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Immune Function-enhancing Effects of Bojungikkitanggami-bang

Sang Hun Lee, Seung Eon Lee, Si Hyeong Lee™ Jo Young Shin

Department of Internal Medicine, College of Oriental Medicine Wonkwang University,
1. Professional Graduate School of Oriental Medicine, Wonkwang University

The immune system acts to protect the host from infectious agents that exist in the environment and from other
noxious insults. The immune system has two functional divisions: the innate and the acquired. Both components
involve various factors such as cytokines. A number of methodologies exist to assess aspects of immune function.
There are large inter-individual variations in many immune functions even among the healthy. Genetics, age, gender,
smoking habits, habitual levels of exercise, alcohol consumption, diet, stage in the female menstrual cycle, stress,
history of infections and vaccinations, and early life experiences are likely to be important contributors to the observed
variation. While it is clear that individuals with immune responses significantly below 'normal’ are more susceptible to
infectious agents and exhibit increased infectious morbidity and mortality, it is not clear how the variation in immune
function among healthy individuals relates to variation in susceptibility to infection. Oriental medicine is an important
factor contributing to immune competence. The author investigated the immune enhancement effects of
Bojungikkitanggami-bang (BITB). The forced swimming test (FST) has been used as a screening model for new
immune enhancement agents. In the present study, the author investigated the effects of BITB on FST and blood
biochemical parameters related to fatigue, glucose (Glc); blood urea nitrogen (BUN); lactate dehydrogenase (LDH);
creatinine; and total protein (TP). The author found that BITB (1g/kg) significantly reduced the immobility time in the
FST compared to the control. In addition, the contents of Gic, LDH, BUN, TP in the blood serum were increased in
BITB (1g/kg)-fed group. Also, the author investigated the effects of BITB on the production of cytokines in human T-cell
line, MOLT-4 cells. BITB (1mg/ml) significantly increased the interferon (IFN)-vproduction compared with media control
(about 2.2-fold for IFN-v) at 24 h. However, BITB has not affect the production of IL-2 and IL-4. In addition, BITB
increased the protein expression level of IFN-v in MOLT-4 cells. Thus, BITB may have therapeutic value in generating
or enhancing immune function in a clinical setting.
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Bk, ZAM EERO ZER ZEIT AP, ghRsE
of B B UHX GFE0] HUFPOUR 2285 5 ¥
A D2 BHEY QR S| 1Y HAM T 82 )
i3 g ¢l EAQ g

TE fIAch olo] Axk= R HiEH
of &l miksk= JI1E, Wﬁk, HiFF, BRI LR, FEEE N
Sk HA71s 35l miXle g st BERS AIY
THES HEEY TAHE (cytotox1c T cell, Te cells
Aﬂi (helper T cell, Th cells)Z b}-ﬁﬂ% Te Az g9 J&EH
g43le Th Mx 89 ggke wol vl AE AMASH
S, Th MZE FAET MZY 2 A B
ST MEBHERS U WSS 2B WS
B, M EZEHEE (cytokine)S A IL-2,
Highe Thig AEZEHEZDT IL4, IL5 5&
Th? AZEHERZ TR 9,{1‘/]- Th1g AN z&y
u 7y W BIST AU IS S &7
3 MEZH20! IFN-v= [gME IgG2a, 1gG3E
Eﬁ]—ﬂ Th2g MZEHEZQ! IL4= Ay U#@.i
71t} IFN-y, IL-2, IL4, TNF-a9} 22 Tiksh Al =
- EEOR HAHRS JaEe] ok §1F thalA
gBe! 2219 1, U3 A JIse 8 ddsE
UM EE Q145K AFEAITIE 7152 2T vt &
2 d7oie mihgKEmEse Harls 87 EJ/}%“
Yol 7] 21351 ﬁqﬂﬁ‘g&‘&aw%ﬁ% Foigh AEr ) Aefaldes
£ Ro3 ETE TESId 4Rl g8 Bat 48 (forced
swimming test, FST)23 ) nl w29l BEE dE U Glucose,
Blood Urea Nitrogen(BUN), Creatinine, Lactate Dehydro
genase(LDH), Total Protein(TP)9] ¢12ko] #35lE &7438}c] FST
Zol| dhlEk= AU WSO 017 THZA] M ZEHER(
[FN-v, IL-2, IL-4 )9 44, HIE A5 RAH Je EHE
7ol Hilsks Hiolrk
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1. A&
1) AWE L A}
Avidin-peroxidase, Thioglycolate, 2'-AZINO-bis (3- ethyl
benzi- thiazo line-6-sulfonic acid) substrate= Sigma (St. Louis,
MO, USA)ollA  F5I6 e, RPMI 1640, ampicillin,
streptomycin¥} fetal bovine serum (FBS) Gibco BRL (Grand
Island, NY, USA)olA] FU5IACt Anti-human IL-4, IFN-y
bioti nylated anti-human IL-4, IFN-v and recombinant (r)
human IL-4, [FN-vi= R&D Systems (Minneapolis, MN, USA)oj|
Al P51, 71712+ VERSA maxTM Tunable Microplate
Reader (Sunnyvale, California)& A}E315Ct
2) 4358
Wister”] EF 9} ICRA 87 7S ol EsEHAEN
HoA] FUBIRSH, SELUWHY YUS 12K]7ISE AHE X

