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Acute Toxicity, Inductive Effects of Liver Enzymes and Distribution
in the Liver of 1,2, 3,7, 8-Pentachlorodibenzo-p-dioxin in Rats
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Acute toxicity, inductive effects of liver enzymes and liver persistency of 1,2,3,7,
8-pentachlorodibenzo-p-dioxin (PenCDD) were compared with those of 2,3,7,
8-tetrachlorodibenzo-p-dioxin (TCDD) using male Wistar rats.

1,2, 3, 7,8-PenCDD treatment at a dose of 0.1 umol/kg resulted in significant depression of
growth of rats from a day to 28 days after treatment. However, the effect was relatively less than
that of 2,3,7,8-TCDD. On 5 days, similarly to 2, 3, 7, 8- TCDD-treated group, liver hypertrophy
and thymic atrophy were observed in 1, 2, 3, 7, 8-PenCDD-treated groups. In addition, 1, 2, 3, 7,
8-PenCDD showed potent 3-methylcholanthrene-type inducing ability. For example, the activ-
ities of benzo(a)pyrene 3-hydroxylase and DT-diaphorase were 25-fold and 10-fold of control,
respectively. On 30 days, about 50% of the inductive effects on 5 days were maintained in both
1,2,3,7,8-PenCDD-and 2, 3, 7, 8-TCDD-treated groups. Amount of 1, 2, 3, 7, 8-PenCDD distribut-
ed to the liver on 5 days was about 80-90% of dose and was about 1.5 times greater than that of
2,3,7,8-TCDD. About 50% of dose of 1,2,3,7,8-PenCDD remained even on 30 days after
treatment.

From these results, it is suggested that 1,2,3,7,8-PenCDD possessing the potent acute
toxicity comparable to 2, 3, 7, 8-TCDD and higher persistency in the liver might be more impor-
tant than 2,3, 7,8-TCDD in terms of the chronic toxicity.
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(BNVEY N, 2ug/kg: ® 7R, 284 pug/kg) IZIEEK
THEEDEOEREERT I EE2RELTVS, £/,
Bradlaw & Casterline? X, chodZ v b he-
patoma cell IZ331F % benzo(a)pyrene (BP) 3-/kE1t
EEOTFEE I DOWTHAN, 2,3,7,8-TCDD # 100 &
L7258, 1,2,3,7,8-PenCDD 3 1.9~23 I+ &\
LHEL TS,

—7%, YHETIRINnE T, PCDFsOHTH 2,3,
4,7, 8-pentachlorodibenzofuran (PenCDF) & 2,3,7,
8-tetrachlorodibenzofuran (TCDF) 281 1ZEI% 2, &
LELWANEER CHBERFBEREEL R T DXL, IF
ERMERBERIER? 1ES v 2,3,4,7,8-PenCDF T
2L EEZZERBELHIZLE, & 51T coplanar
PCB o 3,4, 3, 4 -tetrachlorobiphenyl (TCB) & U 3,
4,5, 3, 4-pentachlorobiphenyl (PenCB) 22w T %
IR, MRHELS 1 % 3,4,5,3, 4, -PenCB T3 fF
LMD TCB ek, ELIEKRT 20z, 2%
#=4%& UF 3-methylcholanthrene (MC) & FFEMY
BHEROFERELEBRTHERINI Z LTS MIIL
7:26)27).
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HH LEADER LECERIZL > TED L S CEEH
T3 hiZOWT, 1,2,3,7,8-PenCDD & 2,3,7,
8-TCDD #FHWwT, WEEMz 1, i, 5ERMLE
Thr2BEEZFOBERMNEIREL 21,2,3,4,
7-PenCDD i DWW T & [ERICHRET L /2.

x B F &

1. RERMH

2,3,7,8-TCDD Bt wftv>, &L, 1,2,3,
7,8-PenCDD & 1} 1,2, 3,4,7-PenCDD i Dr. J.J.
Ryan (Health and Welfare Canada, Ottawa,
Canada) & b ft&5 & 17z (Fig.1), % 7= benz-
phetamine « HCl (BZ) & U 3-hydroxy-BP i3 #in %
N7y FVarvr—<va—74 AV HE)
EUNNKEERERRFMARATREREE L V5 S
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Fig. 1 Chemical structures of polychlorinated
dibenzo-p-dioxins used in this study
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1E 6%

