGE 200, RGE 400, RHM 200,
and RHM 400. Normal : Non treated group. ConA : Density of IL-4 ConA
500 ng/ml. RGE 200 : Density of IL-4 RGE 200 pg/m. RGE 400 : Density of
IL-4 RGE 400 pg/me. RHM 200 : Density of IL-4 RHM 200 pg/m¢. RHM 400
. Density of IL-4 RHM 400 pg/m@ (* p<0.05)

3) IL-12

IL-29] H@F2 N 58 FE2204 BF 5= &5t
o] Z7tstgct o] & Kruskal-Wallis Z2A3E %3 Normalid,
ConA+, RGE200+, RGE400+, RHM200+*, RHM400+ 7t IL-12
wade) sfols wAF AW, 18 7+ EAHCE Solujdt ol
7} ol drkx? = 19.478, df = 5, p < 0.01). oS v}gog
Dunn t3dQ& 435t 2§ T A8 ¥wE AYPsiHoh
RGE400Z0] ConAZ¥r} IL-12 W@ 9ot S7tXzio,
ESt Normal#Ette =A Uepgth ConA#¥ RHM400F 7to]
£ gojujgt Atolst Qioick. oigt, oE wlwZvle] wage U
+ulgt Ato] & Wolx] ¢gkgtti(Table 1, Fig. 3).
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Fig. 3. Density of IL-12 in Normal, ConA, RGE 200, RGE 400, RHM
200, and RHM 400. Normal : Non treated group. ConA : Density of IL-12
ConA 500 ng/m@. RGE 200 : Density of IL-12 RGE 200 pg/me. RGE 400 :
Density of IL-12 RGE 400 pg/me. RHM 200 : Density of IL-12 RHM 200 pg/
mg. RHM 400 : Density of IL-12 RHM 400 ug/m¢ (* p<0.05)

4) IFN-y

FA3 2% 282 LN FN-y BAFL 557} 5245
75tk Kruskal-Wallis 2748 %3 Normalit, ConAdt,
RGE2004, RGE400+*, RHM200+*, RHM400+ 7t9] IFN-y &d
F Apolg #AE Zd, 2F U SARCeR {37t Ao|vt WRE
AHHx* = 20.764, df = 5, p < 0.01). o] HIE' 02 Dunn t}F
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AR3E &oll 2§ ¢ A8 vl s #3P5th. RGE40070] ConA
+H0 IFN-y @32 [ostA F7MXZ. Normal# vs.
RGE400 Atolol= f9julgt Apo]7t QIR kA9, RGE400
2 Normal#o] ]3] IFN-y S@Zo] F7I5te AT EJ.
ConA#3} RHM4007 7toll= 3oJu|dh Rpo]7} UehdR]= ¢igto

AR
U, RHM400Z0] ConAZo] HIs) IFN-y W] F7lete 3%
& MGt g F 7 ulRolAE Seuigt xjol7t WATIA sk

tKTable 1, Fig. 4).
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Fig. 4. Density of IL-12 in Normal, ConA, RGE 200, RGE 400, RHM
200, and RHM 400. Normal : non treated group. ConA : Density of IFN-y
ConA 500 ng/me. RGE 200 : Density of IFN-y RGE 200 pg/m@. RGE 400 :
Density of IFN-y RGE 400 pg/me. RHM 200 : Density of IFN-y RHM 200 ug
/m. RHM 400 : Density of IFN-y RHM 400 pg/m¢ (* p<0.05)

Table 2. MUC5AC mRNA RQ of PM10D-CTL in Lung

MMUCSAC | Normal | RGE 100 | RGE 200 | RHM 200 | RHM 400
0228 + | 3381+ | 1555+ | 1884 | 3103 ¢
Mean + SE| "5416 1455 0548 0530 1045
9.0
20 4 ; * .
7.0 4 I s .
6.0 A —
50 4
40 4
3.0 4
2.0 4
1.0 4
0.0 | — .
Normal RGE100 RGE200 REHMI100 REM200

Fig. 5. MUC5AC mRNA RQ of PM10D-CTL in Lung. Normal : MUC5AC
mRNA RQ of PM10D-CTL in non treated group. RGE 100 : MUC5AC
mRNA RQ of PM10D-CTL in RGE 100 pg/m@. RGE 200 : MUC5AC mRNA
RQ of PM10D-CTL in RGE 200 pg/me. RHM 100 : MUC5AC mRNA RQ of
PM10D-CTL in RHM 100 pg/m¢. RHM 200 : MUCSAC mRNA RQ of
PM10D-CTL in RHM 200 pg/me (* p<0.05)

