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Abstract-Two progestational steroids, norethynodrel and progesterone, have been 
compared in their effects on hepatic drug-metabolizing enzyme systems in oitro. The 
steroids were added directly to incubation mixtures containing 9ooo g supematant 
fractions of rat liver homogenates, appropriate cofactors, and drug substrates. Nore- 
thynodrel and progesterone at 10-s and 1O-4 M concentrations markedly inhibited the 
side-chain oxidation of hexobarbital, ring hydroxylation of zoxazolamine, and p- 
hydroxylation of aniline. To a lesser degree they also inhibited the ring hydroxylation 
of 3,4benzpyrene and the Ndemethylation of aminopyrine. They did not appreciably 
affect the reduction of the nitro radical of pnitrobenzoic acid, the reduction of the azo 
linkage of neoprontosil, the o-demethylation of codeine, or the metabolism of chlor- 
promazine. 

Wben animals were pretreated with these steroids, only the metabolisms of zoxazola- 
mine and hexobarbital were affected in oirro. Both agents were capable of inhibiting 
the metabolism in oitro of these drug substrates when administered 1 or 2 hr prior to 
sacrifice of the animals. Norethynodrel stimulated the metabolism of hexobarbital 
when administered between 18 and 48 hr before sacrifice. Hexobarbital metabolism was 
also stimulated after subacute (daily for 3 days) and chronic (daily for 3 weeks) pre- 
treatment with norethynodrel. Pretreatment with norethynodrel produced a stimulation 
of zoxazolamine metabolism when administered between 18 and 36 hr prior to sacrifice 
of the animals. Stimulation was also observed after chronic administration of nore- 
thynodrel. Pretreatment with progesterone produced no stimulation of hexobarbital 
or zoxazolamine metabolism. 

VARIOUS progestational steroids have been widely employed as oral contraceptive 
agents. Several authorsr4 have indicated that certain oral contraceptives are capable 
of inducing hepatic damage. Other investigators, s-11 however, believe these steroids 
cause no liver damage. 

Kuntzman et al.12 have suggested that the same hepatic microsomal enzyme systems 
may be involved in the metabolism of both drugs and steroid hormones. Tephly and 
Manneringls reasoned that if such were the case, the steroids should competitively 
inhibit the metabolism of drugs. Their results indicated that estradiol, testosterone, 
androsterone, diethylstilbestrol, and hydrocortisone were all capable of competitively 
inhibiting the N-demethylation of ethyl morphine in vitro. Trivus14 found that the 
stimulation of NADPH oxidation in vifro by drug substrates could also occur when 
testosterone or estradiol 17-B was employed. Substrate competition also occurred 
in the presence of either drug or steroid. 

* This research was supported by Grant GM-06034 from the National Institutes of Health. 
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Kuntzman and Jacobson15 and Conney and Schneidmanls have shown that ad- 
ministration of drugs can alter the metabolism of progesterone by hepatic enzyme 
systems. The work of DuBois and Kinoshital’ suggests that pretreatment of female 
rats with progesterone may induce the synthesis of a hepatic microsomal enzyme system 
which is involved in the metabolism of O,O-diethyl 0-(4-methylthio-m-tolyl)phos- 
phorothioate (DMP). It therefore seemed logical to investigate the effects of pro- 
gestational agents on other hepatic microsomal drug-metabolizing enzyme systems. 
The purpose of the present investigation was to determine the effects of a widely 
employed oral progestational agent (norethynodrel) on a number of such systems 
in citro. The effects were compared with the naturally occurring progestational hor- 
mone progesterone. Effects of Enovid, which is a combination of norethynodrel 
and the estrogenic agent mestranol, were also studied. 

METHODS 

Unfasted male Holtzman rats weighing 80 to 100 g were maintained on regular 
Purina lab chow and water ad libitum until they were killed by cervical dislocation 
before the experiments. The livers were quickly removed, placed immediately on 
ice, blotted, and weighed. To each gram of liver was added 2 ml of ice cold 1.15% 
KC1 solution; the mixture was then homogenized in the cold with a Potter homo- 
genizer having a Teflon pestle. This homogenate was centrifuged at 1-3” at 9000 g 
for 20 min. Studies were carried out on the 9000 g supernatant fractions. 

