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Abstract--~ We have investigated in rat liver whether different forms of cytochrome P-450 are altered 
in hepatic disorders associated with impaired drug metabolism. Total hepatic cytochrome P-450 is 
decreased after either bile duct ligation or the admmistration of ethinyl estradiol. In contrast. phenobar- 
bital administered alone increases hepatic content of cytochrome P-450, and when administered with 
ethinyl estradiol the reduction in cytochrome P-450 was prevented. Microsomal ethylmorphine 
K-demethylase activities paralleled changes in cytochrome P-450 content. except in bile duct ligation. 
where it is diminished to a greater extent. Four forms of microsomal cytochrome P-450 apoproteins. 
ranging in molecular weight from SO.000 to 58.000, were tentatively identified in a sodium dodecyl 
sulfate (SDSt6 M urea polyacrylamide gel electrophoresis system by their responsiveness to pharmaco- 
logical agents. turnover and benzidine peroxidase staining. Phenobarbital administration increased pri- 
marily band IV (50.000 daltons): in contrast only band 111 (53.000 daltons) was responsive to 3-methyl- 
cholanthene. Bile duct ligation was associated with a marked reduction in bands I. III and IV while 
bands I and III were decreased with ethinyl estradiol administration. Simultaneous administration 
of phenobarbital and ethinyl estradiol demonstrated a return of band I and an increase m density 
of bands II and IV. The mechanism of this reversal by phenobarbital was determined by the double-iso- 
tope technique and demonstrates that phenobarbital increases the relative synthesis rates of P-450 
apoproteins in ethinyl estradiol-treated rats. These studies support the hypothesis that multiple forms 
of cytochrome P-450 are present in liver microsomal membranes and that alterations in specific apopro- 
teins may be associated with an increase or a decrease in the functional properties of cytochrome 
P-450 

The hepatic microsomal mixed-function oxidase sys- 
tem has a predominant role in the overall metabolism 
by the body of a wide variety of endogenous as well 
as exogenous substances [I]. Not surprisingly, there- 
fore. a variety of hepatic disorders as well as drugs 
are associated with a reduction in the capacity of the 
liver to metabolize drugs and other mixed-function 
oxidase system substrates such as steroids and fatty 
acids 12-51. It has been previously reported that, 
in the rat, extrahepatic biliary obstruction [6] and 
the administration of pharmacological doses of eth- 
inyl estradiol which reduces bile flow are associated 
with significantly decreased levels of microsomal cyto- 
chrome P-450, the major component of the mixed- 
function oxidase system [7.8]. In both situations the 
mechanism responsible for the reduction in cyto- 
chrome P-450 appears primarily to be a reduced rate 
of synthesis rather than increased degradation of this 
hemoprotein [8]. 

Recently a number of reports have demonstrated 
that different molecular forms of microsomal cyto- 
chrome P-450 are present in the liver [9914]. In the 
present study we have investigated the possibility that 
bile secretory failure or cholestasis may be associated 
with a differential decrease in some but not necess- 
arily all molecular forms of cytochrome P-450. Fur- 
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thermore, since the mechanism for the decrease in 
cytochrome P-450 appears to be in the inverse of that 
operating to increase the level of this hemoprotein 
with phenobarbital administration 16, 151, we have 
investigated the effect of simultaneous administration 
of ethinyl estradiol and phenobarbitol on hepatic 
cytochrome P-450 and hepatic drug-metabolizing 
capacity. The data presented below demonstrate that 
although bile duct ligation and ethinyl estradiol treat- 
ment are associated with a similar quantitative de- 
crease in cytochrome P-450, there are qualitative dif- 
ferences. In addition, the ethinyl estradiol alterations 
are reversed by phenobarbital administration. 

MATERIALS AND METHODS 

Aninds. Adult male Sprague-Dawley rats (Charles 
Rivers Breeding Laboratories, Wilmington, MA) 
weighing I%&200 g were used throughout the study. 
The animals were maintained in a well-ventilated 
room at 22” with alternating l2-hr periods of light 
and dark. and were fed Purina Laboratory Chow and 
tap water ad lib. 

One group of animals underwent double ligation 
and transection of the common bile duct under light 
ether anaesthesia. A normal feeding schedule was 
reinstituted after surgery. and the animals were killed 
3 days later after a l2-hr fast. A second group of 
animals received ethinyl estradiol (Wyeth. 5 mg/kg/ 
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da) in propylene glycol) by subcutaneous nljection 
daily for 5 days. These animals were killed by exsan- 
guination on day 6 after a 12.hr fast. 

