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Abs~act--Bipllen~l 2- and 4-hydroxylase activities and cytochrome P-450 concentratjons in microsomes 
were increased by oral doses of less than 1 pg TCDDjkg. Female rats were more sensitive than male rats 
to the inductive effects of TCDD. since highly significant increases in biphenyl-hydroxylating activities 
were observed at the dose level of 0.2 pg TCDDjkg in female but not in male rats. The inductive effect 
was very persistent: biphenyl 2- and 4-hydroxylases remained stimulated even after 73 days following a 
single oral dose of 25 pg TCDD,‘kg. The levels to which the hydroxylases were stimulated in female rats 
were the same as in male rats. Rats of all ages from IO to 335 days responded to hepatic microsomal 
effects of TCDD to approximately the same degree. The enzyme inductive effect was diminished by the 
simul~dneous admjilistration of actil~olnycin D. The K, of biphcnyl ~-hydroxylase (1.42 mM) was not 
altered significantly by TCDD treatment. but the K, of biphenyl 4-hydroxylase (O-62 mM) was increased 
to approximately the same value (I.6 mM) as that of the 2-hydroxylase. The V,,,,, of biphenyl cl-hydroxy- 
lase was increased 4,5-fold but that of biphenyl 2-hydroxylase was increased 16.5-fold. Rates of 28- and 
16r-hydroxylation of testosterone were suppressed by TCDD but rates of 7r- and 6/j-hydroxylation were 
unaffected. It would appear that the hepatic microsomal mixed-function oxidases responsible for the hy- 
droxylation of biphenyl and testosterone are different. 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) has been 
shown to be a teratogenic contaminant of certain com- 
merical preparations of the herbicide 2,4,5-trichloro- 
phenoxyacetic acid (2.4,5-T) [I]. TCDD and a number 

2,3,7,X-Tetrachlorodibenzo-p-dioxin 

of closely related compounds appear to be extremely 
toxic [l&3] and have been implicated in outbreaks of 
chick edema [2,4], chloracne [5,6] and porphyria 
cutanea tarda [7]. TCDD can also produce hepatic 
necrosis [6, II, 91, fetal malformations [I, lo] and a 
number of other biological responses [9]. 

The lesions produced at the molecular level which 
underiie the observed toxicity of TCDD have never 
been elucidated. although recently the response of a 
number of biochemical parameters has been investi- 
gated [ I1 -131. Hepatic &aminolevulinic acid synthe- 
tase levels in the chick embryo are increased after the 
administration of TCDD [ 141 and so too are a number 
of mammalian hepatic microsomal mixed-function 
oxidases [ 15-171 as weli as UDP glucuronyltransfer- 
ase [lx]. 

Biphenyl is hydroxylated only in the 4-position by 
the adult rat, although 2-hydroxylation also occurs in 
immature rats [19] and to a very small extent, if at all. 

in adult rats. The effect of TCDD on the microsomal 
hydroxylation of biphenyl is of considerable interest 
not only from the aspect of arylhydroxylasc response 
to environmental agents. but also from the aspect of 
the changes which must occur at or near the active site 
of the cytochrome P-450 molecule to allow biphenyl to 
be hydroxylated at the 2-position. 

MATERIALS AND METHODS 

Twatwnt qf’tuts. TCDD (Lot No. 851-144-11; puri- 
ty > 99 per cent) was supplied as a gift by the Dow 
Chemical Co. (Michigan). 

