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Abstract

The effects of Lycii Radicis Cortex extract (LRC) on improvements in the innate immunity were evaluated in
both in vitro and in vivo tests. Thus, various concentrations of LRC were used for the treatment of RAW 264.7
and NK cells. In addition, LRC was administered orally at doses of 100 or 300 mg/kg/day for 2 weeks prior
to an intraperitoneal injection of LPS (1 mg/kg of 0.9% saline). Following the LPS-intraperitoneal injection, blood
was collected after 90 min by cardiac puncture under ether anaesthesia from all animals, and verification of the
immune regulation efficacy was carried out based on blood or serum biomarker analysis. Compared to the control,
LRC did not exhibit toxicity in RAW 264.7 cells, and it was found to increase the activity of NK cells. In the
in vivo tests, LRC treatment significantly increased the count of immune cells (i.e., white blood cell levels, neutrophils,
and monocyte counts), but no changes were observed for the lymphocyte content. In addition, LRC treatment
significantly reduced the levels of pro-inflammatory cytokines, such as IL-1p, IL-6, and TNF-a, and significantly
increased the levels of anti-inflammatory cytokines, such a IL-10. Furthermore, LRC treatment significantly increased
the levels of ROS, LTBy, and PGE,, Overall, the obtained results indicate that LRC alleviated the acute inflammatory
reaction though an improvement in the innate immunity. Thus, LRC may be considered a potential raw material
for the development health foods to enhance the innate immunity.
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714 o] % g ©Jgt 7] (memory) W& &
Ak Ao AT A A&sta A 072 A As)
-5 gtKKwon 5, 2008). o] AH W3} 2-3H
YA olA] e Ale| BRIl o8] - E = Alx
1-3-2 A7 (Signaling) 5 F2l 7141 FsdAE
B oL 9lof QIAle] MY /S A HEHE =0
= Blo] HFAAQA Hxet & 5 Uk

E AFoA] AFgE A& (lycium root; Lycii radicis
Cortex)= T71API(Lycium chinense Miller)®] T3] &,
452 W E AustA sta 3E B st & viEH,
718 Bathe 5] grefadl 71AlE o] ATHKohe}
Lee, 2007). ©] & A7|1& Hoh= 52 dAholehd SHd
A e TR Bk i Eoly A 20 E &&e AT
T, ¥k, A, FEF Fue] MPEJA o, A
o 77 BE A= JE vt fltkHong -, 2002;
Koh®} Lee, 2007; HanZ} Park, 2013; Seo 5, 2013).

olof] & A= A &Y FEEC] A WY S B
glstuAf vpg-22 QAAEZ AZ JE& D A4S
(natural killer, NK) Al £ S = 7ALe} vl o] LPSE 45
= S FES g8t AN 7, d5 A|ETKR]
A, Ao W T uyiA 5 ks 248 Fggst
o A1Z297F WA JidS A 2] - oJokE A=A
Ve AH o m gRlstazt skqint

M 12 e

L2 0O 12 o o
1::

Az U M=

AR AR S Fstell A AAHE A &9 = FeY
3] H(Uiseong, Korea)oll A 500 ¢ &2 A& T-ullste]
AFESIATE FEEL] AZRE AFY] 50 g2 1 L Zk23
of ¥, 108] F-3Q1 SR/HTE H7tste] 3A1%F 5<t &
ZFZ7](EAMS 9504-03, Mtops, Seoul, Korea)ol| Al FZ3}
3 A4 o 2| (Whatman No2)2 o2kttt o3 £ i}t
3] 4% %7](SB-1100, Tokyo Rikakikai, Tokyo, Japan)ol|A]
FE3aL, 5271 %7](FD8512, Ilsinbiobase, Dongducheon,
Korea) = 72417t B2 Axste] 58 B2 69 o5&
13.8%)5 A& ALg3tich
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o] ARgE FE] FA 57 ICR PR FAIE}
s 52]oKOsan, Korea)ol| 4] F51to} Harlan 2018S Rodent
diet(Harlan Laboratories, Indianapolis, IN, USA) 113 5.9}
58 2838 FFot, &5 282C, 5 55+15%, 12417k
- 12A] 7(light-dark cycle)®] 7oA 257 A-gA171 &
Aol ARGttt B A2 sEdAaEeds]e] 2
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MESM U HAYM=EZ SMHT It

