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ABSTRACT

Objective : The study was done to investigate Scrophularia buergeriana Miquel's effects in the genomic
level, by measuring gene expression in hyperthyroid induced rats using ¢cDNA microarray.

Methods : Spargue-Dawley rats were separated into three groups(each with 10 rats). Except normal -
group, the other two groups were treated with Sodium levothyroxine 160ug/kg/days for 5 days by oral
administration.

After 2 hours of the last intake of Sodium levothyroxine on two experimental group , one group was
treated Scrophularia buergeriana Miquel extract 1.0g/kg/days for 3 days. The other groups(normal group,
administration group) was treated normal suline 1.0g/kg/days for 3 days.

Gene expression of hyperthyroid rats were measured after medication of solid extract of Scrophularia
buergeriana Miquel with ¢cDNA microarray.

Results : In thyroid tissue, the numbers of the genes showed over twice increase and decrease in the
control group compared to the normal group were 296, in the Scrophularia buergeriana Miquel
administration group compared to the normal group were 859 and in the hypothalamus, the numbers of
the genes showed over twice increase and decrease in the control group compared to the normal group
were 416, in the Scrophularia buergeriana Miquel administration group compared to the normal group‘
were 391.

Conclusion : According to the above results, it is suggested that Scrophulari buergeriana Miquel
suppress hyperthyroidism effectively and regulate the gene expression in the thyroid and brain.
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Fig. 1. Expression profiles in the thyroid tissue. /

(A) : DNA chip scan images and it's scatter image.

(B) : Total RNA obtained from the normal tssue and
levothyroxine treated group were labelled with Cy3-UDP,
Cy-5-UDP, respectively.

HS : Treated with Scrophularia buergeriana Miquel.

Fig. 2. Expression profiles in the thyroid tissue.
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(A) : DNA chip scan images and it's scatter image.

(B) : Total RNA obtained from the normal tissue and
levothyroxine/HS treated group were labelled with Cy3-UDP,
Cy-5-UDP, respectively.

HS : Treated with Scrophularia buergeriana Miquel.

Fig. 3. Expression profiles in the hypothalamus region.

(A) : DNA chip scan images and it's scatter image.

(B) : Total RNA obtained from the normal tissue and
levothyroxine treated group were labelled with Cy3-UDP,
Cy~-5-UDP, respectively.

HS : Treated with Scrophularia buergeriana Miquel.

Fig. 4. Expression profiles in the hypothalamus region.

(A) : DNA chip scan images and it's scatter image.

(B) : Total RNA obtained from the normal tissue and
levothyroxine/HS treated group were labelled with Cy3-UDP,;
Cy-5-UDP, respectively.

IS : Treated with Scrophularia buergeriana Miquel.
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Table 1. Gene Expression in the Thyroid and
Hhypothatamus Region

No. of 2X up &
Tissue Experimental set
down
w1 Control{Cy5YNormal(Cy3) | 296 |
Thyroid - ~
! HS(CyB)Normal(Cy3) | 859 ]
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Hhypothalam
Control(Cy5)/Normal(Cy3) 416
us
Region HS(Cy5)/Normal(Cy3) 391

Normal : None treated group
Control : Treated group with Sodium levothyroxine
HS : Treated group with Sodium levothyroxine and
Scrophularia buergeriana Miquel 1.08/ke
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Table 2. Down regulated Genes in the Thyroid Tissue
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3. 7682 7b wol =y}dlglem, sex hormone
binding globulin(androgen)-& 3.32u}, liver apolip
oprotein A-Ix= 3.30u), ceruloplasmin(ferroxidase
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Table 3. Up regulated Genes in the Thyroid Tissue

Means of
Medi Valul
Gene name ecan
Contro o)
HS

1
Rattus norvegicus partial mRNA for CRM1 2.036 | 4.097 |2.014
R.norvegicus mRNA for muscle LIM protein 2.109 | 4.393 | 2.083
Rattus norvegicus mRNA for phospholipase 2.273 | 4.759 | 2.09:
Rattus norvegicus kynurenine 3-hydroxylase

2.962 | 6.239 (2.104

mRNA
R.norvegicus mRNA for cytoplasmic dynein 33021 7.01 |2.123
R.norvegicus mRNA for G protein—coupled