7z, NAD(P)H, NAD(P), B Uf glucose-6-phosphate
(G-6-P) ixtHfsd (%) () &£, G-6-Pdehy-
drogenase {3 Sigma Chemical # (CKE, St. Louis)
ko, BPid+»545R27 (8% GEER) L OBEAL
7z, %72 2, 4-dichlorophenolindophenol (DCPIP) &
Merck AG (FE K 4 >, Darmstadt) X DEEAL 7.

2. KBRBMHRUES

5840 Wistar RS v b (BB 150g) 25
Vv, & PCDD E¥:4k% 0.1 gumol/kg 3131 0.28 ¢
mol/kg DAET 1 EEER RS L. £EEERR
HE1kg %D 1ml o —VHICBREL, /uRE
Cida—v#oaeEs Lz, PCDD#5%5HBR
V30 HE B, I, MKk URRigERE L 2.
%¥, BEE L2EERES Y.,

3. FBREORAH

BEMEE B R U BIOKS L7 EBREAKT
R L T Im#K 2B Bz, BT, 0.25 M sucrose-
0.1 mM EDTA-10 mM Tris-HCl (pH 7.5) &R & &
DR TA-FT70VREIF AP - T2BBKREY
F— b 2R %, 9000xg T20 REELIHEL,
LR/, OB, RS 5 RAEORIEREERIC
R L, HU 9000 xg T 20 SRR OHBEL, 22T
BonlbEE2EOLEEEDLYE, 9000xg EEEL
7z,

4, BRFREHZOHE

F 70 i P-450 E2OHE X Matsubara & D%
¥ IR > TITo 7, BP 3-kEgbiEH'? XU BZ N-
Bt X F AL EE® 1k 2 W F 4 3-hydroxy-BP RO
HCHO o4& #fIE L7:. DT-diaphorase i,
DCPIP ORTTED SR 3 FEEY it -7, FREE
i3, Folch 5DH% I L OR®, 515 V0 FE
813 Lowry 5OHE WL DiTo 7z,

5. ffe PCDD mEE

FF0.5g1 1N NaOH-x % / — V¥ 20 ml %0
Z, TNHYSMEB-~FH > 20ml T3 EHEL
7o, TOn-~F ¥ UoHHERIIBAKREREL, YV 2T
N#H 5 5 (Wakogel S-1, 0.5g) iEfnL 7. PCDD
X 40ml O n-~F YV THEHINDZDT, ZO5EE
BFREANRHSEL2EE L BEGC-TAGR Y 2~
ow b7 o 7ift L, A7 fused silica capi-
liary column ULBON HR-54 (0.24 mmX50m) %,
FoF v V7 —FAIEMESER (99.999%) 2RV
jo. #AFER 1ml/min, # 5 AEERRHIO 2 5
2150C T, D&Ww20CET142Yn 16CTHRE
L, &3 250°C 2R Lz, £2132,3,4,5,6,2',5-
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heptachlorobiphenyl (HepCB) % WNER{ZEHEWE & L
T, WERBEEEIC L V1T o7, 2B, ZORETTO
RIFIFENIIR DB ThH o 72,

2, 3, 7, 8-TCDD, 20.7 min ; 1,2, 3,4, 7-PenCDD,
27.1min; 1,2,3,7,8-PenCDD, 27.8min ; 2,3,4,5,
6,2’,5-HepCB, 22.7 min

6. P-450c RU P-450d D¥ESLE ILMBFDO/FRY

i P-450 OREBUIBER e iTo7, £122h s
@ P-450 123f3 % 7 Y FHUME X BEHR 12 e R
L.

