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Abstract-Hormonal influences on the developmental pattern of epoxide hydrolases (EH) were inves- 
tigated in livers from male and female Fischer F-344 rats. During ontogeny, activities of rat liver 
microsomal and cytosolic epoxide hydrolases (cEH and mEH) increased gradually until puberty when 
activities in males rose rapidly to become 1.5fold to 2.0-fold higher than those in females. These sex 
differences were not observed in the adult rat if males were castrated 24 hr after birth. In castrated 
males, as well as in females, testosterone propionate (TP, 0.5 mg S.C. in 50 yl peanut oil) injected on 
days 1, 3 and 5 postpartum increased mEH and cEH activities at adulthood compared to peanut oil- 
treated controls. In another study to determine effects on adults of neonatal exposure to a prototype- 
inducing agent, phenobarbital (PB, 30 mg/kg s.c., qd, in 0.9% saline) was injected in male and female 
neonates on days 1 through 5 Postpartum. Although no long-term effect on mEH activities appeared 
on days 28, 45 and 60, hepatic mEH activities increased in all treatment groups on days 90 and 
120. Collectively, these studies indicate that neonatal exposure to testosterone and PB alters the 
developmental pattern of EH activities, including final adult levels. Thus, full adult expression of these 
activities depends on hormonal influences exerted neonatally. 

Epoxides are of interest in toxicology and chemical 
carcinogenesis because of their reactivity with cellu- 
lar nucleophiles. In addition to reactions with pro- 
teins and nucleic acids, epoxides have several other 
potential fates: hydration to form rrans-1,2-dihydro- 
diols [l, 21, catalyzed by the enzyme epoxide hydro- 
lase (EH), located both on the endoplasmic 
reticulum and in the cytosol. This hydration has 
toxicological consequences since diols possess much 
less electrophilic reactivity than their corresponding 
epoxides. Many epoxides can exert toxic, mutagenic, 
and carcinogenic effects so that the ability of EH 
to convert epoxides to dihydrodiols constitutes a 
principal cellular defense mechanism in the detox- 
ification of these reactive intermediates [ 1,2]. 
Rarely, EH can act on a substrate, such as 
benzo[a]pyrene 7,8-oxide, to enhance, rather than 
diminish, its toxicity [3,4]. Since many enzymes, 
including EH, exhibit low activity during the neo- 
natal period, young animals may be particularly vul- 
nerable to toxicity from reactive intermediates, and 
perturbations affecting EH activity in young animals 
could be of special toxicological significance. 

In adult rats, sex-dependent differences occur in 
the hepatic oxidative metabolism of many substrates, 
including aminopyrine, ethylmorphine, hexobarbital 
[5-71, and endogenous steroids [8,9]. Some aspects 
of these well documented differences are modulated 
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by testosterone during and after sexual maturation. 
Adult castration of males generally decreases and 
testosterone treatment of females usually enhances 
hepatic drug-metabolizing enzyme activities [5-71. 

A related aspect of sex-dependent differences in 
hepatic drug metabolism concerns the so-called 
“imprinting” influence of androgens that occurs dur- 
ing early postnatal life [lo]. Imprinting refers to 
hormonal manipulations during the neonatal period, 
the effects of which are manifested much later in life. 
Both Gustafsson et al. [9] and later McEwen [ll] 
proposed mechanisms whereby a fetal pattern of 
female metabolism is “masculinized” through 
release of androgens during the neonatal organ- 
izational period; this transformation is apparently 
mediated through hypothalamic regulation of pitu- 
itary secretion of growth hormone [9-131. During the 
neonatal period critical for imprinting, exogenous 
chemicals (xenobiotics) can aldo affect maturation of 
the hypothalamic-pituitary-gonadal axis and, there- 
fore, function as imprinting agents. For example, 
phenobarbital (PB), a classical barbiturate inducer 
of the monooxygenase system, imprints adult levels 
of several forms of hepatic cytochrome P-450, includ- 
ing those designated arylhydrocarbon hydroxylase 
[14] and ethylmorphine iV-demethylase [15,16]. 