A third group of rats received phenobarbital 
(ElkIns-Sinn Inc., XOmg’kg/day in O.Y”,, NaCI) daily 
by intrapcritoneal injection for 5 days. A fourth group 
of animals w;~s treated with both ethinyl estradiol and 
phenobarbital daily for 5 days. These animals were 
kllled by exsanguination under light ether anaesthesia 
after 21 12.hr overnight fast. A fifth group of animals 
received i-methylcholanthrene (Eastman. IO mgkg; 
daj in corn oil) h; intraperitoneal injection for 5 days. 

Prc’/~c~tio~~ o/ ruirrosorud frtrcriorn. The livers 
obtained from the above animals were placed in icc- 
cold NYC, NuCl. weighed and cut into small sections. 
The) were then homogenized in 0.25 M sucrose. 
0.01 M Tris H(‘1. pH 7.4 (20”,, w/v). in a Potter 
Elvehjem homogeniser with three passes at 5(X)rev, 
min. Microsomal fractions were collected by differen- 
tial ccntrifugatlon (600 q for IO min. 12,000~ for 
25 min. and 105,000 61 for 60 min) in a Beckman L 
65B ultracentrifuge. The microsomal pellets were 
washed twice in 0.14 M KCI and resuspended in 
0.05 M Tris HCI. pH 7.4. However, for experiments 
involving the polyacrylamide gel clectrophoresis of 
microsomal fractions, the pcllcts wcrc washed by the 
method of Wcihing cut ctl. 116) to remove adsorbed 
and intracistcrnal proteins. 

,llcu.surc,r,lc,rlr of c~ytochrorw P-450. Hepatic cyto- 
chrome P-450 content was measured in homogenate 
and microsomal samples diluted with 0.05 M 
Tr1.s HCI. pH 7.4 (homogenate. approximately 
7 3 mg protein:‘ml: microsomes. I mg protein,/ml). in 
;I C’ary model I4 double-beam recording spcctrophot- 
omcter. Microsomal P-450 was measured by the 
method of Omura and Sato [ 171 using a molar 
cxtjnction cocf?icient of Y I mm ’ cm ‘_ Homogenate 
P-450 was measured as described by Cireim er al. 
[IX]. The protein content of the samples assayed was 
determined by the method of Lowry er NI. [IY]. using 
bovine serum albumin as standard. 

.l4icw.w~nrrl ~‘,l~~WW r~‘s.ru~~‘.s. Ethylmorphine 
.l’-dcmcthylase activity was determined bq measuring 
the rate of formaldehyde production bq the method 
of Nash [20]. Assays were performed in duplicate in 
a 2.025-ml total volume reaction mixture containing 
0.05 M Tris HCI. pH 7.4. 150mM KCI. IOmM 
MgC‘l. X mM IIlL)-isocitrate. 0.25 units of isocitratc 
dehydrogenase (Sigma Chemical Co.) and X mM 
ethylmorphine (Merck. Sharpe & Dohme). After 
prclncubation for I min at 25 . microsomes were 
added and incubation at 25 in a shaking water bath 
proceeded for 5 and IOmin. The reaction was ter- 
minated by the addition of 15”,, trichloroacetic acid. 
and I ml of this mixture was transferred for deter- 
mination of formaldehyde released [20]. 

Glucose 6-phosphatase (EC 3.1.3.9) activity in 
homogenates and microsomal suspensions was 
assayed by the method of de Duve it al. [‘I]. the 
phosphate released during the reaction bemg deter- 
mined by the method of Fiske and SubbaRow [22]. 

