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ABTRACT. Effects of repeated treatment with butylated hydroxyanisole (BHA) on the induction of
glutathione S-transferases (GSTs) and teratogenicity of cyclophosphamide were investigated in rats.
Pregnant rats were orally treated with BHA (50 mg/kg) for 7 days, from days 6 to 12 of gestation, and
intraperitoneally challenged with cyclophosphamide (15 mg/kg) 2 hr after the final treatment. On day
20 of gestation, the maternal and fetal abnormalities were examined. Separately, a part of rats was
sacrificed for the assay of hepatic and placental GSTs activities on day 12 of gestation following 7-day
treatment with BHA. Cyclophosphamide, administered on day 12 of gestation, induced 43.2% of fetal
death and resorption, and 100% of malformations in live fetuses, in contrast to low fetal resorption
(8.7%) and malformations (8%) in control group. The malformations include cranial defect and exen-
cephaly (100%), micrognathia and tongue extrusion (100%), limb defects (40%), renal pelvic dilata-
tion (39%), and cleft palate (15%). Interestingly, BHA induced GSTs activities by 62% and 46% over
the control in liver and placenta, respectively, and remarkably reduced the fetal resorption (13.9%)
and malformations, resulting in 62% of cranial defect and exencephaly, 68% of micrognathia and
tongue extrusion, 29% of limb defects, and 14% of renal pelvic dilatation. Taken together, it is sug-
gested that a long-term pretreatment with BHA could substantiaily prevent fetuses from abortion and
malformations following intrauterine exposure to teratogens including cyclophosphamide by inducing
phase |l antioxidant enzymes such as GSTs.
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o] gktHFantel &, 1979; Slottz} Hales, 1988). Cyclo-
phosphamide= 2 7+ CYP type 2B1(CYP2B1)ll
o}8ll  4-hydroxycyclophosphamide(4-OHCP)E  AtslE]
o, o] 4-OHCP¢ d¥+& 4-ketocyclophosphamide(4-
ketoCP)E tAIEZ1 = SHRITF tjR-E-°] aminoaldehyde
aldophosphamide(AAAP)Z e tH{Gomez-Carneiro
5, 2003). AAAPE 2709 A& & dAIEA S AXE
o), &3l 938} carboxyphosphamidert A=At
phosphoramide mustard(PM)2} acrolein®.& AAE-3]
thArE Tk 4-KetoCPuy carboxyphosphamides 543
oAU AEAelH, =& UF-E wldEe] cyclophos-
phamide?] sIEH=E Fof hiz ALG=ATH, PME &
4 2 ol FEE HAAIE, acroleing cyclo-
phosphamide®] s}etaRX 8 2189 3Ryl 7|9 Al
3 HEE AR dHEFAR F EE BT /¥ E #L
ste Ao ye A rtHHales, 1989; Marinello 5, 1984;
Mirkes, 1985; Mirkes 5, 1981). mhehr] Al =
A Z cyclophosphamided] =8 3¢ ARRZE(limb
reductions) 59 713o] = (Wexler, 1998), A=
olME DAl 8FE 13U7FAY wE&Aly] W &%l ujet
v - B2} Aoy @8- x]A(growth retardation)# BlE
o] S ZA&(cranial defectel] W& &> F(exence-
phaly), Z25{micrognathia) 2 3&Z(tongue extru-
sion), TN E(cleft palate), 71 E(open eyes) D St
EZ(exophthamus), AF1A&E 2 78] 713 (tail defects),
2¢-22Hrenal pelvic dilatation), % 2 ¥F(edema
& hematoma) 5] Tt #I&E FZET} (Ashby &,
1976; Chahoud %, 2002). 3l nlg-2oMe= =227
of w} uj - el AP 2 dSXAL EE NG A
MNE R FEEC] T2 Yeite 7[Fo=E deA Ut
{(Meirow 5, 2001; Neuberts} Barrach, 1977).
geEdol| s TAYske W) - el A=A (embryotoxi-
cityll & 92 vl 83 59 shtes glutathione
ojtHol 248, 1996). A& 7k AAHA ofoFFov A%
373 F9) sehEdo] =&AL o AIEY glutathione
FTE7F A4Skl embryos®] Z|& o A7 dof
e Aoz dex|a St AAs cyc!ophosphémide(ﬂ]
ojst 713 Wl Eo] glutathioneS I ZAHE Z-¢ A
Z718ke wHH, glutathioneelY cysteinest 722 3Hik
3} A o3 aFFos wAgoe] EAEIITHHales,
1981; Han %, 1995; Slotte} Hales, 1987). © v}tolr}
cyclophosphamidet}t hydroxyuria®} 72 3}sHE4d
olE} BAakAZ(reactive oxygen species, ROS) &
Al 718 Fa3% 98-S ke AR ¢#A ROS
S 2odFE= 22 AHprotein-and-energy restric-