2.393 | 5.149 | 2.153

Means of receptor kinase GRK6a

X Value# Unconventional myosin from rat 3 2.592 | 5.606 |2.16

Median alue - - -
Gene name Cont Rattus norvegicus G protein gamma subuni 3.909 | 8.568 [2.194
e s | Calcitonin/calcitonin-related polypeptid | 2,611 | 5.735 |2.19
ol Rat xanthine dehydrogenase mRNA 4.248 | 9.967 [2.34
H2A histone family, member Y 3.164 2.326| 0.735 cytochrome P450, 2b19 3.311 | 7.821 |2.364
Rattus norvegicus synuclein 1 mRNA 4.198 3.193| 0.761 Hypoxanthine phosphoribosyl transferase 2.731 | 6.716 | 2.459

R.norvegicus uPAR-2 mRNA for urinary
3.185 2.542| 0.798
plasminogen activator receptor 2

Rat NADPH-cytochrome P-450

6.652 5.397| 0.811
oxidoreductase mRNA

Rattus norvegicus connexin(CXN-311)

3.464 2.833| 0.818

Rattus norvegicus mRNA for R-ras GTPase 2.349 | 6.400 |2.724
preproenkephalin 2 3.876 110.602|2.733

Rattus norvegicus homer-1c mRNA 2.225 | 6.241 | 2.803
Rattus norvegicus mRNA for ecto-ATPase 2.618 | 7.536 [ 2.874
Rattus norvegicus vesicular GABA

2409 | 7.085 | 2.94
transporter(VGAT) mRNA

Rattus norvegicus low voltage-activated,
T-type calcium channel afpha 2424, 2.350] 0.969

subunit(CACNA1IG) mRNA
R.norvegicus mRNA for macrophage

3.281 3.2471 0.990
metalloelastase(MME)

Rattus norvegicus nucleoporin{Nup98)

2.827 2.799] 0.990

L mRNA
Control : Treated group with Sodium levothyroxine

HS : Treated group with Sodium  levothyroxine and
Scrophularia buergeriana Miguel 1.08/ke
* © HS/Control

A
dEFH B @A Ue Ang As v

gene Ceruloplasmin{ferroxidase) 2.689 | 8.193 |3.04%

Rattus norvegicus mRNA for TESK1 2.613 2.208| 0.845 Rat liver apolipoprotein A-I mRNA{apoA-I) 3.517 |11.5663.290
Rattus norvegicus mRNA for synGAP~b1 5.429 4,598 | 0.847 Sex hormone binding globulin or androgen 2.350 | 7.795 |3.31%
Rat angiotensinogen(PAT) gene 2.803 2.660| 0.949 Rattus norvegicus GADD153 mRNA 2.107 |18.459|8.76

Rat prolactin-like protein B mRNA 3230  3.108] 0.962 Control : Treated group with Sodium levothyroxineHS :

Treated group with Sodium levothyroxine and Scrophularia
buergeriana Miquel 1.0g/ke
* © HS/Control
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A 189 AH3HUch Cathepsin Ex= 0.778]| &2
713 @o] 743EtH 0w, unc-50 related protein®-
0.78ul, DNA helicases 0.81u}, catalytic subunit
of protein phosphatase 12 0.828], Arginosuccin
ate synthetase 1-& 0.89u)], TFIIA small subunit
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£+ 0.908f, mitochondrial enoyl-CoA hydratase %}
CD1 antigen precursor, a2 [FRDI(PC4)=
0918} A% 7Z+AEYTHTable 4).

Table 4. Down Regulated Genes in the Hypothalamus
Region

Means of

Gene name Value*)

Median
Control HS

Cathepsin E, (two slightly different
2.753 2.125] 0.772
productsia and b))

Rattus norvegicus unc~30 related protein

3.727 2.920| 0.783
mRNA

Rattus norvegicus mRNA for DNA

2.587 2.105| 0.814
helicase

Rattus norvegicus mRNA for catalytic

2.574 2.100| 0.816
subunit of protein phosphatase 1

Arginosuccinate synthetase 1 2.266 2.024| 0.893
Rattus norvegicus TFIIA small subunit

3013 2.711| 0.900
mRNA

Rat mRNA for mitochondrial enoyl-CoA

2.503 2.267| 0.906
hydratase(EC 4.2.1.17)

