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Effects of Sipyukmiyukieumn on DNA Synthesis, cAMP Synthesis
and MHC-class I Expression of FRTL-5 Thyroid Cells

Jae-eun Yi, Byoung-woo Kim

Department of Internal Medicine, Oriental Hospital of Sangji University, Wonju, Korea

Objective: Graves’ disease encompasses hyperthyroidism and diffused goiter associated with auto-antibodies to the thyroid
stimulating hormone(TSH) receptors. In clinical environment, treatments of Graves’ disease have many side effects such as
recurrence and hypothyroidism. We've studied the effects of Sipyvukmiyukieum on DNA synthesis, cAMP synthesis, and

MHC-class II expression of FRTL-5 thyroid cells were studied.

Methods: DNA synthesis was investigated by using BrdU staining and ¢cAMP synthesis by ELISA kit, and expression

of interferon-v activated MHC class II by Flow cytometer.

Results: After introduction of Sipvukmivukieum, significant inhibition of DNA synthesis. cAMP synthesis, and expression
of interferon-Y activated MHC class I of FRTL-5 thyroid ceils was observed.

Conclusions: Judging from these results, Sipyukmivikieum has potential as a potent herbal treatment for inhibiting the
enlargement of goiter, synthesis of abnormal thyroidal hormones, and autoimmuine responses of Graves’ disease.

Key Words: Sipyukmiyukieum(Shiliumeitiugiyin), FTRL-5 Thyroid Cells, DNA Synthesis, cAMP Synthesis, MHC class
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ALY, AFgs, ARZE T QA= %2 Table 13} 2o} 4 kiisfk &3 5%
O HlHgAA F4S el 84 xg ¢ (41.2g)S 100me] FHF2 BAS F -70C oA
o] golakA ge Agoys, T4 2289 34g9) extract® Q0] AP 2183}
olFd A oEge M BAAYIESAR % THTable 1.).
of diate] 4, & 5, @, 4 52 1" So] 94
2 AP ATE S5k REHQ 5% S B 2. Fisher rat thyroid cells(FRTL-5 ZtAHM M| z)e
i glotk, 1A AZ o] DNASH cAMP 34 e
MHC-class 119] @8lo] w23 ggko] el M e o} B AgelA RS- FRTL-5 7134 Al Z(Inter-
A7A AF7F o]Fo)R A gtk thyroid Research Foundation, Baltimore, MD, U.S.A)
oo AAle JAAo 2 77 ERAE 7 £ ATCC(American Type Culture Collection)o |
Fol B347} Aokar DR |kt FAe) FRTL-5 AFRektt. FRTL-S 74734 A9 w4 sH

4 AZe] DNASH cAMPY] 34 2 MHC- medium¥} 6H medium< A5}t SH mediume
class I19] 3ol wx)= HIS methimazole}e] Coon’s modified Ham’s F-12 medium(K. C. Biolo-
2A9S Es5le] vy 248 A3 o3 Ads gical, St. Louis, MO, U.S.A.) 1 ¢ 9] 5% FBS(Gibco;

£ A7) Basks nloluh Invitrogen Corp., CA, U.S.A.), 10ug/uf insulin(Sigma
Chemical Co., St. Louis, MO, U.S.A)), 5ug/ul trans-

. M8 U Kk ferrin(Sigma), 10 ng/uf Gly-His-Lys acetate(Sigma),

10ng/pf somatostatin(Sigma), 10pM cortisol(Sigma)

1. Aol M= S E@st AMEE, 6H medium SH medi-

2 Ao A3 ok 74 okgel umol ImU/m¢ TSH(Sigma)E H7hste] AMg-slsith

4 £
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Cassiae Cortex
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+ABRARERO| FRTL-5 ZHAH Ml z2o] DNAZL cAMPE &4 & MHCclass I19]

3. FRTL-59 M=EzsMd =3

FTARKF R AESA-L Crystal VioletE ©]
&3t SRS MEE 96well HFu)kE7]o|
1x10%cells/well 2 B2 3 1243 o] 4 vl s}
2251991, serum-free mediacl A 24| 7F v k3l
ok M Fujkd S AAs SH E-& 6H medium 3}
dA o8 FE +ARRERAS FAT T 293t
ujgstsict. Migdg AA F Crystal Violet Fo
T o 5~1087 g2 A8 AZE Inte]
1% SDSE H7}sle] B3t &, spectrophotometer
(Dynatech, Inc., Alexandria, VA, US.A)Z 570nm
A FFEE SAsA