7. 9000xg LEFDP-450c RU' P-450d S ED
RELENEER

Thomas 5D AE® 2HW T/, Thbb, 1
M glycine-NaOH #Ef#y%& (pH 7.4), 86 mM NaCl,
0.54 M glycerol, 15 mM NaN;, 0.2% Emulgen 911,
K1 0.5% Na cholate #&1r 0.9% agarose % &
R, 56°CICIIBL TH &, ZNICH P-450 12443
Uy FHMmME (0.5~1ml) 2z, BEE9cm D
Yy —VIHELAHZBRE L, BELS VICER S
mm QR % HF, THICHEEREAR, ERTI~2H
BELERKL :BBHOEE %KD, BER P-450 54

3001

WCEDERLUBERICIDEZ L2, RED 9000
xg L 21X 0.4% cholic acid & 18 0.2% Emulgen
911 ZEMIL THW:,

X B B R

1. 1,2,3,7,8-PenCDD > s\ 354

Fig.2 1 1,2,3,7,8-PenCDD % 1} 2,3, 7,8-TCDD
72720 0.1 umol/kg T v b DRERENIC 1 B
ELRBEORMOGENMBKERT. @
PCDDETiRWINHBEHR1IBETEL b, BEL
FERIMMEIZIRE R L. $4bb, MEHET29H
RIC# 215 g WL -3t L, 1,2,3,7,8-PenCDD
B’EHTII 191, 2,3,7,8-TCDD 58Tz 93g i<
BERMoI, TOFER»MS, 2,3,7,8-TCDD D F 28
1,2,3,7,8-PenCDD (2 tbR, v bORREBICRIZTE
EyIp DERL I ENRENT:.

wiz, 1,2,3,7,8-PenCDD % U 2, 3,7,8-TCDD #&
5% 5HERV IO HEBOBMBEE R L, 2h
T, 2,3,7,8-TCDD #5 7 v + TIIHAFIEX, KR
EHEIBEIN TV, Tablel WRT LI, 2,
3,7,8-TCDD Tl E5®SAETCI TRFEER
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Fig. 2 Effects of 1,2, 3,7,8-PenCDD and 2, 3,7,8-TCDD on body weight gain in rats
Both PCDDs were injected i. p. at a single dose of 0.1 ;zmol/kg. Each point represents the mean of four

rats.

* Significantly different from the control, p<0.05.
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NEBREED 1.45 52, FMBRIEEEED 9%\ L&
LLELTwi, —5, 1,2,3,7,8-PenCDD BT
2,3,7,8-TCDDEILET 2 EBELREENRES L
o, Thbb, MEHCHLFERIX1.26(2THD,
F 72 HORRIE 50% L BHEL Tz, BRI L TIE 2,3,
7,8-TCOD B CEFMERA B R > iz, 1,2,3,7,
8-PenCDD # TR ELIBZ RNk h o7, HE5%30
HETK, @PCDD#{EHFH L VIS HEREEI L
BRLAKTHY, BREEOERIFLAYHES
nTwihroiz,

2. 1,2,3,7,8-PenCDD MO AFEEEF SR

1,2,3,7,8-PenCDD & 1f 2,3,7,8-TCDD 0 #& 5%
5HB® %W iE 30 HE B THF 9000 xg Lg% 5
81, @ PCDD sSHFEMRHBRRCRIZTRE R
#&L7: (Table2), #5#% 5 HEHD P-450 &3 2,3,
7,8-TCDD B TXEEEDH 3.3 1%, 1,2,3,7,8-PenC-
DD #TH2.9fETH o7, £z, MCRIZFEEHTEL
{FH 3 BP 3-kE{biE M & DT-diaphorase &
HixZzhzFh, 2,3,7,8-TCDD #BEHIZ 5\ TIE TR
BOW2BF/EMWUBTHY, ZThITNL L2,3,7,
8-PenCDD B EH TR Z N FAW B ELH 10T
Hot, 5% 30 HE T, 2,3,7,8-TCDD #5580
DT-diaphorase {EMNBEOK 16 5L 5 HEDHE

