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Effects of Scutellaria baicalensis GEORGI on Gene Expression
in a Hypoxic Model of Cultured Rat Cortical Cells

Sung-Bae Kim, Sung-Hyun Chung, Gil-Cho Shin, Won-Chul Lee
Dept. of Oriental Medicine The Graduate School, Dongguk University

Objectives : The purpose of this investigation is to evaluate the effects of Scutellaria baicalensis GEORGI on alteration
in gene expression in a hypoxia model using cultured rat cortical cells.

Methods : E18 rat cortical cells were grown in a Neurobasal medium containing B27 supplement. On 12 DIV, Scutellaria
baicalensis GEORGI(20 ug/ml) was added to the culture media and left for 24 hrs. On 11 DIV, cells were given a hypoxic
insult (2% O,, 5% CO,, 37°C, 3 hrs), returned to normoxia and cultured for another 24 hrs. Total RNA was prepared from
Scutellaria baicalensis GEORGI-untreated (control) and -treated cultures and alteration in gene expression was analysed by
microarray using rat SK-TwinChips.

Results : For most of the genes altered in expression, the Global M values were between -0.5 to +0.5. Among these, 1143
genes increased in their expression by more than Global M +0.1, while 1161 genes decreased by more than Global M -0.1.
Effects on some of the genes whose functions are implicated in neural viability are as follows:

1) The expression of apoptosis-related genes such as Bad (Global M = 0.39), programmed cell death-2(Pdcd2) (Global M

.= 0.20) increased, while Purinergic receptor P2X(P2rxl) Global M = -0.22), Bel2-likel(Bel211)(Global M = -0.19)
decreased.

2) The expression of 'response to stress-related genes such as antioxidation-related AMP-activated protein kinase subunit

gamma 1 gene (Prkagl) (Global M = 0.14), catalase gene (Global M = 0.14) and Heme Oxygenase(Hmox1) increased.

3) The expression of Fos like antigen 2 (Fosl2) expressed in neurons that survive ischemic insult increased (Global M =

0.97).

Conclusions : these data suggest that Scutellaria baicalensis GEORGI increases the expression of antiapoptosis- and

antioxidation- related genes in a way that can not yet be explained.
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Fig. 1. Pseudocolor image maps.
The control ¢cDNA (Scutellaria baicatensis GEORGI(#%)-untreated culture) and sample cDNA (Scutellaria
baicalensis GEORGI(#Z)-treated culture) were labeled with Cy3 (green) and Cy5 (red) fluor, respectively.
Images of the upper array (upper) and lower array (lower) of the TwinChip"Rat-5K microarray chip (Digital
Genomics, Seoul) are shown. One section of the two arrays are shown in magnification (bottom images).
Table 1. Apoptosis-related genes whose transcription are altered by Scutellaria baicalensis GEORGIE %) in hypoxia.
Gene. .
Symbol global. M A Title
Bad 0.38983 10.03298 bel-2 associated death agonist
Pdcd2 0.20226 10.17154 programmed cell death 2
Hmox1 0.05475 11.88187 Heme oxygenase
Tps3 0.0285 11.96045 tumor protein p53
Ngfr -0.05177 11.41948 nerve growth factor receptor
Aktl -0.08892 13.67755 v-akt murine thymoma viral oncogene homolog 1
Cycs -0.09805 14.14004 cytochrome ¢, somatic
Bid3 -0.09911 10.78095 BH3 interacting domain 3
Bel2ll -0.19059 8.825807 Bel2-like ]
P2rx1 -0.21926 9.943286 Purinergic receptor P2X, ligand-gated ion channel, 1
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Table 2. Growth and maitenance-related genes which are up-regulated by Scutellaria baicalensis GEORGI(EZ) in
hypoxia. Only those genes with Global M values above 0.1 are shown

Thyl 0.699 7.8478 Thymus cell surface antigen

Tsc2 0.5644 8.6879 Tuberous sclerosis 2, (renal carcinoma)