PoIyucrylurrkk yd rlectrophorrsis. Washed [I 61 
microsomal fractions from control and experimental 
animals were electrophoresed on polyacrylamide ver- 
tical slab gels. Microsomal proteins were solubilized 
in I”,, sodium dodecyl sulfatc (SDS) and heated at 

IO0 for 2 min with 20” glyccroI (L \). OW’,, /i-mc~-- 
captoethanol (v v) and h”M urea. P!ronln \r’ (O.O(ll”,, 
v v) WIS used ;IS ;I tracking d!c. Identical amounts 
of solubili~cd protein (varying from 70 to 50 jig. 
depending on the experiment) from control and 
experimental microsomes were appl~cd to Ii”,, 
polyacrylamide I “(, SD.%6 M urea slab gels ( I. 3 mm 
in thickness) and clectrophorcscd according to the 
method described by Laemmli [23] at 5 mA gel. The 
gels were fixed and stained in Coomasy;le hluc II I”,, 
in 17.5”,, trichloroacctic acid. 50”(, methanol. and I+C’I-C 

dcstaincd in IO”,, acetic acid. With each clsclro- 
phoresis. immunoglobulin G (mol. u t I 60.()0()~ tm~ ~IIC 

albumin (67.000) ovalbumin (45.0#)) xld ch>rnotr!~?- 

sinogen A (3.000) obtained from S&war/-Mann 
wcrc coclcctrophorcscd and the moleclllar wcight4 OI 
constituent microsornal protein5 uc’r<’ dctcrminscl 
graphically as described bq Shapiro 1’1 (I/. L24] (‘oo- 
massie blue-stainod polyacrylarnidc gels wcrc scanned 
at 5X0 nm for protein and 405 nm for benzidlnc per- 
oxidasc staining using the lsco model (:A-S ~‘annlng 
apparatus with a scanning speed of 7 5 mm mln ;~nd 
a chart speed of I SO cmhr. 

Idcrlf$icario~~ of upc~profc4r~ ~~~~tochwr~~~~ P-431 I~lic 
tentative identification of apoprotcin c)tochIomc 
P-450 based on its apparent molecular uelght. turn- 
over and pharmacological responsiveness ha\ hccn 
described previously [6]. In the present stud! \ti‘ 
sought to further identify the apoprotein moist\ OI 

this cytochromc within the polyacrylamlde ,J {;cnl 
Welton and Aust [I I J and Welton 01 (r/. [ 12 j ha\c 

described the localisation of cytochrome P-450 h IthIn 
an SDS polyacrylamidc system by hcnzldine pcr-c,\l- 
dase staining. Solubilil-ed microsomal protein ( I00 py 

gel) obtained from ;I phenobarbital trcatcd-anlni~II 
w’as electrophorcsed 0 I1 IO”,, pol~acl-~lamltl~ 

SDS 6 M urea slab gels. (he gel v.\ilh \!;llned 101. ,x11- 

tcin with Coomasslc blue ax described aho\c. .4 
second gel was washed for 30 mln in 0.03 M 
Tris HCI. pH 7.5. at 2.5 and then placed in 0.75 M 
acetate buffer. pH 5.0. contatning 0.75”,, hen,idine 
(wiv), 25”, methanol Iv v) and 0.75”,, hydrogen per-- 
oxide [I I]. 

E:ffec,t (!/ [J/lcVloharh/Irr/ 011 f/f<, J.c./trl,rc. ,sr~lrir~~.\i,\ /‘L1f(’ 
of’ c~~~tod7rortw P-30 irr ~.\tr.o(l”“-l,.c,~~~[,[/ rtrf.~ Both 
extrahepatic cholestasis produced b! hole duct lig+ 
tion and administration of ethinyl ehtratliol :krc ;I>- 
sociated with a reduction in microsomal cbtochromc 
P-450 content and in the rclatlvc rate of s>nthcsI\ 
of apoprotein cytochromc P-350 [6. X 1. Since the ,I& 

ministration of phenobarbital with cthinyl estradiol 
results in microsomal cytochromc P-450 le\cls not 
significantly different from control [ 71. wc cxiantlnccl 
the effect of the addition of phcnoharhital to cth~n>l 
estradiol treatment on the rate of synthesis of 1’.45(1 
apoprotcin. Changes in the rclati\c rate of synthesis 
of microsomal proteins wcrc examined by the prc- 
viously described adaptation [6] of the double-lso- 
tope labeling technique of Dehlingcr and Schmkc 
1151. The rate of syntheslb of microsomal protems 
in ethinyl estradiol plus phenobarbital-trcatcd rats 
was compared to that in control and that 111 ethinyl 

