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Effect of Kangdangboeumbang on the Anti-diabetic Activity
in NOD Mice

Ho Cheol Song*, Sung Hoon Kim*

Department of Oncology, Graduate School of East-West Medical Science, Kyunghee University

This study was aimed to verify the anti-diabetic activity of Kangdangboeumbang(KBB) in NOD mice which is
Insulin Dependent Diabetes Mellitus(IDDM). The reduction of blood glucose after oral administration between 14 weeks
by 2 weeks period to a NOD mice in KBB extract treatment group was showed from 7 day after comparing with controi
group. KBB extract treatment group increasd insulin secretion amount of serum than control group and decreased IFN-
vy production. The pancreatic 3-cells is destroyed by Thi-dependent autoimmune disease in NOD mice. KBB extract
treatment group intercepted the progress of edematous islet controlling inflammatory mononuclear cells of infiltration
that also destruction of pancreatic 3-cells electively in a NOD mice.
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1. A8
1) Adds=E

2 4Jdsg sl AlE"  C57bl/62F NOD(nonobese
diabetic) MF e EF 658 QHCE SH=AH SEH TR0 A
£k wol FHAISHEPROlA Bat LHAIR(HYADE A
AlolshHA BiE ES 580 5901l 42 B+2TE /A5t
of 1747 A4 o H3A1Z & o) ASsidrt
2) o)

= Ao A8 RS 189 THUSS Thad

Zrt}.(Table 1)

Table 1. Prescription of Kangdangboeumbang(KBB)

BEEL E- (g
HE Rehmanniae Radix preparat 12
%% Scrophulana Radix 8
93 Astragh Radix 8
RIEH Trichosanthis Radix 6
Lz Dioscoreae Rhizoma 6
A& Acanthopanacis Cortex 6
Bz Bombyx Bartycatus 6
RED Fpimedir Herba 6
152 Ganoderma 8
BEBX Rhynchosia nulubilis 6
BAE Arala elata Seemann 6
BER Chaenomelis Langenariae Radix 6
L& Anemarrrhenae Rhizoma 4
#18 Phellodendn Cortex 4
AT Schisandrae Fructus 4
£ Cphiopogonis Radix 4

3) Aok 8 717]

Dulbecco’s phosphate buffered saline(D-PBS)= SigmaAl
(USARZE, SENolaEd (fetal bovine serum, FBS, Logan,
USA)2 HycloneAHLogan, USA) &S, insulin enzyme-linked
immuno-sorbent assay (ELISA, Sibayaki, Japan)i} IL-4, IFN-y=
ELISA kit (R&D system, USA)C.Z 4412t SHBIFTE G4
Z EBREMo| AR phycoerythrin(PE) -anti-mouse CD3,
fluorescein isothiocyanate (FITC)-anti-mouse CD19, anti-mouse
CDA4-FITC, anti-mouse CD8-PE, ZE]LE anti-mouse CD69-FITC
& PharmingenAHTorreyana, US.A)S] AHES AIE51%80H,
glucose &2 ~EYE RocheAHGermany) MES, 1011
Bl A]0K2 B3 K|OKS AIBSIITE 2 &F0) ARE T &
AZHEAT] (Cytometer, USA), H{4EZ]7]|(Hanil, Korea),
Bio-freezer(sanyo, Japan), Accutrend GC (Roche, Germany),
blood glucose meter(LifeScan, USA), ice-maker(vision 1}8H) &
9 Ag AE3Irt
2.4y
HO H&E
dolo] FMZWHS BRERMIEKEE) 3US CNRE7|
(5-15000, AHLwITId)ol ¥il, GAl<~(EFAME) 2000me} 2

