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Effect of Bojunglkgi-tang on the Specific
Immune Response in BALB/c Mice

Jae Soon Eun*, Hpon Choi, Jung Mo Song'

Department of Pharmacy, I College of Oriental Medicine, Woosuk University

The purpose of this research was to investigate the effects of Bojunglkgi-tang water extract (BE) on the specific
immune response in BALB/c mice. When BE (500mg/kg) was administerd p.o. once a day for 7 days to BALB/c mice,
the cell viability of splenocytes was increased and DNA fragmentation of splenocytes was decreased. But, BE did not
affect the cell viability and DNA fragmentation of thymacytes. Also, BE increased the population of Thy1* cells and TH
cells in splenocytes. In addition, BE increased the production of y -interferon from splenocytes. These results suggest
that BE enhances the specific immune response via activation of TH1 cells in splenocytes.
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BPRRES PE KU @moll hR7E TR Vel
E #BE X85k UHEN, BEY REE A BMET. |
BRE BEAK PRHEE, BBNK HEEDQ, KERESH,
BRgo) YMESL, SES % S5 #Had 34 AEske
ol ARSE I ATk, BB/ 7], o4, WE, & g,
[z, &01, A1E & 889 BER T4 Yed, A a7
E 2 534070 e g8, 281351 & 1123 H0] gt
Qe 4l wdol st FE Sol Wol ATHA2L, oF&I7
A BHkSol Fetst 28718 TEEA iT) SejdtolA
mooll ths MES EX shda A1 i, B B ZHiolA
22 £ e, e AM9 EHA Kol tieh Woiztge
YUYl B2 £RCASE ERY HRY HHo] TAsH,
BE R AR U719 91719 227 7)dlo] ©rk Ee it
Bo &42 TR BEE XolEE ZE B9 2y Qo)
2 4 Acke Hold mE Ke A golrlisdi 53¢
dalg HAditil 2 4 o Henge T U B
lymphocyte7} EAH S0)EHS(specific immunity)3} macrophage
* MAIAAL: 2A1E, HE 45T Jlg £8) 490, S4oista SolThlst
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7} BAY WEO|HHS (non-specific immunity)2 2 RFBICE
2 d7olME RRARY 552 7 BEAIYY HAisg
ol vlAlE GEre HFEGILAL So1d HAHIEE Frohke
thymocyte %! splenocyte®] proliferation, subpopulation %
cytokine Huloll thdl ek BET 23 Ao A AUV
o ojoll BuFIA} Bt

As 2 U

1L dEgss

Hglo] AHETH YF = BALB/cA 24 6 FHE iTHIES
BollA TSI, 2 2043, 5T 50£5%, dark/light 12417¢
9} Z2735l0llA1 1 7 ol A Aol HSAIY] £ Aol AEGH
Rom, AAAES 2 AFLAEHA HFASHES sINTh

2. AloF Y 7)1

Ago] Al8% 4192  Dulbecco’s modified Eagle's
medium (DME), penicillin-streptomycin, Dulbecco’s phosphate
buffered saline (DPBS-A), lipopolysaccharide (LPS, 055:B5),
MTT, 7 -interferon (7-IFN, Huy -IFN), propidium iodide2
Sigma Co., mouse 7 -IFN immunoassay kit, mouse interferon-2

immunoassay kit, mouse IL4 immunoassay kit= R&D Co.,
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RPMI 1640, fetal bovine serum (FBS), trypsin Gibco Co.,
PE-conjugated anti-CD4, FITC-conjugated anti-CD8 antibody,
PE-conjugated anti-B220, FITC-conjugated anti-Thyl mAbs
Dainippon seiyaku Co. 5 ANE3I M, 71E} Aok cell
cultureE L 15 A4S AESIAUCE AKE7ITE culture flask
(Nunc), multi-well plate (96-well, 24-well, Costar), Microplate-
Reader (Dynatech MR5000), CO, incubator (Vision scientific
Co.), inverted fluoromicroscope (Zeiss Co.), flow cytometer
(Coulter EPICS-XL), luminometer (Berthold 96LP) S& A3}
et

3. Fd9 =A

2 Al A3 BEoly|BY Nye KEAR Yl Fal
dom, els Hgn P oA TS ABSIGTE
BEU/IE 38 E &/S 1000 mlE 3 A7 89 28] 7iE &&
5, 5l WS rotary evaporatorZ 559} THS, freeze
dryer2 SZAAZGK] B 135 g& Hoj(l5) BEZ} ), EE
Ag Alolles delalddso]l 8alA1A AHESINCT.

