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Immunoregulative Action of E;thyl Alcohol Fraction of Cervus nippon
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Abstract
Immunoregulative action of 70% ethyl alcohol fraction of Cervus nippon was investigated in vitro. The
fraction enhanced the proliferation of thymocytes and the population of CD4*CD8 single-positive. cells
in thymocytes. CN-E enhanced [Ca?*]; the production of TNF-a and IL-18, and phagocytosis in
peritoneal macrophages. The fraction did not induce the proliferation of splenocytes and DNA
fragmentation in thymocytes. These results indicate that 70% ethyl alcohol fraction of Cervus nippon
regulates immunological action by stimulating murine thymocytes and macrophages.
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WA Ba%50] %8 Fdo) o3 F7153”, &
Aol & A P 380, 588 due=
FEHI F TAMA AL FYE FAEHE W
macrophage® B¢ HA AA%5e) 2A57Y =4
2l o] B E glucocorticoiddl &)a) AAFAUR B
NZE F7F AA A AR SR8 TH XS] F
g 2%y ByEQAY. 3822 macrophage
+ 849 A= o8} 84318 Th =771 A3
T 7 -interferon (IFN-7)¢] 28§ wopr &3}
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=8-9] 70% ethyl alcohol fraction (CN-E) 100
mg/kgE AF N A+FS WL o thymocytese) Al
ENEL thymocytes®} splenocytes = helper T Al
¥9] population B IFN-7 & Z7t712", [Ca*);
7}k nitric oxide A AAE &3t macrophage
9] phagocytosis’t Z71gS Bustgt®. & Ao
e 589 70% ethyl alcohol fraction®] in vitroo)
A AF 9] thymocyte®t macrophage®] &4 3} ma-
crophage®] &4l 28] YA =HE TNF- 2 IL-18
9] ¥ SATY IR PZELE T FASHLh
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1. Agx=

ATAT AAGAM F4 3 wi8lE(Cervus nip-
pon) 175g& AL A hexane, chloroform, 70% eth-
yl alcoholZ AlF 83 3 70% ethyl alcohol fra-
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BALB/cAl 18+2g9] #7& AP FEANM T+
dste], 2= 22+2C, % 55+5%, light/dark 124
2H8) Ab% 22N 179 o4 A F ALEHS
o, 33 AEs B AHEA HARES ek,

KRN =T=1 e

Dulbecco’s phosphate buffered saline (DPBS-A),
lipopolysaccharide (LPS, 026:B6), 3-[4,5-Dime-
thylthiazol-2-y1]-2,5-diphenyltetrazoliumbromide
(MTT), penicillin-streptomycin, concanavalin A
(Con A)x Sigma Co., RPMI 1640, fetal bovine
serum (FBS), trypsing Gibco Co., (PE) a-CD4
monoclonal antibody, (FITC) @-CD8 monoclonal
antibody+= Molecular probes Co., mouse Tumor ne-
crosis factor- @ (TNF- @) immunocassay kit, mouse
Interleukin-1 8 (IL-18) immunoassay kit¥ R&D
Co. oA FY3t AHEEIR o™, 71EF A|9F2 A2 uj
F& # 15 AFE AHEEATh

4. Thymocytes ¥ splenocytese| &2

Wysocki” 2 Mizel” 59} #d& o]g3te] vhs
25 AFEFetd JES FA% vEE 242 DPBS
-AE ¥ petri dishold ZA 431y 248
stainless mesh®. 33t 23] A¥& g, 1,500
pmoll A 1087 dAEHIRG 4ol AEE
DPBS -Adl AFFA1A 33 gtE M35 & 2§
thymocytes®t splenocytes®) BEES 2L ZMHNESFE
trypan blue exclusion¥ 2.2 ZA 35k