Although EH is ubiquitous throughout mam- 
malian tissues, knowledge of the hormonal control of 
the developmental pattern is still incomplete. Oesch 
[17] reported an approximately 4-fold increase from 
the 5-day male rat to adult levels of mEH. Adult 
males exhibited 2.5 to 3 times higher mEH activity 
than adult females, whereas neonates 5 days of age 
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exhibited no sex difference in mEH. Gill and Ham- 
mock [18] observed an approximately 5-fold increase 
from 3-week-old male mice to adult levels of cEH, 
whereas females increased only 2-fold. A precise 
description of the regulation of these developmental 
patterns remains to be provided and constitutes main 
objectives of the present study, which also explores 
effects of various hormonal and environmental 
manipulations on this developmental pattern. 
Specifically, we examined and report effects of neo- 
natally administered testosterone and a neonatally 
administered xenobiotic, PB, on the developmental 
pattern of EH activities. 

MATERIALS AND METHODS 

Animals and treatments. Adult male and female 
Fischer F-344 rats, weighing approximately 250 g 
and 175 g, respectively, were obtained from Charles 
River Laboratories (Wilmington, MA) for use as 
breeders. Rats were housed six per cage in stainless- 
steel, wire-bottomed cages without bedding in a 
temperature-controlled environment (12 hr light- 
dark cycle: 7:00 a.m. lights on) and were fed Purina 
Rodent Lab Chow and tap water ad lib. 

Two females were mated with a randomly chosen 
male until the appearance of a vaginal sperm plug, 
which was considered day 1 of pregnancy. A week 
before delivery, females were housed separately in 
solid-bottom, stainless-steel cages with corn-cob 
bedding. Pups were born on days 23 or 24 and 
remained with their mothers until weaned at 24 days 
of age. 

Studies involving neonatal castration and tes- 
tosterone replacement were performed as follows. 
At birth, litters were divided into males and females. 
The males were then divided into two groups. Half 
of the males were castrated within 24 hr using the 
hypothermic technique of Pfeiffer [19], while others 
were sham-operated. The neonatally castrated group 
was further subdivided. Half of the castrates received 
testosterone propionate (TP, Sigma, 0.5 mg in 50 ~1 
peanut oil) given S.C. on days 1, 3 and 5. The other 
neonatally castrated males received the vehicle (50 ~1 
peanut oil) S.C. on days 1, 3 and 5. 

Females were also divided into two groups. Half 
of the females received TP (0.5 mg in 50 ~1 peanut 
oil) S.C. on days 1, 3 and 5. The remaining females 
received the vehicle (50 ~1 peanut oil) S.C. on days 1, 
3 and 5. 

One sham-operated male, one castrated male 
given peanut oil or TP, and one female given peanut 
oil or TP from each of eight litters were used to assay 
for cEH and mEH activities at 14, 28, 45, 60, and 
90 days of age. 

Studies involving neonatal PB administration were 
performed as follows. Litters were randomly 
assigned at birth to receive either 30 mg/kg PB 
[sodium pentobarbital (PB), Merck, Sharp & 
Dohme] dissolved in 0.9% saline or 0.9% saline 
alone. Neonates were injected S.C. once each day on 
days 1 through 5 postpartum. Both PB- and saline- 
treated males were subdivided into either neonatally 
castrated or sham-operated groups. PB- and saline- 
treated females were subdivided into groups receiv- 
ing either TP (0.5 mg in 50 ,ul peanut oil) or 50 ~1 

peanut oil on days 1, 3 and 5. One male and one 
female from each treatment group (six animals per 
treatment group) were used to assay hepatic mEH 
activity at 14, 28, 45, 60, 90 and 120 days of age. 

Preparation of microsomal and cytosolic fractions. 
Animals were decapitated and bled, and the livers 
were rapidly removed and placed on ice. Liver micro- 
somal and cytosolic fractions were prepared as pre- 
viously published [20]. Protein concentrations of 
both fractions were estimated by the Biuret method 
PI* 

EH assays. EH activity in hepatic microsomes 
was determined by the radiometric method of 
Schmassmann et al. [22] using [3H]benzo[a]pyrene- 
4,5-oxide (BPO) as the substrate. The BP0 was 
purchased from the Chemical Carcinogen Reference 
Standard Repository, NCI, NIH, Bethesda, MD. 
The incubation contained the following: 25 nmol 
BP0 (4.0 X 104dpm), 0.05 mg enzyme suspension, 
and 0.5 M Tris-HCl buffer, pH 9.0, at a final incu- 
bation volume of 0.5 ml. The incubation was carried 
out at 37” for 10 min. 