Studies of effects of pretreatment with progesterone and norethynodrel. Progesterone 
(preg4-ene-3,20-dione) and norethynodrel (17a-ethynyl-17-hydroxy-ester-5(10)-en- 
3-one) were suspended in aqeous 1% carboxymethylcellulose. Progesterone was 
administered only by intraperitoneal injection at several time intervals prior to the 
sacrifice of the animals. Norethynodrel was given both intiaperitoneally and orally. 
The oral route was also used since this is the most common therapeutic route. In 
addition, oral administrations of Enovid (Searle Laboratories) in 1% carboxymethyl- 
cellulose were also given at several time jntervals prior to sacrifice (Enovid contains a 
mixture of norethynodrel with 1.5% mestranol which is ethynylestradiol 3-methyl 
ether). Acute, subacute, and chronic studies were carried out. In the acute studies, 
animals were given a single administration of 50 mg drug/kg at intervals ranging from 
1 to 48 hr before sacrifice. In subacute studies, animals were given the drug once 
daily for 3 days on a dosage schedule of 50 mg/kg/day. The animals were sacrificed 
the day after the last injection. In chronic studies, animals were given 50 mg drug/kg 
once daily for 3 weeks. They were also sacrificed the day after the last injection. 
Controls were given a similar volume of carboxymethylcellulose. 

Studies of the eflects of additions of progesterone and norethynodrel in vitro. Pro- 
gesterone and norethynodrel were dissolved in a suitable volume of reagent grade 
acetone and added to the incubation mixture such that the effects of 10-s and 10e4 M 
(final concentrations) could be observed. The volume of acetone added to the incu- 
bation mixture was 0.1 ml. An equal volume of acetone was added to control incubates. 
All assays were performed in triplicate; a pooled homogenate of 9000 g supernatant 
fraction was used. Determination of the nature of inhibition was accomplished by 
plotting reaction velocities against the ratios of the reaction velocities overthe substrate 
concentration (v vs. G/S). Two inhibitor concentrations and four substrate concentra- 



Steroids and hepatic drug-metabolizing enzyme systems 893 

tions were employed in the determination of the nature of inhibition of the hexo- 
barbital and zoxazolamine metabolic pathways by progesterone and norethynodrel. 

Assay procedures. The following metabolic pathways were studied. Side-chain 
oxidation of hexobarbital (determined by the method of Cooper and Brodiel*); reduc- 
tion of the aromatic nitro group of p-nitrobenzoic acid (Fouts and BrodielO); ring 
sulfur oxidation of chlorpromazine (Salzman and Brodie20); determination of mor- 
phine by a calorimetric method of Snell and Snellzl as an estimate of the O-dealkyla- 
tion of codeine; N-dealkylation of aminopyrine (La Due et al.=); aromatic 
ring p-hydroxylation of aniline (method of Gillette as described by Dixon ef a/.=); 
reductive cleavage of the azo linkage of neoprotosil to sulfanilamide (Fouts et ~1.~~); 
ring oxidation of zoxazolamine and polycyclic aromatic ring hydroxylation of 3,4- 
benzpyrene (methods described by Juchau et ~1.~5). The results of the studies on 
additions in vitro of norethynodrel or progesterone were expressed as pmoles 
substrate metabolized per incubate in 15 min. Other results were expressed as pmoles 
substrate metabolized/g 9000 g supernatant nitrogen in 30 min. Conditions of incu- 
bation, cofactors, and concentrations thereof were the same as those reported by 
McLuen and Fouts26 except that incubation times were reduced to 15 min for addi- 
tions in vitro of norethynodrel or progesterone and 30 min for all other incubations, 
and that the final concentration of NADP was 9.4 x 10-a M. Substrate concentration 
in rmoles/5 ml incubate were: 3.0 pmoles hexobarbital, 40 pmoles aminopyrine, 13.2 
pmoles p-nitrobenzoic acid, 7.8 pmoles neoprontosil, 10.2 pmoles codeine, IO.0 
pmoles aniline, 1.0 pmole chlorpromazine, 3.0 pmoles zoxazolamine, and O-6 pmole 
3+benzpyrene. Nitrogen determinations were made on the supernatant fractions by 
a modified Kjeldahl method described by Juchau et al.25 