5. Thymocytes ¥ splenocytes?| cell viability &

#2]3F thymocytes ¥ splenocytesE 48417k vl %
FL HZAZEE MTTRP 22 St Al
F4-S RPMI 1640 BRI 2 3] 3}3L 96 well plate
o) 1.2x10° cells/ml =2 HE35+% . Thymocytes
+ concanavalin A(Con A) 1 pg/mlE, splenocytes=
lipopolysaccharide (LPS) 10 xg/miE H7FstAY 3
7b8tA) @& AL Z 37°C2e CO; incubatoroll A} 48
A1ZF v oFgt oh, #ieF T8 4RI Aol MTTAI9RS
7Fstdch ik £ 5 Al 001 N HClol &3] A7) 10%
SDS 100 #1E 7} welloll A 7}3LT 233 Abeloll A 184

7 9|5 & 2Rz} welle] 32 microplate

al FRAFLSFTIA

6. Thymocytes 2 splenocytese| OF2E A

£33} thymocytes 2 splenocytes 98 RPMI
1640 ¥l A1 2 )43} 3 96-well platecl 1x 10° celis/ml
=58 BF39gct Thymocytess PE-anti CD4/
FITC-anti CD8 monoclonal antibody X, splenocytes
< PE-anti B220/FITC-anti Thyl monoclonal anti-
bodyZE ©1F dA sl 4CoAA w22 thE, flow
cytometer (excitation: 488nm, emission: 525nm-FI-
TC, 575nm-PE) & o] &3t} otz e 23aag”.

7. Thymocytes % splenocytes2| apoptosis S&

£-3]3} thymocytes @ splenocytes (5x10° cells/
ml) 8l PI buffer (0.1% Na-Citrate + 0.2% Triton X-
100) e 23} A7) propidium iodide (10 pg/ml) 20 gl
& yo] iy stel A 30E7F FA s £ flow cytometer
% sub-Gl peakE BastRcH?.

8. Peritoneal macrophage®| =2

33 3% thioglycollate 2mlE 739
39 ¥ sk AE AFEIE AR
cold PBS Smi& Fqstel BAAZE &%
4CAA 1300rpm e 2 1087 AAE s}
1640 ¥R Z 23] A|Hs 2 petri dishell 53
CO; incubatoroll A v ket v oF 2417 Foff 7
3t N Z2E cell scraper® E.oF macrophages &
e
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9, Peritoneal macrophage2| [Ca’*]i &3

£2) 3+ macrophagedll HEPESH =21 2 M fura-
2/AME B A& 0% <t wHFs F 23] Al
st} ok HCO -buffered solution (in mM): NaCl
110, KCl 4.5, NaH2PO4 1.0, MgS0s 1.0, CaCly 1.5,
HEPES-Na 5, HEPES free acid 5, D-glucose 10
(equilibrated with 95% O3, 5% CO: to give a pH 7.4)
o) AE-H8t% T Caz free solution CaCl,Z A A 8t
3 ImM EGTAE FH7}stdth MacrophagesE co-
verslipd] #©°]3, spetroflucrometry (Photon tech-
nology International, Brunswick, NJ, USA)E 510
nmell A Z33ed F340/308 ratio® [Ca™' 112 A3}
QY.
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Vol. 14, No. 2(2001) =8 g

£]8 macrophagesS 2x10° cells/ml TEZ =
A sle] 96 well plateol] 200 p1¥ B33 3 48X &
QF CO; incubatoroli Al vl F3tch, vl Fd & A4 EE
(2,500rpm, 5%, 4C) 3 o2 A5Y 50 p1E FHelo
mouse TNF- ¢ immunoassay kit % mouse mIL-13
immunoassay kitE °©]-83t9 450nmolA microplate
reader® &334t}

11. Peritoneal macrophage2| phagocytosis &3

528 macrophageE scrapper® Rol Y4
(1,500 rpm, 5%, 4C)3ke, A EF (1x10° cells/ml)
£ DME (without phenol red)oll F-f-A1H 37CalA
15 ¥ < AA Y3 538 microplate (white)
9] 7} welloll macrophage ¥&9 100 £15 ¥ 3L luci-
genin £ 50 219} zymosan €9 10 ¢1& H7}slo
volume®] 200 £17} H =2 3 ohg, 58 7HE2 =2 60
2 54 F3H9 zymosan®] A XE phagocytosisZ 3}

o] chemiluminescenceS luminometer2 &3 3ttt
1718)