EH activity in the hepatic cytosolic fraction was 
determined by the radiometric method of Oesch and 
Golan [23] using [3H]trans-stilbene oxide (TSO) as 
the substrate. The TSO was custom synthesized by 
the Amersham Corp., Arlington Heights, IL. The 
incubation contained the following: 10 nmol TSO 
(4.0 x lo5 dpm), 1.0 mg cytosolic protein, and 0.5 M 
Tris-HCl buffer, pH 7.4, at a final incubation volume 
of 0.2 ml. The incubation was carried out at 37” for 
10 min. 

Both substrates were removed by solvent extrac- 
tion, and the remaining diol products were quanti- 
tated by liquid scintillation spectrometry. Under 
conditions employed, reaction rates were linear with 
respect to time and protein concentration. Incu- 
bation blanks contained either boiled microsomes, 
boiled cytosol or buffer in place of active microsomes 
and cytosol. 

Zmmunoblot analysis. Immunochemical quanti- 
tation of hepatic mEH and cEH protein was 
accomplished through the use of antibodies against 
rat microsomal and mouse cytosolic EH in the 
“Western” blot procedure. These antibodies were 
provided by Dr. Peter Guengerich (anti-rat mEH 
antibody) and Dr. Bruce Hammock (anti-mouse 
cEH antibody). Microsomal or cytosolic protein 
samples (1OOpg each) from livers of 120-day-old 
sham-operated males, females and neonatally cas- 
trated male rats were resolved by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS 
PAGE) according to Laemmli [24]. After elec- 
trophoresis, the resolved proteins were transferred 
electrophoretically to nitrocellulose sheets as 
described previously [25]. The protein bands were 
probed first with anti-mEH and anti-cEH antibodies 
and then with goat anti-rabbit IgG conjugated with 
alkaline phosphatase. The bands containing cEH and 
mEH protein were visualized as described by Blake 
et al. [26] and quantitated by densitometry. 

Determination of K, and V_. Determination of 
the kinetic constants for both mEH and cEH was 
performed as follows. The kinetics of BP0 hydration 
were determined in an incubation mixture (0.5 ml) 
that contained 0.5 M Tris-HCl (pH 9.0) and micro- 
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somal protein (0.05 and 0.10 mg) from adult males, 
adult females or neonatally castrated males. Each 
microsomal preparation was incubated with five sub- 
strate concentrations over a range of 6.25 to 150 ,uM 
BPO. 

The kinetics of TSO hydration were determined 
in an incubation mixture (0.2ml) that contained 
0.5 M Tris-HCl (pH 7.4) and cytosolic protein (0.5 
and 1.0 mg) from adult males, adult females or neo- 
natally castrated males. Each cytosolic preparation 
was incubated with five substrate concentrations over 
a range of 4.0 to 80.0 PM TSO. 

BP0 and TSO assays were performed as described 
above. The apparent K,,, and V,,,,, values were 
obtained from Lineweaver-Burk plots from the aver- 
age of three independent determinations. 

Statistical analysis. Analysis of variance pro- 
cedures was used to assess the significance of sex 
effects, treatment effects and sex/treatment 
interactions. 

Significant F-ratios were evaluated by the stu- 
dentized range statistic (Newman-Keuls t-statistic). 
For all statistical measures, P s 0.05 was considered 
significant. Bar graphs represent the mean value for 
each treatment group +- the standard deviation. 

RESULTS 

Effects of neonatal castration and testosterone 
replacement on hepatic mEH and cEH activities. 
On days 14 and 28, no differences in mEH activity 
occurred between males and females for any treat- 
ment group (Fig. 1). However, on day 45 when 
sexual differentiation had taken place, mEH activity 
in the sham-operated control males was twice that of 
control females, whereas mEH activity in neonatally 
castrated males remained at female levels. 
Moreover, on day 45, rats that had received tes- 
tosterone propionate during the neonatal period 
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(females and castrated males) showed an increase in 
mEH activity over controls that received the vehicle 
only. This pattern was also observed on days 60 and 
90. By day 60, females and castrated males that had 
received neonatal testosterone attained the same 
level of mEH activity as sham-operated males. 

Figure 2 shows effects of neonatal castration and 
testosterone replacement on developmental patterns 
of cEH activity in both males and females. As 
observed with mEH, no differences in cEH activities 
occurred among any treatment group on either day 
14 or day 28. On day 45, cEH activity in sham- 
operated males increased over that of control 
females, whereas neonatally castrated males 
remained at female levels. Also, those groups receiv- 
ing testosterone neonatally increased their cEH 
activity over controls receiving peanut oil. This same 
pattern also occurred on day 60 and day 90. The 
overall effect was that neonatal castration abolished 
the sex differences in mEH and cEH activities 
observed in normal adult rats. Testosterone adminis- 
tration during days 1, 3 and 5 postpartum had no 
effect on enzyme levels at 14 or 28 days, but increased 
adult mEH and cEH activities beginning 40 days 
after completion of TP treatment (Figs 1 and 2). 