=

tion), A4A4kA &7 a4 F(scavenging enzymes) 2
vitamin EY butylated hydroxytoluene(BHT)# 22 &
dsAY] FoEn NFEIAe] anFo R oitEe A
o2 ¥aHHChahoud %, 2002; Eriksson Borg,
1991; Yang &, 1998).

sHH, Al X4 glutathione glutathione S-transferases
(GSTs)ll oJ3ll FHuljslo] F&F o=z Mg NHAA
(electrophiles)Z A AsI=E, GSTs F=&Z2 2 LAz}
o thet A77F FEA o] FoiA i} (Coless} Ketterer,
1990; Sparnins &, 1982; Talalay &, 1995; Zhang &
1994). o|¥3 f=EZEL 71 BH, # 5& I o
Gt F7IoA GSTs 8HEE FA Eo Fo24 O%Y
3 54Ed 9 ROSE AAs F= zo2 Wz v
I gEA] fFEEdEs aist AZH7HQ BHTE
butylated hydroxyanisole (BHA)S & & it} (Chas}
Henry, 1982; Mclellan & 1992; Sharma & 1993).
En)EAE BHAE GSTs %+ E& glutathione &4
A49 yglutamyleysteine synthase?l mRNA Z&d
S fxtezy 7kx3 U glutathione FEE EoF
= Ao g rtHBorroz 5, 1994; Eatond} Hamel,
94

okx olFgl%o] cyclophosphamidet cytochrome
P-450 59 phase | E4o 9% tlxlx 43S 53
4% JYehlie GSTs 59 phase Il Zdol 23] &3t
Aoz T, AALEE phase | 49 FAs= 7|
HAES FVH7IE v, o] 24 JAAE 71FE S
=i Gomez-Carneiro %, 2003; Han 5, 1995). u}at
A} phase Il 49 =% cyclophosphamideE X®%
g Ods AAEAEA o3 NPLPS aHHo=E
a3 & ZoF JIhEct. AT BHASE BHTS 3¢t
gy tisire B2 ARt Qo o9 3]
Fage A9 A=A ko, vt BHTe Fo7t
A A=oA] Fhrgol] 93t YBAYEL HWFo] T
Aoz 982 vl QltKErikssonst Siman, 1996). we}
A 2 de dal Rud BHAE X&Fow BT Z¢-
GSTs == %38 cyclophosphamideo] 2]t 7|gaA)
S SSIAA = F JA=AE golrr] 98] T EA
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Cyclophosphamide, butylated hydroxyanisole(BHA)
2 reduced glutathione{GSH}2- Sigma Chemical Co.ll
A1, 1-chloro-2,4-dinitrobenzene{CDNB} Aldrich Chem
ical Co.ollA +8ted ARE-3HATH
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HEHEE

AE 859} Sprague-Dawley(SD) REE (FWER
oA Bl of 257k HEA £ AF 105
BAF 245120 gl A AME3I¥LE BE 522
A 2 A" W e AR 2% 2312°C, HUiGE
551+ 5%, 1243 Ho] fA1== 484 ¢ 784
Ao, EF Alz3E AHEA AHEE s

U=EE GSTs RE

BHA d&Fojo] 9§t 7+ GSTs9] = ALE Yolr
71§81 A BFd Bed) 797 AFESET BHA
(50, 200, 500 =& 800 mg/kg}E corn oild] o] 1
mikgel FodEo e ujd 13 797 B9y v
7kz221S A AFHE 71322 99le] 0.1 M po-
tassium phosphate buffer(pH 6.5)2 B3 &3}l
10%<2 homogenateE Y= th2, 30,000X gollAl 60%
7 AAE s ASdE AUt

Buffer 2.8 miell CONB(FHF5% 1 mM, 30 mM stock
in ethanol) 0.1 ml @ glutathione(@&%%= 1 mM, 30
mM stock in buffer) 0.1 miE Y& ¥l-g-gale] -7
BAN(20 uye 7skal EFs & 340 nme] oFellA &
Fx WIE 7153 tHHabig &, 1974). AEE ¥R
23S wo] A FFE WHIE BE AN W F
pel=g

747l 717 B 7IAARD FAgolu AlFHst
of F&L mXA] %= BHAY &HE HA3d cyclo-
phosphamideol] 23] F&Ee 718 s Jtaxss
¥y 7}stdct.