Table 1. Prescription of Bojunglkgi-tang

BRE 4 B 3 &8 (Q

- : 4 Astragali Radix 6

A #F Ginseng Radix Alba 4

B i Alractylodis Rhizoma Alba 4

H ® Glycyrrhizae Radix 4
g BE) Angelicae gigantis Radix 2

B K Aurantii nobills Pericarpium 2

W Cimicifugae Rhizoma 1

% 4 Bupleun Radix 1

Total 24

4. Thymocytes & splenocytes®] 22}

497)9] thymocytes 2! splenocytes 22l Wysocki™ %
Mizel” 59} YHE 0I183IYCE 484 5 vlelE 1Z2F sl
BE 500 mg/kgS 12! 1814 717} ZTS0I3 TS 8UM 4%
& daruddkd tdskitt. H&% 84 % Hl1ZE DPBS-AS
22 petri dishollA] ZA E4l6l1 EHP stainless meshE o
sl MERFAE A2 &, DPBS-AZR 23] AHS i (1,500
rpmollA] 10 87 Y141 52]), thymocytes X splenocytes F-7
O 31t 47 thymocytes I splenocytess RPMI 1640 il
AE AHESI 21, HiX|olE 10% FBSS} penicillin-streptomycin
(100 units/ml, 100 zg/m)E H7isled AKESINTE

5. B4l 58

Eg|$t thymocytes 2 splenocytes®] F4loll m|X]& BEQ)
a2 MITHOE ZFaIct & 4l AIEd MITH2
Mosmanno] 7h%5le] Kotk 0] WHAR! WO,
96-well plate®] Z} welloll E2|¢} thymocytes & splenocytes&
2}z} RPMI 1640 BHXIE 345} 96-well plateo) 1 x 107
cells/ml ST F EF35K] thymocytest= concanavalin A (Con
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A) 5 pg/mlE, splenocytes lipopolysaccharide (LPS) 10 u
g/mlE 7B £, 37 T CO; incubatorollA} 48417} nigkst
Th2 ol &8 4417} Holl MIT A|oHE 711G B S84
0.N-HCloll 831417) 10% SDS 100 #1E 2t wellol @716k &}
ZyeiolA] 18 A1 T B & g 7} welld) EBEE
microplate-reader2 570 nmollA] EH3ld AT FJTo)
ol 48T BT E WEEE gHisla AR

6. DNA Fragmentation &3

£e|¢gt thymocytes ™ splenocyteso] PI buffer (0.1%
Na-citrate + 0.2% Triton X-100)ol} &38)A17! propidium iodide
(10 pg/ml) 20 15 Fol WdBlolA] 30 B+ QM Z, flow
cytometer= sub-G1 peak& Z&s51HCH?.

7. Subpopulation F7

£22J3}t thymocytes & splenocytesE 2+2} RPMI 1640 vl x|
E 33 MASIKNCE T cell®) population2 PE-conjugated
anti-CD4 % FITC-conjugated anti-CD8 monoclonal antibodyZ,
T 2 B cell® subpopulation2 PE-conjugated anti-B220 4
FITC-conjugated anti-Thyl monoclonal antibody & 0]% 45}
o 4 TollA 30 £7F 9134171 & flow cytometer [excitation;
488 nm, emission; 525 nm(FITC), 575 nm(PE}]Z subpopulation
2 ZHBIcF.

8. Cytokines &3

EYS g oF 2ol thymocytes & splenocytesE 2 x
107 cells/mlZ Ex51 96 well plateo]] 200 ut X 253} %, 72
A2t B9t CO; incubatoroflAl BIFSIICE YR E AL EE]
(2,500rpm, 22, 4TC) ¢ g, 5N 50 W& F 6} mouse
immunoassay kitE O|83}d cytokinesE SHIIXcE &
sample 50 p£ol] assay diluent 50 (£ E ZF}I5I0] 4204 2 A)17H
S0t incubationgt & 43 MAHGIYct MA F  anti-mouse
cytokines conjugated concentrate 100 wE 715k AS2ol4] 2
A7} incubation$} &, 53] A&} substrate solution 100 S
Zglold 302 5¢ 4204 tjYsIAEY. Stop solution 100 42
£ 715101 450 nmol|A] microplate reader2 FBEE E£HE F,
njg] M98 AEkdol Al cytokinesQ) kg EHIBIKCH