Effect of neonatal PB administration on the devel- 
opmental pattern of hepatic mEH activity. Table 1 
shows effects of neonatal PB administration on mEH 
activity in 28-, 45-, 60-, 90-, and 120-day-old rats. 
Sham-operated, saline-treated (control) males, neo- 
natally castrated, saline-treated (control) castrates, 
peanut oil, saline-treated (control) females and tes- 
tosterone, saline-treated (TP control) females all 
exhibited the same developmental pattern as 
described in Fig. 1, thus confirming the conclusions 
of the first study. 

Neonatal PB administration did not affect the 
mEH activity of any group compared to saline- 
treated controls through 60 days of age. However, 

DAY 14 D,AY 29 DAY 45 DAY 60 Day 90 

Fig. 1. Effects of castration and testosterone replacement during the neonatal period on the devel- 
opmental pattern of rat liver mEH activity. Results are expressed as means 2 SD, N = 8. The single 
asterisk (*) indicates that both castrates and females given TP neonatally differed from control castrates 
and females given peanut oil for the same time point (P < 0.05), one-way ANOVA, Newman-Keuls. 
The double asterisk (**) indicates that sham-operated males differed from control castrates and females 

for the same time point (P < 0.05), one-way ANOVA, Newman-Keuls. 
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Fig. 2. Effects of castration and testosterone replacement during the neonatal period on the devel- 
opmental pattern of rat liver cEH activity. Results are expressed as means f SD, N = 8. The single 
asterisk (*) indicates that both castrates and females given TP neonatally differed from control castrates 
and females given peanut oil for the same time point (P < O.OS), one-way ANOVA, Newman-Keuls. 
The double asterisk (**) indicates that sham-operated males differed from control castrates and females 

for the same time point (P < 0.05), one-way ANOVA, Newman-Keuls. 

in 90-day-old rats, neonatal PB administration 
increased mEH activity in both castrated and sham- 
operated males and in females given either tes- 
tosterone or peanut oil compared to saline-treated 
controls (Table 1). Groups with low concentrations 
of neonatal testosterone (castrated males and peanut 
oil females) responded to PB by an increase that was 
higher than those exposed to higher concentrations 
of neonatal testosterone (sham-operated males and 

TP-treated females). In 120-day-old rats, this same 
pattern of increased mEH activity occurred in the 
animals given PB during the neonatal period. Thus, 
in all groups, neonatal PB administration increased 
adult mEH activity, an effect observable beginning 
at day 90 and also persisting on day 120. 

Data in Table 2 illustrate effects of various neo- 
natal treatments on body and liver weights at 90 
and 120 days of age. Castration of male neonates 

Table 1. Effect of phenobarbital (PB) administration neonatally on hepatic microsomal epoxide hydrolase activity in 28-, 
45, 60-, 90- and 120-day-old rats* 

Microsomal epoxide hydrolase activity 
(nmol product/mg protein/min) 

Group Drug 28 45 60 90 120 

Males 
Castrated Saline A 4.27 + 0.3 4.01 2 0.7” 5.78 + 0.8” 5.77 _t 1.5 6.46 ? 1.1 

PB B 4.24 +- 0.4 4.11 2 0.5” 5.67 lr 0.6” 10.30 2 1.2’ (178%)t 10.88 2 3.3’ (168%) 
Sham-operated Saline C 4.02 kO.2 8.08 2 1.1 10.23 2 1.4 9.53 2 1.0 9.56 _’ 1.6 

PB D 4.25 + 0.3 8.46 +- 1.6 9.69 2 1.0 12.08 2 0.8“ (127%) 12.20 t 2.6d (127%) 
Females 

Peanut oil-treated Saline E 4.42? 0.2 3.93 +- 0.8 6.20 2 0.6 6.25 ? 0.5 6.72 2 1.0 
PB F 4.47 2 0.5 3.94 2 0.3 6.06 2 0.6 9.95 f 0.4c (159%) 10.32 f 1.4e (154%) 

Testosterone-treated Saline G 4.03 2 0.4 5.80 ? 0.7b 10.24 * 1.6b 9.31 + 1.0 9.6 2 1.8 
PB H 4.11 f 0.5 5.49 2 0.3b 10.86 2 l.gb 11.40 2 2.0’ (122%) 11.73 f 1.3’ (122%) 

* Animals were injected S.C. with either 30mg/kg PB or 0.9% saline on days l-5 postpartum. Each value is the 
mean + SD, N = 6. 

t Numbers in parentheses are PB animals as percentage of saline controls. 
a Significantly different from C and D, P < 0.01. 
b Significantly different from E and F, P < 0.01. 
c Significantly different from A, P < 0.01. 
d Significantly different from C, P < 0.05. 
e Significantly different from E, P < 0.01. 
f Significantly different from G, P < 0.05. 



