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Effects of the Administration of water extract of Juglandis Semen
without Inner cortex and with Inner cortex on Activity of Splenocytes
and Macrophages in Mice

Jae Soon Eun*, Hoon Park, Kyung A Lee, Jin Kwon', Mun Saeng Ahn?

College of Pharmacy, Woosuk University, 1. Korea National College of Rehabilitation & Welfare, 2. Institute of Korea Medicated-Diets

The purpose of this research was to investigate the effects of the administration of Juglandis Semen without
inner cortex (JE) or with inner cortex (JEIC) on activity of splenocytes and peritoneal macrophages in BALB/c mice.
JE (300 mg/kg, p.o.) did not affect the cell viability of T- and B-lymphocytes in murine splenocytes, but JEIC (300
mg/kg, p.o.) increased the cell viability of T- and B-lymphocytes. Furthermore, JE decreased the population of B220"
cells in splenocytes, but JEIC enhanced the population of Thy1® cells. Also, JEIC enhanced the population of splenic
CD4" cells. JE decreased the production of nitric oxide and the phagocytic activity of peritoneal macrophages, but JEIC
increased the production of nitric oxide and the phagocytic activity of peritoneal macrophages. These results suggest
that JEIC is more potent than JE against the immune response induced by splenocytes and macrophages.
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2. A|CF

Ao AR A]2E2  Dulbecco’s modified Eagle's
medium (DMEM), lucigenin, zymosan, MTT, sulfanilamide,
N-naphthylethylenediamine + 2HCI, lipopolysaccharide (LPS), ¥
-interferon (y-IFN)= Sigma Co., RPMI 1640, FBS, trypsing
Gibco Co., PE-conjugated anti-CD4, FITC-conjugated anti-CD8
antibody, PE-conjugated anti-B220, FITC-conjugated anti-Thyl
mAbsE  Dainippon seiyaku Co., FITC-conjugated E. coli
particle2 Molecular Probes Co.0A] F&Hd AIS3IH2H, 7|
E} A19F2 cell culture® 15 A|2FE AMBSITE A&7

multi-well plate (96-well, 24-well, Costar), white multi-well

plate (96-well, Nunc), microplate-reader (Dynatech MR5000),

CO; incubator (Vision scientific Co.), flow cytometer (Coulter
EPICS-XL), inverted fluoromicroscope (Zeiss Co.), luminometer
(TECAN, Infinite F200) E& ARSSICE

FFolA ol AMEsileH, £3E
ol §l= &% (0 a—} Eg} 8h)9} S7E0] A 3F (018} JEICE

100g2 217+ 54 1,000mlE 28] 718 F&¢ £, o Hsio
R & rotary evaporatorZ HES TFS, freeze dryerE SAUR
slod 2ok 6.05g U 681g (FEE; 61% X 68%)= ol Aol

4. Splenocytes B! macrophages®] £z

A 9) splenocytes EE|= Wysocki(’) gl

colHot- Az - Qe

g o]83I%ict 47 5 niZlE 1R 5l JE E= JEIC 300
mg/kg2 12 1514 507 ATFole LIS WAS BRUTe)
of TABIGC). HE6) 0]&S DPBS-AS W petri dishofA] 2}
| 241511 932 stainless meshZ A8l M ZRGHES
© %, DPBS-AZ 28] A& THS (1,500 rpmof 4] 10 £71 ¢
B7]), splenocytes 2B OZ FIICt
Macrophage®] ¥2]= JE %! JEIC 300 mg/kge 1& 154

747 BTES Bk okE Fol 47 mouse =Zol 3%
thioglycollate 2 mlE Flalx, 8 ZAFEIEsK THAIT

S, 27210] cold PBS 10 mIE Ho] BEZAMZE £33t 4
& NEE 4 ColA 1,300 rpml.2 10 27 X285k
RPMI iR 2 23] AlA %, 214 120 mm petri dishol] 53
CO, incubatorol|A] BIA]Z1 T 2 A7} Eof BAEX] e /(]
Z MAG the, RARE macrophageo] DPBSE @o 20
CO; incubatore]] BIAI3F & E2Z|¥ macrophagesE& ?_J/I‘:}—‘%'—E]
o AIE3IT AZe e & wl six] &= RPMIT640 BiA S AL
3l9om, wiXlol 10% FBS®} penicillin-streptomycin (100
units/ml, 100 gg/ml)E Hricle] &SI
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5. Splenocytes®] 415 &5

