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Abstract-The purpose of this study was to clarify the pharmacological and physiological significance 
of P-450 HFLa. Thus, correlations between cytochrome P-450 (P-450 HFLa) level and different 
monooxygenase activities were investigated in liver homogenates from human fetuses. Poor correlation 
was seen between P-450 HFLa level and the activity of benzphetamine ~-demethylation or aniline 
hydro~lation. In contrast, the content of P-450 HFLa was highly correlated with the activity of 
~~o(u)pyrene hydroxylation, 7-ethoxycouma~n ~-deethylation or testosterone 6~hydroxylation. In 
microsomes from human adult livers, a moderate relationship was also observed between testosterone 
6jShydroxylation and P-450 HFLa level. Furthermore, antibodies to P-450 HFXa inhibited testosterone 
6/3-hydroxylase activity in fetal and adult livers to similar extents. 

We conclude that P-450 HPLa is a form of cytochrome P-450 which catalyzes testosterone 6/Z- 
hydroxylation and limited drug oxidations in human fetal and adult livers. 

Cytochrome P-450 is the major component involved 
in metabolism of xenobiotics and endogenous sub- 
strates such as testosterone and laurate. Multiple 
forms of cytochrome P-450 have been shown to be 
present in the liver of laboratory animals and are 
characterized by an overlapping substrate specificity 
[l, 21. Moreover, these isozymes of cytochrome P- 
450 can participate differently in the bioactivation 
and detoxication of a wide variety of xenobiotics. 
Unlike widely used experimental animals, the activi- 
ties of monooxygenases are detectable at a significant 
rate even at early stages of gestation in the human 
and subhuman primate fetuses [3-S]. Therefore, the 
characterization of cytochrome P-450 in human fetal 
tissues seems to be important in terms of prenatal 
pharmacology and toxicology. Recently, we suc- 
ceeded in the purification and partial charac- 
terization of one of the major forms of cytochrome 
P-450 (P-450 HFLa) in human fetal livers f6]. The 
P-450 HFLa has been shown to catalyze different 
monooxygenase reactions in the presence of 
NADPH-c~~hrome P-450 reductase purified from 
phenobarbital-treated rats and dilauroyl-L-3-phos- 
phatidylcholine. The purpose of the present study 
was to clarify the pharmacological and physiological 
significance of P-450 HFLa. 

MATERIALS AND METHODS 

NADP, glucose 6-phosphate and glucose dphos- 
phate dehydrogenase were purchased from Oriental 
Yeast Co. Protein A-Sepharose CL-4B was from 
Pharmacia and nitrocellulose membrane from Bio- 
Rad. 6~Hydrox~estosterone was a gift from Dr 
D. N. Kirk, Queen Mary College, Unviersity of 
London. Emulgen 913 and benzphetamine were 
kindiy provided by Kao Atlas Co., and Upjohn 

Company, respectively. Other reagents were of the 
highest grade commercially available. 

Livers were obtained from fetuses, stillborn or 
prematurely delivered for medical reasons and were 
stored at -70” until use. Adult liver samples excised 
in judicial or administrative dissections of ~ndi~duals 
with no history of drug poisoning or liver diseases 
were used within about 20 hr after death, and were 
stored at -70” until use. No information was avail- 
able about smoking and drinking habits. 

A typical incubation mixture contained 0.1 M K- 
phosphate (pH7.4), O.lmM EDTA, a NADPH- 
generating system (0.33 mM NADP, 8 mM glucose 
6-phosphate, 0.1 unit of glucose 6-phosphate 
dehydrogenase ,6 mM MgClr) , a substrate and liver 
homogenates of human fetuses or liver microsomes 
of human adults in a final volume of 1 .O ml. In some 
cases, liver homogenates of human fetuses were 
washed to remove contaminated hemoglobin by 
UItracent~fugation at 105,O~ g for 30 min. 

Activity of benzphetamine ~-demethylation was 
estimated by determining formaldehyde by the 
method of Nash [7], Aniline hydroxylation, 7- 
ethoxycoumarin 0-deethylation and benzo(a)pyrene 
hydroxylation were assayed according to the 
methods of Imai et al. [8], Greenlee and Poland [9] 
and Kuntzman et al. [lo], respectively. For tes- 
tosterone hydroxylation, liver homogenates from 
fetuses or liver microsomes from adults were incu- 
bated for 15 min at 37” with 0.1 mM testosterone. 
After extraction with benzene and evaporation to 
dryness under nitrogen, residues were dissolved in 
isopropanol. 6~Hydroxylated metabolite was sep- 
arated on HPLC equipped with Senshu pak Sihca- 
1251-N (250 x 4.6mm) according to the procedure 
of Hayashi and Okuda [ll]. Protein concentrations 
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Table 1. Comparison of monooxygenase activities in fetal and adult human livers 

Benxo(u)p rene hydroxylation 
(pmole iy min/g of liver) 

7-Ethoxycoumarin 0-deethylation 
(nmole/~n/g of liver) 

Aniline hydroxylation 
(nmole/min/g of liver) 

Benzphetamine ~-demethylation 
(nmole/min/g of liver) 

Testosterone f$Shydroxylation 
(nmole/min/g of Liver) 

Human fetus 

6.8 -’ 1.9 (11) 

0.03 f 0.01 (13) 

1.3 + 0.1 (13) 

18.4 t 1.6 (13) 

3.4 5 0.4 (13) 

Human adult 

882.7 r 440.3 (13) 

8.70 r 2.33 (14) 

11.0 ” 1.8 (13) 

75.0 f 33.3 (6) 

24.7 r 14.4 (14) 

Each value represents mean rt SE. Figures in parentheses indicate number of livers studied. 

were measured by the method of Lowry et al. [12] 
using bovine serum albumin as a standard. 