SIRL, EX AMEE AMREA YFISIZE siirt

w2

3) OI:;H

8o ALESH kAl Table 10 LERA HISF ZbO
CHHE TAE AYyoln, ABrHEtL SIS B of
HAoA TABIN). BERAEME A THIE BUS <
HEEES T 9REH>YY 459 W8d Folion, 584
2 MY O 045 m ZEE o Tiek 4TollA BBsEAl 4
ol X123l

Table 1. Prescription of Bojungikkitanggami-bang

T FEE =0
A Radix Astragali 6.0
A% Radix Ginseng 40
=h Rhizoma Atractylodis Macrocephalae 40
HE Radix Glycyrhizae 40
2% Racix Angelicae Sinens 20
R Pericarpium Citri Reticulatae 20
R Rhizoma Cimicifugae 1.2
seHA Radix Bupleuri 24
NS Rhizoma Chuanxiong 40
% &, Radix Saposhnikoviae 40
RS Herba Schizonepetae 40
BE Folium Periliae 40
351 Herba Menthae 40
Total amount 456 g
tl&tl—l

1) ZA +¥ 55} 48 (Forced swimming test, FST)
10-12g9] ICRA BFHAE HET EE Srig|¥ A8
AEke)d thRTol HzrEs, JE T HhREBMES
lge WFol AFFASIL 28, 7d & MHE F0] 25cn, &
10em, 25 23~25T, 20| 10en 71} E0e 98 4RIH
%}Zﬂi HHWEM 65 %OJ J&.Qﬁ}?i  AFY E 4 l HelE

HHERBNRGE 74 S E7F 506K etherZ PR A]
Al Zo A JEEE & 3000rpmoil 4] 1527F WARIAIEH]
712 YdEelele] EAE vt 3w 112 BHol Ue
glucose, BUN, creatinine, LDH, TP 58 &4 o} It
3) MOLT-4 M) ZHHQE

QIzY T MEZFQI MOLT4 AME= 10% FBS2E 1%
/ampicillin, streptomycino] H7}E RPM1 164004 37T, 5%
CO; incubatorol| A} BiFSIA T
4) Enzyme-linked immunosorbent assay (ELISA)