Hormonal regulation of epoxide hydrolases 607 

qm.hl- 

oodd 
p! c? c‘! m 
0006 

+I $1 tl tl tl tl +I tl 
rnrnNN 

tic6tit-4 
‘??-?‘s mmmti 

Ir?rrr? N-T”? 
0000 0000 

+I +I +I tl +I tl +I +I 
In\Drnd 

,c;c6t-.ic.-i 
\9u?et-? 

mtit-4c;m 

decreased body and liver weights, as compared to 
sham-operated male controls. However, no alter- 
ation occurred in liver weight as a percentage of 
body weight, indicating that reduced liver weight 
was associated with reduced body weight (Table 2). 
Neonatal testosterone treatment increased female 
body and liver weights. Again liver weight as a 
percentage of body weight was unaltered. PB admin- 
istered neonatally had no effect on either variable at 
90 or 120 days of age, suggesting that the nutritional 
status of the neonates had not been altered grossly 
by PB. 

immunoblot analysis. Analysis of hepatic micro- 
somal and cytosolic protein content from 120-day- 
old males, females and neonatally castrated males 
was performed by SDS-PAGE and Western 
blotting. Polypeptide bands migrated to the same 
position as the corresponding purified mouse cEH 
(58 kDa) and purified rat mEH (50 kDa), 
respectively. Densitometric analysis indicated an 
approximate 2.0-fold increase in immunostaining for 
both 50 and 58 kDa bands following transfer to nitro- 
cellulose in the 120-day-old males compared to 
females and neonatally castrated males (Figs 3 and 
4). Thus, changes in both the microsomal and cyto- 
solic protein content of EH corresponded to similar 
changes in enzyme activity of males and females. 

Determination of K, and V,,. Determination of 
the kinetic constants for both BP0 hydration and 
TSO hydration showed sex-dependent differences 
(Table 3). Specifically, for both BP0 and TSO 
hydration, the V,,,,, was higher in the adult male 
compared to the adult female. Sex differences in 
V,,,, were abolished by neonatal castration. Some 
changes, extending up to 2-fold, also occurred in the 
K,,, values for both substrates (Table 3), raising the 
possibility of qualitative differences between males 
and females in microsomal and cytosolic EH. 

DISCUSSION 

These studies provide the first detailed description 
of hormonal regulation of the developmental pat- 
terns of mEH and cEH activities in rat liver. Pre- 
viously, Oesch [17] and Gill and Hammock [18] 
showed that, during the neonatal period, EH activi- 
ties are lower than those of adults and fail to exhibit 
the sex differences characteristic of the adult. Our 
establishment of these developmental patterns and 
their hormonal regulation permits future inves- 
tigations of how they can be altered by a variety of 
environmental manipulations. In this connection, 
our results agree with the ontogeny of certain other 
detoxification systems residing in the endoplasmic 
reticulum such as some enzymes of the mono- 
oxygenase system [17,27]. Depending on the par- 
ticular cytochrome P-450 isozyme and substrate 
studied, the ontogeny can differ appreciably. Our 
pattern, characterized by similar activities at 14 and 
28 days, followed by a rapid rise to adult levels at 45 
days where it remained stationary for up to 90 days, 
conforms most to patterns described for N-demethyl- 
ation of aminopyrine [28]. By contrast, female rats 
after puberty exhibit reductions with age for ethyl- 
morphine N-methylase, whereas males follow the 
pattern shown in Fig. 1 [29]. 