Statistical evaluation of the data. Comparison of hepatic microsomal enzymic 
activity of homogenates from norethynodrel-, progesterone-, and Enovid-treated 
rats to that of the carboxymethylcellulose-treated controls were made by Student’s 
f test. The level of significance chosen was P < 0.05. 

RESULTS 
Eflects of pretreatment of ruts with progesterone and norethynodrel 

Pretreatment of rats with 50 mg progesterone or norethynodrel/kg significantly 
affected the metabolism in vitro of only hexobarbital and zoxazolamine. Other 
metabolic pathways were not significantly altered, regardless of the pretreatment 
interval or duration. 

The effects of intraperitoneal progesterone and norethynodrel administration 
on hexobarbital metabolism are shown in Fig. 1. The results indicated that both 
progestational steroids are capable of initially inhibiting hexobarbital side-chain 
oxidation as measured in vitro. Norethynodrel may have been somewhat more potent 
than progesterone in this regard. A type of biphasic effect was observed with 
both compounds. Norethynodrel was able significantly to stimulate hexobarbital 
metabolism between 18 and 48 hr after oral or intraperitoneal administration. This 
stimulatory effect was also observed in subacute and chronic studies. The inhibitory 
effect of progesterone on hexobarbital metabolism seemed to disappear 2 hr after 
i.p. injection and reappear between 24 and 36 hr. No significant enhancement of 
hexobaribtal side-chain oxidation was observed after i.p. administration of pro- 
gesterone. 



894 MONT R. JUCHAU and JAMES R. Fours 

The effects of intraperitoneally administered progesterone and norethynodrel 
on zoxazolamine metabolism are indicated in Fig. 2. A marked similarity appeared 
to exist between the effects of these compounds on hexobarbital and zoxazolamine 
oxidations. Pretreatment with norethynodrel again caused an initial inhibition of 

o-o Norcinynoarel 
0-0 Progesterone 

4 8 12 16 20 24 26 32 36 40 44 48 3da 3wk 
DURATION OF PRETREATMENT (hf) 

FIG. I. Effects of intraperitoneal pretreatment of rats with norethynodrel and progesterone on the 
metabolism of hexobarbital in tvh. Each point represents the mean ratio of treated animals/control 
animals. Numbers represent the number of animals employed in each group for each determination. 
Asterisks indicate that means of treated groups were significantly different from means of control 
groups (P < 0.05). Where abscissa values are in hours, a single dose of norethynodrel or proges- 
terone was given at time zero. Where abscissa values are in days or weeks, multiple doses of nore- 

thynodrel or progesterone were given: one dose every day for 3 days or for 3 weeks. 

C-G Norethynodrel 
2.20 - +-a Progesterone 

DURATION OF PRETREATMENT (hr) 

FIO. 2. Effects of intraperitoneal pretreatment of rats with norethynodrel and progesterone on the 
metabolism of zoxazolamine in vitro. Conditions as in Fig. I. 

zoxazolamine metabolism which may have persisted for a somewhat longer interval 
than that seen with hexobarbital as substrate. Zoxazolamine metabolism was also 
significantly enhanced 18 hr after oral or intraperitoneal administration of norethy- 
nodrel. HoweSer, the magnitude of stimulation did not appear to be as great as that 
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seen with hexobarbital metabolism, and the peak effect seemed to be somewhat 
earlier. Effects of pretreatment with progesterone on zoxazolamine metabolism were 
also similar to those observed with hexobarbital metabolism except that significant 
inhibition was observed only at 2 and 36 hr after i.p. injections. 

