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Effect of Yonggak-san on the Immuno-regulatory

and Apoptosis of Leukemia cells

Chan Ho Oh*, Jin Kwon', Kwang Gyu Lee?

Division of Biotechnology, Woosuk University, I Department of Health Administration, Kunjng College,

Z College of Oriental Medicine, Woosuk University

The purpose of this research was to investigate the effect of Yonggak-san (YGS) on the immune reaction and
apoptosis of leukemia cells. Administration of YGS(500 mg/kg) enhanced proliferation of splenocytes, thymocytes and
mesenteric lymph node cells, and also YGS accelerated subpopulation of splenic B and T, thymic T and mesenteric
lymph node-T lymphocytes, especially significantly increased CD4"-TH cells in BALB/c mice. YGS accelerated

phagocytic activity and production of nitric oxide in

peritoneal macrophages. YGS induced apoptosis of

transplanted-L1210 cells in vivo, increased apoptotic cell death of cultured-L1210 andjor Molt4 human leukemia cells,
decreased of mitochondrial transmembrane potential of both cells in vitro. These results suggest that YGS have an

immuno-regulatory effect and anti-cancer property.
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HAE HAZE D wEy 29 olFEAIAN Dl A

g), 2F < SDAEY S8 @BFY, 150110g)S tishIBSE(F)
ollAl TGN AFERIOM, AFg2 2% 2+2T, & 55+5%,
dark/light(12 A)ZHZ 7 BlollA] T8 pelletAl5 e B2 AS 4
FoI=E 3i¥ch

)
>
4

H 717

Agol A}8T A]9k2 RPMII640 media, fetal bovine
serum(FBS), phosphate buffered saline(PBS), propidium iodide,
ethidium bromide, triton X-100, RNase A, proteinase K, sodium
dodesyl 3'-dihexyloxacarbocyanine  iodide(DiOC6),

Concanavalin A, lipopolysaccharide, sulfanilamide, carbamoyl

sulfate,

-cyanide, zymosan, m-chlorophenylhydrazone
(mCICCP), thioglycolate(TG) && Sigma Co., PE conjugated
anti-CD4, FITC conjugated anti-CD8, PE-anti B220, FITC-anti
Thy 1 antibody 52 Caltag Co., 7|E} AJQF2 EFA)0F R AE
S RS AMESINTE ARV FZ2AE culture flask(Nunc),
96well microtiter plate(Costar Co.), micrometer(Mitutoyo Co.),

lucigenin,

inverted microscope(Zeiss), laser flow cytometer(Coulter,
EPICS-XL), ELISA reader(Dynatech, MR5000), luminometer
(Berthold, 96LP), L & centrifuge(VS-15000CF), CO, incubator,
freeze dryer, deep freezer S Vision Scientific Co.9] HE&

A}E3IATt

3. AN EA

B Ago] AIES AR T4 TAREERA, of &8
TOM, ALBS SES PHUSHE SPPEANN FUA A}
ol1, Mg 48 EE(1635 g)g 5F< 2000 mE 28] v
2235 &, oWaiA AXE rotary evaporator® &3 TS,
freeze dryer2 SZAAXSKH 2L 46 g(+=8: 281%)8 Ho]
(018} YGSE} ), SE4gAlle delAldsy, AZugEde
P PBsoll BalAIA AMSSINC) fEA# 1859 Mgt FHNE
2 oS3 2tk

Table 1. Prescription of Yonggak-san

BEZ $EL Q)
Ba Fossilia Ossis Mastodi 315
0 Cinnamomi 1125
e Zingibens Rizoma 1125

8 Glycyrrhizae Radix 1.125

B & 40875

4. MTTgol Qi 018, 34 % 0 AaldH 29 F4l0kg
%5

Aol YGS(500 mg/kg body weigh)E 79 S0t AT &
o(p.oyet &, YFHE BF &TAA vlZ, 4 2 2 daE
2 HES TS, 4 AE BFAS EA5I 1x 10°ells/wello]
HEE AEZSFE £HE UM E BRHolE LPSG pg/mi),
B4 9 Yo AE BRYlE Con A0S wg/m)E HII5kd
484]7} E0F 37T COMNQET|(5%-CO,, 95%-air) Lol A1 uNQF5}