Myr5 0.3661 7.25723 Unconventional myosin from rat 3

Rps8 0.3202 12.236 ribosomal protein S8

Slc6ad 03197 9.94858 solute carrier family 6, member 4

Slc2a4 0.2328 11.3739 solute carrier family 2 , member 4

Erp29 0.218 12.2067 endoplasmic retuclum protein 29
Pxmp3 0.2051 12.5447 peroxisomal membrane protein 3

HI1f0 0.1995 13.0185 Histone HI1-0

Akt2 0.199 8.97523 Murine thymoma viral (v-akt) oncogene homolog 2
Clen2 0.1924 12.1862 chloride channel 2

Vegf 0.1813 11.6848 vascular endothelial growth factor

[d2 0.1797 14.8835 Inhibitor of DNA binding 2, dominant negative

helix-loop-helix protein

Slcl6al 0.172 11.4339 solute carrier family 16, member 1

Slc7al 0.1632 9.95722 solute carrier family 7, member 1

Polb 0.1621 9.35708 DNA polymerase beta

Thyl 0.1585 10.8664 Thymus cell surface antigen

Rps14 0.1487 12.0087 ribosomal protein S14

Rpl29 0.1483 10.3821 ribosomal protein L29
Myhll 0.1396 12.2885 myosin heavy chain 11

Vhi 0.1346 12.2161 von Hippel-Lindau syndrome homolog

Actg2 0.1324 11.8862 actin, gamma 2

P2rx4 0.1306 10.5474 purinergic receptor P2X, ligand-gated ion channel, 4
Slc9al 0.1268 11.5549 solute carrier family 9, member 1

Myh6 0.1265 11.4878 myosin heavy chain, polypeptide 6

Cdesl 0.1245 12.3663 cell division cycle 5-like (S. pombe)

Pttgl 0.1223 10.5661 pituitary tumor-transforming 1

Rpsl7 0.1214 11.0056 ribosomal protein S17

Abcc8 0.1201 13.5859 ATP-binding cassette, subfamily C (CFTR/MRP), member 8
Slc28a2 0.1179 10.6941 solute carrier family 28, member 2
Pxmp2 0.1146 13.3714 peroxisomal membrane protein 2

Abcd3 0.1131 12.3809 ATP-binding cassette, sub-family D (ALD), member 3
Slc2al 0.1096 9.65072 solute carrier family 2,member 1
- Apoc3 0.1095 9.94143 apolipoprotein C-III
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Table 3. Growth and maitenance—related genes which are down-regulated by Scutellaria baicalensis GEORGI(EZ) in
hypoxia. Only those genes with Global M values below -0.1 are shown.

S?;“[f(;l global M A Title
Ge -0.1161 10.5 Group-specific component (vitamin D-binding protein)
Myole -0.1234 10.2 myosin 1E
Gosr2 -0.1244 10.6 golgi SNAP receptor complex member 2
Afp -0.1255 7.75 alpha-fetoprotein
Slc18a2 -0.1371 13.1 solute carrier family 18, member 2
Prnp -0.1428 12.9 prion protein
Slc19al -0.1437 10.2 solute carrier family 19, member [
Rps7 -0.1456 14.7 ribosomal protein S7
Ftll -0.1467 14.1 ferritin light chain 1
Top2a -0.1483 112 topoisomerase (DNA) 2 alpha
Slcl12a3 -0.1576 13.3 solute carrier family 12, member 3
Apoe -0.1641 14.6 apolipoprotein E
Slela2 -0.1659 113 solute carrier family 1, member 2
Slc2a3 -0.1754 8.52 solute carrier family 2, member 2
Top2 -0.1822 11.9 transition protein 2
Syts -0.186 10.2 synaptotagmin 5
Tmod1 -0.1968 11.4 tropomodulin 1
Atplal -0.1978 12.5 ATPase, Nat+K+ transporting, alpha 1
Cdk4 -0.2018 10.3 cyclin-dependent kinase 4
Gftal -0.212 9.98 glial cell line derived neurotrophic factor family receptor
alpha 1
P2rx1 -0.2193 9.94 Purinergic receptor P2X, ligand-gated ion channel, 1
Kenel -0.2412 11.5 potassium voltage gated channel, Shaw-related subfamily,
member |
Slc28a2 -0.2613 13.2 solute carrier family 28, member 2
Cengl -0.2738 12.2 Cyclin G1
Pteds -0.3425 10.9 Prostaglandin D synthase
Cacnb3 -0.405 132 calcium channel, voltage-dependent, beta 3 subunit
Htr3a -0.4187 12 5-hydroxytryptamine (serotonin) receptor 3a
Ppplca -0.6002 15.1 Protein phosphatase type 1 alpha, catalytic subunit
Scp2 -0.6954 9.16 Sterol carrier protein 2, liver
Sicl2al -1.0585 10.6 solute carrier family 12, member 1