Random bred albino rats of the Charles River CD 
stock were maintained on a rodent diet (Wayne Steri- 
lizable Lab-Blox, Allied Mills, Inc., Chicago. Ill.) with 
free access to water. Unless otherwise indicated. 
TCDD was administered via stomach tube as a single 
dose in 0.5 ml acetone-corn oil (1: 6.3). Animals were 
housed individually, thus eliminating the chances of 
cross-contamination of TCDD from animal to animal. 
For those experiments involving immature rats, preg- 
nant female rats were purchased from Charles River 
Breeding Laboratories, Inc., Wilmington, Mass. The 
animals were mated so as to deliver on the same day. 
In the estimation of age, the day of delivery was taken 
as day 0. All litters were reduced to six pups and. at 
the indicated times, two male rats in each litter were 
treated with TCDD. Two males in each control litter 
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were also trcatcd with acetone-corn oil. In actual ex- 
periments, only one animal was used f?om each litter, 
althou@ two were treated in case of fatalities. Litters 
contall~ing TCDD-treated animals did not contain 
acetone- corn oil-treated controls to prevent the poss- 
ible spread of TCDD. 

Pt~pcrratiorr n/’ &i.nso/71cs. Animals were killed by 
cervical dislocation, livers were removed and immedi- 
ately homogenized in 2 vol. of 1.1 S:<, KC1 buffered with 
0.02 M ~~-~-hydroxyethylpipera~ille-~~~-2-~thanesul- 
fonic acid (HEPES), pH 75. at SC. using a TeRon-glass 
homogenizer (four passes of the Teflon pestle: O-006 
to OOO9 in. clearance between Teflon pestle and 
smooth glass grinding chamber; 2500 rev/min). The 
homogenate was diluted to 4 vol. and then centrifuged 
at IO,000 g,,, for 20 min. The peilet was discarded and 
the supernatant was centrifuged at 192.000~,,, for 
45 min. The ~li~ro~ol~lal pellet was resuspended (free of 
most ofthe glycogen) in KCl-HEPES and then resedi- 
mented. The washed microsomes were finally sus- 
pended in KC1 HEPES to a concentration of 6,Omg 
microsomal protein/ml. Protein concentrations were 
determined using the method of Lowry et NI, 2201. 

Bi$lCVZ$ ~~~~~~~.~~~~~~j~~il. The h~droxylation of 
b~~~h~nyl m both the 2- and the 4-positions was mea- 
sured according to the method of Creaven et ul. [ 193 
with one major difference. Biphenyf (Eastman Organic 
Ctremicals. Rochester, N.Y.) was added to the incuba- 
tion mixture in c~~rboxymetllyl-cellulose suspension 
[‘I] instead ofTween X0 solution. Incubation mixtures 
consisted of the following: 1.0 mg microsomal proteini 
ml: 0.17 M HEPES; 3.33 mM NADP; IO mM glucose 
~-p~~o~pll~~t~; 1.33 L’* glucose 6-phosphate dehydro- 
gcnase,iml; IO mM biphenyl; 4.2 mg sodium cdrboxy- 
methylcellulose/ml. The total volume of the incubation 
mixture was I.5 ml and the pH was 7.55 at 37”. The 
NADPH-generating system was incubated at 37” for 
15 min before adding it to the incubation mixtures. 
Reactions were started by the addition of the 
NADPH-generating system and were allowed to pro- 
cccd for 15 min. Analysis of incubation mixtures for 2- 
and ~-hydroxybiphe~y1 was carried out as de~rib~d 
by C’reaven cl al. [ 191. 

T~~osfrrortt, h\dm.~~+%ion. The hydroxylation of 
testosterone in the 2@-, b/j’-. 7~ and 16%“positions by 
rat liver microsomcs was assayed by a modi~~a~ion of 
the radiochromat(ographic te~hnjque of Conney and 
Klutch [X?]. Incubation mixtures consisted of micro- 
somes (I mg microsomal prdtcin). 450 nmoles testo- 
stcrone (0.5 @i)(New England Nuclear, Boston, Mass.) 
added in 20 1.11 methanol, and 2 iimoles NADPH plus 
%I M potassium phosphate bu!%er, pH 7.4, to a final 
volume of 2.0 ml. Reactions were started by the addi- 
tion of NADPH. Incubation blanks (no NADPH) 