2. Real-time qPCRE o]-&3t SAA} W4
1) mMUC5AC

o 588 2RoA
%715ttt RGEZ9] 3% 100 pg/mLojA] H@Fo] Acjs e}
WL, 200 pg/mLojA= olBot WHAFo] £o Ut ¥HH, RHM
T2 527t F7161 S Wl AR B@Fol UMt A BY
SRR F@F] Oigt Kruskal-Wallis 274 2

£V
N
o

QAR W@FL NormalZol H|5]

k. mMUCHAC

o, A2 F fuidt Atol(p = 0.00438)7F EHQIE It Abe
Dunn ZAAoA+E= Normal# TH] RGE100#, Normalit TjjH]
RHM100Z, 12]3 NormalZ tjy] RHM200Zo]A] w@ak xjo]7}
oot Aoz eyttt 53], RHM200 A2|FoA] Td AA|
@37} 71 SC@AcKTable 2, Fig. 5).
2) mMIP2

RGE¥9] 7% 100 pg/mLoA HdFo] Zdjz Uerda,
200 pg/mLojA+ ol¥} WAFo] ZoEct. WIH, RHM#L2
7t Z7M6IEE AR S@Fo] F7let t}.
mMIP2 SAA}o] Ofst Kruskal-Wallis A4 Za}, 7+ #7te] 8.9
ojgt &po]7t WEE X gttHTable 3, Fig. 6).
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Table 3. MIP2 mRNA RQ of PM10D-CTL in Lung

mMIP2 Normal RGE 100 RGE 200 | RHM 200 | RHM 400

Mean + 0317 =+ 1916 + 1329 + 0.897 + 1230 +
S.E 0.059 0.273 0.194 0.144 0.277

3.0

2.5

2.0

1.5

1.0

0.5

Normal RGEL00

Fig. 6. MIP2 mRNA RQ of PM10D-CTL in Lung. Normal : MIP2 mRNA
RQ of PM10D-CTL in non treated group. RGE 100 : MIP2 mRNA RQ of
PM10D-CTL in RGE 100 pg/m@. RGE 200 : MIP2 mRNA RQ of PM10D-CTL
in RGE 200 pg/mg. RHM 100 : MIP2 mRNA RQ of PM10D-CTL in RHM 100
pg/me. RHM 200 : MIP2 mRNA RQ of PM10D-CTL in RHM 200 ug/m@

RGE200 RHMI100 RHM200

3) mTARC

RGE#9] 7% 100 pg/mLojA TAZo] Fd2 vehgal,
200 pg/mLojA+ ol¥t WAFo] ZoEt. ¥IH, RHM#L
&7t B7MldE W /AR Bw@Fo] Ftehe A¥FE Yo
Kruskal-Wallis 27014 #2l2 2 olujgt xfol} &elsigiet.
Dunn AtEZAXO|AE Normald thH] RGE100 pg/m Xa]z U
Normals* THd] RHM200 pg/m) ®|2]ollA §2ju]gt xlo]& et
WcH(Table 4, Fig. 7).

Table 4. TARC mRNA RQ of PM10D-CTL in Lung

mTARC Normal RGE 100 RGE 200 | RHM 200 | RHM 400
Mean + 0.589 + 2791 1.307 + 1142 + 1424 +
SE 0.130 0.675 0.249 0.160 0.251

4) mCOX-2

RGEZIME 100 pg/mL FEoA [FAA EAFo] 7P
on, 200 pg/mLoME TAFo] Faske F&2 EAGh
RHMZM = w271 S7Hedo] wet RAx 2dFE $7tstes
o] WALt Kruskal-Wallis 274 23}, A2l 7 {2u|t Ao

u
oX rZ
o g ¥
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(p = 0.000882)7} Ueldtt Al Dunn ZAZoA Normals TiH]

RGE100+(p = 0.0051)1} Normali* tHd] RHM2003{p = 0.0006)
HEA A xpo7h fojulet Aoz Uehdth &3], RHM20070
A 7P Ee oA aabrt EEATHTable 5, Fig. 8).