[t i B 44|74 Holl 5 mg/mls T E DPBS-A(pH 7.4)ol]
BAE MITEN 20 »E 2} wello)l 71811, 0.1 N HClol) =91
10% SDS 100 i Z S81A)1A 1817} S0 SWIXE HS X}eis)
AL} 2R 7} well9] BT E ELISA readerE 0)83141 570
moilA] FHIL HETY FBES Blusly NEZYESS W
28T sigey.

5. 818, 4 W AV JukE MIE9] okr{Subpopulation) 58

4B Foll YGS(500 mg/kg body weight)E 7¢ E¢t A7 &
Spo)dt &, YHE FF &FAA Hlg, 84 % At At
12 HES T2, 4 ME 2]AS ZExIskd 1Xx10%ells/well
o] PE/FITC conjugated-anti B220 % Thyl monoclonal
antibody$} PE-anti CD4/FITC-anti CD8 monoclonal antibody
(1:40 dilution)Z 0]&F A5k 4TolA]l 3087 BI2A|F71aL
laser flow cytometer(excitation: 488 nm. emission: 525 nm-
FITC, 575 nm-PE)E 0183kd Z+2t9] M2 F9| lymphocyted]
okrg SEBIACY.

6. 54t 29| &5 (Phagocytosis) FH

BALB/c 470 YG5(500 mg/kg body weight)& miY A7
E0(p.o)oFHA 48 Mo 2Zoll 3% thioglycollate 2 mIE FA}
GHL THA] 3Qdo] ATS &, AR ©FA1A 5 ml9 cold-PBSS
540 FUskd BEAUEAEE £85I Y94ER|(1,500rpm,
558)3t %, RPMI1640 i X]oll E.FA)A petri disholl @1 CO; vl
Y7IoA 2417 St S THS, petri dishgdTHoll F2kH o2l
M EZE scrapperE Tol A4l EEl(1,500 rpm, 58)3)A] MES
£ 1x10°cells/ml7} 52 DME(0.34 g/L NaHCO3, 26 g/L
Hepes, pH7.2)0ll 27417 AMESIRACt. Zymosan899) A EE
zymosan 67 mgE 10 mlQ) PBSofl @of 37Coll4] 30837+ LX|gh
2 SYUTH YO PBSE 23] AMIAFIL FBS7E 10% &H71E 10 miQ)
DMEo] AHER-JAIA AFE3IAC) Lucigeninge19] 10 mi9] PBS
ol Edist & o3} Ydslod -20 TollA] BAsPHA ALS8ITt
(stock solution). Lucigenin stock solution AMg ZlHojl DME
i xlol 1/108 3j4d5k ALE3I9Ct. ChemiluminescenceE A 2
luminometerE 0|83l 37ColA] ZHE microplate well
(white well)ol] FH|E HZEFH 50 42} lucigenin 50 W& F
RISHL 37CollA] 158 &¢t & AlTIe §, zymosan& <Y 30 g
A7l 258l 200 w7t HTE o F, 58 IHHCT 60 2

o A1 10
7t chemiluminescenceZ ZX IR,

7. 272 A o)A Q) nitric oxide(NO) =&

A9} Ezdoll 3% thioglycollate 2 mIE BZAFAIGIL 3Y
2o 45 E dF gTold 52 ol cold PBS 5 mlE F¢, &
7 AEAEE 476k RPMI640 vl A 2 23] AIF (1,500 rpm,
108, 4C)3F 43, petri disholl HZIA|AH BAS M EQ cell
scraper2 O} 24 well culture plateo]] 1x10° cells/well&2 55
BIETE Zt welloll YGSE =% (1, 10 ¥ 100 pg/mi)E Xelst
T LPS1 pg/ml &} 7-IFN 25 units/mlE H715kd ulQFsHI WY
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OF 24417} Foll AHE NOYE Griess O 2 ZHBIUCE. vl
100402} Griess reagent(1% sulfanilamide + 0.2% N-Naph-
thylethylenediamine 2HCI + 2.5% HsPOs) 100 S E85H 96
wellol] 1211 570 nmoll4] microplate-ELISA readerZ &L E
Z335lk] gl ek NaNO029] Zgiol 9a] NOFE 4Hd
kot