4, FRTL-52| DNA gMoH 53X

FRTL-5 744 41322 DNA §AAdAAEE 5-
Bromo-2’-deoxy-uridine Labeling and Detection Kit
O(Roche, Germany)E ©| &3t ZA314c) A8
w0 A 2 3]Abe) protocolel]l &J5tsit). 24-well cul-
ture plateo] Z} well & 2x105 cellsS Po] uiokst
B AR R AT methimazole S FTHE 2]}
of 2417} o] W gstSiTh 24A17b0] At & A Zw)
Fd& A718}3 BrdUS 10pmol/LE ¥ o 208
7 O ksl WiAE A7 3 5 IxPBSE
A A A g 23 A(50mM glycin, 70%
Ethanol)& o] 20°Col4] 2087} wrxjsldch oA
1x PBS(phosphate buffered saline)E A ¥ A 23}
3 anti-BrdU £-9-8 Y3 37T A 3087 Wx|3}
9tk 1x PBSE A ¥ AA31 anti-mouse-Ig-AP
LA-8 YW 37T A 3087 x5}k 1x PBS
2 A A M8t 7] 2(NBT9 phosphate &9)&
9o} AZ7 g alel Aol ow wes B
I @uAsel A A2SFE FF5h

5. FRTL-52] cAMP level &%

Tk R A EHE cAMP ELISA kit(Sigma,
US.A)E o83t SA3HT 6H wj=A] o)A
1~297F wjekst FRTL-5 744 AxE 1x10°
cellsiwell2 B8] B3 Al7] 3 SH H}R] 3}l A
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T2A1ZF wiFstelth. 1Y o o)lE HABRILRER
7} methimazole S ¥ &3+ 6H v A2 AFA|A 44]
b B uirEtgch o] wiAE FASY cAMP
ELISA kit(Sigma, U.S.A.) W{o] we} cAMP %-&
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6. FRTL-52f MHC-class liel &8 &3

FRTL-5 7344 M Ze] MHC-class 119] ode
Rat thyroid cell recombinant rat Interferone-¥(Gibco,
USA)Z 45319ch 6H medium 3tolA 1~29
7+ HH o3t FRTL-5 7%}@ AEE 1x10°cells/well 2

F3lo] FA A]al 5H medium &} A 72417k

Fslgith 2 3 oSERREL 2 methimazole g
?}é 3 6H medium @ F HAZAIA 4A17F wjoksdch
wjjeko] Byt & 100U/l Interferone-vE 7}l 4
=9t H}]"J/\]ﬁ MHC-class 119} @&d& §x3t
734 MFEE 0.05% Trypsin-0.53mM EDTA
AL Ziﬂlo}Oi 2o AEE FE3 o
A Z ol 1pg murine monoclonal antibody clone 53 ~
502(Gibco, U.S.A)S )8l 4T ice waterol]A]
3087 WA AT SAWRT LS Isotypeo] ZS
Mouse IgGE A zlstgth

3053 Bovine serum albumin©] 0.5% =A A7}
# cold phosphate buffered saline £H O Z 23] A
#H3 & fluorescein isothicyanate(FITC)7} H-&=
Goat anti-mouse antibody A]2FS Z}zbe] A Eof
28l 4T ice waterodllA] 1417 Bt WHS-A| A Th
ol MNZE A 23 AHEF v 04mle] 1%
Paraformaldehyde &0 X547 o2 Flow cyto-
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M. & 2

1. FRTL-52] MZ5Mol a|x|&= Hg

FARRIRERKS] MEEADS oty Ys) gk
T | AR FKS FRTL-S 444 Ao
2 2]8 F Crystal VioletE 0]£3} cell survival &
ZH3)9y

AR BRS04 800ug/mé7hA] A 2] 3FAE Y
cell survivale] TR Ha ZAstd 800ug/ml
M e 2ol ulsl] oF 73.8%9] cell survival S 1}
ERN A tHp<0.05)(Fig. 1.). webx E dATFoae 800
ug/meol 8] 50ug/ml, 100ug/me, 200ug/ml, 400ug/ml,
600ug/me, 800ug/mle] FXolA E AYg A3}
STHFig. 1.).

=

120 ¢
1

100 F

Cell Survival (%)

2. FRTL-59 DNA &4 dxjoff nlxle @&

TS DNA SAAAETE golry)
Hste] FRTL-5 7/ A Eo BrdUs} BrdUE <)
23 FAE MEste] AZe FE E3 5
HE AEE ZAste] DNAY 3§49 AEE #Es)
AckFig. 2.).