Electrophoresis and staining (Western blot-PAP 
staining) were carried out as described by Laemmli 
[13] and Geungerich et at. [14], respectively. 

The purification of P-450 HFLa from Iiver homo- 
genates of human fetuses and the preparation of 
antibodies in a rabbit have been described elsewhere 
[6]. The immunoglobulin fractions were prepared 
with protein A-Sepharose CL-4B column 
chromatography. 

RESULTS 

The activities of oxidative metabolism of aniline, 
benzphetamine, 7-ethoxycoumarin, benzo(a)pyrene 
and testosterone in fetal and adult human livers are 
shown in Table 1. Monooxygenase activities in fetal 
livers, expressed as a percentage of the level in adult 
livers, varied dependent on the substrate studied. 
The activities of be~o(u)pyrene hy~oxylation and 
7-ethoxycoumarin O-deethylation in fetal livers were 
only 0.8% and 0.3%, respectively, of corresponding 
activities in adult livers. In contrast, the activities of 
aniline hydroxylation and benzphetamine N- 
demethylation in fetal livers were found to be about 
12% and 25%, respectively, of the corresponding 
values in adult livers. Moreover, testosterone 6/?- 
hydroxylation in fetal livers showed about 14% of 
the adult values although both activities obtained 
with fetal and adult livers were lower than those 
reported by Cresteil et al. [Vi]. These percentages 
based on average values were in accord with the 
findings reported previously [15-171. 

The amounts of P-450 HFLa immunochemically 
determined in liver homogenates from individual 
human fetus were plotted separately against different 
monooxygenase activities (Figs 1 and 2). The P-450 
HFLa levels in liver homogenates varied among the 
human fetuses studied. In addition, the correlations 
between monooxygenase activities and the P-450 
HFLa level were dependent on the substrate used. 
As shown in Fig. 1, no significant correlation was 
seen between the P-450 HFLa level and aniline 
hydroxylase (r = 0.241) or benzphetamine N- 
demethylase (r = 0.481, not shown} activity. Based 
on miliigrams of protein, activities of aniline 
hydroxylase and be~phetamine N-demethylase in 
homogenates of fetal livers increased by about only 
18% {mean of four determinations) and 15% (mean 

Fig. 1. Correlation between P-45O~acontent and aniline 
hydroxylase activity or ‘I-ethoxycoumarin 0-deethylase 
activity in human fetal livers. The concentrations of aniline 
and %ethoxycoumarin used were 2 mM and 0.4mM, 
respectively. The activities of aniline hydroxylase (0) and 
7-ethoxycoumarin O-deethylase (0) are expressed as 
nmole/min/mg protein and pmole/min/mg protein, 
respectively, and immunochemically determined P-450 

HFLa content as nmole/mg protein. 

of three determinations), respectively, by washing of 
homogenates by suspension and UItra~nt~~gation. 
The content of P-450 HFLa signi~cantly correlated 
with the activities of 7-ethoxy~uma~n 0-deethylase 
(I= 0.878, P<O.Ol, Fig. 1) and benzo(~~p~ene 
hydroxylase (r= 0.814, P<O.Ol, not shown}. 6@- 
Hydroxytestosterone is a major metabolite formed 
during incubations of testosterone with fetal livers 
[18]. As can be seen in Fig. 2, a high correlation (r = 
0.921, P < 0.01) was found between P-450 HFLa 
level and the @I-hydroxylation of testosterone. As 
reported elsewhere [6], a form of cytochrome P-450 
which is immunochemically and electrophoretically 
similar to P-450 HFLa purified from fetal livers is 
present in liver microsomes from human adults. 
Therefore, in each of the adult livers, the activity of 
testosterone 6phydroxylase was plotted against the 
content of cytochrome P-450 immunochemi~lly 
detectable with anti-P-450 HFLa antibodies (Fig. 2). 
A relatively good correlation was observed between 
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Concentration of P45OHRa (run$mg) 

Fig. 2. Correlation between P-450 HFLa content and tes- 
tosterone 6Bhydroxylase activity in human fetal and adult 
livers. The ~n~ntra~on of testosterone used was 0.1 mM. 
Testosterone 6bhydroxylase activity in fetal liver (e) or in 
adult liver (0) is expressed as nmole/mg protein, and 
immunoche~cally determined P-450 HFLa content in 

human fetal and adult livers as nmole/mg protein. 