=& Mosmann?0] 7]ut5lad Kotnik S%0)
A7) MIT e o2 ZF3I8C) 228 splenocytesE RPMI
1640 A E MERSHS TAHS &, 96-well plate®] Z} wellol]
AlE BFH 100 4 (1 = 107 cells/ mhE FE6HY concanavalin A
(Con A) 5 pg/ml HE= lipopolysaccharide (LPS) 10 pg/mlE &7}
AL B7I6HA 2 ZHQE 37 T CO; incubatorol|A] 48 Al
7} BRISISICE mieE T 4 A7} Hofl 5 mg/ml =T F DPBS-Ac]
BAaE MITEH 20 pE 2T wello] E71512, 0.IN-HCloll £30A]
71 10%-SDS 100 = Z} welloll H7I510d AR AefolA] 18 A7
o oikSt & ahaiE ZF welld] E2 5T E microplate reader= 570
nmoA ZFal HMZHBESS LK

NEZAS 53

(=]

6. Splenocytes9] subpopulation £73

2218} splenocytesE 2tz RPMI 1640 vl X 2 33] A& 51%1
C}l. T % B cell®l subpopulation2 PE-conjugated anti-B220 %
FITC-conjugated anti-Thyl monoclonal antibody®, T cell®]
population® PE-conjugated anti-CD4 % FITC-conjugated
anti-CD8 monoclonal antibodyZ 015 286l 4 CollA 30 £
ZF ¥i&Al7] & flow cytometer [excitation; 488 nm, emission;
525 nm(FITC), 575 nm(PE)]& subpopulationS ZE3I%CH".

7. 27} macrophageZ2E] nitric oxide Y42 &8
273} macrophageS 24 well plateo] wellgh 2 x 10° cellsS
Z=5} S macrophage® BE] M4% & nitric oxide (NO)Q] &
S GriesstiM O &2 319} 2 welloll LPS 1 pg/mie} y-IFN
25 units/mlE A7}5ld 48 A)7F uiekst &, ulerd 100 e}
Griess AJ2F (1 % sulfanilamide + 0.1 % N-naphthylenediamine
2HCI + 2.5 % HsPOy) 100 pE E8I51] 96 well moduleo] &

o HrL
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% 570 nmollA] microplate-reader
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8. ¥Z} macrophageZFE] lucigenin chemiluminescence S

2ol macrophageE 2 x 10° cells/ml7} F5Z DME
(without phenol red, 0.34 g/L NaHCO;, 2.6 g/L HEPES, pH
7.2)0l BHEAIAH Aelo] AFREIITE Lucigenin 84 9] A= 10
mle] DPBS-Ac) &algh &, o3} Hitale] 20 Cojli] HEshd
Al AFEBIAC} (stock solution). Lucigenin stock solution2 AR

71 ZlFoll DME Hixlol 1/102 345k ALSdICt
Chemiluminescence 4L luminometerE 0]231 37 TollA]

ZH3IAcy??. ZH & microplate(white)?] Z+ welloll FH]F
macrophage 25 50 429} lucigenin £ 50 x % zymosan
g9 30 e 715K HE volumeo] 200 w7} E|E 28 &, 37
TollAl 1587 AAEie! thz, 58 H2E 308

chemiluminescence &S EA35IQIC}

&¢t lucigenin

9. ¥7} macrophage?] BAIZIZ0] 98} engulfment £
FITC-conjugated E. coli particleE HBSSo| 1 mg/ml 52
SIENA sonificationgt & AFEEI] OM, trypan bluew citrate
buffer (pH 44)0ll 250 yg/ml S 2 Edi5kd ALEsItt. 2E
8} macrophageS RPMI1640 BIXIZ 1 x 10° cells/ml H &8 &