8. B710] 0]Al§)} L1210M| £9] flow cytometeroll 93} apoptosis

Z4(in vivo)

M=ol 5x10%ells/ml9) L1210(mouse leukemia)) £&
Z Wl FAKi.p)e tHS YGS(500 mg/kg body weight)E 7
AT 508 £, JAS F2 BTAA 2ZolM L2IKEE 2
FHOZ £ MERRAS ZAM Aﬂ@(x?@ PBS)3H
%, 1x10%ells/wello] T2 2} NS X5, A4122](250g, 10
B, 4T)5H1 AHAIZ) M ZESo] PI(10 pg/ml)E 20 40/1%x10°
HZY sEE FAA4T, 3027 BR3)8 ©}2 flow cytometer
(Coulter, EPICS XL; excitation: 488 nm emission: 620 nm)}E )
£35)4 DNA fragmentation(sub-G1 peak)S Harpsiaok?.

9. WS M E£9] DNA fragmentation £&(in vitro)

AHele} 51 L121042E % Moltdthuman lympoblastic
leukemia)M| ZE 96 well culture plateol] 1X 10°cells/wello] X
CE HNEE 2ES th2, 1, 10 H 100 gg/ml] YCSE H716}
o] 24417 BiYSHIL wilQdo] EFR &, 2 AIZE HloiA] PIZ
@ 45l0d DNA fragmentation(sub-G1 peak)E HZ5IACE T3
sl¥l DNA9Y &l2 59§ Aol 100 #£9 nuclear lysis
buffer(50mM Tris-HCl, 0.5% SDS, 10mM EDTA, pH 8.0)& 715}
11 4TolA] 1027 YRS £, 16,000 rpmQ & 2027 AN EEl
T v, 43U 2T F4d¥ol Itk RNase A(0
mg/ml) 2 W& 715 37 TolA 1417t Bt & C}A] 20 mg/ml
9] proteinase K% 2 #E 7151 37°CollA] 1417 811 SM
NaCl 20 29} isopropyl alcohol 120 & 713 -20TollA over
nightA171c}. 16,000 rpmO 2 20827} AAE5iA JEHE Al
A8t C}8, TE buffer 20 pfol] 51511 1.2% agarose gel 1719
& (minigel: Mupid-1I, 50V, 2A]7H& 314] ethidium bromide(10
ug/m)E FMS o2 HH3SlE DNAE F4FHoz #olshl
gel documentation reader® TEBIFTIY.

10. Mitochondrial transmembrane potential{ 4 ¥ m) &8
AHuieFel L12104E X MoldAEE 96 well micro
culture plateo]] 1x10%ells/wello] FITE F5} YGS(1, 10
ol 100 pg/mD)E H7IS &, 24A17F St 37CQ COuQ] 1)
ollA] uieer th2, 2+219] M E eppendorf tubeo] $EI5HL A
A2e)(250g, 10R)314 A™AR] MELE) DIOC6EHEEE:
40nM)Z  H2BR]7} 37TolA] 1587 ¥E8X|Z ChS flow
488 nm 525 nm)2A}
mitochondrial transmembrane potential(4 ¥m)E ZH3IS
o, ojuf control A1 uncoupling  agentZA}

cytometer(excitation: emission:

negative

carbamoy! cyanide m-chlorophenyl hydrazone(mCICCP, 50
M) Jislol EUS wHog ZFsI9t?.