P-450 HJ?La level and the activity of testosterone 6/S 
hydroxylase in adult liver microsomes (r = 0.703). 
The effects of anti-P-450 HFLa IgG on testosterone 
6&hydroxylase in fetal and adult livers are shown in 
Fig. 3. 

Testosterone 6jSbydroxylase in both fetal and 
adult livers were found to be sensitive to the anti- 
bodies. 6pHydroxylated metabolite of testosterone 
was not detectable when anti-P-450 HFLa IgG was 
added at a concentration of about 0.4mgJmg of 
protein of fetal liver homogenates suggesting that P- 
450 HFLa may be almost exclusively responsible for 
the 6&hydroxylation of testosterone in fetal livers. 
A similar result was observed in liver microsomes 
from human adults. Anti-P-450 HFLa inhibited the 
reaction by greater than 90% at a concentration 
of 0.3 mg of anti-P-450 HFLa IgG per microsomal 
protein. In addition, the extent of inhibition by the 
antibodies was independent of the amounts of the 
activity in the absence of antibodies (not shown). 

DISCUSSION 

As was expected from previous studies [19], in 
which anti-P-450 HFLa antibodies were inhibitory 
to benzo(a)pyrene hydroxyiation and 7-ethoxy 
coumarin 0-deethylation in fetal livers, a good cor- 
relation was observed between P-450 HFLa level and 
benzo(a)pyrene hydroxylation or 7-ethoxycoumarin 
O~ee~ylation. In addition, testosterone 6& 
hydroxylase activity also highly correlated with P- 
450 HFLa contents. The intersection of the 
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0.1 0.2 0.3 04 0.5 
Anti-P45OHFLa IgG (mg/mg prot.) 

i / oI,>_ t 
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AntLP450HFLa 1gG (mg/mg prot.) 

Fig. 3. Effects of anti-P-450 HFLa IgG on testosterone 
6~hydroxyiase activities in human fetai and adult livers. 
Testosterone @Shydroxylase activity was assayed after pre- 
incubation with preimmun-IgG (0) or anti-P-450 Hula 
IgG (@) for 10min at 37”. The specific contents of P-450 
HFXa in fetal and adult livers were 0.062 nmole/mg protein 
and 0.068 nmole/mg protein, respectively. (A) Testos- 
terone 6/Shydroxylase activity in the absence of antibodies 
was 0.14 nmole/min/mg protein in fetal liver. (B) Tes- 
tosterone 6/3-hydroxylase activity in the absence of anti- 

bodies was 1.25 nmole/xnin/mg protein in adult liver. 

regression line at positive range on the abscissa may 
be due to the presence of apo-P-450 HFLa in fetal 
and adult livers. On the other hand, no significant 
correlation was observed between P-450 HFLa 
and aniline hydroxylation or benzphetamine N- 
demethylation in liver homogenates from fetuses 
indicating that P-450 HFLa contributes to a lesser 
extent in these reactions in fetal livers. From these 
results, it is suggested that monoxygenase activities 
are derived by multiple cytochrome P-450 species in 
fetal livers as has been suggested by Cresteil et al. 
P51. 

More recently, cytochrome P-450 isozymes puri- 
fied from microsomes of adult human livers have 
been shown to be present in fetal human livers 120, 
211. Based on substrate specificity and molecular 
weight, it seems that P-450 HFLa purified from liver 
homogenates of human fetuses may be different from 
isozymes 5, 8 and 9 purified from liver microsomes 
of aduit human. However, the complete char- 
acterization of P-450 HFLa including NHrterminal 
amino acid sequencing is needed before any final 
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conclusions can be drawn on the similarity or identity 
of P-450 HFLa with previously described forms of 
human cytochrome P-450 [21-231. 

It is interesting to note that although testosterone 
6fihydroxylation rate was higher in adult livers than 
in fetal livers, the reaction was also found to correlate 
positively with the content of P-450 HFLa in adult 
livers and was almost completely inhibited by the 
addition of anti-P-450 IgG to microsomes of adult 
human livers. Furthermore, the slope of the 
regression line obtained from the plots of tes- 
tosterone 6Phydroxylase activity versus the level of 
P-450 HFLa with adult livers (31.9) was quite dif- 
ferent from that with fetal livers (0.72). In addition, it 
has been demonstrated that in some cases, NADPH- 
cytochrome P-450 reductase rather than cytochrome 
P-450 may be the rate limiting component in mon- 
oxygenase reactions [24-261. However, no apparent 
increase in the activity of testosterone 6/3-hydroxyl- 
ase was observed when NADPH-cytochrome P-450 
reductase purified from rat livers, which has been 
shown to reduce cytochrome P-450 of human fetal 
livers [27], was added to homogenates of fetal livers 
(not shown). It is therefore suggested that in spite 
of the immunochemical and electrophoretical simi- 
larity, P-450 HPLa from fetal and adult livers differ 
from each other in catalytic efficiency, although data 
available at present are not sufficient for any con- 
clusion. The problem still remains unresolved 
whether catalytic properties of P-450 HFLa change 
postnatally. 
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