=
NN

o] Egsie] 3AIKE Zoltt Ag 302 oF 100ToHA U
05kgf/em’E  ©oO]T, 2417 3072 121TojA e
15kgf/em’Z @o| 1 308 HHOF 53] UHUEHE I
2 1.0kgf/cm’] 2 @ 71K FEAIY F dlo} Peiws
ok 317 &0F €0l & KBBY o3} FEH(QF 1300m)E X
i, 1% 500m k2 Relsle] dTol ARESIRr KBBY ot
ZZ 500mlE rotary vacuum evaporator (BUCHI, B-490,
EYELA)oA Zt s&3kd A71AE REelst | 541%E7)
(EYELA, FDU-540, JAPAN)oIlA] 24A17F B2 HAxsld 14g9)
KBBY Z&EE AUCE dofdl B 2L YSI(75T)ol
Al Bl EF4eo] 848l AMSSIICE
2) o]} HAH9 E

NOD 47 3t & 5712 %(n=5 mice/group)dt gt

My 2
PR

bl

1

!

C57bl/6 41 & 5103 (n=5) 145 B} AKFA10] BIAT. Blerzol
Solt AZY UBZOR Lol EZS W2)AE4E, 4
S72 KBB 22 30mg/ke@ EF4ol 84510] 1277 1Y
1818 3750 siick

3) @Al glucose &3

8FBHE] 2F 71402 ME] n|ZWe dHg A AF 6
& blood glucose meter(LifeScan, USA)E &H&rs ST

4) BHZE L4, [FN-y, Ql&8 24
A

o
j0

& enzyme-linked immuno-sorbent assay
(ELISA, R&D system, USA)Z ZA3BITE 2} wello] NOD 4
o] B 100ut (1/100 dilution)X BZFEBIACE 1X17F EQF 4]
oA WRIGH &= 28] washing PHFACT HHS T}
Al

o o rfo

antibody Avidin-HRP conjugeted 10040E A28t 1417¢
ofl A1 HIR|SH & THA] A ABIICE. TMB 718 & 100p6 E56F
QtoflA] 3087F BRI F 508 stop EAE AT
ELISA leader 450nmojjA] EBEE EEBIHCH
5) Y= & |AME B

NOD A olal @ZX (Lymph node)S 22]5}] 100mesh
2 HEALZE 2rloict 2olE "Mz JET8EdE
Aok AEFE AMASHL 4TolA] HY gHHNE HAISIA
1, Z¥zZto]l PE-anti-mouse CD3e, FITC-anti-mouse CD4,
PE-anti-mouse CD8, ~1#}1l FITC-anti-mouse CD19Z& 11 30
27 d3olA giZAIzch Uhs F 33] ol elktekE delad
+Z £A3 £ flow cytometer?d] Cell Quest ZE1HWS ¢ &5}
o] CD3et/CDI9+ 12| CD4+/CD8+ M Z4E WES(%)E
2431t
6) 27 He] @Al

FHAES "Wolulo] 10% paraformaldehydeol|4] 24417} E¢t
ZELRI 2FIHc I £ el oE Zoisil il Sum
9] E=AE blockg TEUCE I RAHES H5S dod|=
massive mononuclear AEL BHES AlHd=
Jeosin (H&E)Z A0S AgBIin).
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1. ggfo] mixlE &
NOD 4= eledl BH] Az BHIZIL €
HAMZo] A5t HMBEOF iyt goivt Q&R A
Zicle] gddol 22 Bk B I oA Fig. 10041 HE
A o] 8FHEE] KBB 2&ES 1918 ATFFdslL, 2544
E AFIHBFRE] 227 71A]) NOD 4% 9] mz|EwollA] 20p0

Hedg Mol ggde SF5KEcE 1 23 tixdd
NOD 479 dg&e AEHCF Frkold 250 EYaol
400pg/ml O] E7I5IGE) 1211l KBB FEF Fo| 7o) A]
& HET viskd 94 e dyE AAB0%)E LIERR
CHp<0.001).
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Fig. 1. Total glucose levels in females NOD mice. Whole Blood was
collected from tail vein of NOD mice. Female NOD mice aged 8 weeks started to
receve vanous concentration KBB exiract oral administration, Total glucose have
recently been poini represents the mean+SE of five mice. Statistically significant
va ue compared with NOD-contro! data by T test (*: p¢005, ™ p<001, =™ p<0.001).