9. EAAE]

ZE 48 ZHES meantSEE LRI EARNDIE
Student’s t-test& AAIGI] p<0.058 7|ECE FYH AEE Tl
oKk '

4g47

1. Thymocyte I splenocyteQ] ZF4lol mjxl= &3
thZ279] thymocytesoll T-lymphocyte mitogen®] Con AE
RelshAl Qe W HEYESES 100%E 619 Wi, Con A



wrhmAREo] 459 5ol

MEYESES 1397125%F i =FH & Xojzt QRAct
tHZF9 splenocytesoll B-lymphocyte mitogen®! lipopoly-
saccharide (LPS)E A2I5HA PUS WA AZHESS 100%
Z IE W, LPSE Mlole WY MEZUESS 1424F
21%2 B71615 2, BEE Foisll 228k splenocytesoll
LPSE XZ|5HK] LUE w9 MZNUEZS 1112+18%F,
LPSE Aeldtne W MEYEES 1558+23%F thETol
Hisl F7181%4c} (Table 2).

Table 2. Effect of the administration of Bojunglkgi-tang water extract
(BE) on the cell viability of thymocytes and splenocytes in BALB/c
mice

Cell viability (%)

Samples Thymocytes (%) Splenocytes (%)
Con A () Con A (+) LPS () LPS (+)
Control 1000+15 1354+2.1 1000+13 1424+21
BE 1035+1.7 1397425 1112418 1558+2.3

BE (500 mg/kg) was admxn;slereg po. once a day for 7 days, and the separated
thymocyles or splenocyles (1 x 10" celis/ml) were cultured for 48 h in RPMI1640 media
mixed with concanavaln A (in thymocytes) or lipopolysacchande (In splenocytes), an
activating mitogen. The data represents the mean+SE of 5 mice. * Significantly different
from control group (p<0.001). Con A (-} Concanavatn A non-reated group, Con A
(+): Concanavalin A treated group, LPS (-} Lipopofysaccharide non-reated group, LPS
{+): Lipopolysaccharide treated group

2. Thymocytes %! splenocytes®] DNA fragmentationol] D)X]&
an

tAT9 thymocytes £ DNA fragmentation2 165+
1.7% ol orm, BEE Foi3li EeI$ thymocytes & DNA
fragmentation2 1431t15%% thxF3 & Xlol7t gAck ™
Z9] splenocytes & DNA fragmentation® 20.8+2.1% 014

on}, BEE FEdo3dll =Z2Ig splenocytes % DNA
fragmentation2 134+18%& uwixFo] uls ZAdict
(Table 3).

Table 3. Effect of the administration of BE on DNA fragmentation of
murine thymocytes and splenocytes

DNA fragmentation (%)

Samples
Thymocytes Splenocytes
Control 165+17 208%2.1
BE 143%15 13418

BE (500 mo/kg) was adminstered po. once a day for 7 days, and the separated
thymocytes or splenocyles were stained with propidium 1odide. DNA fragmentation was
determined with a flow cyiometer. The data represents the mean£SE of 5 mce. *
Sgnificantly different from control group (p<0.05).

3. Thymocytes®] subpopulationo] mlXj= &3

thZ 29 thymocytes & CD4 single positive (CD4") Ml Z &
11.8£0.6% 0| ©OmM, CD8 single positive (CD8") AT = 3.1+
0.3%0IACh. BEE Foisti 2213t 43 thymocytes?] CD4" Al
EE 123+05%F, CD8” MitE 31+02%82 AT ¥ o]
7} §IQICH (Table 4).
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Table 4. Effect of the administration of BE on the subpopulation of
murine thymocytes

Thymocytes Subpopulation (%)