* t1 = I unit = amount of glucose 6-phosphate dehydro- 
gonasc reqltircd to oxidize IGpmofe glucose b-phosphate to 
6-phosphogluconate!min at pH 7.4 at 25”. in the prcscnce of 
N.ADP. 

were carried through the same experimental pro- 
cedure. Reactions were terminated after 9 min by the 
addition of 1Oml methylene chloride, shaken for 
30min and then ~entrif~lg~d. An g-ml aiiquot of the 
organic phase was evaporated to dryness under 
nitrogen. The residue was dissolved in 60 ~1 methanol, 
and 25-~1 aliquots were applied to 20 x 20cm Silica 
gel GF plates (Analtech, Newark, Del.) activated at 
1 IO” for IOmin. The plates were developed in methy- 
lene chloride-acetone (30: 50). The location of metabo- 
lites was determined by comparison with auth~nti~ 
standards. Radioactive metabolites were quantified by 
scraping the gel from the plates into scintillation vials 
containing lOml dioxane-based sc~ntill~~tor and count- 
ing in a scintillation counter. 

Cytocimtnr P-450 drtermitlutiot~. Cytochrome P-450 
contents were determined by the CO-difference 
method of Omura and Sate [23) using a Beckman 
ACTA fff recording spe~~o~hotoI~eter. Protein con- 
centrations were reduced to 2.0 mg/ml for the cyto- 
chrome P-450 analyses and the suspending medium 
was 0.1 M HEPES buffer, pH 7.5. 

.&rirtotn_vrit~ Z, ~~~~~~~~?~~~7fs. Actinomycin D was 
obtained from the Sigma Chemical Co. (St. Louis, 
Mo.). In those experiments involvjn~ actino~lycin D, 
the animals were injected intrap~ritoneally with 1,O mg 
actinomycin D/kg ;n 0.5 ml of 1.151:6 KCl. 

RESULTS 

The hepatic microsotnal hydroxylation of biphenyl 
in both the 2- and the 4-positions is highly sensitive to 
stimulatjoi~ or induction by TCLIE), This appeared to 
be especially true in the adult femaie rat, since highly 
significant increases (I? < 0.01) in hydroxylase activi- 
ties occurred at the TCDD dosage of 0,2 pg/kg (Fig. 1). 
The adult male rat appeared to he less responsive to 
the effects of TCDD than the female, since at 0.2 big/kg 
changes in the activities of the hydroxylases were not 
significant in males. The levels (specific activities) to 
which the hydroxylases were stimulated by a dose of 
5 jig TCDD/kg were similar for both male and female 
rats. The ievels to which biphenyl 2- and 4-hydroxy- 
lases were stimulated in male rats by a single oral dose 
3 days before sacrifice were not increased by multiple 
doses-f- The ratio of the activities ofbipl~~nyl4-hydroxy- 
lase and biph&nyl ~~bydroxylase at the highest dose 
level(Fig. 1) was the same for both tlru male and female 
adult rats (4:2 = 2: 1). Hepatic microsomal cyto- 
chrome P-450 also responded to the :\dministration of 
TCDD (Fig. l), although a strict proportionality 
between the cytockrome and either of the hydroxylases 
was not mai~ltained in mi~rosomes from either sex. 

The inductive effect after a single oral dose of TCDD 
(25pg/kg) was unusually persistent (Table I), Of the 
two hydroxylases, biphenyl 4-hydroxylase was the 
quicker to respond and the more persistent. The stimu- 
lation of biphenyl 4-hydroxylase was at the maximum 
obtained 1 day after the single dose of TCDD and even 
35 days after this dose showed no evidence of decreas- 
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Fig. I. Induction of cytochrome P-450 and biphenyl2- and 4-hydroxylases in liver microsomcs after treat- 
ment of male and female rats with TCDD. Four male rats (190 200 g) and four female rats (15CLl60 g) 
were treated at each dose level indicated. The rats received a single oral dose of TCDD in 0.5 ml corn 
oil-acetone (6.3: 1). Control rats receivedcornoilLacetone only. The rats were sacrificed 3 days after dosing. 
The modification by Williams [24] of Dunnetts’ test was used to test for treated-control differences at 

each dose level. Key: (a) P < 0.10; (b) P < 0.05; and (c) P < @Ol. 