18 20

2. &Z IL4, [FN-y, Z2)1 Q1489 B2h|ak] n)x)s ok
NOD 4#= ¢let] &S g He) ZEZ Thl A Al
Eo| gX8R HMAY BAZIL sEo] Qlewle) Bulvt 28

oz Fgzmol 57 ot whHE A Zyolnt UL
Table 22} Z20] KBB £2&EE& TEdsll, 2F%F €% Th2 Al

ol A HIEJ“ IL4 434 Poé elols

)

ke 4 Ak Ielil Thl AL
Mg A3, iR Tl vlgked K
XS IFN-y 44 TrA
CHp<0.01). ®=5t HHE olsdl

Hlglod KBB F&E Foiwo] 38ME FY
\/}E}LHO{ KBBS] o2 FZ9] BAIE at3 7} A
ZEi(p<0.01). CD4+ T A|ESH (Th MIE)es thETo
KBB £&£E FolgolA ZAsIRIL 58] CD4+ T MZES7E
14% ol 7YY A= d4E L}E}LHS%iD}(pw.m). J18]i CD8+
T M2Z4(Te/s HMZ)= KBB RoTolA E71E LRI &
3l 23% o]4} CD8+ THZS7} AA S718Ich
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3.

1]

A ESol 7R

GF oM GuEe FE TAlxel s SM=H

CD8+ 2} CD4+ THIZ 5 €QF JITh H3H NOD M o419
AVHE G E CD4+ T AZQ! Thl HY HiSd] dojdrt.
2 dA-tollAls 2277 5 NOD 479 & SlA 55| £X Ho}‘
200 UERAS AHESIH YIAZE BE2ieh & FHE E
GO T WAMEY $E BAGKICEL I 23} CD3+ T xﬂef_
T Uxal sk KBB FEE FoTold ZAd¥L

(p<0.05), Z12] 1L CD19+ B ESE CD3+ T Aol HlEISl 2
Ik Fgo] JU2EE KBB £&E FolToll4 CD19+ BAE
71 E7H5IGEHp<0.05). CD4+ T Al (Th A Z)E= thR ol
Hlgle KBB RE8 Fololi] A6, §6] CD4+ T Al
7} 14% o4t FAH Ae TAaE VBT (p<0.01). 18142
CD8+ T M Z4 (Te/s ME)= KBB ZEE RoFol4] S71E
VIERAGICY. E38) 23%0]4} CD8+ THE47} 718150

Table 2. Serum level of cytokine and insulin in mice (n=5/group at
14 weeks after start of the treatment)

C57b1/6 NOD® Control NOD-KBB

IL-4(pg/ at) 9.1+041 134%1.1 1474086
IFN-v(pg/ m) 42020 452425 20521+
nsulin( g/ m) 98404 38208 145£33™

“NON: Nonobese diabetic mice, Female NOD mice aged 8 weeks started to fesd KBB
extract by oral administration. Each point represents the mean SE of five mice.
Statistically significant vaiue compared with NOD-control data by T test(* : p<008, ™ :
p<0o1, ™ = p<0.001).

Table 3. Phenotype of lymph node in NOD mice (n=5/group at 14
weeks after start of the treatment)

Phenotype Ch7b1/6 NOD™ Contrel NOD-KBB
CD3+(T cells) 70.9+0.74 90.5£0.50 876143
CD19+(B cells) 21.3+0.37 7920.02 1.3+ 1.49°
CD4+(Th cells) 324+2.76 634x0.87 5414223~

CD8+(Te/s cells) 202145 258043 31.3£4.15

¥NON: Nonobese diabetic mice, At the end of the experiment the mice lymph nodes
were removed and CD19+/CD3e+ and CD4+/CD8+ cell population (%) were
measured by flow cytcmeter. Fach point represents the mean SE of five mice.
Statis| lcaHy significant velue compared with NOD-control data by T test( p{005 ™
pCoo1, ™ p<0.001).