12. SAHXz|

BE 438 2352 Mean+SEE YT FA
A2 student t-testE AAI3HA p<O.05S 7FELE
94 A5FS #P3ATh

Zdn o ng

1. Thymocytes ¢ splenocytes2] cell viabilityodl O]
X= &3t

Thymocytesoll A Con AS AHald Z2Y A
AEES 100+15%2 39E w, Con AE A3 3A
ol 2o MEAELEL 759110 %2 743}
Ao, CN-E (10, 1, 0.1 zg/mi)-& X233 con A
E AL o g2l vs) NZPELC]) BF &
44 A 718t (Fig. 1). Splenocytessll LPSE
A2 2 F MEZNELS 100£15%2 39S
i, LPSE A3t opidt di=ze MEAEES
9Q27+07%2 Za3+92.5, CN-EE 8% spleno-
cytesoll A= LPSE A& 3AY A28 &sks o
REF Uz un e AEASE ] Wiyt g
(Fig. 2). ©1= CN-E7} in vitrool A FAA T 54
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Fig. 1. Effects of 70% EtOH fraction of
Cervus nippon (CN-E) on the proliferation of
mouse thymocytes in vitro. Thymocytes obtained
from BALB/c mice were cultured in RPMI
1640 containing 10% FBS. CN-E was added
with Con A (1 ug/ml) or not in 96-well plate.
The cells were plated at a density of 1.2X 10°
cells/ml and then incubated with the indicated
concentrations of CN-E and medium alone
(control) for 44 h. MTT was mixed and
cultured for 4 h. At the termination of the
culture, added 100zl of 10% SDS and then
the cells were cultured for 18h. The OD of each
well was measured at 570nm with a micro-
plate reader. Each bar represents the mean=+
SE from 8 experiments.

*, Significantly different from control group
(p<0.01).

AA G AAX AHZEE VA E AEAEES
F71 AR, 1 FolAM 7 FAFHA 98 &)
= HNES T d3+2 &8A 9ok T AEE 5
A B0 FAE AXNE B9 B3 AFsHA
Ty @ T/Ts 59 7+ subtypel 2 Wrojxi= Ao
Z 934 Q. 2 ZME Ty AZE A WY
71%5S B A AEEA Z cytokineS A4
3t 53] macrophage] 843}, xS &4 715
Z7 9 B AEERE Y 34 QA4S FJANNE F
2% 9L 3= Roz dyx Ug”. CN-EE
thymocytesoll 22 3}ed thymocytes®] subpopulation
ol M= gL 72 A3t hERFANA CD4'CDS”
(helper T) MEE 6.7%0.3%, CD4~CD8" (cytotoxic
T) AEE 32403%°192H, CN-E 10 £g/mlE A
23192 W thymocytes®] CD4'CD8™ M & 128+
2.0%2 24 ¥l8] Z713l. 2 CD4™CD8* Ml =
= & va) Zpolzt AT

Splenocytes®] subpopulation® WHZEFA B220°
AEE 169+16%, Thy-1" MTE 74+04%°1922.
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Fig. 2. Effects of 70% EtOH fraction of
Cervus Nippon (CN-E) on the proliferation of
mouse splenocytes in vitro. Splenocytes obtained
from BALB/c mice were cultured in RPMI
1640 containing 10% FBS. CN-E was added
with LPS (10 zg/ml) or not in 96-well plate.
The cells were plated at a density of 1.2x10°
cells/ml and then incubated with the indicated
concentrations of CN-E and medium alone
(control) for 44h. MTT was mixed and
cultured for 4h. At the termination of the
culture, added 100 «#1 of 10% SDS and then
the cells were cultured for 18h. The OD of
each well was measured at 570 nm with a
microplate reader. Each bar represents the
mean+SE from 8 experiments.