3t &, 100 ulE 96 welloll 2F3}1L E. coli BIEIN 25 W& 7}
Bl 1 A|ZF E0F MiYSE TS R S A AL extracellular

fluorescenceZ AHASH] Y& trypan blue 100 iE H715HA

. . - 14
inverted fluoromicroscope® #E3IATH ),

10. EAAE]
ZE A8 2758

me
Student’s t-testS A A|3kd p<0.05—é 1%
ZSkel GRS

+ SEE UEHIQT EAXD=
OF F94 o=

=

13161 3|

1. Splenocytes®] £4150] njil= a3
ZT9] splenocytesd] concanavalin A (Con A)E
:S: Uol NEHESES 100%2 oPQi% uu, Con AZ A2l6HA
S W NEMEES 687 = 37%E U459 CH, JEE F
EE]¢t splenocytesol] Con AZ K{E]o]-?ig ufo A EZYE
109.7 + 35% % A3 & Xlol7} i oL), JEICE &
T2 1231 + 42%2 JE BolTo] Bl8) AZYES0] F7k)
Frh i ZT9) splenocytesoll B-lymphocyte mitogen®l LPSE
HEBIHE WY MEZNESS 100%2 0191% wj, LPSE A2l5t
A SRS v MEYESE 528 + 21%E 7‘/\0P 1o, JEE
T8t 22lEh splenocytesoll LPSE A28l S wlS A ZM
E82 1027 + 33%E thE2EZW & RJol7} §igieL), JEICE &
A3 F2 1329 + 1.9%E JE BT vldh MENEE0] £71
BT} (Fig. 1).

Xelsk

o mo Qg2 32
Mﬂoiﬂio

A9 HIZHIE B oAlHES] Bl RIXE P8

160 O Control

o JE
2 JEIC

B
o

N
=

Cell viabililty (%)
n Py (=2} =] 8
o o o (= (=

Con A(+) Con A(-) LPS(+) LPS(-)

Fig. 1. Effects of the administration of Juglandis Semen without
inner cortex (JE) or with inner cortex (JEIC) on the cell viability of
splenocytes in mice. Samples (300 mg/kg) were administered p.o. once a day
for 5 days, and the separated splenocytes (1 x 107 cells/ml) were cultured for 48
h in RPMI1640 media mixed with an activating mitogen of concanavalin A (Con
A) or lipopolysaccharide (LPS). The data represents f he mean + SE of 5 mice.
*: Significantly different from JE-administered group (% p<0.05, ** p<0.001). Con
A(+); Concanavalin A treated group, Con Al-); Concanavahn A non-treated
group, LPS(+): Lipopolysaccharide treated group, LPS(-): Lipopolysaccharide
non-treated group.

2. Splenocytes®] subpopulationdl] TXl= F3%

Splenocytes & thEZS] B220 positive M| E (B220°)= 36.5 =
1.8% 0] 2m, Thyl positive Al (Thyl")i= 24.7 + 2.1% OIRUC
JEZ B3}l 22]3} splenocytes & B220" A2 303 + 1.6%E
Rl Hl3) 2431 L), Thyl” MEE 235 + 22% 2 R T
ol vigh ¥ xpolrt Lt JEICE Foialal 228t splenocytes
% B20" M EE 328 + 19%F JE FolTol uld) & Alol7h §ix
O}, Thyl” MlEE 295 + 21%E JE BolZol Hldl 716153
Splenic T-lymphocytes & thZET0] CD4" A &= 148 £ 1.2% 0]
L, CD8" MZE 7.6 + 04% O OH, JEE E8lL Ea)sh
splenic T-lymphocytes & CD4" M E& 152 + L1%E thEZY
H o Ajolzt gieu), JEICE Fojdlil  Erigt  splenic
T-lymphocytes & CD4" A E= 190 = 12% 2 JE FoTol HaH
Z71519C) JEE Soidhn Eeldt CD8" MEZE 74 + 08%F )
ZFH E A7t gilou), JEICE Foigil #21e CD8” AZ
=79 £ 03%=E JE FdT0] via) ¥ xpo|7l eArt (Fig. 2).

=
@

OB220+
40 aBThyt+
- ’_T_‘ acD4+
g% .| ocos+
5%
25
5
a0
a
315
S0
5
0

Control JE JEIC

Fig. 2. Effects of the administration of JE or JEIC on the
subpopulation of splenocytes in mice. Samples (300 mg/kg) were
administered p.o. once a day for 5 days, and the separated splenocytes were
stained with PE-conjugated anti-B220 and  FITC-conjugated  anti-Thyt
monoclonal antibody or PE-conjugated anti-CD4 and FITC-conjugated anti-CD8
monoclonal antibody for 30 m. at 4 C. The subpopulation was determined with
a flow cytometer. The data represents the mean + SE of 5 mice.  Significantly
different from control group (p¢0.05). * Significantly different from JE-administered
group (p<0.05).
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3. 272 macrophage® FE| nitric oxided] AHol n|x|= 3}