IFN-v, IL-2, IL-40] £ & Scuderi 0] 71&3t whgol
ol okF WHEE ELISA 9HOE  MABlirk &
anti-human IFN-y, IL-2, 1L-4 capture THZE THE 96-well
plate off 1 pg/mlZ THEIIL 4TollA] 124]17F PRSP TE
Z H|E0|XH ZATE/AE 9] sk 2% bovine serum
albumin (BSA)E EM23} phosphate-buffered saline (PBS)Z T
4% blocking bufferg H718l0] 37°ColA] 2417t EQF WAl613
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t}. ThA] 0.05% tween 20 & 25t PBSE 43] A& & xjzgt
AY IFN-y, IL-2, IL-4 EZNT 7F AR nie AENES 2t
well ol 100 x#] E71516d 37Coll A 2A17F &¢F x| 5Ict T

A] 0.05% tween 20& €r3¢r PBSE 43 A& Z biotinylated
anti-human IFN-y, IL-2, IL-4E 1% BSAZ $+93) PBSZ 0]8
BH 0.05 pg/ml LT 3|48 & wellol] X215k 37 TollA] 2
AlZE St Wx|BIHTE ThA] washing buffer2 78] HASH &
2 25 pg/ml SEZ Zt wellol] X2
St ChE 37°CollA] 3082 wx|g & 78] MAFIT) ABTS 712
€ 2} well off 100 ¥ 715le] 10 27 2g |RES tha
ELISA readerZ O|&3d} 405 nm T}AMOA] TFN-y, IL-2, 1L-49]
LS ZEBIYTE
5) EASHE Az

A3 ZT= mean + SEMOFZ FA|515.0M,
A R RESMEAS e

rYgE AE0Ir

avidin-conjugated enzyme

LA SH R}
A

independent t-testZ 21 A15KA

L2

ERRE

=

A g 7ol Aglol QoA wHhERBINRS]

Al 2=
a1

gRsaEH
A) BT ROt 22 HhEFEMRTS 7
ol A TS vlast 27 2Y £9 BEAIR2
S 1382+135%, WHRRBMIKS 001 g/kg AT
B 15842102%, Mh@RRENKES 01 g/kg FOITY BS
150.0+174%, #HRKEMES 1 g/kg 0179 A 158377
£E Ushdtt 7¢ 9 ESAN2 HEATY 8% 13442297
Z, BPREREEES 001 g/kg FATY A 165.0£189%, #
RRAEMKT 01 g/kg T A2 1720:238%, HHRER
BARA 1 g/kg Sol 2O 29 96.2:228% 2 LIERJT} (Fig. 1).
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Fig. 1. Effects of BITB on forced swimming test. Immobility time

recorded during 6 min in the FST in mouse given saline or BITB.
Values a¢ the mean = SEN. of duplicate determirations from five separate
experiments (P ¢ 0C5).

E558 HRREBIKAS 7
H2SAY PHY 429 WHE
LDH, BUN, creatinine, TPQ] &}
e AT 3663194 mg/dl, %@qjﬁﬁ},zj]ﬂ%fr

moT

glucose

0.01 g/kg BoIF9] ZL338.011 mg/dl, WhEFEMES 0.1
g/kg SAHTY HY 25125 mg/dl, BHRRBIBES 1
g/kg B9 AL 410.3439.8 mg/dl 0]} LDHE thE
2 904.34135 U/L, WK EMmEKA 001, 01, 1g/kg S
Z}7} 830480, 10354255, 1126255 U/LOQ) 1L, creatinineS thE
T 794 Ae Aol7t Uk BUNS tiEZE 18.2£1.0
mg/dlE FHREEMNES 001, 01, 1g/kg ZZ 19.0+04,
21.8+2.4, 18.8:0.8 mg/dIZ Z7lslgrh A U TP sk 1
3= tHAT(4.820.1 g/dL)oll Hldl #HREKEMFRT 001, 0.1,
1 g/kg (27} 5401, 5302, 5.3:0.1 g/dl) BT 25 o7}
57151 Table 2).

Table 2. Changes of anti-fatigue factors in mice blood after 7 days
oral administration

Saline BITB BITB BITB
(1 g/kg/day) (001 g/ko/day) (0.1 g/kg/day) (1 g/kg/day
Glc (mg/dl)  366.3+94 338.0+11 215£125 4103+398
LDH (U/L)  9043£135 83080 1035255 11264205
BUN (mg/dl)  182£10 19.0+04 218424 18.8+08
TP (g/dh) 4801 54+0.1 5.3%0.2 5.3+0.1*

Values are the mean * SEM. of duplicate determinations from five separate
experiments (*P ¢ 005).