Samples — - T
CD4™CD8 cell CD4 CD8™ cell

Control 11806 31+03

BE 123105 3102

BE (500 mg/kg) was administered po once a day for 7 days, and the separated
thymocytes were stained with PE-conjugated anti-CD4 and FITC-conjugated anti-CD8
monoclonal antibody for 30 minutes at 4°C. The subpopulation was determined with a
flow cytometer. The data represents the mean+SE of 5 mice.
4. SplenocytesQ] subpopulationoll R)X|&= § i}

tHZT9 splenocytes & B220 positive 4| 3E (B220"):= 28.7
*25% 0.2, Thyl positive M| X (Thyl") MZ& 184+21%
o)t BEE F£o5ti 22|38 7 splenocytes & B220" ME
£ 293+27%2 Thyl" MEE 247+15%F thZEFol Hla)
Thyl" H£9] populationo] Z715}5Th. Splenic T-lymphocytes
B 270 CD4" MEE 134115%, CD8" MEE 47+05%
ol 2L}, BEE F0i5ta 218t 487 splenic T-lymphocytes &
CD4" M Z& 183+18%E, CDS™ H|EE 44+03%2 CD4™ A
29 populationo] tiE 70l dlal S7I=AUTH (Table 5).

Table 5. Effect of the administration of BE on the subpopulation of
murine splenocytes

Splenocytes Subpopulation (%)

|

Samples o Thi® CD4"CD8  CD4 CD8"

Coniol 2725 8421 134%15 4705
B 203427 PATH15  183+18  44+03

BE (500 mg/kg) was administered po once a day for 7 days, and the separated
splenocytes were Slaned with PE-conjugated anti-B220 2 FITC-conjugated anti-Thyt
monocional antibody or  PE-conjugated ant-CD4 and FITC-conjugated ant-CD8
monoctonal antbody for 30 minutes 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).

5. Splenocytes9} Cytokines 2|0y t|X]= §3}

RS splenocytes £ 7 -interferon® k2 3527+11.2
pg/ml 0|20 BEE Fogt T2 43451128 pg/miZ ti=F
ol uldl E7161%ct Interleukin-29] 42 vl RTollA] 4358+
123 pg/ml 0] 2L}, BEE F0i8t & 462.8%16.5 pg/mlZ
2 ¥ ol YACE Interleukin49] A4S TR FollA]
169.7+109 pg/ml ¢|Rem BEE FH3t 2 148397
pg/miZ HEFT 1 Aol7} YINIc (Table 6).

Table 6. Effect of the administration of BE on the production of
cytokines from murine splenocytes

Cytokines (pg/ml)

Samples 7 -Interferon Interleukin-2 Interleukin-4
Control 3027112 4358+123 169.7+ 109
BE 4345+ 128" 4628+ 165 1483+97