*. Significantly different from control group
(p<0.01).

o}, CN-EE As¥< o B220" MEE iz
ao)7} AR, Thy-1" MEE o) ¥ls) =7}
stk =3 279 splenic T-lymphocyte®) CD4*
CD8™ AEE 11.8402%, CD4 CD8" MEE= 39+
0.1%°1t. CN-E 10 xg/mlE AstS o 130+
04%= HZ2F Bt £713159.24 CD4 CD8" A EE

il =4 FFFeEA

thE ol B3] Zeol7t SiAth (Table 1). ©1&= CN-E
7} T lymphocytes & helper T A X9 population$
Z7F A1A HYZAFLEE 7R Q&L YnjslE

Aol

3. Thymocytes2| apoptosisoll O|Xl= &3}

FAL &3 T dube] 2243 2318 g3
I e F2%% "WYY FUR FHoM AP
hematopoietic stem cell®] Y=o} &4l 5000578
o)Fe] ME7F A, o]FolM 95% o)ite] M E
+ apoptosisell &3] AAHT @R 1~2%9 XD
o] ¥ EG3M A4 T AIE(CD4'CD8” E& C4
“CD8" single positive cell) 7} Ho] FAA &g
o} §8, A4 T AlE(CD4CD8™ or CD4'CD8")

DNA Fragmentation (%.

CN-E concantration (ug/mi)

Fig. 3. Effects of CN-E on DNA fragmentation
of mouse thymocytes in vitro. Thymocytes (5 X
10° cells/ml) obtained from BALB/c mice were
treated with the indicated concentrations of CN-
E and medium alone (control). DNA fragmen-
tation was analyzed by flow cytometer staining
with propidium iodide. Each bar represents the
mean=*SE from 3 experiments.

Table 1. The subpopulation of thymocytes and splenocytes treated with CN-E

Thymocytes (%)

Splenocytes (%)

Samples
CD4"CD8"~ CD4 CD* B220" Thy-1" CD4"CD8~ CD4"CD8"
Control 67+03 32 +03 169+16 74404 118402 39101
10 pg/ml 12.8+2.0* 48 +14 1404038 103+0.7* 13.0+04* 43+03
1 pg/ml 87+2.0 38009 148423 83+1.0 144%15 52%05
0.1 pg/ml 75403 30 %02 189+15 88407 131+03* 38403

Thymocytes and splenocytes were treated with CN-E for the indicated concentrations. The subpopulation of thymocytes and
splenocytes were measured with a flow cytometer after staining with CD4/PE, CD8/FITC, B220/PE and Thy-1/FITC mAbs. Other
procedures were described in detail in the materials and method section.

The data represent a mean * SE of 5 mice.
* Significantly different from control group (p<0.01).
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+ apoptosisell &3] wA =™, olof Fas f-Ae] &
ol Fositiy A A, fBg Folax &
< 279 thymocytes®] DNA fragmentation®
CN-E 10, 1 pg/mie A3 thymocytesﬂ DNA
fragmentation2 ¥ 78RS o) {94 UE o)zt
At (Fig. 3). °I= CN-E7} TH Al £ 9] population

f

& 37 AR TE 49 Agke viwd 9, CN-E7} 1)
A< T ME9 apoptosis BohE T M E2] 8438l
A3 AT S AARHE Relth

4. Peritoneal macrophage25&{ TNF-a X Inter-
leukin-18 20l DjX|= &2

In vivo systemd|A] CN-E& S48 249 Ty 93t
T % Tul okto] 7183, o 71e) A Eu= & IFN-
7t F7HEATg e E A7AEY 47 2RE EY
20 »