Table 4. Cell cycle-related genes which are altered by Scutellaria baicalensis GEORGI(#EZ) in hypoxia.

S?:l'l‘;l globalM A Title
Id2 0.179738 14.9 Inhibitor of DNA binding 2, dominant negative
helix-loop-helix protein
Polb 0.162078 9.36 DNA polymetase beta
Cdcs] 0.124478 124 cell division cycle 5-like (S. pombe)
Cdknlb 0.052802 10.8 cyclin-dependent kinase inhibitor 1B
Rb2 0.050255 122 retinoblastoma-like 2
Nfib 0.009071 11.6 nuclear factor I/B
Ddit3 0.0061 13.1 DNA-damage inducible transcript 3
Pmp22 0.002023 13.8 peripheral myelin protein 22
Top2a -0.02967 11.8 topoisomerase (DNA) 2 alpha
Cend3 -0.03848 13.6 Cyclin D3
Cengl -0.04698 15.6 Cyclin Gl
Top2a -0.14825 112 topoisomerase (DNA) 2 alpha
Cdk4 -0.20181 10.3 cyclin-dependent kinase 4
Cengl -0.27379 122 Cyclin Gl
Ppplca -0.60017 15.1 Protein phosphatase type 1 alpha, catalytic subunit
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Table 5. 'Response o stress'-related genes which are altered by Scutellaria baicalensis GEORGI(EZ) in hypoxia.

Gene. e , -
Symbol global M : A ; Title ’ L
Prkagl 0.14499 124 protein kinase, AMP-activated, gamma 1 non-catalytic
subunit
Cat 0.14342 11 Catalase
Cat 0.12187 10.4 Catalase
Nfkbl 0.08415 13.8 nuclear factor kappa B pl05 subunit
Hmox1 0.05475 11.9 Heme oxygenase
Fnl 0.03395 144 Fibronectin 1
b -0.0051 13.8 Interleukin 1 beta
C3 -0.0297 14.2 Complement component 3
B2m -0.0312 12.8 Beta-2-microglobulin
F2 -0.0432 11.2 coagulation factor 2
Pla2glb -0.0613 9.61 phospholipase A2, group 1B
Crp -0.0633 12 C-reactive protein
Pap -0.0877 12.8 pancreatitis-associated protein
Epo -0.1044 10.6 Erythropoietin
Adm -0.1201 114 adrenomedullin

Table 6. Signal transduction-related genes which are up-regulated by Scutellaria baicalensis GEORGI(EZ) in hypoxia.