4. FEAFAQ Q&M (insulitis)o] &8
NOD 4FollA #&E M &l 28H
Qo AT E =H3Ic 1 23 Fig. 200
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shrxyol MokA ZdEol T ok, B dabk, g
A Z 7} AR (infiltration) FENE BAME 4= Qlrt.
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Fig. 2. Pancreatic histology insulitis of an islet of Langerhans.
Lymphocyt ¢ infiitrates in this edematous Islet suggests an autoimmune mechanism
for this process. The destruction of the islets and an absolute lack of insulin.
*Arrow: Massive mononuclear cel!

Uoi EQA0] RAH T oM, gl Bojx &l FEY

LE A gy S8R9 5-10%E AN S, L2 wEe
Tl 400) oMo wr=d FE 154 viniolA 47 £3) 57
A, 10-14A4100 2 BrBict SAE2 10-25% A58 28 Wizo
SR EQ] 30-60%0f B3l LH *eb ZHER BHK BR, &
R7} BBk, A EAl0] Ql&Rlo] WRsH, gy AR
Zoll wix|7] Lrh”. ololl Bldl Q& HIYES Bt 404) 01
Zof FE wMsHL AXE] AgE =% S4o] AL 7
401 2L B, Hgkl Z2Ut Bon, shEEogE wut
o] ERIZ] €y,

AR QafollA] & KlE-S’— a} 1A ofE] 7HA AYE ALS
31 YT IFBGIME Tl &= Z40] na‘%ﬁﬂ\, RATHE,
DB, X, NEEE, 87% x%o}(%w%) Zo) ABEN &
R0 ATk o= BMHES BHOF lof B % ERwEA
Wams, RRoNA FUdslE EH0Z ABE0 MYoR
AA7Y AE WHE Zolth

Mk A O E RS BRECE o, #inslal i
fgol 23T WREMSIL AREE, £85le 280 rt
S HEGl BieY OErt AN R BiRY 558 AE
ghedll, 6] Fifol S0t YES HARMEOE 5w}
1 %5k ﬁk@@ﬁ W RRSIc). ®igol 017} BAE Alus)
I ke K8 Asle BLEETY 501 Atk RE/ 1
Sloll L& FEEE 5g/kgd EFEOE FARSH 23 ggg ot

SECEE 27 QIQT, 0] EES Aol ZBEUH T FHo
v Aoz H9rP. & Y 2 streptozotocinSut W ojA] R
o] SYHUE YOS BIUTIL SN Fits BEEOE
HBOR mEaRSA BEAS FHEAIIE 2180] Jltt. 1B
53] 27/, DRE FEMES F40] Uehdch.

FIEHS HEEAEOE HEr MEsil &l HikS
2 RSkl EEOE sl MREEROE 018 DB, 18
B, mEdEy 59 WEd Fasy. 2% xRy duasts
ST BICE (B MHREOT HEOF Ao BRIsK] &
NG MBI T o} MR wol mgsle] Mg, mre =
= E@D} B2 HELI WiEsto] BRI, MG, RS

W, R 8B BY §5e XS0 EE mEEE
Oi EEEBIO] FPRHGON ZH26] AR, B ILEEHL 3B

HAESITL BEY BEEHS X8k mgory.

Ol)l 0

LHo0= B
el

NOD mice®] E@daslol vlilz E&

gizol tiaiAlE 7 27Tl tist Egdst A7 AR
.7 B9 s eota e, FH §%) 24, TR, B
IR Q7140 S LA tish Halvt At BEES ¥
FHERZEC T my alol fF Aol 2ME8s1 BEIESHL
RIRIESICY Aol0] BEI AAERE TROM 52 XFart

="0] streptozotocin© F SuIdt Bz ol theh wizato] &

S ol SIC) B ES HBECE EHlAL #Hold

BOE EEHESIY BEOE BRKIRSIC BES Rt
?ﬁﬁﬁ@%ohﬁ RS MEE sl EFH BT BB

molle ¥ EmX 41/ ¥ S wigloid ARESich BBAR
EOﬂ BRFES Z2olH trE 23S0 B86MH otEl L, R
&, &AE 50 mIEES UES Nttt BErs RWES
T HIRSIL o Lol ZRETITh