EMn 6%

HEHRBHERFR IR T IDRNL, P-450 88 R U Z
DMDFEE I WFN O PCOD#BEEETY 5 HEHDH
60% 2> 5 50% AT~ BT L C\v>7z, —7, phenobar-
bital BIFHF|THFE SN D 8, WHiic MC BZEH
K TEMET 2217 2 BZN-Bix F U {bEME, 58
B PCOD BT LA EHERZR T o700,
5% 30 HED 2,3,7,8-TCDD # Tk HAERA %R
L, 20 &5k1,23,7,8-PenCDD % 2,3,7,
8-TCDD IZIGE§ 213 E MW FHAER B L Tz,

3. 1,2,3,4,7-PenCDD 2 te Bt ¢ FBRHE
3z

1,2,3,4,7-PenCDD (0.28 umol/kg) % REiepy iz #&
5L, 85%5 BMoGEMINMBREBEL:, 20
W&, 1,2,3,4,7-PenCDD #5843, 2,3,7,8-TCDD

(0.28 umol/kg, ip) BEMTEHEINLELWHEE
HMMERIR I B on s, NBHE2{FELE
ERINER 2R L7 (Fig. 3), RIEBREZ~OEE
A~z Hs, Table3 Ry &2, 1,2,3,4,7-PenC-
DD ¥ 58T aiR 0 PCDD iz & b R® & 7z FFAE
K, MBROBEHEZ LOBBREEOE LIz L BEIA
Bholn, &5 HEYRBMBERERCRIZTRE
Hlz & 2%, BP 3-KE{biE M & U DT-diaphorase 1%
HTEHE L U THBRON 2 EOFEMREIBE S

Table 1 Effect of 1, 2, 3, 7, 8-PenCDD and 2, 3, 7, 8-TCDD on the tissue weights of rats
Tissue weight (g/100 g body weight)
Treatment
Liver Thymus Spleen
On 5 days
Control 3.10+0.15 0.340%0.023 0.288+0.068
(100) (100) (100)
2, 3,7, 8-TCDD 4.48+0.33* 0.168+0.039* 0.254+0.025
(145) ( 49) (88)
1, 2, 3, 4, 8-PenCDD 3.92+0.19* 0.171+0.013* 0.325+0.069
(126) ( 50) (113)
On 30 days
Control 3.22+0.20 0.181+0.026 0.253%+0.026
(100) (100) (100)
2, 3,7, 8-TCDD 4.40+0.53* 0.078+0.016* 0.328+0.034
137 ( 43) (130)
1, 2, 3, 4, 8-PenCDD 3.89+0.15* 0.11140.006* 0.246+0.026
(121) ( 61) (97

Both PCDDs were injected i. p. at a single dose of 0.1 xmol/kg.
Each value represents the mean+S. D. of three or four rats and those in parentheses are the relative

ratio to the control.

* Significantly different from the control, p<0.05.

(12)
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Table 2 Effect of 1, 2, 3, 7, 8-PenCDD and 2, 3, 7, 8-TCDD on the enzyme activities of 9000 xg
supernatants of rat liver
Treatment P-450 BP 3- BZ N- QT-
content” hydroxylase? demethylase® diaphorase?
On 5 days
Control 0.149+0.026 28.8+10.0 0.664+0.071 0.130+0.046
(100) ( 100) (100) (100)
2,3,7,8-TCDD 0.493+0.039* 747.9+71.2* 0.612+0.049 1.798+0.476*
(332) (2594) (92) (1384)
1, 2, 3, 7, 8-PenCDD 0.431+0.045* 727.6+48.1* 0.620+0.042 1.298+0.301*
(289) (2530) (93) (1999)
On 30 days
Control 0.177+0.016 67.4+22.5 0.995+0.163 0.089+0.023
(100) ( 100) (100) ( 100)
2, 3,7, 8-TCDD 0.393+0.057* 708.4+87.5* 0.678+0.208 1.383+0.515*
(230) (1052) ( 68) (1552)
1, 2, 3, 7, 8-PenCDD 0.382+0.049* 814.4+73.8* 1.179+0.140 0.505+0.210*
(216) (1209) (118) ( 567)

Both PCDDs were injected i. p. at a single dose of 0.1 #zmol/kg. Each value represents the mean+
S. D. of three or four rats and those in parentheses are the relative ratio to the control.