AT macrophageo] LPSS} y-IENS ATIGHA 2%4s
w nitric oxide(NO) HAQE 48 A17} Fof 0.8 £ 0.1 M 0JRUS
L}, PSS} y-IFNE 213K me 259 + 41 uME 5715193
t} JEE 25kl 2218 macrophageol] LPSS} y-IFNE &2]8}
&g wl NO ’%‘g%l% 141 + 3.0 pME &R ol Hla) 24613
oL}, JEICE B8 22 39.6 + 51 pMZ JE Eaj o) vla) 8
St 67}6}»;\7/}(1:15;. 3).

50

45
40
356

30 -|—

25

20 .

Nitric oxide {uM)

Control JE JEIC

Fig. 3. Effects of the administration of JE or JEIC on the production
of nitric oxide from peritoneal macrophages. Samples (300 mg/kg) was
administered p.o. once a day for 7 days, and then 3% thioglycollate was injected
ip. at the 4th day. Peritoneal macrophages (1 x 107 cells/ml) obtained after 2 hr
adherence period were cultured for 48 hr in the presence of LPS end y-IFN. The
production of nitric oxide was det ermlned with a Griess reagent, The data
represen:s the mean = SE of 5 mice.  Significantly different from control group
(p<0.05). * Significantly different from JE-administered group (p<0.05).

4. 27 macrophage®] phagocytic activityol] B1X]& g_jl}

Chemiluminescence phagocytosis7} ZxE= St 44
Oe oxygen radicalo] )&l =0, lucigenine] Q3] E71E
= ROE ¥BH Urt?. JEE o5l 221 macrophagesZ
BE M= chemlluminescencegl & gy =70 vlah 245}
KL, JEICE oot &2 JEE gt ol vlal &7kt
(Fig. 4). £}, FITC-conjugated E. colz particle®] BT SYUTH
TS UERIQCHFg. 5).

400 —o— Control
€ I3 * -=—JE
S B0 b —aJEIC
E) 1
§ 3000 s
g >0 :
E
2 200
§
3 1500 .
£ 1000
c
v
2 500 r
E
- 0
0 5 10 15 2 % 30

Time (min.)

Fig. 4. Effects of the administration of JE or JEIC on lucigenin
chemiluminescence in murine peritoneal macrophages. Samples (300
mg/kg) was administered p.o. once a day for 7 days and the separated peritoneal
macrophages (1 x 107 cells/ml) were cultured in DME media (without phenol red)
mixed with opsonized zymosan. The chemiluminescence was measured for 30
min with luminometer, Each bar represents the mean * SE of 5 mice. 5
Significantly different from control group (p<0.001). ™ Significantly different from
JE-administered group (p<0.001).

colzob-A A - QrEy

JEIC
Fig. 5. Photomicrographs of the engulfment of FITC-conjugated E.
coli particles in peritoneal macrophages obtained from JE- or
JEIC-administered mice. Photographs (taken at 200xmagnification) showing
the uptake of FITC-conjugated £ cofi particles in control, JE (300 mg/kg)- and
JEIC {300 mg/kg)-administered mice. The macrophages were observed with an
inverted fluoromicroscope.
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BHMEE thymus? T2 & £AA BIE e A
helper T lymphocyte (CD4") & cytotoxic T lymphocyte (CD8")
Z 2350, 231 helper T (Th) MIE £ Thl AZoME ¥
-IFN 3 IL-27}, Th2 AlZolAe IL4, IL-6 2 IL-10 59
cytokineo] EH|=]o], T2 T, B Y & macrophage?] 413}
2312 £715le ASE UEdA UL cytotoxic T cell2 tumor
cell9) lysisE & 27]9 macrophageE 437 )= ALE &
B4 rt. ¢HE B Autre gAY e g EX8e ALE ¢
214 UTH.