608 C. L. ~~~~I~GER andE.S. VESELL 

Table 3. Sex differences in the kinetic constants for benzo~u]pyrene”4,5-o~de (BPO) and rruns-stilbene oxide (TSO) 
bydrat~on 

Group 

BP0 TSO 

V *ax 

[nmol * (mg microsomai 
protein)-’ * min-‘1 

~-‘,, 
tpmol.(mg 

cytosolic protein)-‘. mine’] (%I) 

intact adult male 9.95 z!z 0.2 7.3 -+ 0.8 62.5 ;t 6.2 36.8 -c 4.2 
Intact adult female 4.92 rt 0.4* 12.5 ri 0.9* 45.7 + 3.1* 20.8 2 3.8* 
~eonataIly castrated mate 5.27 t 0.6* 14.7 + 1.1+ 42.1 c 3.@ 19.2 t- 3.1* 

* Sig~ifi~~tiy different from control male (P < 0.01). 

Since EH a~~viti~~ si~i~ca~tIy ~n~uence the 
deto~~cation capability of the adult individuaI, the 
developmental pattern can serve to test effects of 
various environmental manipulations appiied neo- 
natalty on toxicological defenses and sus~ptibil~ties 
of adult animais. Accordingly, the present studies 
explored the influence on this normal male and 
female developmental pattern of castration, tes- 
tosterone administration, and PB administra~on, all 
du~ng the neonatal period (Table 1; Figs 1 and 
2). The resutts indicated that neonatal exposure to 
testosterone was required to deveIop normal adult 
male EW activities. Moreover, PB administration 
neonataIiy enhanced not only adult male but also 

FEMALES CASTRATES 

adult female EH activities. Co~Iectiveiy, our kinetic 
and immunochemicai studies suggest that the sex 
differences in EN activity are associated with an 
increased amount OF enzyme in the male (Figs 3 and 
4) and possibly even a quaIitative1~ different protein. 
These observations indicate the critical role that 
neonate exposure to hormones and environmental 
chemicals can play in regulating adult levels of an 
enzyme critical in detox~~~ation reactions. 

Many en~ronmentai changes, in addition to tes- 
tosterone and PB, also can play a role in dete~n~~g 
adult levels of this enzyme, thereby modulating the 
developmental pattern. One gross nutritional par- 
ameter will be cited here as an example: starvation. 

m-11 f 

Fig. 3. Cytosolic epoxide hydrolase (cEH) proteins in rat liver cytosol. Cytosolic fractions (loO@g each) 
were subjected to SDS-PAGE and blotted. The blot was probed with anti-cEW antib~i~ and detected 
using N3T/~CIP chromogens. Lanes l-4: females {day 120); lanes 5-8: neonatally castrated males (day 
120); lanes 9-16: sham-operated males (day X20). The doublet band at 58 kDa corresponds to cEN. 
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Fig. 4. Microsomal epoxide hydrolase (mEH) proteins in rat hepatic microsomes. Microsomal fractions 
(100 pg each) were subjected to SDS-PAGE and blotted. The blot was probed with anti-mEH antibodies 
and detected using NBT/BCIP chromogens. Lanes l-6: neonatally castrated males (day 120); lanes 7- 

12: sham-operated males (day 120). The band at 50 kDa corresponds to mEH. 

Overnight starvation stimulated EH activities in both 
males and females, enhancing them by 20%. 

To relate our results to previous work, it should be 
mentioned that the following additional host factors 
have been implicated. Genetic factors, such as 
species, strain and other genetically-mediated inter- 
individual variations, affect EH activity [3&35]. 
Large interindividual differences, exceeding 38-fold, 
occurred in the specific activity of cEH in livers from 
more than eighty adult Sprague-Dawley rats [33]. 
By contrast, differences in hepatic mEH activity 
among twenty-two rat strains were only 3-fold [34]. 
However, in combination with interindividual vari- 
ations, the factors of sex differences and induction 
produced 20-fold interindividual variations in hepatic 
mEH activities [34]. Moreover, interindividual vari- 
ations of 539-fold in mEH activities have been 
reported from human liver biopsies [35]. Mean basal 
cEH activities using TSO as substrate exhibited 2- 
fold variations among twelve strains of mice [32]. 

Thus, interindividual differences in EH activity 
may result from multiple causes, including genetic 
constitution, developmental history, sex, diet, 
exposure to environmental chemicals or drugs that 
induce or inhibit these enzymes, or various com- 
binations of these factors. Dynamic, fluctuating 
interactions among these and other factors that 

determine the EH activity of a subject can influence 
that subject’s susceptibility to an environmental 
chemical or toxin at any given time in the life cycle. 
Since the developmental stage is so critical in this 
regard, our study was designed to establish precise 
developmental patterns of cEH and mEH activities 
and influences exerted on these patterns by early 
hormonal and xenobiotic interventions. 
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