Y nmol/mg protein, ? pmol/min/mg protein, ¥ nmol/min/mg protein,

4 pumol/min/mg protein.

* Significantly different from the control, p<0.05.

Table 3 Effect of 1, 2, 3, 4, 7-PenCDD on the tissue weights of rats

Tissue weight (g/100 g body weight)

Treatment

Liver Thymus Spleen

Control 3.14+0.06 0.302+0.037 0.364+0.039
(100) (100) (100)

2, 3, 7, 8-TCDD 4.72+0.42* 0.131%0.020* 0.281+0.041*
(150) ( 43) 77

1, 2, 3, 4, 7-PenCDD 3.09+0.12 0.264+0.035 0.320%+0.038
(98) (87) ( 88)

Both PCDDs were injected i. p. at a single dose of 0.28 xmol/kg. Each value represents the mean+S. D.
of four rats and those in parentheses are the relative ratio to the control.

(13)
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N, WIRLEE T E» o7 (Tabled),

4, % PCDD OFF&EM

Wic& PCDD#5#% 5 BEH2 Wi 30 HEWC B
3 ERMEDF DS % F7z, Tabled ITRT &

0—0 control

0O--00 12,3,4,7-PenCDD
301

@--® 2,3,78-TCDD

Body weight gain (g)

Days after administration

Fig. 3 Effects of 1,2,3,4,7-PenCDD and 2,3,7,
8-TCDD on body weight gain in rats
Both PCDDs were injected i. p. at a single
dose of 0.28 ymol/kg. Each point repre-
sents the mean+S. D. of four rats.
* Significantly different from the control,
p<0.05.

FE Z»6H

$1Z,2,3,7,8-TCDD ig 10, 32.2 KU 100 pg/kg D>
THhORBTHREZFDON 46~62%» 5% 58E
O THRE SN, 2L 1,2,3,7,8-PenCDD iX
10 & Ur35.6 ug/kg DEET, ZHZFh 8% KU 93%
BCAHL Tz, g7, %5% 30 BEDF TR,
2,3,7,8-TCDD 3 # 520 2% L &5 5 HE D
50% AT A LT 7228, 1,2,3, 7, 8-PenCDD 13 #%
520#49%THY,#5 5 BED 50~60% i3 #iF s
ntnk, ZoFERE, 1,2,3,7,8-PenCDD DFA®D
AN 2,3,7,8-TCDD b, 2 D BV I & 2R
LTw3,

—A, 1,2,3,4,7-PenCDD %, 10 & U 100 ug/kg ®
WTNOBEDHEICH, 855 HEOHICREERE
D 0.1% LA L Twighoi,

5 1,2,3,7,8-PenCDD %0 2,3,7,8-TCDD i¢ 5
v b EFF9000xg LEEFP-450c RUP-450d D E
g

MC ®ZEHEE+HE 3 2 PCB & 0 PCDF B4,
Sy MFS 70V —A0 P-450 FFREOH T I,
P-450 a, P-450 ¢ R U'P-450d 2 BEE CN&E €5 2
EMBHISN TR 1 2 3FERMENE L
< E\»2,3,4,7,8-PenCDF 23, P-450 53 FFED > b5
LEERDOEWP-450d ML 1 TRALT
WBZERELAMILTWEY, 22T, 1,2,3,7,
8-PenCDD % 1 2,3,7,8-TCDD# 5% 30 H B »
Zv bFED 9000 xg LEEFARML, chicEdihd
& P-450 F FRER RIELFNFRCIVER L. Z
D¥ER, Table6 KRT & 32, NBRHETIRHEBER

Table 4 Effect of 1, 2, 3, 4, 7-PenCDD on the enzyme activities of rat liver

Treatment P-450 BP 3- BZ N- DT-
content? hydroxylase? demethylase® diaphorase®

Control 0.184+0.024 33.9+ 9.1 0.778+0.018 0.096+0.003
(100) ( 100) (100) ( 100)

2, 3,7, 8-TCDD 0.501+0.027* 614.2+91.9* 0.532+0.065* 3.538+0.834*
(275) (1812) ( 68) (3676)

1, 2, 3, 4, 7-PenCDD 0.171+0.024 64.44+22.9 0.722+0.080 0.229+0.076
(93 (93 ( 236)

( 190)

Both PCDDs were injected i. p. at a single dose of 0.28 #mol/kg. Each value represents the mean+
S.D. of four rats and those in parentheses are the relative ratio to the control.
Y nmol/mg protein, » pmol/min/mg protein, ¥ nmol/min/mg protein,

¥ umol/min/mg protein.