Rattus norvegicus mRNA for CDI1 antigen

2.345 2.124| 0.906
precursor

Rattus norvegicus IFRD1(PC4) mRNA,

interferon related, developmental regutator, 2413 2.192( 0.908

nerve growth factor-inducible
Rattus norvegicus phosphotipid

2.273 2.075{ 0.913
hydroperoxide glutathione peroxidase mRNA

Rattus norvegicus liver cytochrome ¢

2.314 2.123] 0917
oxidase subunit Vil (COX-VII) mRNA

Rattus norvegicus mRNA for AF-9 2.247 2067} 0.920
Cystatin Clcysteine proteinase inhibitor) | 2.294 2.124| 0.926
Bone morphogenetic protein 6 2.154 2.000| 0.929
Murine leukemia viral(v-raf-1) oncogene

2435 2.269| 0.932
homolog 1 (3611-MSV)

Rattus norvegicus mRNA for E-cadherin,
2.167 2.036) 0.940

[

Rat alternatively spliced mRNA 2.240 2.119| 0.946
Delta - aminolevulinic acid dehydratase | 2.239 2.1221 0.948
Rattus norvegicus G protein betal subuni{ 2.233 2.128{ 0.953
Rat small nuclear
ribonucleoparticle-associated protein {(snRNP)| 2083 2.009| 0.964
mRNA

Rat mRNA for liver mitochondria
2.335 2.2561 0.966
aldehyde dehydrogenase

R.norvegicus mRNA for RT1.Mb 2077 2.010| 0.968
Collapsin response mediator protein 1 2.134 2076} 0.973
Runorvegicus mRNA for metallothionein~1I| 2.118 2.069| 0.977
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Rattus norvegicus transcription factor 2.271 2.237| 0.985
Rattus norvegicus cathepsin S mRNA,

2.289 2.263| 0.989
compete
R.norvegicus(Sprague Dawley) ribosomal

2.050 2.038| 0.994
protein L15 mRNA

Rattus norvegicus liver cytochrome

2.073 2.062} 0.995

oxidase subunit Vic (COX-Vic) mRNA
Control : Treated group with Sodium levothyroxine
HS : Treated group with Sodium levothyroxine and
Scrophularia buergeriana Miguel 1.08/ke
* © HS/Control

(5) AER ReolAM i Foo o F7tE
= Az

Fyn proto-oncogene? 7% 1.40vj2 Z7}5%]
Agk AN Bt E8ishA JeAE
9 ottTable 5).

Table 5. Up regulated Genes in the Hypothalamus Region

Means of
Median | Valu
Gene name
Contro e¥)
HS

1

Nucleoplasmin-related protein{Nuciear protein
2.010 | 2.014 {1.00

B23)
ribosomal protein S26 2.213 | 2.220 [ 1.004
Rat myogenin mRNA 2071 ] 2,085 1 1.0
Rat cytolysin mRNA 2425 | 2.450 [1.01d

Rat mRNA for preoptic regulatory
2.123 | 2.158 |1.014
factor-1(PORF-1)

Lactate dehydrogenease B 2,098 | 2.150 | 1.02:

Rattus norvegicus mRNA for BAT3 2.246 | 2.305 | 1.02
Adenomatosis polyposis coli 2.023 | 2,095 | 1.034
S-antigen 2.065 | 2.151 {1.044

Rat submaxillary gland PS kallikrein mRNA 2.449 | 2.552 [ 1.044
Rat cyclophilin mRNA 2.022 | 2.126 [1.05}

Rat mRNA for F1-ATPase alpha subunit(EC
3.626 | 3.832 | 1.0579
3.6.1.34)

solute carrier family 16(monocarboxylic acid

2.180 | 2.310 }1.06(
transporters)

Rattus norvegicus beta defensin-1(BD-1)mRNA | 2.019 | 2.170 {1.079

Rattus norvegicus vacuolar ATPase subunit
2.232 | 2.401 |1.07%
F(vatf) mRNA

Rat transcriptional repressor of myelin-specific

2.145 | 2.333 (1084
genes(SCIP) mRNA

Rat mRNA for adenylate kinase 2 2.203 | 2.464 |1.118
Rattus norvegicus decidual prolactin-related