WEREMSIG] ROARE BEEHS 5%, LRSI 1%
BREEN, # 0TI WHAR S TARICE SIS EEE, 7t
o, INEZE, 1Y Eof BRG] Urkn BIHAN. RE
e OF, FEol& olglak o, EnY thal 55, =
£ & hEE 124 k1, 71§ lEd 2E BREs AAsi,
3l Ag EolA o) EEH o9 & uIRS EE
2 20, gu&stg gudlA sl £0% Wor ghile
Sk %’7!(}5‘2% FEURHY JEEd #3250 FE9 48
oAl e} B2lE dl, AY, Ui,
Holl LRAZoL HEE ol Herh
W7 g tietg 7|, 7} 22l Hg W%oﬂ et o
T7F AR @RS FAr|E 2Av|ae i EQJ Sieel
gz 2 %) g2 2RO ZEE EH'@ Z5HaHE o)
T/H'SJ ST UBTE FIRE BEENECR Eﬁ &b i,

H, Bigo] A3t HES HASL HES HRsgEsIth i
a/] IREAE BRC) Ul g Sdolut WiRE Kol KIek,
FWE, Fit B8 lglole ElEo] Urt EFEES 4 &
7MY dEg @iy, alloxan Yl BTl thidh £-80] Hrh
wzigic} z 292 streptozotocin it 3§ F ol A] HIfE7H K94
U dGAsIE BT s B MEVRIRECE HE
Slo] pikkshe] mENRIE, BESIY] BREMENE Eoll TES B
g AASIC) RS W1 ot BKE AYsle s &
DX EE RERAH BREF B0 4 & iRk 59 BEE
&9 CHEE gt AISEr). BMAS BRECE H &S
I RESK B, L, iSOl ZESKE o EiaAH, EESIc
NZO, R, (WA Bl ARSETE fE T KEECE
FRE BaElT BRe wRdich mEim SEE A B
e, BEETT, BREEAT, ABEAL BROEB 5 mEd mEsL
Aol ROl E—‘? B s4e 18’ o) 870 2
ZZ50 ths} alloxanfet @i A GH A7+71 JU[TL, I S
Yo TikF FESol \'/Hé_ =l=rdtel; 01?7} AR

oledl &Y "ol tigh 4
streptozotocin?et B39} NOD 4 f]—g ] Q} oz Aslo] Q)
C}. Alloxany} STZE 95 »gLrHe 2
olghili & 4 §12L), alloxanFRt Bix Oﬁﬁﬁ &) AuRitE
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B 2 S99 ol E0] YL, STZRY BLdT7E &
J9) *é‘—@%(ﬁm HR}, T2, EE, AHE, HEK, B7),
=Mo| R~ZMONFEY, B, B, BT B, KR #E), 8

=
[=)
=13

21y

Yol mEE) 2 £ wid, B4, S48 QuER, 8 57
9 #BEHE 59 U9 AU ATt

NOD 4z= A18 ghie me 283 s2rdolny.
NOD Azt xpbEOoE o] uhisll, £5] female
(80-90%)0] male(40-50%) BTt oF 20T Hetg HIE} =

Female NOD 47 &= % 4F Lo Ql=gig(isletsQE9 W
M Z9 AE)7}L 4713, & 14175 57 HE THEYY S

2 Hol7] AIZISIG 35407l ThRRS] WF7} AZie BE
AEg EOIJ_ Rl K]EJF i 22 £A k. NOD 4
ZollAo FE T Mol ) SN CD8+ &
CD4+ T Kﬂ:t TF ZQF gith NOD 4F oAl A7y &
EHE Thl HY g0 Yok, olFY B2 B nz
M, 3542l Thl HERIEE Th2 ¢ OF vHA sl o

SR
2] 71 ZR)7F APHEEREE SR ARshE AS
ot EHAM T %:LFr‘ﬂ d=8 wl, A7) Aol S (self
emtlgen)o zsiA AA= L, ol Yixe

OrsHAl Aghe AR, S A7k
M T HES g g 7] (tolerance mechenism) o 9}
sl 1 #iHEely Art. o1 8 AP Yoir1do] iSiciH

olRo] & A7h 3 (autoimmune disease)Q] RZ0| HE
Rolct.