IR S DNA 4 AARANE gofry)
29J8ked methimazole®} 7o A|3zol X g|sle] 3z
st Ad 3 Arvt 4 wxd e AEg e,
methimazole =3+ 7}4-3}9 21} methimazole Xtk
kRS DNA 349 B3} o £ & A
o2 Yepgth F, KRIAKES 50 pg/ml, 100
pg/ml, 200ug/ml, 400ug/ml, 600ug/ml, 800ug/mie] =
© FEA djxol| vl froJgk DNA M3 oAl

80 + *
60 -
40+
|
201
Q- - _ . . . R i —
0 25 50 100 200 400 600 800

Sioyukmiyukieum (pg/ml)

Fig. 1. Cell Surnvival of Sipyukmiyukieum on FRTL-5 Thyroid Celis

* p<0.05 vs Control

200.g/md

20 ym

6004ug/ml

Fig. 2. Inhibitory Effects of Sipyukmiyukieum on FRTL-5 Thyroid Cells DNA Synthesis(By BrdU Staining)
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TRERREO! FRTL-5 24 M=ol DNASH cAMPe| B4 9 MHC-dlass 119} watoll olxls dg

ETE Bgon, E3] 600ug/nl, 800 ug/ml E=ol kit(Sigma, U.S.A.) Wo] wte} cAMP & SAS
Ae FAYZETFe 100mMe] methimazolee] B3| A}, HARKITR S 200ug/ml, 400ug/mle] X0

Az F9% JAEAE el ckFig. 3.). A izl vlsl o3 HddA] E9E HYo
o, 50ug/ml, 100xg/ml, 200ue/ml, 400pg/mle] B&
3. FRTL-52] cAMP #HMofl olxl& ¥& Eroa] FAduizgel 100mMe] methimazoled)

BRI R k] FRTL-5 71341 Alxe9] cAMP & vl& Sod wddA EHE JehckFig. 4.).
A v Je-S golry] st cAMP ELISA

1201 b

a, p<0.04
b, p<0.08
¢, p<0.03

DNASynthesis (%)

0 50 100 200 400 600 80 01 1 10 100
Sipyukmiyukieum(ug/ml) Methimazole(mM)

Fig. 3. Inhibitory Effects of Sipyukmivukieun on FRTL-5 Thyroid Cells DNA Synthesis

250

00 a, p< 0.0
E b, p< 0.04
.8_ 1% c, p<0.026
&

100
% T

50 a s

HHEa i
0

50 100 200 400 01 1 10 100
Sipyukmiyukieum(g/ml) Methimazole(mM)

Fig. 4. Inhibitory Effects of Sipyukmiyukieurn on FRTL-5 Thyroid Cells cAMP Synthesis
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4. FRTL-52 MHC-class I &siof o{x|= dg&t
[-7if 7 ko] FRTL-5 AR A|Ee] MHC-
class 119] W&o mx= 3k Yolrr] 3]
Interferone-v& ©]-83le] MHC-class 119} &< &
uhsldtd. MHC-class IT %8 FRTL-5 7H4HA
off -7k A 2 methimazole S 75}

A1zl 3 Flow cytometero] A A Z o] §PrE

o=

ooz
od oo Hd

one -z

[=}

0
~o

891 ch(Fig. 5.).

Interferone-vE F7}8}A & SAANZRTY cell
number(%)7} 12.24214] 4|3}, Interferone-vE A7}
g izl ME 78318 MHC-class 11 @tdo] =
23] fE Ak

7S RS S0ug/ml, 100ug/mé, 200ug/ml, 400
pg/me] 5 EFoA tizd vlE) |23 MHC-

Sipyukmiyukienm(g/ml) Methimazole(mM)
4 8 §———— 8
£ £ LE
5| % = 4
a ® Control =9 50 g 1
£ s ] 2] =]
= e > = '
i B oy Dy Faseecaam w0® et 12 10% 10t w0 1wl w02 10® 10t
S 4 8 g8
= s £
s y-IFN 8 g4 o
] 8 100 8 1
o 3 | 8 2
5 1 2 a3 1ot -3
e e R Sy 106 301 102 10? 10%
Fluorescence Intensity f =
. 200 g
s & 100
=@ 10l 1o we® 10t 2
0% 10t 162 1w0® 1e?
g
g
8
8 400
2

a°

1wt

Fig. 5. Inhibitory Effects of Sipyukmiyukieum on

1007
|
80/

60

40(

Cell Number (%)

20

0 1IFN
Sipyukmiyukieum(ig/ml) Methimazole(mM)

50 100 200 400

o 1w w?