estradiol-treated animals as follows. Two rats trcatcd 
with both phenobarbital and cthinyl ehtradlol ~.t‘rc‘ 
each given 200 /cC‘i [4.5-ZH]leucinc lAnic%r\hani 
Radiochemical Centre. I Ci’m-mole) b! Into-apcrl- 
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toneal injection after an overnight fast and killed by 
exsanguination 6 hr later. A 5-day ethinyl estradiol- 
treated rat simultaneously received 50 PCi [‘4C]leu- 
tine (Amersham Radiochemical Centre, 348 mCi,‘m- 
mole) by intraperitoneal injection and was killed 6 hr 
later. Similarly, a control (0.9”; NaCl treated) received 
50 &i [‘4C]leucine intraperitoneally and was killed 
6 hr later. One [3H]leucine-labcled liver was com- 
bined with each [‘4C]leucine-labeled liver for homo- 
genization in 0.25 M sucrose. 0.01 M Tris- HCl. pH 
7.4, and microsomes were prepared as described 
above. Washed [16] microsomal fractions from (a) 
[ 14C]leucine-labeled control with [3H]leucine-labeled 
phenobarbital-treated plus ethinyl estradiol-treated 
animal and (b) [’ 4C]leucine-labeled ethinyl estra- 
diol-treated plus [3H]leucine-labeled phenobarbital 
plus estrogen-treated animals were solubilized in I”/,, 
SDS and electrophoresed on 7.5”; polyacrylamide- 
SDS6 M urea disk gels (1.9 x IO cm). Each gel was 
sliced into consecutive 1.5-mm sections and depoly- 
merized by the addition of 30”{ hydrogen peroxide. 
Protosol and toluene-Omnifluor were added as de- 
scribed previously [6]. Radioactivity was measured 
in a Packard Tri-carb and dis./min/slice was deter- 
mined after external quench correction. The range of 
dis./min/slice for 3H was between 600 and 3000 and 
that for 14C between 67 and 1200. Standard devi- 
ations of control experiments were determined by the 
method of Weisberg [ZS]. The ratio 3H/‘4C for each 
slice was divided by the appropriate homogenate 
3H/‘4C ratio, and radioactivity was associated with 
specific Coomassie blue-staining microsomal proteins 
on the basis of their corresponding R, within this 
system 1151. 

RESULTS 

Hepatic cytochrorne P-450 and drug-metaholizing 
capacity. In control animals, total hepatic (homo- 
genate) cytochrome P-450 content was 
211.6 f 5.3 nmoles/l00g of body wieght (Table I). 
This value was significantly reduced in both bile duct- 
ligated (P < 0.001) and ethinyl estradiol 
(P < O.OSttreated animals. In contrast, the adminis- 
tration of phenobarbital for 5 days led to a significant 
increase (P < 0.001) in total hepatic cytochromc 

P-450. In animals treated for 5 days with both ethinyl 
estradiol and phenobarbital, the hepatic P-450 con- 
tent was significantly greater than that seen with eth- 
inyl estradiol alone (P < 0.01). Alterations in hepatic 
cytochrome P-450 were associated with similar 
changes in microsomal ethylmorphine h’-demethylase 
activity, which is also illustrated in Table I. The 
reduction in activity associated with ethinyl cstradiol 
administration (P < 0.001) was counteracted by the 
coincident administration of phenobarbital. However. 
ethylmorphine N-demethylase activity was signifi- 
cantly lower with combined estrddioi plus phenobar- 
bital therapy than in animals treated with phenobar- 
bital alone. 

Microsomal recovery within each experimental 
group. determined as the percentage of total homo- 
genate glucose 6-phosphatase activity recovered in the 
microsomal pellet. is also illustrated in Table 1. In 
most groups microsomal recovery was approximately 
30 per cent; however, with bile duct ligation only IX 
per cent of homogenate glucose h-phosphatase ac- 
tivity was recovered in the microsomal fraction. 
Microsomal recovery, based on homogenate P-450 re- 
covery, was consistently higher than that based on 
glucose 6-phosphatase (control 40.1 k 3.6 per cent 
compared to 30.7 & 2.8 per cent), yet again recovery 
from bile duct-ligated animals was lower than from 
control. These studies suggest that, in contrast to eth- 
inyl estradiol- and phenobarbital-treated animals. 
changes in bile duct-ligated rats may in part result 
from altered microsomal recovery. 