7180 E5HIt

10539 Q=g o - = 112 FAAY L, t2d5E
o] ol Amdol o) Xt dAE Z2 d4l 0YE
AT YgAl = 7183843719 cyclophosphamide] £
3 fd=Ee 718 EA tist BHAY <WEaE Hrisl
71 9130 BHA(B0 mg/kglE corn oiloll o] Al 6 A
FE 129714 797 AFRAEa, vpR Fo] 2A]7F
T cyclophosphamide(15 mg/kg)es Az dge] =
AR AL dx2dde Y X702 vt
S Tttt dRe] FES U4 12949 BHA mIA|
o ol 247§ AlEAst] 7kt efRte A st
GSTs S =& A3 h

24 A Al 20dHe) BE FES AgEnste
224, BRE g, S5 9 AMERE, & - 5 SR
2 AFE 7153 =3 AEA R tlste= Bouin's
solutione 2 I3 tha 9 9 WRA7]e Hepsty

o]4kS #2sITHMansonzk Kang, 1989).
EE 2382 19899 ©l= Society of Toxicologyel
Ay A)¥%k 'Guide Principles in the Use of Animals in

Toxicologyell we} 3= A},

Xtz SAHXE]

RE AL FEshE o] BAES AYslae
T EEARZ erfleh a7 Hlae ANOVA £
% Duncan's multiple-range testE £3k) p<0.06
FEANX 7] o8-S HAsA

lo & o

2 =

B4} A=o] BHAZ corn oilo] = 50~800 mg/kg
o] o= 7 AT A FFEHLE GSTs

Table 1. Induction of hepatic glutathione S-transferases
(GSTs) in normal rats treated with butylated hydroxyanisole
(BHA) for 7 days

Dose GSTs activity

Treatment
(mg/kg) (AOD/min) % of control

Corn oil (1 mlkg) 0.223 + 0.040 100
BHA 50 0.352 + 0.036* 158

200 0.415 + 0.018* 186

500 0.539 + 0.028* 242

800 0.526 + 0.035* 236

*Significantly different from vehicle (corn oif) contrel, p<0.05.
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Fig. 1. Change in the mean body weights of normal rats
treated with butylated hydroxyanisole (BHA) or its vehicle
(corn oil) for 7 days (n=8). @, corn oil (1 mi’kg); B, BHA
(50 mg/kg); A, BHA (200 mg/kg); ¥, BHA (500 mg/kg); @,
BHA (800 mgrkg).
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Fig. 2. Change in the mean body weights of pregnant rats
treated with butylated hydroxyanisole (BHA) or its vehicle
(com oil) for 7 days, from days 6 to 12 of gestation, and
challenged with cyclophosphamide (CP) on day 12 (n=8).
@, confrol (normal pregnant rats); M, corn oil (1 mikkg)+CP
(15 mg/kg); A, BHA (50 mg/kg)+CP (15 mg/kg).

o] BHEIE TV E B, 50 mg/kgellAe &4 ti=
ol Hl8) 158%=, 200 mgkgillE 186%=, 500 mg/
kgollME 242%Z “353t915E, 800 mg/kgollXie 236%
2 o o)} FUkekA] YUtHTable 1). BIS FoyjAl £
T v gl AAEA = FIAT 50 mg/kg

Table 2. Induction of hepatic glutathione S-transferases (GSTs)
in pregnant rats treated with butylated hydroxyanisole (BHA)
or its vehicle (corn oil) for 7 days, from days 6 to 12 of
gestation (n=8)

Dose  Relative organ GSTs activity
Treatment . o -
(mgkg)  weight (%) (AQD/min) % of control
Liver
Comoil (1mikg) 3841033 0.265+0.018 100
BHA 50 376024 04290027 162
Placenta
Com oil (1 mikg) 1.72 £ 0.25 (x100) 0.013 + 0.004 100

BHA 50 1.74+0.11 (x100) 0.019 £0.007* 146
*Significantly different from vehicle control, p<0.05.