FRTL-5 Thyroid Cells MHC—class Il Expression

a, p< 0.005
b, p< 0.002
c, p< 0.01

d, p< 0.025

1 10 100

Fig. 6. Inhibitory Effects of Sipyukmiyukieun on FRTL-5 Thyroid Cells MHC—class [f Expression



+ABRTRERO| FRTL-S T4 MZ2| DNA%H cAMPe| B 2 MHC-dlass 112

class II 28 94 &7 BYor, 200ug/mi, 400
pg/mte] EEAE 100mM methimazoleo] u]a)A]
= F93 2y g4 575 e AcKFig. 6.).

V. # &

#3471 825 (hyperthyroidism)> &0 2
3 F BxH Ogos fHE0] B HAIOEA,
oA AT EE] Y AL, ErlEo]
e 3 E2L daked®’, olgd A
ZEZS dode 49 F ago|Bao] 71 &
&z, 2 HxE A dd wel 60~90%5 Tt
ago]BAWE TSH =849 dig z71e 7 1
BAe AFE AN TENEE Fodle 7
B-5o|4 ArtagAgol,

A7PAGA dAdse A Arrakde] o
g A7EY @o] dojuA At A7 BAAHL
dEA Wt dojue ZASE 2tk o 23 3
A AE7L gase] ZAATIEASE el 2
Ad & A7FA7E 3AAE A58t 147
g3Fo| ftdtt 1 TAH HAHoF dANE

4234 E(dendrite cell)9} 2& FARAAE
AEtol] FAAR 77} F2AHGAHEZA) (MHC-
a3 st E2HW A7PeA T A
T} o)E A3 o] HHEZHICAM-1, LFA-1)
9} B A=A S EAHBT, CD2/CTLA-4)S0] A=
Zslojol T AE7F @48 o] W dado] o
A 8ot AMEEA EAEE B9 A
A X MHC-class 11 8498 &3y, $AEAE
& ®EE3: g0l WAL, AAAITIAE
TSH 483 9] A X 8 HEo Aga F ofuldy

olE Mo|Fe}olAl-cAMP AT ALHAE A3
oq go=Me AX A3, BAHAz=E 44 &
el 2 Ao ARE FJA7I, 2dgeln
21 oj A 1}*“47]—smz94 ¥<le] #rk. MHC
class 1 39 ¥£2& 1 A7) 444 Aridade
YA wQloler] EE}~ ol® o s Az}
g Artag dade] olabd Aa@Z oM Eulg

L °1f

class II)
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I P, ANA KB, BEEER, A
USTr Aol Wik L&mnw ARAUSIE
Y T A R R 53 3ans
of ATAel digk A7} o)A sle A
HT R - o] FRTL-5 744 Axe) =43}
cAMP 34 2 MHC-class 119} w+&¢) w)x

of Mz H¥a A7} oo Hrk e,
PEHeZ AN TRAE, Az 893
7} ok A Ak R G ] B4 Az
°] DNA%} cAMP 4 2 MHC-class 119] ¥-&lo]
A Gl dsiMe o} d7A A7) o] FoA))
%S Adejoltt old] AAle B dAgoa gaHo
B AN seRE, dAEe aast oo o
HA | RRFIE O] FRTL-S 71442 A)3E2) DNA
9} cAMPS] §4 9 MHC-class 119] @& o] n]x)=
% &S methimazole#}o] )24 8-S E5le] £13}
27 gk

PRI Y e, d Agoem

FEH ﬂ"i&r/\ﬂf~ﬂ she
PREFITE (00 = “%X 1 6g A% EiE HE & 4g
JE PIRE AN AL AR B4 BRI s A
A Wi % 2g Fifl 1.2g5 o] Xxlo] A"
3 Fol g W%W"% T R PR, |itE
Gy )ﬂfééﬁﬁoi BHRE BPAIA HHELS X8
a0, AZ, W, WSS WS, R, Bk,
fcEst gl B o 9 AR, TUE, SRS
EWEL A BS @iismetd dAeas =
FIAA FHEEYS, BE, HEE A8 dc e B
HuEE, miTmiRshe, Biamndt stgon, g,
KT, 52, WML RN, RS Hggke s, me