5.0
4.5 4 } 1
4.0 4

35 4
3.0 4

2.5 9
2.0 4
1.5
1.0
0.5 4
0.0

Normal  RGEL00  RGE200
Fig. 7. TARC mRNA RQ of PM10D-CTL in Lung. Normal : TARC mRNA
RQ of PM10D-CTL in non treated group. RGE 100 : TARC mRNA RQ of
PM10D-CTL in RGE 100 pg/m¢. RGE 200 : TARC mRNA RQ of PM10D-CTL
in RGE 200 pg/me. RHM 100 : TARC mRNA RQ of PM10D-CTL in RHM 100
pg/me. RHM 200 : TARC mRNA RQ of PM10D-CTL in RHM 200 ug/me (*
p<0.05, ** p<0.01)

RHM100 REM200

Table 5. COX-2 mRNA RQ of PM10D-CTL in Lung

mCOX-2 Normal RGE 100 RGE 200 | RHM 200 | RHM 400

Mean + 0925 + 2273 + 1332 1259 + 2.055 *
SE 0.077 0418 0.135 0.126 0.170

4.0

* %

25 4 I 1

3.0 4

2.5 4

2.0 4

1.5

1.0 4

0.5 A

0.0

Normal RGELO00 RGE200 RHMI100 ERHM200

Fig. 8. COX-2 mRNA RQ of PM10D-CTL in Lung. Normal : COX-2
TARC mRNA RQ of PM10D-CTL in non treated group. RGE 100 : COX-2
mRNA RQ of PM10D-CTL in RGE 100 pg/m@. RGE 200 : COX-2 mRNA RQ
of PM10D-CTL in RGE 200 pg/me. RHM 100 : COX-2 mRNA RQ of
PM10D-CTL in RHM 100 pg/me. RHM 200 : COX-2 mRNA RQ of
PM10D-CTL in RHM 200 pg/me (* p<0.05, ** p<0.01)

5) mTRPA1

RGEZL 100 pg/mLojA SAA} @do] 714t =9kom, 200
pg/mLojXN = wdZo] Zastict. ¥, RHMZ2 s=7t &of
45 gEA wAYel IR B¥E denic
Kruskal-Wallis 2% ZAa}, ZF & 7te] §9Jo|st Rfo]= AL K]
orolcHTable 6, Fig. 9).

o rl

Table 6. TRPAT mRNA RQ of PM10D-CTL in Lung

mTRPA1 Normal RGE 100 | RGE 200 | RHM 200 | RHM 400
Mean + 1259 + 2636 1622 + 2.168 + 1339 +
SE 0.207 0.675 0.768 0.655 0.408

O = e R W W R ML L
n

Normal RGEL00 RGE200 RHMI100 RHDM200

Fig. 9. TRPAT mRNA RQ of PM10D-CTL in Lung. Normal : TRPAT TARC
mRNA RQ of PM10D-CTL in non treated group. RGE 100 : TRPAT mRNA
RQ of PM10D-CTL in RGE 100 pg/me. RGE 200 : TRPAT mRNA RQ of
PM10D-CTL in RGE 200 pg/me. RHM 100 : TRPAT mRNA RQ of
PM10D-CTL in RHM 100 pg/m¢. RHM 200 : TRPA1T mRNA RQ of
PM10D-CTL in RHM 200 pg/m@

6) mTRPV1

100 pg/mLolAl RGEZS] 74 wagol HuAlg 71Sd
dhd, 200 pg/mLolAdE ZrAstdch 33U RHME2 5571 &
obi2E  fEA wdYel kt:  WMEL  war
Kruskal-Wallis A4 &a]a 7t §9Jujst xto|7} &elx]gict.

o
lo =
b g

Dunn AISZAA0A= Normal# 4] RGE100+0)A] §-o]no
@ ox mibt wEEgon, Yo Mz s AN
S0l0]g xfo]7} LpeREa] gigteHTable 7, Fig. 10).

Table 7. TRPV1 mRNA RQ of PM10D-CTL in Lung

mTRPV1 Normal RGE 100 | RGE 200 | RHM 200 | RHM 400

Mean + 1.067 + 3332 + 1416 + 1904 + 2.036 +
S.E 0.275 0.754 0.205 0.351 0.364

6.0
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4.0

3.0

2.0

1.0

0.0

Noamal  RGEL00  RGE200
Fig. 10. TRPV1 mRNA RQ of PM10D-CTL in Lung. Normal : TRPV1
TARC mRNA RQ of PM10D-CTL in non treated group. RGE 100 : TRPV1
mRNA RQ of PM10D-CTL in RGE 100 pg/me. RGE 200 : TRPV1 mRNA RQ
of PM10D-CTL in RGE 200 pg/m¢. RHM 100 : TRPV1 mRNA RQ of
PM10D-CTL in RHM 100 pg/m¢. RHM 200 : TRPV1 mRNA RQ of
PM10D-CTL in RHM 200 pg/me. (* p<0.05)

RHM100 RHM200
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