Symbol globalM ‘ ‘ ’ o :’, Tltla ot
Tsc2 0.5644 8.69 Tuberous sclerosis 2, (renal carcinoma)
Plegl 0.3337 11 Phospholipase C, gamma 1
Syk 0.2885 124 Spleen tyrosine kinase
Arrb2 0.2603 12.9 Arrestin, beta 2
[16r 0.2596 8.39 interleukin 6 receptor
Ddrl 0.2319 12.7 Discoidin domain receptor family, member 1
Lhegr 0.1909 8.91 Luteinizing hormone/choriogonadotropin receptor
Mog 0.1707 104 Myelin oligodendrocyte glycoprotein
Limk1 0.1624 10.3 LIM motif-containing protein kinase 1
Madh7 © 01561 9.16 MAD homolog 7 (Drosophila)
Stmnl 0.1439 10.2 stathmin |
Tacl 0.1431 10.2 Tachykinin (substance P, neurokinin A, neuropeptide K,
neuropeptide gamma)
Gucy2e 0.1412 10.5 guanylate cyclase 2C
Pak3 0.1351 14.2 p21 (CDKNI1A)-activated kinase 3
Ptpnll 0.1324 12.6 protein tyrosine phosphatase, non-receptor type 11
Mbp 0.1255 : 13.1 Myelin basic protein
Dgkb 0.1234 8.77 diacylglycerol kinase, beta
Stmn! 0.1201 14.5 stathmin 1
Sag 0.1152 142 S-antigen
Pnoc 0.1116 13.7 Prepronociceptin (neuropeptide nociceptin) (N23K)
Ptprd 0.1076 114 protein tyrosine phosphatase, receptor type, D
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Table 7. Signal transduction-related genes which are down-regulated by Scutellaria baicalensis GEORGI(EZE) in

hypoxia.
Syl global M A Title
Map2k1 -0.1132 132 mitogen activated protein kinase kinase 1
Ephb2 -0.1163 12.8 Eph receptor B2
Gng7 -0.1306 14.1 guanine nucleotide binding protein, gamma 7
Nrgn -0.1326 11.9 neurogranin
Gprk2l -0.1593 11.9 G protein-coupled receptor kinase 2, groucho gene related
(Drosophila)
Ptpro -0.1729 11.2 protein tyrosine phosphatase, receptor type, O
Pikédcb -0.2095 8.99 phosphatidylinositol 4-kinase
Gfral -0.212 9.98 glial cell line derived neurotrophic factor family receptor
alpha 1
Adcy6 -0.2147 13.4 adenylyl cyclase 6
Mapk | -0.8816 9.31 mitogen activated protein kinase 1

Table 8. Transcription-related genes which are up-regulated by Scutellaria baicalensis GEORGI(EZE) in hypoxia.

s§$’§;1 global M A Title

Fosl2 0.9733 7.5 Fos like antigen 2

Copeb 0.4236 9.17 core promoter element binding protein

Titfl 0.225 13.8 Thyroid transcription factor | TTF-1 NK-2 (Drosophila)

homolog A (thyroid nuclear factor)

Nfyb 0.2033 9.89 nuclear transcription factor - Y beta

Pded2 0.2023 10.2 programmed cell death 2
Adora2a 0.1982 11.7 adenosine A2a receptor

Cebpb 0.1955 11.8 CCAAT/enhancer binding protein (C/EBP), beta
Madh7 0.1561 9.16 MAD homolog 7 (Drosophila)

Gatab 0.1533 10.2 GATA-binding protein 6

Dbp 0.1386 10 D site albumin promoter binding protein

Vhi 0.1346 12.2 von Hippel-Lindau syndrome homolog

Cdcsl 0.1245 124 cell division cycle 5-like (S. pombe)

Gatal 0.1144 10.8 GATA-binding protein 1 (globin transcription factor 1)

Table 9. Transcription-related genes which are down-regulated by Scutellaria baicalensis GEORGI(EZ) in hypoxia.

Gene,

Symbol global M A Title
Nr3ct -0.1294 10.8 nuclear receptor subfamily 3, group C, member 1
Top2a -0.1483 11.2 topoisomerase (DNA) 2 alpha
Runx1 -0.1645 11.1 Runt related transcription factor 1
Egrd -0.1688 115 early growth response 4
Yyl -0.1929 10.6 YY1 transcription factor
Fosl! -0.2041 11.3 Fos-like antigen 1
Nrlh2 -0.2092 9.73 nuclear receptor subfamily 1, group H, member 2
Irfl -0.2377 12.8 Interferon regulatory factor 1
Myf6 -0.297 11.8 myogenic factor 6
Nfye -0.3622 10.5 nuclear transcription factor-Y gamma
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