JEE Eoidlil 228} splenocyteso] T cell mitogen?l
concanavalin AZ XZ|3IRS Wl AZEY WEES thE o H]
& & Afol7h IReL), JEICE Fojslal
concanavalin AZ A2lsINEg wl MES BEES JEE 7T
ool visl /8 UA BVIKEC JEE Rolshi Beish
splenocytesoll B cell mitogen®! lipopolysaccharideE A2]5193
ul) MEZO MESS Rl Hlsh & Aoirt gilauy, JEIC

Hg]8} splenocytesol]

mlm o

Bl Beldh splenocytesoﬂ lipopolysaccharideZ X186}
BE w MEY YEES JEE o o] visl FAY (A &
7FIh o] dikes 559 Ammo] A= 87t £A70] ¢
= A 0] 1lél splenocytes®] T & B Al Z9 WESS SIIAIHAH
HHsg E7KE & USE AlAkslke Aolth

JEIC7} splenocytes®] MENEEEZS Z7RK1737] ol
splenocytes®] T & B M Z9] subpopulationg E& 35K HUrth
JEZ 20i5192 W splenocytes?] B220" A E9)
Rl HlE] ZAasi e, JEICE F9519E whE Thyl” Al
Z9] populationo] E715I%CL JEE FASIE ul splenic
CD4" MZ 2 CD8" HlE9| population thEZT} ¥ zlo]7}

population
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o, JEICE TSI Wi splenic CD4" AZEY
populationo] JE FoiFtd] Bvlal Fr¥EIQch ole JEICIt
splenocytes®] T XN|ZQ] populationE& £7RX171M, T MEZ &
CD4" A|£9] populationS Z7KIA HWAEES AL ASES
Sju)gle Aolrh.

T A Zo)A] BH|HE= cytokinesE2 macrophageE ZZ 5}
= AR 2EA U7 WiEol” =2 macrophagesol Al £H1E
+ nitric oxide & phagocytic activity® ZE81CH QI EEZHE]
olEZo] AsH HH Y= AV1HAE 915) macrophages?t
2 31%l0] phagocytosis7} EZIEITY. 2 AgollA] macrophages
9] phagocytic activityS ZHGh=0 chemiluminescenced &3
She WS ol8siirt o e fElE macrophages7}
particle& phagocytedhs SQF oxygen radicalS 448k, 0]
w AHE oxygen radicald} lucigenin®] ¥HS3l lucigenin
chemiluminescenceE WHsl= AE SEEOZM phagocytic
activity7} D= AL #olgk= Aot

JEZ Hoiglodslil 228t B2 macrophages2HE] 2H|5
L nitric oxide (NO)9) ¢Jo] LPSS} ¥-IENS 215102 wf iR
ol Hlah 2481 oL, JEICE 461 E wl= JE FoiTol vl
ol E7I5ICt 8, JEE FoiolE ul macrophagesd) Bals
2 AT ¥ Xol7t gL, JEICE Fojslsig wie JE &
o7kl vlal S7H6Isith o1& &91617] 916 FITC-conjugated E.
colig 0188kd macrophages®] engulfments £Z3 A3 5Y
& ASZARE VIERRICE JEE T E wl NO 44 W g4l
50| 23RO, JEICE FAGIiE e NO 88 % Bs
0] JE Bl dldh S716Irks A2 JEICT} macrophagesS
d3R711L A2E AAske Aolth

olde HdEdN 5% £7Z0] AUs AME 5
o BINE w7t HHEo] Qe AR FES RE Fo 3¥E
WECH BIZAE B gl 2o Q8 Welsg gaaizinh &
7 3T £7dol g 6y &

=

=
ZZ 2015k ol thst
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R (B3 A= A (ElOe 44 82 75

gl d=lol FABINRE ) WAs niX)= gk o 2t
JEICE RGBS ul HIFAMZY T 4 B M2 HEES

& H 2ol B

i

M| population2 thHETo] HI5] 28I OH, JEICE Fois}
Gg wl= HIAMEY T ME populationo] JE FEol o] HIE &
71eloitt.  JEICE  Foi3ide wl splenic CD4™ M ZQ|
population0] JE Fojzof v]s] E7lolict. JEE Eo5ld e ul
7} macrophagesT HE] 2H|X]E nitric oxide@to] th R T2of H)
8l A4 2L, JEICE £4{819 & = nitric oxide@}o] JE &
ool vlal E716I9LE JEE Tl S ub B2 macrophages
9 g5 ATl vidl Z4asiR oLt JEICE 2956 E W)
£ ©4ls50] JE Bowol vls] &7teiint.
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