£ A|93l= 200~800 mg/kge] BHA FoJ83kilA 2
AlFel AFah E AFT7F A8 o] YEhTHFg. 1),

olggt &MY AAE vlEe =2 50 mg/kge] BHA
L% MAse 9l P=oM cyclophosphamideol)
o3t 718 Aol it W EE HrkedY d4l 6d
ARE 1 mlkge corn oilg MY R3S e FE9
AFoll obF¥l Fako] YRR @gtont, dal 1249
cyclophosphamide(15 mg/kg)s IS ZASole= A
Fo| drFor ZAelithFig. 2). ¥FE, BHABO0 mg/
kgle 797 B3k H9olE cyclophophamidedl] 23
ZA0] A9 vretA] ekt

SHH, 7U7F BHA Fo 3 g4l 129412] GSTs €4 =
= gzl vl 7HERFAME 62%, HiNtlA = 46%
deEtpen, o] w AEE B 3 ] wshe 3

Table 3. Effect of butylated hydroxyanisole (BHA), administered to pregnant rats from days 6 to 12 of gestation, on
reproductive toxicity induced by exposure to cyclophosphamide (CP) on day 12. Maternal and fetal parameters were examined

on day 20 :
Treatment (mg/kg) Control Corn oi+CP (15) BHA (50)+CP (15)
Pregnant dams 8 8 8
Implantation 13924 148136 14419
Live fetusesflitter 126+26 84128 12.4+21*
Resorption & death (%) 10 (8.7%) 51 (43.2%) 16 (13.9%)
Body weights (g) male 348+0.76 243 £0.16* 2.98 + 0.54"
female 3.09+0.38 241 £0.25% 2.74 +0.42*
Placental weight (g) 0.57 £0.10 0491026 0521023
No. of fetuses examined 101 67 99
Malformations observed (%)
cranial defect & exencephaly 0 (0%) 67 (100%) 61 (62%)
micrognathia & tongue extrusion 0 (0%) 67 (100%) 67 (68%)
cleft palate 0 (0%) 10 (15%) 5 (5%)
limb defects 0 (0%) 27 (40%) 29 (29%)
tail defects 0 (0%) 2 (3%) 0 (0%)
renal pelvic dilatation 8 (8%) 26 (39%) 14 (14%)
edema & hematoma 0 (0%) 11 (16%) 2 (2%)
abdominal hemorrhage 0 (0%) 10 (15%) 0 (0%)

*Significantly different from vehicle control, p<0.05.

*Significantly different from the group treated with CP alone, p<0.05.
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A egithTable 2).
FAL7] 24 HHQ 20UA AP g P2

=X ARE HAE 23 cyclophosphamide oo €]
8 F 2 AlgEiAte] B Eol tlzde] 8.7%9 B3|

43.2%=2 AA F7tsltHTable 3). ©]= I8l shalAl7)
(litter) B AL B2 GA] tiZEFY] 12,61 41029 B)
&) 8.4+587e]= ZA3ict. ¥, BHA Fo & cy-
clophophamided] =28 oM e &5 L APZEIA} H]
£0] 13.9%% A oA litter & AE EHASG A
12421012 843 IAHHUT ASE R A Fol
2oJA = cyclophosphamideell &8 ¢F - & 2% thz+
o] 70~78% o Pasielon), oledt Baxe o
Al BHA® &J3f =A /HA=ATE. o vt 718 g
off YA izl e FaEAF 10191 5 89121 (8%)
o] A1$-8hgo] et A Qe U 7)80]

Fig. 3. Representative multiple external deformities induced
by intrauterine exposure to cyclophosphamide (15 mg/kg) on
day 12 of gestation. In comparison with normal fetuses (left),
growth retardation, exencephaly, micrognathia and tongue
protrusion, and forelimb defects (dactylion and ectrodactyly)
were observed in fetuses (right) exposed to cyclophospha-
mide.

Fig. 4. Representative cleft palate (A) and renal pelvic dila-
tation (B) induced by intrauterine exposure to cyclophospha-
mide (15 mg/kg) on day 12 of gestation.