Al 5] A E=GE dRlsh] 918l AHE-E k-2 th2]
A EZF21 RAW 264.7 Al 3= 10% fetal bovine serum(FBS,
Hyclone, Logan, UT, USA), 1% penicillin-streptomycin
(Hyclone, USA)©| 718 Dulbecco's modified eagle's medium
(DMEM, Hyclone, USA) HJA| & A}&-3}d 37T, 5% CO,
incubator(MCO-18AUC, Sanyo electric, Osaka, Japan)©i| 4]
Hjj oF3lA o). 96-well plateol] 1.5x10° cells/mL=E 100 pLA]
WFtaL 24413 Bk wjeket v A2y FEES A
| pg/ml, 10 pg/mL, 100 pg/mLe] SE2 7t welle] 2|2}
ATt 24417 B2k wi ek T 10 pLe] WST solution(Daeillab
service, Guro, Korea)S 3 7}5}o] Al|3E v 7)ol A 3083
HES-A] 7t} WS- & ELISA reader(Spectramax ABS, Mole-
cular devices, San Jose, CA, USA)Z SF % 450 nmol| 4|
SAstR o, AEE AeetA] &2 txatdl ek A&
5 NEEZ T

Alze] HAME G2 A8l AHER Addsl Alxe
ICR PHp-220ll 4] B2 #2138 $ 10% FBS(Hyclon, USA)
9} 2 mmol/L glutamine(Hyclone, USA)E % 7}3+ RPMI
1640(Hyclone, USA)Z A& 3}aL, 0.45 um cell strainerE
AHgste] MEZE B3t Th ©]F Red blood cell lysis
buffer(Sigma-Aldrich Co., St. Louis, Mo, USA)Z 2845
YA A ®E v ME FRHAe = mouse NK cell
enrichment kit(StemCell Technologies Co., Vancouver, BC,
CAE AH&ste] Zelstith #81dk NK Al Z= RAW
264.7 Aol AEE A SU3 iR SRS
B 7vst it
AR R0l A F4 A5 7

2573ke] RPg7] § 770l | s aFHE oVl
A wiEsiion, Ad 25 A7) Bt ojug A=
sHA] %3l At Aol & & sk (el st, normal) ¥}
27 SRS AT Tl T IPSE 4 952 159
= "i&w(e]3l, control), 253t A| &3] FEES 217} 100

g/day B=E 300 mgkg/day® AT Fo] & LPSE 4

ASS frEste AT (elsh 100 EE 300) 522 U
Ak S7T 2 A2 FE2EY AT FoAe vid oA
104]0] Hgatslon, 2153 F559] FoJ 2 60 kgl
Z3¢lo] 3l 100 mg =& 300 mgS A3 ste &3S
7o ® AT Fof A& A 779 vk B A<
25 go 7 ghlsio] AFEsIgith 27te] AR o] F 54
AT L Fdwe AL 2w Adtol 1 ee F
AE o] g3le] 1 mgkgel FEZ lipopolysaccharide
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(LPS, Sigma-Aldrich Co., St. Louis, Mo, USA)E &7}
Z

FARFA oM, AP 1ol 44 AT W& Alkte
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=
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(<3}