Polyacrylamide gel electrophoresis. Scans of micro- 
somal proteins from an animal treated with pheno- 
barbital and separated by IOU/, polyacrylamide- 
SDS-6 M urea slab gel electrophoresis is illustrated 
in Fig. 1. The lower panel shows microsomal proteins 
stained with Coomassie blue and scanned at 580 nm. 
The major proteins are located in the mol. wt 

5O,OO@58,000 region of the gel as calculated by the 
method of Shapiro et al. [24]. The R, of Coomassie 
blue-stained proteins in this region was 0.63 to 0.76. 
The upper panel shows a scan at 405 nm from the 
same microsomal fraction electrophoresed in an iden- 
tical manner but stained with benzidine peroxidase 
to demonstrate residual heme, which has not dis- 
sociated from cytochrome P-450 by SDS. A major 

Table I. Effect of cholestasis and phenobarbital on cytochrome P-450. ethylmorphine N-demethylase and microsomal 
recovery* 

Microsomal 
Ethylmorphine N recovery 

Hepatic cytochrome P-450 demethylase (per cent homogenate glucose 
(nmoles: (pmoles formaldehyde 6-phosphatase recovered 

100 g body wt) releasedjmg proteinihr) in microsomal fraction) 

Control 211 + 5 1.36 f 0.09 30.7 * 7.x 
Bile duct ligated 135 f 20t 0.25 f 0.04t 17.5 _t 3.7t 
Ethinyl estradiol 169 f 32: 0.61 f 0.09-I 29.0 * 1.7 
Ethinyl estradiol plus 337 i 65q 1.48 & 0.05q 23.2 + 2.3 _ 

phenobarbital 
Phenobarbital 612 k 80t 2.14 f O.l%t 31.9 + 2.7 

* Mean + 1 S. D.: ammals in each group. 
t Significantly different from control value, P < 0.001. 
$ Significantly different from control value, P < 0.05. 
6 Significantly different from ethinyl estradiol alone, P < 0.01 
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localized to the 50.00&58,000 dalton region of SDS 
polyacrylamide gels. 

Figure 3 illustrates the differential response in cyto- 
chrome P-450 apoproteins seen after the administra- 
tion of the microsomal protein-inducing agents 
phenobarbital and 3-methylcholanthrene. The ap 
proximate molecular weights of the four protein 
bands tentatively identified as cytochrome P-450 apo- 
proteins. calculated by the method of Shapiro et al. 
[24], are: Band I. 58,000; Band II, 55.000; Band III. 
53,000; and Band IV, 50,000. Phenobarbital primarily 
produced an increase in Band IV (50,000 daltons) but 
also smaller increases in Bands I and II, while 3- 
methylcholanthrene increased Band III (53.000 dal- 
tons). 

Electrophoresis of microsomal fractions obtained 
after 3 days of bile duct ligation demonstrates the 
apparent reduction in Bands 1. III and IV (Fig. 4) 
while ethinyl estradiol administration is associated 
with the apparent reduction in Bands 1 and III. but 
Bands II and IV are unaltered. The effect of simul- 
taneous administration of ethinyl estradiol with 
phenobarbital for 5 days is illustrated in Fig. 5. 
demonstrating that Band I is present. and the appar- 
ent increased density in Bands II and IV. 

C~*toc/zromr P-450 runzowr. The mechanism under- 
lying the reversal by phenobarbital of the ethinyl 
estradiol-associated alteration in cytochrome P-450 
apoproteins was examined by a double-isotope tech- 
nique designed to determine alterations in the relative 
rate of synthesis of proteins. The results are illustrated 
in Fig. 6. The upper panel, A. demonstrates the appli- 
cation of the double-isotope method to a control situ- 
ation. where both 14C- and 3H-labeled leucine are 

BDl c EE 

I; 

II- 

45,000 

Fig. 4. Identical amounts of protein (4()/1g) from micro- 
somal fractions collected from bile duct-ligated (BDL). 
control (C) and ethiny) estradiol (EEttreated rats electro- 
phoresed on l5”,, polyacrylamide-SDS 6 M urea slab gel 
and stained with Coomassie blue. The migration of mol- 
ecular markers albumin (67.000) and ovalhumtn (45,0(K)) 
is indicated. The P-450 apoprotetn hands arc indicated as 