2] ekgter}, cyclophosphamide Fooll A& &)zt
6771 & 677H](100%) BFoAl T " £okE0]
(Fig. 3), 277Fe](40% el A AFRI713 0], 26m2}(39% A
AEo)(Fig. 4), 213 109=)(15%)eIA FHEe]
A QY. F0)lFAIE cyclophosphamided] 2l&] -2
H ohgst 7132 BHAY 93l ==, ¢HE 2
Aoke 717} 62%%} 68%= AL, *}Z] 718E&
29%F., A4 14%2, 28T FNELE 2%E 4
i gt Svi=4

FALES FELET AFPAZ
1980 o] oju =
FHE71 10~15%¢] o]Z231 A F 8~28F 0l A+
AHE gFo] 10~20%9) © a

2l
3} Kang, 1989). o3 *ﬁ“%"éﬂ HARIeEM HEA)
E(oocytespll E4S velllE
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292l polycyclic aromatic hydrocarbons(PAHs), Thok
3t 3}HA 7, antiestrogens B prostaglandin synthetase
inhibitors 5& & 7 &4, o FAME IFAF=
v - Bzpe] Ab 9 dhER|de S8 uks FH 9 /1Y
& g

E AFoA AHEE cyclophosphamided] 3t 718
v - Bjx} S A internucleosomal DNA frag-
mentation &, YAz 2] apoptosisdl] &g Ao = ut
HHTHChen &, 1994). Cyclophosphamided] ¢]3F 7]
HE mlg etsle] HEAA, 4, A, Y, <t

MNE & JATFESR, AREE € By, A8 5
bek 2317199 FelE JeRA T 58 ulet o
Holad], RuddM = QXS5 &etEo] 7}

w20 M N EF FAsfEe] A
& H)g2 f2EcHChahoud 5, 2002; Neubert
o} Barrach, 1977). g o83 E AFiMx 42
12990 & 13]¢9] cyclophosphamide(156 mg/kg) Fairte
2% oM AFe dfFFe] 710 EFoE elte
H, 53] FNFe A= QIS QHFa He A4
AASZ Q15 & £F P42 BE HiAkA FEEA
olag 7139 Feo} A e Ul T 22N/ wet &
2tolg Hol7)E 3AITHAshby %, 1976; Chahoud &,
2002), nh{-20} AT E BREle P2, E7] 5 OiFE
o] FEH AMRME Tl Uehs Ao 2 gy
A dtHChahoud %, 2002; Hales, 1981; Neuberts}
Barrach, 1977; Shah %, 1996; Sieber?t Adams,
1975, Ujhazy &, 1993; Zemlickis 5, 1993).

BHAT= 2 AA 2 ZEs 3t 848 7R 3lo]
NERA7T AR 2@ B AMEEO] e, GSTs
o == =& glutathione TE5 Eo Fo2X JAM
HoE FAEAE AAS F= A=z AAXH, 2 A
oMol 718 oAyt 9A] GTSs f=, glutathione
T 3 4 BHA AAY g4kl 4% 7dske A
o2 dAgdEd E8Ee ul - "Ry ARE 22T
GSTs © glutathioneS 7R aL YA Eale] thokst EA4
2 2 ROSA| FHost Aoz dEA Qi AAE &4
54 e BiAl= A4 Y=ol vls] 5% o)ske) 7 GSTs
FAEE Yeply olF Frketed AF 30Y°] Hojok
50% 528 453}, Glutathione HA] 24 Hojle
50%°lIA 24 § 5ol Aol & A 7t 5
o ol2& Aoz WA K Serafini 5, 1991). whr]
222 7188 fEsiR] godri(Hansen®t Meyer,
1978) GSTs @ glutathioneE F=3] F&= BHAE di
abetes(Eriksson® Siman, 1996)4 cyclophosphamide
o o9& 71 o} st AAEAHEA tEiM =

(

rE
o

flo
%
2
;

X o oy
o s -
K3
il

o

EIHAR] &gAI7E @ A= V"

2 d7dre ¥4l 5 BHAS A&E47) cyclophos-
phamide® 1 7L ES A Z4AA Foie AF
d& P2 GSTs fRE=HEY Y88 7Heie
AAskaTh ¥, T-83(>200 mg/kg)el BHAS A&5%
AT Ay FEY AFo] A= Zase A U
BT oz st 282 3188k BHT FoA] 7F &
Fo] o FUFEIE TR 7€ BaudA BEo] BHTY
BHAZ} thalat8 oA prooxidant® tiAE S ZM Ueh}
£ Hhgo 7 &ARH, o] GSTs ¥ phase || &4 &
=71 & Uz oA ARCHSIman® Eriksson, 1996).
maba FF QA RAC Egg ¥ FHA gxdo=
GSTs 5¢] phase | E4F = & Ae A 44
o] 71Fas Aol 2 A} &7l Sparnins &,
1982; Zhang 5. 1994).
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