IDDME 0]2} Zo] self-tolerance
7180] ol o|/E sl ot E L, HEY BHE EMShE
A7rerlo] thet M ZEY T cell (Cytotoxic T cell : CTL) o] 44
4 4 L o] CTLE Sl &9 HEM 27} stij= o] IDDM
oz wag 4 U 5 ApIEE ARORA IEUL AL

ok A& 259 HERIZZ gR1E X7 HE ghgol Qe 3t
== olole thal ME, CD4+ T M3, CD8+ T A E & A
ZEY cytokined} BHAFO] UTk?. CD4+ THEE BE THE
(helper T cell, ThA| F)2A] 015 ThAEZ &= BAIZE9] gHA| ditg
11(Th2), 28 thaMZ EH38E FETHThI). ol
A8 AF ME-AED 45 At 9diA] = cytokine
BH|E EdiA] o] 2oLy M ESAY T2 Al

Ho

ze gy wd 28

ol g
3}(differentiation)¢ltl]l, 2a}gt MEY 7150] 2F XY= ©
Aolth &, @438% Th A= J50] BH|SHE cytokined) &

Fob 2]l cytokineo] Qg WY £E 750l Wl Thiz Th2,
= £29] §8 TH Z(effector CD4+ T cel)Z E3I5IAH Hrt
29 olejet Bal} IS S BRI AT, LAt
B0l F49 cytokine EHFo] M SQ35HH, A9 &F
o} 82, SAAMES &7, SAMAIMES T A2 kg &
W BEAS 4189 &F §oll 9o Thl &2 Th2 29| M= 2
37} AZEri @A e o)A 2l 53 Thi Al
E= [FN-y, IL-129} 222 Th type 1 cytokine (proinflammatory
MakGkd  allgor Zedm e
pathogenol] thElsH= HAlElZo) BB 819 o859 BT s

I~

cytokine)& intracellular

HE2 AP A RchiE

Th2 AlZ= 104, 5, 9, 10, 13 &34

of ole= il &
& Th type 2 cytokine
cytokine)& Askd TMET e
extracellular parasite®] Z2goll tgslal, B MRS} A X
M HF2 (humoral immunity)oll LRSI, o]K@ Thl A Z7}
AB¥51e Th type 1 cytokine® Thl A|EQ) 312 ST dk= 1}

H])

(anti-inflammatory 4

W Th2 28] H4130 2318 G5, B E Th2 AlZ7} 48
AY¥5}E Th type 2 cytokine2 Th2 MEQ) £} 2318 FE3}
E uhd Thl Mz9 232 AA5 P_ NOT AE ASHAE

E) #8S ol Thl 3} Th2 WSS 2&sI28, o] &
Fol oA A =¥ Thl/Th2 %&o._i I8k o 71R] HEE
s 27 Bof. 229 @FolM NOD 28= Th type 1
A AriEY d8oF dF IFN-v9 Saao] Faaol 4
ol 1l5kd 10HH o1& A SAHIL Y, IL4= ZAEAY

i, o1&l &

400ug/ml o]/}:,

Aot EIEHL U
B dFoiML 4F

T 10uU/ml o]5lE £AN511, &% glucoseZ}
Azol FTY7208 Sojdla] BrdAol] g7}
40}
£¢F NOD g 430 KBB
Eoiglol TFN-v2) S thE Lol HISlo] 54.6
733, €5 sl Rl HI5k 276% S7HAZATh
[FN-y 4412k9] §14¢t Zave Thl 9J&EH APHY 28 NOD

FEES
% Al

O
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