Table I. Persistence of induction after a single oral dose of TCDD* 

Days after 
dose 

Biphenyl 4-hydroxylasei 

Control Treated 

Biphenyl 2-hydroxylase: 

Control Treated 

I I.90 * 0.198 3.48 Ifi 0.1 I 0.10 * 0.01 I.09 fr 0.10 
3 I.67 k 0.1 I 3.14 + 0.16 0.22 + 0.08 2.63 k 0.09 

lOI I.47 * 0.09 2.X5 + 0.35 0.12 f 0.05 2.05 + 0.37 
3x I ,97 + 0, I8 3.43 k 0.28 < 0.05 0.83 + 0.08 
73 I.36 + 0.25 2.24 & 0.18 0.06 + 0.02 @35 k 0.06 

* Eight male rats weighing 19G200 g were used at the beginning of each time Interval (day 0). Four of the rats received 
a single oral dose of 25 pg TCDD/kg in acetoneecorn oil (1: 6.3) (2.5 ml/kg). The remaining four rats were used as controls 
and received acetoneecorn oil only. All treated-control differences were significant at P < 0.01 level (two-sided Student’s 
r-test). 

t nmoles 4-hydroxybiphenyl formed/min/mg of microsomal protein. 
$ nmoles 2.hydroxybiphenyl formed/min/mg of microsomal protein. 
p Mean of values with samples from four individual rats + S. D. 
11 The treated group contained only three animals. 

Table 2. Induction of biphenyl 2- and 4-hydroxylases by TCDD in male rats of different ages* 

Age at time 
of sacrifice 

(days) 

Biphenyl4-hydroxylaset 

Control Treated 

Biphcnyl 2-hydroxylase: 

Control Treated 

10 1.04 * 0.13% 3.75 + @26 0.03 k 0.06 1.33 f 0.15 
20 I.37 * 0.14 2.14 * 0.4x;, 0.24 + 0.13 I.83 f 0.50 
38 I.75 f 0.26 3.24 + 0.57 0.26 k 0.0X I.67 f 0.25 
80 1.33 + 0.17 2.60 k 0.28 0.16 k 0.01 I.32 + 0.16 

335 1.45 f 0.26 2.93 + 0.41 0.22 + 0.1 1 2.07 * 0.35 

* Eight male rats were used at each age. Four of the rats received a single oral dose of 25 pg/kg in acetoneecorn oil 
(I : 6.3) (2.5 ml/kg) and the remaining four acetoneecorn oil only. Rats were sacrificed 3 days after dosing. All treated- 
control differences are significant at P < 0.01 level unless indicated otherwise (two-sided Student’s r-test). 

t nmoles 4-hydroxybiphenyl formed/min/mg of microsomal protein. 
$ nmoles 2-hydroxybiphenyl formed/min/mg of microsomal protein. 
$ Mean of values with samples from four individual rats f S. D. 
,( P < 0.05. 
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Table 3. Effect of actjnomycin D on the indllction of biphenyl4-l~ydroxylase and cytochrome P-450 by TCDD* 

Biphenyl 4-hydroxylaset Cytochrome P-450$ 

Control 2.86 t: &I95 I.01 _t 0.08 
TCDD 4.68 & 0.44j! 1.20 f 0.04 
Actinomycin D 3.19 i: 0.22** 1~01 + 0,2u** 
Actinomycin D + TCDD 3.86 f 0.46’1 0.94 + 0.25** 