2.011 | 2.253 | 1.12G

protein mRNA
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Rattus norvegicus thiol-specific antioxidant mRNA | 2.055 | 2.305 }1.124
Prostaglandin F receptor 2.106 | 2.372 {1.124

Carnitine palmitoyltransferase 2 2.090 | 2.356 11.127%

Rattus norvegicus placental lactogen—I variant

2.154 | 2.458 | 1.141

mRNA
Insulin-like growth factor 2 receptor 2051 | 2.345 | 1.144
Rat rhoB gene mRNA 2.004 | 2.327 [1.16

Rattus norvegicus protein tyrosine phosphatase
2.027 | 2464 [1.21

D30 mRNA
glutathione S-transferase, pi 2 2117 | 2.613 |1.234
Rat mRNA for lactate dehydrogenase 2016 | 2.514 |1.247

Rattus norvegicus brain specific Na+ -dependent
2,019 | 2.548 [1.269
inorganic phosphate cotransporter mRNA

Fyn proto-oncogene 0.485 | 0.674 |1.400
Control : Treated group with Sodium levothyroxine
HS : Treated group with Sodium levothyroxine and
Scrophularia buergeriana Miquel 1.08/ks
* : HS/Control

6) A WA 7153 BEE FALY

ik

Chromogranin By 1.16 u], EST(Highly
similar to TYPE III IODITHYR)= 348 wj,
EST(Highly similar to thyroid hormon)& 3.034),
parathyroid hormone-like peptidex= 1.80m],
parathyroid hormone/parathyroid related-peptide
recepter+ 1.75%l, thyroid hormone responsive
proteins= 1.244), thyroid transcription factor 1-&
1.80u), thyrotropin releasing hormone receptor
© 4.12v0 2 Z715JtHTable 6).

Table 6. Expression Changes of Genes related with Thyroid
Function in  the Thyroid Tissue

M f
eans o Value
Gene name Median
Control ] 15 |
Chromogranin B, parathyroid secretory protein 213 | 248 | 1.164
EST, similar to TYPE 1ll IODITHYR 0.85 | 2.96 13482

ESTs, Highly similar to thyroid hormone receptor
0.66 | 2.00 |3.030
coactivating protein [H.sapiens]

Parathyroid hormone-like peptide 097 | 175 (1804
Rat parathyroid hormone/parathyroid hormone

008 | 014 1750
related-peptide recepter mRNA

Thyroid hormone responsive protein 0.93 | 1.15{1.237

Thyroid transcription factor 1 TTF-1 NK-2
217 | 3.89 |1.793
(Drosophila) homolog Althyroid nuclear factor)

Thyrotropin releasing hormone receptor 042 | 173 [4.119
Control : Treated group with Sodium levothyroxine
HS : Treated group with Sodium  levothyroxine and
Scrophularia buergeriana Miouel 1.0g/ke
* : HS/Control
EST : Expressin Sequence Tag

() A B4 2A 15 BEE §3
Zke] W3}

EST(highly similar to TYPE III IODITHYR)=
1.674)], parathyroid hormone-like peptide= 1.33
wll, parathyroid hormone/parathyroid related-pep
tide recepter=  1.758, thyroid hormone
responsive proteing 1.078f Z7}dle Aoz o
gttt 28y 3 2A9E g2 chromogra
nin BE 0.744), thyroid transcription factor 1&
0.62v12  7+A3193, EST(Highly similar  to
thyroid hormone)¥ AZ% A ZgtHTable 7).

2

Table 7. Expression Changes of Genes related with Thyroid
Function in the Hypothalamus Region

Means of
Median | Yalue
Gene name -
Contro )
HS

Chromogranin B, parathyroid secretory protein 1.67 | 1.24 10.743

EST, Highly similar to TYPE Il [ODITHYRONINE
194 | 3.23 |1.665
DEIODINASE

ESTs, Highly similar to thyroid hormone receptor

0.78 - -
coactivating protein

Parathyroid hormone-like peptide 152 | 201 {1.332
Rat parathyroid hormone/parathyroid hormone

0.50 | 0.96 11.920
related-peptide recepter mRNA

Rattus norvegicus thymosin beta-like protein

1.34 | 1.07 |0.799
mRNA

Rattus norvegicus thyroid hormone responsive

0.81 | 0.87 |1.074
protein mRNA

Thyroid transcription factor 1 F-1

NK-2(D-rosophila) homolog A (thyroid nuclear 201 | 1.24 |0.617

factor)