11. EARAZ]
EARZ] = student's t-testE 3H M, p<0.050]|5+E {2
o] U= AL THEEICL

dd23

1. YGS7} 0}, &4 W Z7ht Qs 29 S4]o) v)X]& g1}
YGSE 78 89 4Fol AT =gl vla, 4 Y At
ot gutEulo] HA M E9 SANSE S 23, W uIEA
Zoll A tlRF(YER]ES BT + LPS(G pg/ml) Xzl)olx9)
BAEE 100% 2 51N E wl, YCSE Foigh FollA] 117.514.9%
B HIZHEY] B4 FAH o, SHAEe} Az Yutd
MZAME I ZFH(QelAE4e FolTt + Con A(05 pg/ml)XE))
g 100%2 s19e W YGSY71ZolA 222t 1103+36% 2
124.1147% 2 S4UAIE 9 A7t Adald 29 4] FYHU
A ZZRAZTHTable 2). o)1= YGS7} E3) vI&, B4 o Ayt
UniE 59 FQ UHATIE T4k HIM X B4 7
il HEEE 52471 A8 7RI USE AR

Table 2. Effect of lymphocyte proliferation on the YGS-administered
mouse spienocytes, thymocytes and mesenteric lymph node cells in vivo.

Cells splenocyles%)  Thymocyles(%) mngzeeme&c"slyr(rgz;)
Treatment LPS(+) Con A(+) Con Al+)
CONTROL 100027 1000+1.2 1000+19
YGS 175249 1103+36" 1241247

YGS(500 mg/kg) was adminstered p.o. once a day for 7 days, thereafter the each celis
were collected, and splenocytes, thymocytes and mesenteric lymph node cells incubated
for 48 hours, The cells assayed by MTT method. The OD of each well was measured
at 570 nm with a mcroplale reader. Each data represents the mean*SE of 3
exper ments, % Sgnf.cantly different from normal saline-treated control group(*p¢0.05).

2. YGSZF vlEh, &N W AR
(subpopulation)ol] ©)Al= F 1}

YGSE Soi(p.o)st A v1E, 4 U Azt Qataa
29| okZHEE A EY, A EE thETolA B, THZ7}
Z}z} 439+1.3% W 259+25%0] 1 YGSEoiFolA 212t 496+
19% X 341£27%E2 B U THEY 47} Z71519.0mH, B ZRY
THEZ & thEolAQ THHZ7} 169+15%, TedlE= 83+
0.7%0] I YGSAZIZE Z}7} 23.8+1.9% X 11.3+0.6%FE THA)
E 9 TCHIE7} SAHUA E718I9cE BHNZE iR FolA]
THA Z7} 145£1.3%, TcH 2 5.7+04%01H Hl5kd YGSEY
2 27 178+1.1% U 56105%F THAZ7} S7k6ldct &=
S At A2 iR TolM BM 7} 234+1.5%, TAHE7}
412+21%010] Bl5} YGSAZIZ Ztz} 249+19% X 487+
27%8 THIE7} E7V61CHTable 3). 0lae] AMojA] YGSS
FQ HAATIel HIE, &4 R et AskE vi9l B R THIZE
& E7KIZeM E46] vlaolAe THE okr2Y ZB TH ¥
TCHIZ9] populationo] 2F S7FEIQIL, B4 W THE SolA

USIRHEY ol
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Rag BYEE W WEYMZY o}EAILd niXle A3t

€ THA|ZI} S71=0 20 a7t AduidolAe S5 Tul+
€ T7WIA 4A HY5E SBAIE AeE £8¥r

Table 3. Lymphocyte subpoputation change of splenocytes, thymo-
cytes and mesenteric lymph node cells in YGS-administered mice.