2. T A ZoA] IFN-v&} IL-2, IL-49] 2
A §0

Yol Aol FHPRFEM

AZA HE8IS T Bes Th 1 8 M Z e E50] IFN-vo}
L2, 712) T AoAA HeEElS D WES Th 2 8 A ZEHEZ0)
IL-49] B&ol YolM BHERBMEHY EHE BV 9
31 0.01-1 mg/mid BEZ MEIGHL 24417} WSS 7 45

IFN-v2] A4S Fig. 20141 Uk AAE hET (0.

B8l R RARENES T E5F S71512m, 6] #
hREEMES 1 mg/ml (0.98 ng/mlollA 22009 E71&
ERARATE

— 1.5
)
£
B
£ *
_§ 1.0
°
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Fig. 2. Effects of BITB on IFN-y production in the MOLT-4 cells.
Culture supernatant was collected from none or BITB treated MOLT-4 cells, which
were cultured for 24 h. IFN-v levels In culture supernatant was measured using
ELISA Values are the mean £ SEM. of duplicate determinations from six separate
experiments (P ¢ 0.05).

T8} Fig. 3, 4004 LIERA HIQE Z20] IL-29} IL-49) A40]
Ao e RO A WS R 2Tt
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Fig. 3. Effects of BITB on [L-2 production in the MOLT-4 cells.
Cuture superatant was collected from nene or BITB ftreated MC.T-4 ceils, which

were cutured for 24 h IL-2 leveis n cLliure supernatant was measured using ELISA.
Varues are tre mean *SEN. of duplicate determinations from six separate experiments,
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Fig. 4. Effects of BITB on IL-4 production in the MOLT-4 cells.
Cuiture supermatant was cclected from rore or BTB treated MOLT-4 cells, which
were cuttured for 24b. iL-4 'evels 1N culture supematant was measured usng ELISA.
P05 signficanty afferent from the 24r saline value. Vaues are the mean *
SEN. of duplicate determinations from sx separate expenments.

3. INFvS] ol oAl iRk AS 2
FHERABNMK A0l £Q8F WY &2 A 3EQ! IFN-vo] ¥k
of B[Xl= GEE YolE7] sl T AlZollA E4BIAET #it
BEBIRFES 0.01-1 mg/ml 9 ST E N2 T 2447 vHQF
3}o] Western blottingS 319 23}, IFN-yHZ 8l5 2 ti X

Toll nlglol WhBEEMES NElToA 2F 71 LB
Ach o] A= Fig. 2.0 LUIERR IFN-vehB Al (o] Ao} ¢
BHYol AgE & 4 Urt (Fig. ).
IFN-y
B—actin

1 2 3 4

Fig. 5. Effects of IFN-v protein expression by BITB in MOLT-4
cells. Tre proten extracts were prepared and samp'es were anayzed for IFN-v
express on by Western blotting as descrbed 1n the metrod. Lane 1, salner 2, BITB 1
mg/rei 3, BITB 0.1 mg/ml 4, BTB 001 mg/m’
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JE R WARgolRt 1AV SASR oAl Sole B
A 45101 olol THA, Melsks @AEe) w0l & 4 3
o}, welsol Fol7h @B o] WAsH=H] Wed Fol Ao!
of wat AT AT FHE Hol ek HHBY Werls 3
o THRE R0 Bkl Y A0 vl

Frolalol|A] olAE FHake] slold MU BB, KIL &
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FREER 7, ESEN MATT 7 2 6kl 1Y ER7H ERSH
M ME/ BASIK BEL ESUT BH5 TEI BAG
ESEH0| FREES £938 20lo] Brha sint?. o)z e
Mgo] FaEEEEo] Wol7s3 SARIIL B 4 Utk