Thyrotropin releasing hormone receptor 0.23 | 0.43 [1.870
Control : Treated group with Sodium levothyroxine
HS : Treated group with Sodium  levothyroxine and
Scrophutaria buergeriana Miguel 1.08/ke
* = HS/Control
EST : Expressin Sequence Tag

3 #

Bo HAMZe Jehle A5 ERFS
TISUA BFEA AAE, F BAAEA,
ARG, AAAG 5 A 84 nFst 1o
E Oge BN A8S ek Adod”. 2
Age] xgol HE B, BT 5 205 FHF0]
%o ok ALY g REEY, WERRE, 5
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A
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HE s 4T 5 de e 2EF Aade
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hyroxine2.2 4715845 S F9g #FFH4
e LEe] FAA 2EE FA37] 98k cDNA
microarrayt-& Al 334t
DNA chipg §& 3 239 dFEAdAe
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(Fig. 1., Fig. 3.), AX737 B (Fig. 2., Fig. 4.)
o] profiles|lME E3EA 7iste fAAHgreen)
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ZHyellow)o| X 523 7L YetA] skt
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o F7re] wladiAe 8597071 dAHRU E=F 4]
AR BloME AT dERT waA 4167,
ARas A BT vz 391709 AX7E 2
A YK Table 1). hRFANA Hole H3x &¢d
9] z}o]E Sodium levothyroxine 5;5—&]01] o135 A3}
2} AR o] Wasle FHAAE Fo D ¥
A7 AR A} 2T ﬂog AR w9
W A4 FoFolA tizFol vls 28 o]de] 23
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gz Agage] #Ed FE FHX
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=
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AR 2N 4 Bz dAHe FAA
% H2A histone familyx 0.748} 2 714 @o] 7+4
stgom, synuclein, uPAR-2, cytchrome P-450,
Connexine 2 ZHAHAY, sz 83 Fo=2
Z718= 32 & GADD153 & 8.76u|2 714 @
o} Z7}3l9e ™M, sex hormone binding globulin{a

ndrogen), liver apolipoprotein A-I, ceruloplasmi

n(ferroxidase) 5-& 3uj o}4, 1 v 2ufoA 3
o Afole] 2742 dgci(Table 2,3).
AR oA dN A2 Zase §34

Z Cathepsin Ev 0.778]2 7} @o] 74 }%{_1_,
DNA helicase, catalytic subunit of protein
phosphatase 1, Arginosuccinate synthetase 1,
TFIA small subunit, mitochondrial enoyl-CoA
hydratase, CD1 antigen precursor, IFRD1(PC4)
So) ¢o2 ZAsYt(Table 4). v @4 Fof
Z Z7}8% $#A % Fyn proto-oncogenex
L1402 714 AA S AT B3deA ve
o Aol wwste] EaA) Zrkshe AR U
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WHHAA 24 7150 BAY fAxe ws
£ AWE Az, thyrotropin releasing hormone
receptore 4.12v]2 7} @o] Z7} Hglod
EST(Highly similar to TYPE III IODITHYR):
3.48v), EST(Highly similar to thyroid hormon):
3.034)), parathyroid hormone-like peptidex 1.80
#], Thyroid transcription factor 1& 1.808),
parathyroid hormone/parathyroid related-peptide
recepter= 1.758, thyroid hormone responsive
protein2 1.248}, chromogranin Bx 1.16 #j& =
o} AAHeR WY Jls AL FAR
5718t tHTable 6).

AVdsHE: FHolA vehd 33 Jse #Ehd

FAAe Wsls AwE Az, EST(highly similar
to TYPE Il IODITHYR)+= 1.674), parathyroid-li

ke peptide= 1.334), parathyroid hormone/parat

hyroid related-peptide recepters= 1.754), thyroi
d hormone responsive proteing 1.07w] Z7}3l=
Ao Yepg AT 334 Z= th27) chromograni
n B= 0.749), thyroid transcription factor 1&
0.6280 2 7438l ar, EST(Highly similar to thyro
id hormon)e A& %A &Yt Table 7).
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