1. II. III and IV. 

c EE EE+ PB 

4 s 

\ 

Fig. 5. Electrophoretic pattern of microsomal proteins 
from control (C), ethinyl estradiol (EE)-treated and ethinyl 
estradiol plus phenobarbital (EE + PB)-treated rats on 
154; polyacrylamide-SDS-6 M urea slab gel stained with 
Coomassie blue. Molecular weight markers albumin 
(67,000) and ovalbumin (45.000) are indicated. The pattern 
of protein band staining in the molecular weight region 
50.000 5X.000 is shown. Identical amount (40 p(p) of protein 

from each microsomal fraction was applied to gel. 

given to control animals. The dotted horizontal lines 
represent 95 per cent confidence limits for variability 
from the mean microsomal protein 3H/14C ratio [25]. 
In the control situation. no individual 3H/‘4C ratio 
lies outside these limits. The middle panel. B, rep 
resents the relative rate of synthesis of 3H-labeled 
microsomal proteins in estrogen plus phenobarbital- 
treated animal compared to that in a “‘C-labeled 
control. The relative rate of synthesis of P-450 apo- 
proteins in the mol. wt 50,OW58,000 region of the 
gel is greater (increased 3H/14C) in the treated animal. 
The increased rate of synthesis of P-450 apoprotein 
in the combined estrogen plus phenobarbital-treated 
animal is more marked in the lower panel. C, which 
compared the rate of synthesis in combined treatment 
to that in estrogen treatment alone, the latter situ- 
ation being associated with a reduced rate of synthesis 
of P-450 apoprotein [6]. 

DISCUSSION 

A number of recent reports indicate that multiple 
forms of hepatic microsomal cytochrome P-450 exist, 
each with possibly distinct substrate specificity and 
substrate inducibility [9914]. In the present study we 
have utilized two models of bile secretory failure, pre- 
viously shown to be associated with reduced drug 
metabolism and cytochrome P-450 levels [2,6,7], in 
order to examine the possibility that the alteration 
in cytochrome P-450 content may reflect a reduction 
in some but not necessarily all forms of this hetero- 
geneous moiety. 



Decreased cytochromc P-450 levels in liver homo- 
genates (see Table I) confirm the previously observed 
alterations in microsomal fractions [6]. Howrvcr. 
reduced rV-demethylation of cthylmorphinc in hilt 
duct-ligated animals (ix per cent of control) is out 
of pro~rtion to the reduced activities of the mixcd- 
function oxidase system activities (63 per cent of cnn- 
trol) and suggests that additional factors such as the 
hepatic accumulation of bile acids [XJ may contrih- 
utc to altered drug metabolism. In contrast. cthinyl 
estradiol-induced hilt secretory failure which has nor- 
mal hepatic bile acid concentrations f27f has a pro- 
portional decrease in both microsomai drug ovidases 
and ~-dernet~~y~~iti(31~ of ct~~~~~?~~r~hil~c. Thus, 
reduced drug metabolism and cjtochromc P-450 
levels after bitt duct ligation are due to a compiex 
of secondary events, including* (1 ) reduced isotation 
of the m~crosomai fraction. (1) compctitivc and non- 
com~titive inhil~ition of drug o~~~~tioll reactions by 
bile acids [,X.X], and (3) decreased cytochromc 
P-450 levels due to decreased dc, noro synthesis [hj. 

There is a general agreement that the subunits of 
hepatic mi~rosonlai cytochrome P-450 have molecu- 
lar weights between 47,OW and 5O.lKMI [9 171, WC 

have confirmed that protcit~ migrating in the molccu- 
lar weight range of SO.OW SX.oGG daltons in a i(Y),, 
SDS- ~~yacryIam~dc slab gel system retain some pcr- 
oxidasc activity (XL Fig. 1) and have a selective 
affinity for hematin 1277. However. while cytochromc 
P-4X) apoprotcins are demonstrably contained within 
this motecular weight region of the get. one cannot 
conclude that all poi~~i~t~d~s in this region rcprescnt 
cytochrome P-450 apoprotcin. For example. cpoxido 
hydrasc. a phenobarbital-inducihlo home-port& mi. 
grates in this region of the gci [X). 3 I]. However. in 
salt-washed microsomes [ 161 from control animals. 
tho proportion of total protein represented in the 
molecular weight 5O.Ooc)- 58.000 region of the gel ix 
15.6 i: 1.0 per cent. and cytochrome P-350 apopro- 
teins constitute hS per cent of this protein region.* 