* Four male rats, each weighing between 190 and 200 g, were used in each group. TCDD (25 ,ug/kg) was given orally 
in a single dose in 0.5 ml acetone--corn oil {1:6,3). Actinomycin D (I mg/kg) was injected intraper~toneail~ in 0.5 ml of 1’15’>; 
KCI. Control animals received O-5 ml acetone-corn oil only. The group which received actinomycin D were also given 0.5 ml 
acetone-corn oil orally. Rats were sacrificed 18 hr later. Multiple comparison procedures employing an experiment-wide 
error rate were used to test for significant differences [27]. Only the results of treated--control comparisons are shown in 
the table. 

t nmoles 4-hydroxybiphenyl formed~min/m~ of rni~roso~~ protein. 
$ nmoles cytochrome P-45O/mg of microsomai protein. 
$ Mean of values with samples from four individual rats i: S. D. 
1, P < 0.01. 
* P < 0.05. 

** Not signi~cant, 

ing. Biphenyl2-hydroxylase was slower to respond and 
38 days after TCDD administration had decreased to 
less than one-third of maximum stimulation seen. 

In spite of the fact that the level of activity of the 
hepatic 2-hydroxvlation of biphenyl seems age depen- 
dent insofar as biphenyl 2-hydroxylase is often found 
only in immature animals [i9], the age of the rat 
seemed to have little effect on the stimulation of the 
microsomal hydroxylase by TCDD (Table 2). The 
highest per cent increase in both 4- and 2-hydroxyl- 
ation rates occurred in the IO-day-old rat, but this was 
a function of the low control values at this age. The 
levels (absolute specific activity) to which TCDD can 

increase biphenyl 4-hydroxylase and biphenyl 2-hyd- 
roxylase appear to be similar in male rats of all ages. 
Studies by Creaven and Parke [ZSJ have shown 
biphenyi 2-hydroxylase to be inducible in immature 
rats, but stimulation of this activity in adult rats hdS 

not previously been reported to our knowledge. Such 
induction is of particular significance in light of the 
report by Basu H ul. [26], that in male rats older than 
about 80 days, the level of hepatic microsomal 
biphenyl 2-hydroxylase activity is very low or absent. 
In some contrast to the results of Creaven and Parke 
[?S] and Basu tit at. 12671 the ~-h}~droxylation of 
biphenyl in our experiments occurred to a small degree 

Table 4. Effect of TCDD on the apparent I<, and V,,,,, of biphenyl I?- and 4-hydroxylases of rat liver microsomes” 

Km “‘,,.,, 
(InM) (nmoles product formedlminjmg protein) 

Biphenyl 2-hydroxylase 
Controi 
TCDD-treated 

Biphenpl 4-hydroxylase 
Control 
TCDD-treated 

1.41 * o-30t 0.45 i: 0.12 
1.35 _t Q25: 7.41 & 0,538 

0.62 + 0. I4 I.21 + 0.39 
1.60 i: 0,294 5.47 & o-XS$ 

* Four male rats (190-200 g) were dosed orally with TCDD (25 pg/kg) in 0.5 ml acetone-corn oil (I : 6.3). Four control 
rats (190 200g) were dosed orally with 0.5-m] vol. of acetone-corn oil only. The rats were sacrificed 4 days later. Micro- 
somes were prepared from the livers of each individual rat. Incubations were carried out as described under Methods 
excepting that NADPH (3.3 mM in the incubation mixture) was used in place of the NADPH-generating system. The 
apparent fc, and Vr,,,,Y for microsomes from each rat liver were determined by a computerized least-squares technique from 
the Lineweaver-Burk plots. The regression line was weighted according to Cleland [2X]. Statistical comparisons were made 
using multiple comparison procedures employing an experiment-wide error rate [27]. The comparisons shown in the table 
refer only to control-treated differences within either the 2-hydroxylase or 4-hydroxylase group. Other comparisons which 
should be noted are: (1) the K, of biphenyl Phydroxylase of TCDD-treated rats is not significantly different from the I(, 
of hiphenyl 2-hydroxylase, and (2) the V”,,,,of biphenyl 2- and 4-hydroxylases from TCDD-treated rats differs significantly 
at the P < 0.05 level. 