BOIRRES <HEEE> O #&0] AESIL B= #AS
WEGIA B35k 2o) EHSIL EiFo] Aom BEst o] %
2 ul AFBskH= EAOICE T Lo} AEMe AwEE ol
MBS 713 UCH BoRSEY EHT BHESS Mkl
I 5o ey ol RECE ¢lsld EXI BEHE E8 B
MEQ! simol BEF o] BRol Ut 428 Uole ASE
2 2 ok Mhaspl 39 48s die dugs v
EARENRE 2 BEEl s auE, #U2 mHTE,
Y R0 £=2a0E, M99 KEHR BEE R RE
&3} So) RUERCE ool AAR= wrhRE Bl mskst
I, BAR, #I7F, BREE ), MW S MrhR KBRS
Solalel 2R & AW T 220 FHEmae WAl
FHER0 S HFE AHEIHCTE
2 dFoME BPRREIMESS oI5 23} MEAESs
Eofst AEZS TR ZF 458 FHah AE (forced
swimming test, FST )23’24) ol m 2o} AHEE €A W glucose,
BUN, creatinine, LDH, TP} &2} &35l FST &
AR W9) sl B Q17F T A EFQ) MOLT4 Ml 28
= IFN=y, IL2, 1149 A4¥3ElE BaEsle WeZls 57 &
2 BEASUAL FRICk

Halyls £7 AU A REE FSTE $8sigion, 4
8 £ PEEE BEANE AT Aol 9 BE AEA}
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o] o]& wl4dslrl Y8t 28 F4 5 BUNI creatinine®) &5

& gZo gk TFEERl BEEE O]8FH I QUrt TSt 2

B gAY Aol chizde 25 A 2 HIE HolX &e AL

Z 5o} YA 2] HE0] YE HOE UpiH Anf. 2 4

goliMe guigor g =2Zu 3
H,

Al 8 25t & 4= A U Mals FEEICE 284
of #st A AFo) 7¢
§t & ZASEEGIE Al S W 28, 74 BEANE &
¢t 23, tE2T) vls] BhRABMKAS 1 g/kgS 7LSO
Foigt FollAl BEAIT0] ZAHEAC) ol Bl BHhREE
kAol AFY SHEEE FUAIA BEAIZ] ZAaEV ©
7171 BoEnkeE A7 Bort o gt ok Ae 2
oFE Aolrh X AW 32 EX ¢ 8l uE & WY
54 502 IEHH AR ERIFED, glucose®) U2 FHRERE
MBEA 1 g/kgE T o] thR ol vlg] &7IsI8rt ol
258 F UUE O F glucose/t ZAadh=tl HHEREBIEKAS
BTEAS A FoA E718 ACE MUY AUANSE &
312 e glucose WM hAlol B RE Aol IFHE L
Z Bl Aee ¢ 4 Utk E& W BUNS g2 tiET
ol B8l HhEREMKAS FAS Tl 25 ok S7IEU
.t oldl A3k HrhEKEINKAol AMug Al
o5l AS2 Av|gt. Crea tinined] Z 2 i AT A}
olo] Aloj7t %Lt LDHE 28 A% 4&slk=t ATl
HIo] @HEREMKGS 01, 1 g/kg TS TollA= 716181
1, 001 g/kg RSt FollXe ZATN HhRRBMHEHO]
LDH %] Hslo] g¢F2 £ S8 EHOZE 2018t 4= 9]
et LS 2HE 49 3R |2 EIE oL e TP
9] grEH e thET ol vioh 2t S71=EUt ol Fit
kAol 28 Fol Hslshe TPY gebHsloly ggk
AOE Iinn 285 Ho BA7) He wuld zt
g 3ol E 4= dezizh gztdch
g 0183 & B, BolHQl Th, Te A|Z, H]E0]
Al AsiAlEo] B4 o 249 ong S5 Thig &
T NEEHEZY |/, SolF HXA9 o|g§2 B HES
I3

o- O
ZE7IL QO HBS BAATIAL B
2

N
i}
N

% o By

s &
&2 WA AZE - ANgE R ks IE2E EFEH
=

IFN-y, IL-29] M2 Th1g Mz 4 HAESol #alglaL BiHo)
IL-4, IL-5, IL-6, IL-109] 42 Th2g HAY WY dhsol ¥