=
=5 LPS FUshe Hake whE ok Ad AkE a1
30 M o= ZIgste] 7 a5 5 FAE 5 90l
HEE APt

=

Reactive oxygen species Mdzt £

Reactive oxygen species(ROS) =72 Mouse reactive
oxygen species ELISA kit(Mybiosource, San Diego, CA,
USA)= AF&-8FATh 96-well plateo]] standard$} &3-S 50
uLE ¥ 11 F7}12 HRP-conjugate reagent 100 uLE 2]
37CoA 1A F_E HEEAIZATE ©] %, wash buffers ©]-&
&}o] washing 2= 2813k &, chromogen solution A 8-
50 uL2} chromogen solution B 89 50 L& A5 o2
231 37T 308 Bt WHEAIATE v Hre R stop
solution 50 pLE Y3l ELISA reader(Spectramax ABS,
Molecular devices) 450 nm 7ol 4] 27353 21 standard
curveE 7]eo 2 Adigtez skttt

Prostaglandin E2 Md2 &3

Prostaglandin E2(PGE,) 57§ prostaglandin E2 parameter
assay kit(R&D system, Minneapolis, MN, USA)< A8}
T} 96-well plateo]] standard} 48] 3]A8t A S 50 UL
Y11 F7]2 biotinylated detection antibody 50 pLE 2]
37CollA 458 &<t RESAIZAT, ©]F, wash buffers ©] &
&}o] washing 2= 283k & HRP conjugate 100 pLE
231 37°Col| A 308 B3t WAl 7] a1, THA] washing 2+
< 4233} substrate reagentE 90 pLE 2] 37TCollA
155 B2t w217 th vl = O Z stop solution 50 pLE
31 ELISA reader(Spectramax ABS, Molecular devices) 450
nm 3ol A =38} 0™, standard curveS 7|2 A
o gte = ikttt

Leukotrien B4 MMzt =3

Leukotrien B4(LTB,) =% Leukotrien B4 ELISA kit
(R&D system, USA)S AH&-3131 T} 96-well plateol] 34] 3]
A8 g3 150 uLA 5313l 50 ule] primary antibody S
7Fsted 1A &<F 500 pm S = plate shakeroll Al BHS-A]7]
a1, 50 pLe] LTB, conjugateE F715t0] 2A17t B_F 220

olo AN
of Ox, 1

A REGAIZ T WHE- 5 washing 45§98 o] &3]
43] A|#3}kar, 200 pLe] substrate 28-S 7Fete] 308 Bt
WS 2Pkl =) 9H-g-A17] a1, 100 ple] stop solutions ¥ L
ELISA reader(Spectramax ABS, Molecular devices) 450 nm
B3| A 2781 2, standard curveS 7| EC 2 At
Hez frkeigith

Cytokines dMdlgk £F

IL-1B, IL-6, IL-10, TNF-a A4 %2 The MILLIPLEX
MAP Mouse Cytokine/Chemokine Magnetic Bead Panel-
Immunology Multiplex Assay kit(Merck Millipore, Billerica,
MA, USA)S o] &3sto] th33} o] 33ttt 96-well
plateol] 108} 3]413 A3 25 uLA 53}, assay buffer
9! matrix buffer, antibody-immobilized beadsE Z+2} 25 L
2 et} B3E F 247 B ALl WA,
washing % 891 o] g:3lc] 28] A3, o] 2 T
25 uL9] detection antibody= 7Fsked 1A]ZE F<F A-20f A
WS 23 2 WHgAl 7| oL, F7FR 25 ul9] streptavidin
-phycoerythrine 7}ste] 303 F<t Aol REEAIZ] &
washing ¢+% &5 o] -&3lo] 23] Al STt AlH +
PBSE 150 pL 211 543t shaking$t ¥ Luminex(Luminex
SD, Merck Millipore, Billerica, MA, USA)E- |83l =%
8}l o™, standard curveE 7|FE o2 AUjgto g 3hits)

ATt

SAHIXe

Ay Ayl H e ET I A (meantSD) 2 EA]SFS
ow, O&F ZFe] H|nlE Statistical Package for Social
Sciences(SPSS, 18.0, IBM, Chicago, IL, USA)2] Student’s
t-test® p<0.05, “p<0.01, “'p<0.001 FFA oS
ZER

20 Y3

M

A2 FEE9 MESYH Y HAME EMT =2l

o 2] Al 3£ (macrophage)= <14 Wi Zh, =, =, W Fo
theFgt FE 2 EAe, 945 2 Al 28-S Fel
FAQo 2R QA HaslE WM A Foln, A
AFsj| Al 3 (natural killer cell, NK cell)< Aol F-okA| o}
R i Bt R = B b B Ui B Tt bl
stod A ZE Adllshs A A9AY] x4 Ax= o
Al Eof AAAd A E= Al 5ol gk HAd 2 W7t
= g 4 T2 S2HHLee 5, 2008; Lee 5, 2016).