* Significantly different from the control, p<0.05.

(14)
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(0.002 nmol/mg protein) AT TH o7 P-450d K
U P-450c 23, 2,3,7,8-TCDD®RE# TR ZFh Zh
0.142% 1* 0.388 nmol/mg protein &L {FHah
Tz, TRSDERZFALFNRRP-450 80D 35% &
6% TH-or. —H, 1,2,3,7,8-PenCDD &£ 58TH
2,3,7,8-TCDD # & R4 P-450d X UF P-450c @
ELOEMSEES L, 2 EhB P-450 BD 26% &
85% & i T/, 0 k3 icHPCODEH O
P-4500 > &, WwiFhd P-450c RO P-450d S EE
RAFEICIR-THE Y, BICP-450c &2k P-450d
EBOWIBETH 7. B, 1,2,3,4,7-PenCDD &
BETBRDE Sz, L HFP-4022FHE L hdo7
53, MP-450 28D > b P-450c R U P-450d i3\
NOYREBRFALUT ThH o7 (F—F THE).

= =

2 f&® PenCDD, 1,2,3,7,8,-PenCDD &1} 1,2, 3,
4,7-PenCDD 05 v b iz B 3 AEMN, FEXSY
e R VRS2 TN, 2,3,7,8-TCDD 0 74 & H#k
L7z,

1,2,3,7,8-PenCDD i3 FFAER, BIBROELER & DI
BESLFLrANEROEECLEEE, 2,37,
8-TCDD i b T iE V133 325, FHICIEET 31
EOBMWENEET LI LB ER o, TR
Bi35ed McConnell 59 DERE—HT 2D TH
3,27, FESEFEEIIOVWTH I T TOHE? &
I, 2,3,7,8-TCDD ICHEREFF DD, h
I T 2RBOBE THo7, ThoDERIZ, PCBs
® 3,4,3,4-TCB % PCDFs 0 2, 3, 7,8-TCDF 0 3%
Griz®Rny, 2,3,7,8-TCDD 0 1 fi~DERBEHUC

Table 5 Concentration of polychlorinated dibenzo-p-dioxins in rat liver at 5 or 30 days after a single

i. p. injection

Dose % of dose
Compound
(ue/kg) 5 30 (days)
2, 3,7, 8-TCDD 10 45.671+25.48 —_—
32.2 62.49+23.72 22.14% 3.91
100 49.21+12.61 —_—
1, 2, 3, 7, 8-PenCDD 10 77.98+ 9.21 —
35.6 92.94+10.19 49.33+12.79
1, 2, 3, 4, 7-PenCDD 10 0.13+ 0.16 —_—
100 0.06% 0.08 —_—

Each value represents the mean+S. D. of four rats.

——, not determined.

Table 6 Immunochemical quantitation of two forms of P-450 in liver 9000 xg supernatants from
1, 2, 3, 7, 8-PenCDD- or 2, 3, 7, 8-TCDD-treated rats
Total P-450 P-450d P-450 ¢
Treatment .
(nmol/mg protein)
Control 0.177%+0.016 <0.002 <0.002
2,3, 7, 8-TCDD 0.406+0.058 0.142+0.043 0.388+0.029
(100) ( 35) ( 96)
1, 2, 3, 7, 8-PenCDD 0.382+0.049 0.099+0.017 0.326%0.057
(100) ( 26) ( 85)

Rats were killed on 30 days after a single i. p. dose of 0.1 #mol/kg of PCDD. Each value represents the
-mean=S. D. of four rats and those in parentheses are the relative value to total contents of P-450.

(15)
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