t Mean of values with samples from four individual rats I S. D. 
: Not significant. 
3 P <o-01. 
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Table 5. Effect of TCDD on the hepatic microsomal hydroxylation of testosterone* 

339 

Testosterone hydroxylated 
(nmoles/min/mg micrusomal protein) 

Position of 
hydroxylation 

Control 
TCDD-treated 

2P 68 7r 16~ 
I.64 + 0.22t 2.80 + 0.53 2.05 + 0.30 _ 0.45 f 0.08 
0.81 + 0.14: 2.73 * 0.55% 0.46 f 0,06\\ 093 + 0.21: _ 

* Four male rats were dosed orally with 15 pg TCDD/‘kg in acetone -corn oil. Four control rats received acctonc corn 
oil only. The rats weighed between 190 and 200 g at the time of dosing, and they were sacrificed 3 days later. Statistical 
comparisons were made using a two-sided Student’s t-test. 

t Mean of values with samnle from four individual rats + S. D. _ 
: P < 0.01. 
$ Not significant. 

in control rats of all ages studied. However. this differ- and persistence of induction is typical of animal expo- 
ence between laboratories may be due to rat strain dif- sure to many of these compounds [30], but none has 
ferences. been shown to be as long lasting as TCDD. 

That the apparent increase in the hydroxylation of 
biphenyl upon treating rats with TCDD may be due. 
at least in part, to increased enzyme synthesis was in- 
dicated by the diminished stimulation of biphenyl 4- 
hydroxylase when actinomycin D was administered at 
the same time as TCDD (Table 3). Changes of cytoch- 
rome P-450 content proportional to those seen with 
biphcnyl 4-hydroxylase were not obtained (Table 3). 

Of considerable interest are the changes in the 
apparent K, and V,,,,, wrought by pretreatment of rats 
with TCDD (Table 4). TCDD did not change the 
apparent K, of biphenyl 2-hydroxylase, although the 
V m.,x was increased 16.5-fold. The induced enzyme is 
probably the same as that found in the control animals 
excepting that its activity in the microsomal membrane 
has increased enormously. Both kinetic constants of 
biphenyl4_hydroxylase, however, underwent consider- 
able changes. Although I’,,,,,, of biphenyl 4-hydroxylase 
increased 4.5-fold, of special interest’ was the observed 
increase in the apparent K,, to a value indistinguishable 
statistically from that of the apparent K, of the 2-hyd- 
roxylase (Table 4). 

In the untreated male rat, biphenyl appears to be 
hydroxylated by two different enzymes, the major one 
of which is responsible for hydroxylation in the 4-pos- 
ition and the other, present to a minor degree, is re- 
sponsible for hydroxylation in the 2-position. Treat- 
ment of rats with TCDD appears to stimulate the syn- 
thesis of biphenyl2-hydroxylase. and that this induced 
enzyme is the same as that present in small quantities 
in untreated rats is indicated by the fact that the appar- 
ent K, remains unchanged after TCDD treatment. 
Biphenyl4-hydroxylase is also induced, but the appar- 
ent K, is increased considerably, interestingly to a 
value similar to that of biphenyl 2-hydroxylase. Such 
a situation could arise if the induced enzyme were rc- 
sponsible for both 2- and 4-hydroxylation of biphenyl. 

The effects of treatment of rats with TCDD on the 
hepatic microsomal hydroxylations of testosterone are 
shown in Table 5. Testosterone hydroxylation in the 
2g- and 16cc-positions appeared to be suppressed 
(P < 0.01) by treatment of rats with TCDD; whereas 
the hydroxylations in the 6/G and 7x-positions were 
unaffected. 