AT AEY FE2EY 54 2 WY =S
golstr] ¢al RAW 264.7 2 NK Al Eol| 1 pg/mL, 10
pg/ml, 100 pgmL F=2 #2]gh 23, 27 thH] RAW
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Fig. 1. Effects of Lycii radicis Cortex extract on activity in RAW 264.7 and NK cells.
Control: no treatment group, (A) cell viability by MTT assay was performed in RAW 264.7 cells, (B) cell activity by MTT assay was performed

in NK cells. Data values were expressed as mean+SD (n=3). Significant differences were compared with the control at = p<0.01,

the student’s t-test.

264.7 A|EAAME RE FEoA 100% °]4e] yELS
Hof o] IR 2kom, NK A4 = 10 pg/mL
EE o]l A 10% °]’de B EE YERATHFig 1).
o|¢} 2 A= A Ey FE2EO A SRl
ek 7hs/do] ERlENeH, o) AFE Fall Wizl
A&y FE2EY Y95 BeS 2= A9 /i gk
Bse HAESuA sEHES A

XN=2L FE=9 HAME 5 &l

¥ & L (white blood cell, WBC)= Aol Al <]s)
A= Y5491 LPSeF 22 S0 AFsHA =4, o
3 (lymphocyte), 2} H(granulocyte), T (monocyte,
A E) T2 A, BA|, Ao E7R] 53 22 24
Bl B2, oM A, I AA g 2 Vs 7
SHl E thKurosawa$} Kato, 2008). ©] & AskslH, QA
W G5 24 Al GA7E ol Ao ma HAE &4
3}slo] 3}etAd A-8(chemotaxis) S Eall IH T+ 5 skt
¢ 337 8 Y BHE Bl 7P A A Tl
Aztele] Aoz WA oAl Hrk(Lees} Im, 2000). =
3l BA| o] 34d Z8-(opsonization)S TH2] A 2] &2
7152 &olaHAl BEo] Al E7RIE Sl S5} A

7o gEUGL Yo R 25 $Y B4
o A% A A%F Wge dosl BrkKim 5,

N ff 357 3 AAE 7F 7949 Al (p<0.05,
p<0.01, p<0.001) S7}€ "WFH, WS Y f=F = &

p<0.001 using

Hede g atslol LPS7F Aol
1} 2T HT} o] B4 9]

=] pol
o] A%3) WS AL WolFm Yk

M

Z Aol & HolA| @2 HEF FE

= AgellA A3 A W B virhAlE 2 573
e WS TACAM Ao A 1% LPS F F
AR el dRe TR el jlSlth o= <8l &5
A 7] &d35ke 7] o] el A3l TrH ] W}
£ WA 3 FE2 75 AT Tl 2= Wl
e AdEE Bl A7 2aE Had FEoR Holgl
o, HEFE Alef @ HE T, F T, G el 243
oM e AE9] FEF] W S el S A<

