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ABSTRACT. The KFDA (Korea Food & Drug Administration) has performed a collaborative toxico-
genomics project since 2003. Its aim is to construct a toxicologenomic database of 12 hepatotoxic
compounds from mice livers. Phenylbutazone which is non-steroidal anti-inflammatory drug was
assigned. It was administered at low (0.0238 mg/kg) and at high (0.238 mg/kg) dose (5 mice per
group) orally to the postnatal 6 weeks ICR mice, then the serum and liver were collected at the indi-
cated time (6, 24 and 72 h) after administration. Serum biochemical markers for liver toxicity were
measured and histopathologic studies also were carried out. The gene expression profiling was car-
ried out by using Applied Biosystems 1700 Full Genome Expression Mouse. The 2-way ANOVA was
used to find genes that reflected phenylbutazone-induced acute toxicity or dose-dependant changes.
By self-organization maps (SOM), we identified groups with unique gene expression patterns, some of
them are supposed to be related to phenylbutazone induced toxicity, including lipid metabolism abnor-
mality, oxidative stress, cell death and cytoskeleton destruction.

Keywords: Phenylbutazone, drug toxicity, microarray anlaysis, gene expression profiling.
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Fig. 1. Phenylbutazone structural and chemical formula.
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Fig. 2. Histopathologic analysis of livers from a control (vehicle) mice and mice treated with phenylbutazone. H&E staining
100x%. (A, D, G) control liver (B, E, H) Liver tissue of 2.38 ug/kg phenylbutazone-treated mice respectively 6 h, 24 h and 72 h
after administration. (C, F, 1) Liver tissue of 23.8 ug/kg phenylbutazone-treated mice, respectively 6 h, 24 h and 72 h after
administration.
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Table 1. Gene expression changes after phenylbutaione dosage: Fatty acid and lipid metabolism

Gene

Function Gene L6 L24 L72 H6 H24 HT72
symbol

Fatty acid and lipid metabolism
acetyl-Coenzyme A acyltransferase 1 Acaal 281 260 286 283 275 272
acetyl-Coenzyme A dehydrogenase, long-chain Acad! 293 279 259 294 293 271
acyl-CoA synthetase long-chain family member 4 Acsld 229 304 254 185 292 195
acyl-Coenzyme A dehydrogenase, short/branched chain Acadsb 242 286 282 179 239 226
acyl-Coenzyme A oxidase 1, palmitoyl : Acox1 213 230 245 091 240 275
aldehyde dehydrogenase 8 family, member A1 Aldh8a1 224 273 258 156 245 257
aldehyde dehydrogenase family 1, subfamily A3 Aldh1a3 307 254 214 058 879 105
bile acid-Coenzyme A: amino acid N-acyltransferase Baat 261 276 274 238 252 258
butyryl Coenzyme A synthetase 1 Bucs1 239 275 279 198 263 270
cytochrome P450, 51 i Cyp51 177 298 301 173 263 259

hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid

Hsd3b7 2.16' 285 280 210 265 261
delta-isomerase 7

hydroxysteroid dehydrogenase-1, delta<5> 3 beta Hsd3b1 239 215 388 300 1167 418
NAD(P) dependent steroid dehydrogenase -like Nsdhi 160 288 248 135 280 275
peroxiredoxin 6 Prdx6 225 279 273 195 264 267
solute carrier family 27 (fatty aCld transporter), member 4 Slc27a4 188 295 216 086 358 343
StAR-related lipid transfer (START) domain contalnlng 4 Stard4 163 308 232 150 249 272
stearoyl-Coenzyme A desaturase 1 Scd1 186 282 243 128 287 268
sterol carrier protein 2, liver ) Scp2 232 274 278 155 250 258

* fold change: 'L_6 : low dose 6 hrivehicle 6 hr, L 24 : low dose 24 hr/vehicle 24 hr, L_72 : low dose 72 hrivehicle 72 hr, H_6 :
High dose 6 hrivehicle 6 hr, H_24 : High dose 24 hr/vehicle 24 hr, H_72 : ngh dose 72 hrivehicle 72 hr, List of genes showing at
least a 1.5 fold difference with p<0.05. o
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Table 2. Gene expression changes after phenylbutazone dosage: Oxidoreductase/oxidative response

Function Gene Gene | g |24 L72 H6 H24 HT2
symbol - — — - = -

Oxidoreductase/oxidative response
aldehyde dehydrogenase 1 family, member B1 Aldh1b1 237 274 29 191 278 290
aldehyde dehydrogenase 2, mitochondrial Aldh2 258 270 269 203 270 268
aldehyde dehydrogenase 8 family, member A1 Aldh8a1 224 273 258 156 245 257
aldehyde dehydrogenase family 7, member A1 Aldh7a1 251 254 278 149 245 257
aldo-keto reductase family 1, member D1 Akr1d1 213 278 282 101 249 255
catalase Cat 231 271 274 137 260 249
cysteine dioxygenase 1, cytosolic Cdo1 263 271 272 201 252 261
cytochrome c oxidase subunit Vlib Cox7b 297 276 267 270 283 273
cytochrome c oxidase, subunit Vb Cox5b 119 186 807 080 204 669