Cells Splenocytes(%)
T cell
Treatmen B cell T oS

259425
CONTROL 439+13 169215 83507
" M2
Y65 496:+19 BEEIG 113£06"
Cells mesenteric fymph node
Thymocytes(%) calls(%)
Treatment TH TC/7S B cell T cell
CONTROL 14513 5704 234+15 41.2+21
YGS 17811 56+05 249+19 4B7+2.7

YGS(500 mg/kg body weight) was administered 0. once a day for 7 days, thereafter
each cells were collected and the subpopulation was measured by a laser flow
cytometer staining with PE or FITC conjugated anti-B220/Thyt or CD4/CD8 monocional
antibody. Each data represents the mean+SE of & mice. * Significantly different from
controt group(*p¢0.05).

3. YGS7t 57 tiAlM x9] sl niXle 3t

Aol YGS(500 mg/kg)E 7 Y FI5k lucigenin
chemiluminescenceFHHE o0l83ld EZ U4EHNZE 8¢
T, 8224 tiiMZ9] gilse A8 FMFig. 1), zymosant}
Rejg iZFol HIBld YGS FoiFolal B2 tialM 29 gl
Ho| &7l el ol2dg ke YGS7 Mul £F 0F Fd
B0l FRAEZE AAsck: BAAEE BRdke tiMzy
g4& =38l Yria FZEch

Phagocytic activty
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Fig. 1. Phagocytic activity of peritoneal macrophage in YGS-
administered mice. YGS(500 mg/kg} was administered p.o. once a day for 7
days, and the peritoneal macrophages were collected and cultured in RPMI1640
media mixed with opsonized zymosan. lucigenin chemituminescence was measured
5 min. intervals for 60 minutes. The data represents the mean of 3 experiments,

4. YGS7} BZAthAMIZol A9 nitric oxide(NO} Mol tjxle
b

BFO B2 M ZE +HNA] LPSS} 7 -interferong &
7}, tRIBHRIA) YGS(L, 10 X 1004g/m)E 71510} CHALAI Z7} 4
3K nitric oxide(NO)QFE &2 ZIFig. 2), NETZ(LPSS

fo

7 -interferon?} H7Holl vl3ld =3] 100 pg/mie] YGS Hrlol
93 NOYHo| E7151dt. NOdgol £X¢ 2= NOZt 4
A HoilAl GMEE HoiAl7IE HIAAY effectorZH G2 3t
I U0l F8HECt.

Nivic Oxde (1)

YKS dose(am/nt)

Fig. 2 Effect of YGS on the nitric oxide production from peritoneal
macrophage. Peritoneal macrophages obtained after 2 hours adherence period
were cultured in RPMI1640 media with LPS(1 we/ml) and ¥ -IFN(25 units/mi). Cells
were cultured with YGS(1-100 «g/mi) in a 5% CO?2 incubator at 37°C for 24 hours.
The OD of each well was measured at 570 nm with a microplate ELISA reader.
Nitric oxide standard curve were measured with NaNO2. Each bar represents the
mean+SE of 3 experiments. LPS: lipopolysaccharide, 7 -IFN: ¥ -interferon. *
Significantly different from control group(*p<0.05)

5. YGS7} oAl L1210M| 22} apoptosisoil B1X]&= H(in vivo)

A3z 0] MBHA ZTFEO) LI210MZE AF9 o) 0]413]
I YGSE 7 Y7} A7 ol thg EZ0) olAlg L12INZE
3151 sub-G1 peakE ZH3 Zil, hRT S 13.511.5%Q1el
H3] YGSE Rod FolAe 397134%E =Zo|l olad
L12104]1 Z9] apoptosis7t HXIZUTHFig 3).
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Fig. 3. Effect of YGS on the apoptosis of transplanted-L1210
leukemia cells. 11210 leukemia cells transpianted to peritoneal cavity of BALB/c
mouse. YGS(500mg/kg) was administered po. once a day for 7 days.
Transplanted-L 1210 cells were collected from peritoneal cavity and sub-G1 peak
was measured by a flow cytometer staining with propidium iodide. * Significantly
different from control group(*p¢0.05).