S, E5| MY BEAY RS o]F B ¢ Wil S IFN-
v, IL-29} 242 Thi typeQ] MEEHSZ0) WA ol A
HMEL WY 938 o)Eof?. RQE) L2 HERE 75y

BMS

wesE =4

2 7HA AL ot ThE QIAe §A J21u g
T o Ig A9 A6k L2 B A 29| 4
Aol FAME AEE BT, Al kol Z} i3l

Z, A EE 20 ¥FS3le] 843 B8 S7RIZCP .

o2 O
IFN-vE U420 BT A Usld 58 wolg

mitogen,

0l

2~
e

il

U MEEY SFoI”. [FN-vi= Hdol| 7]ofdke I 4
218 H1SS |E5H). IL4E prototypic HEZHE HEEHER

B2 MZEHEAN riEVIAE Tk 422 tieFet §5
Azo) &g Frt. L4+ A 44, hematopoiesis, §E £&

I8 T AE RE2S weidlEd £98 98 si=u
HFoA FEE HERABNMEAC] ThiE MEEHER 7}
ol IFN-v9) 34 S 26 E7M1A S B0I6KACT (Fig. 2). &
P A oA RASE EAE GACt (Fig. 5). SHAIRE
2, 1L-49] Yol gk vIX|A] QEYrt olgd Aike wih
BRSOl 98 £718 IFN-v7} e E7E ko) 7|oi6kd
g4 g B & X8 78S a9E VERE = )

SRTHY. BhRFEME A0 QT HAMZISZREQ
U MEZEESE WY E7H mRERENKSY WA7ls
2 SBE o = on] Q& Zuekn 4zkEch

mo (2B & oo o rie

o

(=]
2~ 0}
T

o
L

2

HHERERBINRAS HE71s &1 a3E Bris] #151d
BRIFE RIS ot EBA EF3 E8 Wl 29} ¥
% glucose, BUN, creatinine, LDH, TPY] gl 3E FHE5I%
ST M EFZEE] IFN-y, IL-2, IL-49] 44 H]

7Ej (=)

W UHg BAS 4n they ge

ri

F

SRS

g/kgg 79 B9t HATEAT oA ZAasich g
glucose, BUN, creatinine, LDH, TP2} gt SLE A1 d|n
St 23 HEREENEAES 1 g/kgs TSt TollAl glucose,
LDH, BUN, TPS} g2 Z7ISIAAL, fih@EEN%K7A 0.01,
01 g/kg FATOIAE glucosed] Ol HHBREEIMHKS
0.01 g/kg =0 FollAl= LDHS ko] A ZAch MOLT-4 Al
2ol WhRFEMEAS 001-1 mg/ml =55 AZISIL 24
A7 St & A EAolA] IENVE FE¢H 23 th ol Hla)
2% &7l B3] 1 g/mlY skolie 7ad e 2
E Uehigich MOLT4 AlZol WhEfEmEseS 0.01-1
mg/mlo] ST E TSI 4A17F BleFst & A4Sl IL-25
258 27 tiEzol ud /A4 e Aoyt fiddch
MOLT-4 Al Zoll #rhRKRENEKAS 0.01-1 mg/mie] =2 A
EI5L 24417 IS 2 AEHoA] 45 SFS 2 thET
o Hl3) S94 = zolrt GJrk MOLTA4 M Zoll Bhas
BIGAS 001-1 mg/mle) SEE AZIGHL 24417 vlst &
chzl WSl PaEs 2y 2F) Hidh 2% SU18I9n

olaol WA - 9 Ag A= HhRRBEMEASY Wy

A5
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