cytochrome P450, family 2, subfamily d, polypeptide 22 Cyp2d22 255 266 277 173 262 3.06
cytochrome P450, family 2, subfamily d, polypeptide 26 Cyp2d26 257 260 270 218 251 2863
cytochrome P450, family 2, subfamily j, polypeptide 5 Cyp2j5 236 281 259 195 254 264
cytochrome P450, family 2, subfamily j, polypeptide 9 Cyp2j9 365 374 265 461 378 261
cytochrome P450, family 26, subfamily a, polypeptide 1 Cyp26al 251 262 242 248 233 277
cytochrome P450, family 3, subfamily a, polypeptide 13 Cyp3a1i3 350 207 366 430 198 288

flavin containing monooxygenase 5 Fmo5 286 283 270 29 281 263
glutathione peroxidase 1 Gpx1 252 272 267 254 260 264
glutathione reductase 1 Gsr 220 289 261 165 274 243
hydroxyacid oxidase 1, liver Hao1 256 273 294 254 262 292
hydroxysteroid (17-beta) dehydrogenase 4 Hsd17b4 235 266 292 135 249 250
isocitrate dehydrogenase 1 (NADP+), soluble Idh1 215 261 259 09 238 252
NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 7 Ndufb7 275 266 265 293 283 265
NADPH cytochrome B5 oxidoreductase NcbSor 276 252 390 297 196 297
phosphogluconate dehydrogenase Pgd 191 284 225 173 300 274
retinol dehydrogenase 11 Rdh11 1856 260 230 200 267 260
retinol dehydrogenase 7 Rdh7 245 281 266 228 265 270

* fold change: 'L_6 : low dose 6 hrivehicle 6 hr, L_24 : low dose 24 hrivehicle 24 hr, L_72 : low dose 72 hrivehicle 72 hr, H_6 :
High dose 6 hrivehicle 6 hr, H_24 : High dose 24 hrivehicle 24 hr, H_72 : High dose 72 hrivehicle 72 hr, List of genes showing at
least a 1.5 fold difference with p<0.05.

Vehicle Low dose High dose RT—PCR% ‘{[:6338]’9\9\5}(':@. 3)
6 24 72 [ 24 72 6 24 72 (hr) Il%!‘*l‘ﬂ}' IIXEI EHI91L-I-’—‘-0H -T'-I-O:I%I—"'- -FPWII' -_r"(TabIe
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Cyp2dz2 R . 8 “s Sull ZHRol= 3279 FHrp 4] Fo] ¢HA Uk ¢

i ‘ o) $74 we Wels Bw, 714k A fatty acyl
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Fig. 3. Semi-quantitative RT-PCR analysis of genes differ- long-chain family member AlAcsid) _'TdZ}Qr_ tran_s 2
entially expressed after phenylbutazone-administered. The enoyl-CoA9} peroxideZ fatty acyl CoAd] AF8tE &3

relative expression level of each gene was normalized by 3t acyl-Coenzyme A oxidase 1, palmitoyl{Acox1)

that of p-actin. From the list in Tables 1 and 2, three of the o A= Aol DT L VRO =]
genes involved in hepatotoxicity were selected for semi- A= ;" =St FTE =S F 24220 L =
quantitative RT-PCR. The primer sets used for RT-PCR are @9t FEULEHIELS 2HRo|= 3223} G54 34

shown in Table 3. The RNA samples used for semi-quantita- o 71dZA A83A HEdl, NAD(P) dependent steroid
tive RT-PCR were identical to those used for the microarray dehydrogenase-like(Ndsdl) 4821 8282 A3
analysis. =

o] #ejshe 459 sterol dehydrogenase T+ decar-
boxylase 5& IH3h= o= ¢EA UrHHugo &

Hluo e Z7HES g 4 Atk Gail, 2003; Murphy and Vance, 1999). =3+ 2 wighe
olggt IEE A 3] Ao HEAHE Fol7] ¢3 lipid dropletdll 18] A= Nsdhle] F7F=™ A3
Fnst FHAEE T 98 MY FHAAES AESHA sterol(C-30, 29, 28)¢] C-27 sterols&2] #gto] 7}Ax)
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Table 3. Primer sequences for the genes with representive
expression patterns that were used to validate the microarray
analysis by semi-quantitative RT-PCR

Genbank

Gene Primer sequence
Acc. No. q

F: CCAGCTGATCATGGTGAATC
R.TGGCACTGCTGGTTAAAATGAGTTT
F. ATGGCACTGAGGAACTTTGG
R:CTCTTGGCTCATCTGGGTTC
F:GGCGCTTCTCTGTGTCTACC
R:GTCCCAGGTCGTCTTGTGTT

Nsdhl  AK088026
Cyp2j5 NM_010007

Cyp2d22 NM_019823

o] Yehdt} webA, lipid dropleto] $1X]g Nsdhk &
H2EE A 28 $2% 715E dHMasato et
al, 2003). $-219 A= Nsdh! fF+312ke] Lde] A
&9} AEEoA A wt Frkst=tl(Fig. 3), ol=
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