2 A7 E CN-EE AT Z$ macro-
phage 84& &332 @439 macrophageol A
FHE = cytokine?l TNF-e ¢ [L-188 &A3}y

o} CN-E 10, 1 pg/mlE M2 & 3% FE-2 M3
A 22 2T (control) 3 ¥lZE W 7} macro-
phages2 7 E #HlSH= TNF-o 9 IL-18 BF &
A AA F718R S (Table 2). )& CN-E7} macro-
phage /338t AA3T Y&& AAFSHE Aol

5. Peritoneal macrophage2| [Ca?* 10l DIXl= &3¢

CN-E& w"h¢2el 7¢d < AF5F9 3 uhgx
peritoneal macrophage£} [Ca®** i 57+ extracellular
Ca?* o] cytosol 2 influx®-& E}ﬂﬁ}ﬁil macrophage
A2 [Ca®']i 271 phagocytosis® &3S B
39, B A70ME in vitro systemol A RS
A2 8A 22 macrophage (control)t ®IwE uj
CN-E 10 pg/ml& X392 o) 9A] CN-Ed) o))

Table 2. TNF-a and IL-18 in peritoneal ma-
crophages treated with CN-E

Concentration mTNF-¢ milL-18
Samples
(pg/ml) (pg/mil) (pg/ml)
Control - 720+13 1705%22
+2.4* +5.4*
CN-E 10 1745+£24* 3657+54
1 1502+4.6% 3594+67*

Murine peritoneal macrophages (2x10° celis/ml) were
incubated for 48 h in the presence of 10 or 1xg/ml CN-E.
mTNF-a and mIL-18 were determined with ELISA kit.

The data represent a mean=£SE of 5 mice.

* Significantly different from control group (p<0.01).
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Fig. 4. The [Ca®™}; response of peritoneal ma-
crophage in the treatment of CN-E in vitro.
Record shows [Ca®?']; changes derived cells
within an intact fura-2-loaded macrophage.
CN-E (10 p#g/ml) was added to a single cell,
Representative of five experiments.

A [Ca¥*]i 2718 FAsk%th (Fig. 4). o1& in vivo
systemol| A ¥+ ol &} in vitro systemo| A = CN-E
7} macrophage® @48t [Ca™') 2717} 29
< g
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Fig. 5. Effects of CN-E on the phagocytosis of
mouse peritoneal macrophages in vitro. Peri-
toneal macrophages obtained after 2h adhere-
nce period were cultured in DEM medium (wi-
thout phenol red) with lucigenin and opsonized
zymosan, Chemiluminescence was measured at
5min intervals for 60min. Each point represents
the mean*+SE from 3 experiments.
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cells/ml) el CN-E (10 ug/mD) & in vitrool A %)%
% lucigenine chemiluminescence® £33 A3} o4&
< AEY3A FL HEF (control) ol ¥Ish CN-EE
AP AL W F713kA0} (Fig. 5). ©)= CN-E9l| 9J3)
#/J3H8l macrophageol| A A4 E superoxidet luci-
genine®) A3+ chemiluminescence & L& 3= A
0222 CN-E7} phagocytosis® Z7A70& ¢jv) st

o
4 £

of" efEo] AY7|H v
98] A= macrophage?) 43 ¢

o] AYA Ao )X = parameterd] &Xo) Mo
of gt} 183l =& 70% ethyl alcohol 38 (CN-
E)o] 71 mA = d&§ES &A% A3, CN-E
7} thymocytes®] A ZAES3} thymocytes$t sple-
nocytes 2 helper T A1 Z ¢ population® Z7HA At}
Z128]X macrophages 844313ty 8A8tE macro-
phageol A £8]5& TNF- o 9 IL-187F $718t93
[Ca®* o) Z7tetaom =3 8488 macrophage
ol &% phagocytosis7t A HA ©14Fe AFd=
CN-E7F A A5 9} R-EZ ] Aol 3 HE 5
AAZH LM F85HA 4T AR 7ju"h
A CN-Eoll 4% T-lymphocyte &4 2 macro-
phage 84 A&& £ FANEL AE Folvh
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