BE (500 mg/kg) was admnisiered po. once a day for 7 days, and the separaled
splenocytes (2 x 10 cells/mi) were cultured for 72 hours i COp-incubator. The
production of cylokines was determined with ELISA kil The data represents the mean+t
SE of 5 mice. % Significantly different from control group (p<G05).
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TE Y FERN SO S FHASH &8x0] 2 Aol
oP?. 237199 74 oAl § QY ZAE BHER b
KL, 71 fMER, WE2 HRER, 89 AIERE, X
ole BERHT6I, Svhe BURERE Folil AlSe PBEs
Ftohe A8 7T Ak, 13, BUle HASUAE, §
01, Qe SulEAE, EURMEAE, HYHUEE
£2 7%, olk, BEY #ZE0] Ao, gHAE S
32H8, @Hr-EEE, APTSEE 80l Wil wK
AaE, AAYAAEE Sol, e AlE e gEt
ASANFAES0|, ZEE A=, NHNERE, &
o] Aol YedA U, BE07IH9] Wol B
ATEE, AJA AR QAR NK Ai2e 84 E 31841711,
sarcoma 180 S ZE oAl G0 4Y AFEINTT AU
o, SIFEAIE S HEFZ sarcoma 180 A Z7} SR
A9 vlgolA Alzd Heg 8483k6le] T f =79 NK A
29 $8 F7MI71E At Aol Bag v Uk
E AgdMe 43719 Sold "3l nlxle BEA7]
g & F£2 (BE)Y G2 Bl Hdl, 47l BEE B2
Eoi5laL thymocyte & splenocyteQ] HAUISO] Sl HElE
BRGIYCE BES S0i5kT 223 thymocytesd] WESS
T-lymphocyte mitogenQ! concanavalin AZ XZ|5HA) EUS W
L AelsiEe W 25 diRTol dHisl ¥ Xlolrt YR,
splenocytes?] MEAJEES B-lymphocyte mitogen?] lipopoly-
saccharide& AZI5HA] QU witt AZIGIRNE o 25 HEF
ol Hldl B7IEIYC) ol BEZF A6l RAEHUE
splenocytes®] MZUESS STRIULEZH, QA9 HIsE
BZ3AE = ASE ARIIE Aot P2 HA i AlE
ARE necrosisE Yojihe A2 =6] YREO|AL tHREY M E
= apoptosisoll 98 YolLie HOE X YT, BEE &
o5l 221} thymocyte & splenocyte®] DNA fragmentation
£ &3¢} A3}, BE: thymocyteQ] DNA fragmentationol] = &
gte FA] QUOLL, splenocyte®] DNA fragmentation2 tHEF
o) uidl ZAERAct o] BEZ} splenocytes®] apoptosisE A
Sl YSE Auishs Aold, BE Fojoll 9J) splenocyted] Al
FHEZ0] Z7¥A 4ol BEd| 9all splenocyteQ] apoptosis7}
Addlzlo] LEhd At FEEU IS 7182 &5 A7
ojo} g TAo|ct. Thymocyter thymusQ] T & W =Rlofji] &
Al 4! 23RS A helper T lymphocyte (Th) X cytotoxic
T lymphocyte (Tc)2 £35}t5]n], 2318 Thl cell2 7 -interferon
(7-IEN) 2 interleukin-2 (IL-2)E, Th2 cellS IL4, IL-5, IL-6 &
IL-10 §9] cytokine2 21Bl5ld TIE T M=%, B AE H
macrophage®] ZA13} H3E FZX8IH, cytotoxic T cell
tumor cell9] lysisZ ¥ 27|01 macrophageE S 3AI17IE AL
Z 2eix UTF?. thETY) thymocytes & Th (CD4 single
positive cell) A Z = 11.8%, Tc (CD8 single positive cell) Ml Z&
31%8 B& 87 FHoA CDA'CDY cells® 9F 12%,
CD4CD8’ cells2 o} 3% 2 HIE W8I vlxT 2HE Leh)
Rom™, BE £ojA] 123% L 31%Z tEZD ¥ Xjo]7} /IR
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c}. tlEFY splenocytes & B20+ M E & 28.7%, Thyl” Al E=
184% O|12u}, BEE FASINE Wi B20+ MliEE 293%,
Thyl"” ME& 247%E Thyl® A1Z9] populationo] thZEFol H]
3 E71EACE. AETQ splenic T-lymphocytes & CD4'CDS§’
A EE 134%, CD4CDE" AEE 4.7% 0l 2L}, BEE £A35IR
£ W CD4'CD8 MEE 183%, CD4CD8" AMEE= 44%2
CD4'CD8" M| %9 populationo] t)ZFo) Hlsl ZE7H5IGL) 0]
Z k= BE7} thymocytesQ] subpopulationolls H&t2 FA| &
Ou1, splenocytes®} subpopulationoll= P&t Fi UYSE Al
Alsh= Roltk. %3}, BE Foioll 9] splenocytes & Thyl® M|
9] populationo] F7IIATHE A2 splenocyte®] T AE9)

populationo} E71EIU S Su|gh= Aol CDA'CDS ME9)
populationo] E7IEIRCHE AL, T ME & FE Th AlZ9

populationo] E71EIREE Qu|dk= Aoltt. Th HZ= Thl &
Th2 MEZ 25} 0] TIASE cytokineEE EH|5}7] wlFol] BE
7Y Th A & ol &8 J3lsk=AE B&65H] Yok, Thi Al
FollA B8E)E y-IFN3} IL-2, Th2 Al Zol|A] Bu|E)= 1149
&2 ZE6IYCE BE FalA] 7-IENS &2 izl vlg] &7}
SIS, L2 & IL49] 2 tiEw3 ¥ Rlo|7} gLt ol
BE7} splenocytes®} helper T A3 & Thl A& &43}511 Y
28 AlAhe Aolth

|

HE7IE (BE)2 HFd HTE FoHIES o,
splenocytes@] apoptosisE AR5l A ZUWEEES 71711,
splenocytes®) Thyl” 1% & TH1 MZE &4 3}slod Eolx H
auige 7114 5 Us BAlEt AlEEnh
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