= TEA o]y
717 Absks o g2 EAAAFROS) S ©] &5t
ol o] thKim 5, 2009). ROSE NADPH ¥4 44 4k}
¥ 2 (NADPH phagosome oxidase) -3 ol 2|3l A3/ =
o, I H n|YEL F2] 43| (phagosome) = ©| U&= I}
oA ROS7} An] A E-A| (microbicide) 2 AF8-¥ tHLam
=, 2010). o]uf, 3}854] <1 2K chemoattractant)2] < eH<
ot LTB,= ROSE @/t 3579 #33 24 <
Z A S (Crooks 2} Stockley, 1998). B3t 5 nlj7| &2 <l
PGE= 34 9% WS AlAsI= oA 2=
U, 83 S 5= Bl B2 AAS Al v
A5 AR dorte W7RAIEAN A3 ddd F8
IghS J5HA H i Chandrasoma 5, 1995).
2 AFA A W violenkA A ERlg
2 giv] &9 F2EE A7 Foi A8

[e;

o
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Fig. 2. Effects of Lycii radicis Cortex extract on levels of immune cells in the blood by LPS-induced acute inflammation mice.

Normal, no treatment group; Control, acute inflammation group; 100, Lycii radicis Cortex extract was administered orally at doses of 100 mg/kg/day;
300, Lycii radicis Cortex extract was administered orally at doses of 300 mg/kg/day. Data values were expressed as mean+SD (n=6). Significant
differences were compared with the control at ‘p<0.05, “p<0.01, ““p<0.001 using the student’s t-test.
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Fig. 3. Effects of Lycii radicis Cortex extract on levels of immune biomarker in the serum by LPS-induced acute inflammation mice.

Normal, no treatment group; Control, acute inflammation group; 100, Lycii radicis Cortex extract was administered orally at doses of 100 mg/kg/day;
300, Lycii radicis Cortex extract was administered orally at doses of 300 mg/kg/day. Data values were expressed as mean+SD (n=6). Significant
differences were compared with the control at “p<0.01, ““p<0.001 using the student’s t-test.



252 A FA T E S| A A27d A2E (2020)

9! LTB,, PGE, A/ &Fo] §214d UAl(p<0.01, p<0.001) 5
75t tHFig. 3). ©]9t 2L Ad= AFY FEE0] AW
of HE3t o] A Wo] Al ATt A5 WHS T ollA
AT 28 2 HANE Z4 Tl sl fr1H<Qd o]
T3 glom, o] F Bl T dTo= op|EE AS
WA & 71 7o) Pl nlo] enlr] Axtg golyw glrk

MMz

X221 F&E2 cytokine gel
ALl EZFQI-S W& - 2 i A Al ol A ] 5]
27 AR A E Aol FEAD] A=
3l A5 HAE THEAIZHGirodet 5, 2016)
FEE Al EFRIE FA 9454 &
o] Zbze] gte]] gl Alo] BRI HES Bl A3
= Adsl drt EH o2 I3 A3/ Aol BTt
< IL-1B, IL-6, TNF-a 5= G5 §Eg-o| ofr]= o] 415
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o glo] =3I HtHSato 5, 1999; Park¥} Park, 2009; Girodet
=, 2016).

E AFolA A U Al BRI A S Ejle A
g2 U] A2y FE2ES AT TS AETS A
d Al E7IRIS FhAaet AT Ale| EFIRIS] 717t
oA DA (p<0.05, p<0.01, p<0.001) FEFETHFig. 4). ©]
o} & A= A FH FE2E9 FoArt Al EFRI 24
of w2 gAF vheo U3t 58 HoFa 9lor, WYy
A E 7 Wstel dof vto] o] AT A3 Foll F-4
= 73] v, A3 A AskE <lel v dFoR9
AgE JAISt . IS AlAkska o
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Fig. 4. Effects of Lycii radicis Cortex extract on levels of inflammatory, and anti-inflammatory cytokine in the serum by LPS-induced

acute inflammation mice.

Normal, no treatment group; Control, acute inflammation group; 100, Lycii radicis Cortex extract was administered orally at doses of 100 mg/kg/day;
300, Lycii radicis Cortex extract was administered orally at doses of 300 mg/kg/day. Data values were expressed as meantSD (n=6). Significant
differences were compared with the control at p<0.05, p<0.01, p<0.001 using the student’s t-test.
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ol %, Fol = YA ulo| empA Ao 7] g W4
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