We have tentatively identified fclur bands within 
the molecular weight region SO.000 S~,~~~~ of IS”,, 
polyacrylamide gels as representing cytochrome 
P-4X1 apoproteins. Phenobarbital, a potent inducer 
of a wide variety of microsomal hydroxylation reac- 
tions [I. ?2]. produced an increase primarily in the 
lower molecular weight region (Band 4) hut also 
smafier increases in Bands f md II. In ccmtra~t, 
i-methylcholanthrcne, a more limited inducer ai 
microsomat h~dr~~~~latio~~ f!, B2.37j. increases stain- 
ing density ~r~nc~~a~~~ in the higher moiecrdar weight 
rc@on (Hand ill). The dif&rent patterns of stitnu- 

latlon may be equitable with the different ph~irrn~~c~~- 
logical effects of these two c~~mpounds. Moreover. dif- 
ferential induction of multiple cytochrome P-450 apo- 
proteins by ~-methylcholatitl~rene and phenob~~rbit~~~ 
have been described by several other laboratories 
using poiyacry~amidC gel separation [IO 131. These 
studies differ from the present study chiefly, with rc- 
spect to the rcsponsivcness of the apoprotoms to in- 
ducing agents. for rather than demonstrating spccitic 
band responsiveness to phenoharhital. we have found 

a different pattern of response with some overlap 
between the effect of these two agents. In general. 
all workers agree that phenobarbital stimulates a 
lower and 3-methylchoianthrenc a higher molecular 
weight polypeptide. Our results are more consistent 
with Haugen ct iri. [13]. who tiCm(~t~strated th;rt 
phenobarbital has a more general effect. However. 
there is little agreement regarding molecular weight 
designation of cytochrome P-450 apoproteins. proh- 
ably resulting from the diRerent mobility of mem- 
hrane proteins in various polyacrylamidc gel conccn- 
trations 1341, and also to different species and stains 
of rats examined. 

The major purpose of the present study wits to 
examific the possibility that with choicstasis thcrc 
ma) kc 3 preferential loss of some cytochromc P-150 
apoprotcins. since previous reports [3.?5.36] have 
dcmonstratcd prefercntirtl loss of certain j~~~cros~?rn~~i 
hydroxyi~~t~ons. This h~l~ot~~csjs was coniirmcd by the 
dC~~~~nstr~3tion of a more generalizcd reduction 10 
hands in bile duct-iigatcd an’imais. while in contrrtst, 
ethinyl cstradioi ~ldrnitilstr~~ti~~ri reduced only Bands 
I and Ill. ft can therclilro he concluded that rhe mut- 
tiptc forms of cytochrome P-450 apoprotcins respond 
ditfcrently to pharmacologic induction and cholestatic 
depression. 

The reduction in cytochrome P-450 \eveIs in ethinyl 
estradiol-treated rats is associttted with a reduction 



Oualitative alteration in hepatic cytochrome P-450 35 

in the relative rate of synthesis of cytochrome P-450 
[X]. and phenobarbital increases this relative syn- 
thesis rate [ 14. 151. Not surprisingly. therefore, in the 
double-isotope labeling experiments we demonstrate 
that the rate of synthesis of cytochrome P-450 apo- 
protein is very much greater in the combined pheno- 
barbital and ethinyl estradiol-treated animals when 
compared to the depressed rate in the ethinyl estra- 
diol-treated rats. Howcvcr. we are currently unable 
to separate b! slicing of preparative gels the radio- 
activity in dlffcrent cytochrome P-450 apoprotein 
bands. and therrforc can only assume that the reduc- 
tion hy ethinyl estradiol and correction by phenobar- 
bital result from specific changes in the synthesis of 
cytochromc P-450 apoproteins. 

These stud& support the accumulating evidence 
that multiple cytochrome P-450 forms are present in 
liver microsomal membranes. and suggest that sub- 
strate specificity may be conferred by particular mol- 
ccular forms. accounting for the differential reduction 
or stimulation in some hydroxylation reactions. In 
particular. these studies have demonstrated that alter- 
ation in specific apoprotcins may be associated with 
cither an increase or a decrease in the level and func- 
tional properties of cytochroml P-450. Decreased 
drug metabolism in cholestasis is complex, involving 

altered levels of cytochrome P-450 apoproteins as 

well as the direct ctrects of bile acids on microsomal 
membranes. 
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