Competitive inhibition of biphenyl4-hydroxylase by 
TCDD could also result in an increased K,. However. 
the maximum coricentration of TCDD which could be 
present in an incubation mixture. assuming that the 
total oral dose of TCDD was recovered in the micro- 
somes, could only produce a concentration of 3 x 
10m8 M. Allosteric inhibition is also possible. but 
again it must be pointed out that, even if all the TCDD 
given was located in the endoplasmic reticulum, there 
would be at least 30 times as much cytochrome P-450 
present than TCDD. 

DISCUSSION 

TCDD appears to be one of the most potent in- 
ducers of the hepatic microsomal foreign-compound- 
metabolizing enzyme systems as yet reported-at least 
as far as biphenyl2-and 4-hydroxylases are concerned. 
Not only are the biphcnyl hydroxylases extremely sen- 
sitive to induction by TCDD, but the effects of this 
compound are very long lasting. Many polychlor- 
inated compounds will induce certain hepatic mixed- 
function oxidases (see for example Refs. 29 and 30), 

If in the TCDD-treated rats a single enzyme is re- 
sponsible for both 2- and 4_hydroxylation, then it 
would also appear that neither 2- nor 4-hydroxylation 
is favored by the enzyme, since I’,,,,,, is similar for both 
processes. This would suggest that the stereochemistry 
of the active site in the TCDD-induced enzyme favors 
neither “edge-on” nor “end-on” orientations of the 
biphenyl molecule [31]. Thus, the TCDD-induced 
enzyme may differ from biphenyl 4-hydroxylase as 
found in the untreated rats by having a more open type 
of structure, perhaps brought about by membrane 
alterations. 

As an effector of hepatic mixed-function oxidases. 
TCDD bears a resemblance to 3-methylcholanthrene 
(3-MC) 1161, since the CO complex of the dithionite- 
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reduced cytochrome has an ~~bsorption maximum at 
448 nm in the CO difference spectrum. Although both 
TCDD and 3-MC give rise to cytochrome P-448, the 

inductive effects of these compounds on microsomal 
mixed-function oxidases are not identical. For 
example. 3-MC is an inducer of mammalian hepatic 6- 
aminolevulinic acid synthetase [32], but TCDD is not. 
TCDD is an inducer of biphenyl 4-hydroxylase. but 3. 
MC is not [25]. The effects of TCDD on the hydroxyl- 
ation of testosterone also differ from those of 3-MC. 
TCDD afrects neither 6p- nor 7cc-hydroxylation of tes- 

tosterone and suppresses both 2fi- and I&-hydroxyl- 
ation. In these effects on hepatic testosterone metabo- 
lism. TCDD resembles Clllortl~ion [33]. 3-MC stimu- 
latcs ~~-l~ydroxylat~on, suppresses 16~-hydroxylatioll 
and has no effect on 6~-hydroxylation of testosterone. 
These differences suggest that if stereospecific atter- 
ations in the active site and!or membrane environment 
of cytochrome P-450 are responsible for changes in the 
position of hydroxylation. then the alterations in active 
site, etc.. produced by TCDD differ from those pro- 
duced by 3-MC. and different enzymes might be re- 
sponsible for the hydroxylation of biphcnyl and testo- 
sterone. 

TCDD is a very slow-acting toxin. Regardless of 
dose, animals die weeksafter a single administration of 
TCDD. The effect of TCDD on the hydroxylation of 
biphenyl is extremely persistent. Such long-Iasting 
cffccts on a metabolic process or system such as a 
hepatic mixed-function oxidase could underlie the 
slow nature of the toxic action of TCDD. TCDD can 
simultaneously both activate and suppress certain 
membrane-associated foreign-compound- and steroid- 
hormone-metabolizing enzyme systems. Either pro- 
cess. over a long period of time, could result in the ac- 
cumulation of an ultimately toxic material leading to 
delayed death. 
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