6. YGS7} WiQIAI7) WA Z9] apoptosisol BlX)= H3Kin vitro)
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L1210A4) Z viAlel 1, 10 2 100 pg/ml =52 YGSE H7}
A 24417 S0t 9l A3, thETolA] 14.7£1.1%Q16] Hlsh
o 2} 559 YGSHIVolA 242 24.1+22, 331+27 Y 439
+3.1%ZA] L12104) £9} apoptotic cell death7} EEEHOF
EZ0HAU O £ Al uiEHM EF0] Moltd M EA e 24
A1Z} uleksH A3, thEFoIA 15.8114%0] Hlslel 212t} =%
9] YGSH o 9al] 2z 21.7+2.0, 295423 W 374+29%Z
YGS 10, 100gg/m] H7}FFollA] apoptosis7} X EI AT Table 4,
Fig. 4).

Table 4. Effect of YGS on the apoptosis of cultured-L1210 and
Moit4 leukemia cells.

Apoptotic cell death(%)

Treatment(wg/ml)

1.1210 cells Molt4 cells
CONTROL 147+£11 15814
YGS(1) 241122 21720
YGS(10) Bixar 295423
YGS(100) 439+3.1™ 374+£29™

YGS(1-100 w/m!) was reated wih cultured L1210 or Molt4 cells, and incubated for 24
hours, and then cells wee collected and the sub-G1 peak was measured by a flow
cylometer stanng wth propdum ‘odde The dafa represents the mean:SE of 5
experments. % Sgnfcanty diferent from control group(*p¢<0.05, ™p¢0.01).

\ CONTROL
f—F
;I
. , 1 YGS lam/m!
é
7 YGS 10p/md
jﬁ
YGS 100mg/mi
j U J

8

(A

Fig. 4. Effect of YGS on the sub-G1 peak and DNA fragmentation
of cultured-L1210 leukemia cells. YGS(1-100 w/mi) was treated with
cultured L1210 leukemia cells, and incubated for 24 hours, and then cells were
collected and (A) sub-G1 peak was measured by a flow cytometer staining with
propidium lodide. (B)Agarose gel electrophoresis patiern of fragmented-DNA from
L1210 cefls cultured for 24hours with YGS (M: molecular marker, 1. none, 2 1 we/
o, 3 10 w/m, 4 100 w/cl)

7. YGS7} mitochondrial transmembrane potential{ 4 ¥ mjol] T}
e g3

AHizEQ] WAol= L9 HAEQ] =471 ASm ATP7}
HMAE L W 0]%0] mitochondria®l swellingo] dojiLlz] A ¢t

5]
el

AlollA] mitochondrial transmembrane potential(4 ¥'m)9] ZtA
7t HgElol Yoldths BI™E 2RI Asld L12104E
% Molt44| Zu 7ol 1~100 pg/ml] YGSE H7IoHA wieIEH
L1210M Z 2 Molt4¥| E9] apoptosisRFAl 4¥mo] HalE &
Eot 23 thETl ulsky 2t sE9 YGS FrktdlA 5T
EXHCE 4¥mr}t |RASH Hadle RE HEGIXITHTable
5). 0] ZIH= YGS7} W M) 9] apoptosisS BUsHA RE5}
1 AsE A= 2otk

Table 5. Effect of YGS on the mitochondrial transmembrane
potential{ 4¥'m) of cultured-L1210 and Molt4 leukemia cells

Mitochondrial transmembrane potential( 4 ¥m)

Trealment(ig/mi) L1210 cells Mol cells
CONTROL 86562 821252
YGS(1) 740453 804247
YGS(10) 6245 130451

YGS(100) 599+45" 676+38"

YGS(1-100 1/mi) was treated with cultured L1210 or Moli4 leukemia cells, and .ncubate
d for 24 hours, and then cells were collected and the 4 ¥¥m was measured by a laser
flow cytometer staning with DiIOC6 (40nM). The data represents the mean + SE of 3 e
xper:ments. * Signficantly different from control group(*p<0.05, ™p<0.01)
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