<]

o2

=

U
~o

‘tfzﬁ”%n, AES BIER, HER, B8RS W, &
< EHHE, IR RER, R, AN G,
BRER, HETR B %8, BEBSH, 1
B}, A2, RS HHERC 2 EES X8t 1
HEE, fEmin, BRIGMm, Eekd £EE B8
st R NS BiA 7 BE o)2 9% FEM
g Agshe &g Zregt
B @?cﬂw AHE-3F FRTL-S 33444 A=, 79
AEz2AM 3 7159825, 53 2
«l Ael W 71d A7 2 XE g
7
J

i

b el 385 Rdg, TSHS) A3
“Isl 24545100 YL AT DNA

A=
s o3 4d 24 ﬂ%é}% d swﬂ Hltﬂ
ol
=1

A

9 r )
FALE AT E dste, 347]177}7‘] ago|H
24 methimazole-2- TSH A}=-
of ejgh A A2 FAg Ao 2 AR5}
RS Row dHA Yot
R kO] FRTL-5 333 Al X DNA &

n X a3g gold ] 98t methi-
mazole} Zo] A ¥ AHelste] do} B A3} F%
o&ARo g 7+rE9% 08, methimazole F3 74
RO RKIfTRRS DNA fH4 oA 237}
Bt} o] 2 7102 Yesth mepa] B At A
vehd A¥E ulFo] B uf methimazoled] w)s|
TFRpi R Aol YAFog AFEY s 2
90 AgHen ANE Bl Y Ao
FREArHEig 3)

TSHE 7344 A xute] TSH =849} 233l
ot gdelo|E Mo]ZelolA| 9} phospholipase(PLC)
ATAG H2E G4 A 1 28-S vERdTh
ol d# o] E Mo]ZetolA= ATPEF-H cAMPE
k=11 cAMPYE protein kinase A(PKAYZ Hd31A
A AEY Bug QUFANFTE F A AE
Woll A cAMP2] §H4)-e TSHe| A} A x9F TSHe
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+ARRFAREROI FRTL-S Zabd Ao DNAZH cAMPY) &4 &

oJgt I Mzl F4 ¢ AN z2Ey §4
o F8§ quAYeE FF= Aoz EHA
Atk 53 FRTL-5 A AEoA AFEUZ e
3H-thymidine] Z%-& cAMPS} ATHE TSHY| &
Ao 9= AZ9 cAMPYE B3 IGF-19)
JFithes 71K 427 dE Aoz gEA glon,
methimazole& cAMP-TSH Z 2 Htl= IGF-I ﬁi
g 2o} @Al Sl Ao BuE: Ju”, o
AL 2 dFdix veERd methimazoleo] cAMP
o] FdE JAIA X3z Ast® dAS 1
2iul, B Aol 81T 4 AR sk R Bk
o 9% FRTL-5 /34 Ao DNA §4 oA &
ET cAMP FA A EF5OE R E o |-K
RTRERS] A AE 24 2 DNA §4 94
52 71EY] A A methimazoled= T}
27 cAMP-TSH®] A& adsle] whagsle Ao
2 gARANFig. 3, 4.).
A4 E2E8 TSH =842 &A= 21A9] TSH,
cAMP, TSH & A7} Gol s &35

<], 28 o|BHAH e TSH 84 271eH4)d
45‘_} cAMPS] 4 2 B4 2712 Q3 HIAAAS
4 TER] 4 E o] o|FolxA =P,
A £ A7olA TFB SRR cAMP
4 JAZES 13T w), TSH A3ol) osf 24
3tE= cAMPY] &8-& JAFY 2=9 7
AEJoAe] ZAA ZEEoZo AZS AATL
RAo.g oAZItKFig. 4.).

S A AEolA #EEE w4 el MHC-
class IIe A7 388 Bade 2o
Z AR, ol ojAFog ezl ot
T AHS visists Interferone-ve} 22 Alo|E7}
Aol ojs] AYar=ar, 1 Az HAP4bg MHC-class
Ie 744 AT E 44T A E(antigen-presenting
cells) 2 Q1A= A A 73 T28 Euldd) of
& A7FEY me-g EXAIA "ok wekd 17

olp 2] tig <l ¢ AW ol Fo) o] MHC-
class 119] ZFAo] Fsz Yo" dz7=
methimazoleo] ZfolB AuldlA MHC-class 119
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MHC—class 12|

Lol ojxl= Fet

S JAHEA Y dig A in vitroo] 1—t—
methimazoleo] 7H3A Al Eo} MHC-class 119} g
< APHoE AAEtA Eal= ¥, in vivo R
AdpoMe AN 2R e e e
Ao oigh A FES 58 o|AF "y =4
5ol Qe Aoz Busm Yo B a7 A,
1A RS FRTL-5 24H4Hd Al ¥ 2] MHC-class
I 28 Ao feldk G371 dsel dS=IAh
upebr] - AERFER S 2ol AR Qo] 27t
Aoy w2 AAAlFIE do AR T
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