-1 1 1 1 ,&,,A 
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FIG. 3. Efl’ects of oral pretreatment of rats with Enovid on the metabolism of hexobarbital in vitro. 
Conditions as in Fig. 1. 

Effects of Enovid (given orally) on hexobarbital metabolism are shown in Fig. 3. 
At 36 hr after oral administration of this preparation, no significant effect on hexo- 
barbital metabolism was noted. This contrasts with a more than twofold increase in 
metabolism of hexobarbital observed when animals were treated orally or intra- 
peritoneally with norethynodrel alone. Chronic administration of Enovid also resulted 
in a significant inhibition of hexobarbital side-chain oxidation, as opposed to a 
significant enhancement produced by norethynodrel alone. 

Efiects of additions of progesterone and norethynodrel in vitro 
Several experiments were run in which norethynodrel or progesterone was intro- 

duced directly into incubation mixtures. In these experiments the incubation mixtures 
consisted of !3000 g supernatant from pooled homogenates of rat livers, phosphate 
buffer, cofactors, and drug substrate as described previously. Norethynodrel or 
progesterone at 10-s M and lo-4 M final concentrations was added to the incubation 
mixtures, and the effect on the metabolism of several drug substrates was measured. 
In the measurement of the inhibitory effects of these progestational compounds on 
hexobarbital, zoxazolamine, aniline, and 3,4-benzpyrene metabolism, substrate 
concentrations were also varied. The results of these studies are shown in Table 1. 

The metabolic pathways involved in the oxidation of hexobarbital and zoxalamine 
appeared to be most sensitive to the inhibitory effects of these progestational agents. 
This finding is in agreement with results obtained in the pretreatment studies, in 
which it was shown that only hexobarbital and zoxazolamine metabolism could be 
significantly affected by pretreatment of intact animals with norethynodrel or pro- 
gesterone. 
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Treatment of animals with progesterone (50 mg/kg) can cause inhibition of zoxazo- 
lamine metabolism (Fig. 2). However, when progesterone is directly added to a 
9000 g supernatant fraction, the metabolism of zoxazolamine in vitro is not greatly 
affected (Table 1). 

TABLE 1. EFFECTS OF VARYING SUBSTRATE AND PROCESTATIONAL INHIBITOR 
CONCENTRATIONS ON HEPATIC MICROSOMAL METABOLISM OF DRUG SUBSTRATES 

'A Inhibition by 

Substrate Principal metabolic Substrate Norethynodrel Progesterone 
reaction concentration* 

(MI 10-4 M IO-5M 1O-4 M 1O-5 M 

Hexobarbital 
Hexobarbital 
Zoxazolamine 
Zoxazolamine 
Aniline 
Aniline 
3,4Benzpyrene 
3,4-Benzpyrene 
Aminopyrine 
p-Nitrobenzoic acid 
Neoprontosil, 
CIifer-crrnaztne 

Side-chain oxidation 6 x 1O-4 41 
1.2 x 10-a 

:: ;; :: 
30 

Ring hydroxylation 6 x 1O-4 38 
1.2 x 10-s 

;4 
:‘: 

:; 1: 
Ring p-hydroxylation 1.0 x 10-a 

2.0 X 10-s !‘: :; :: 
Rina hvdroxvlation 6.0 x 1O-5 21 ;: 35 5 

.ss d 

1.2 x 10-4 6 

N-Dealkylation 8 x 1O-3 3; : ;; 

17 

Reduction of nitro group 2.6 x 1O-3 4 
Reduction of azo linkage 1.6 x 10-s 

8 
10 ; 

4 

Sulfoxidation 2.0 x IO-4 
! : 

: 
0-Dealkyiation 2.0 X 10-3 0 0 

* Final molar concentration of substrate which was added to the incubation mixture. Assays were 
run in triplicate. 

The only other metabolic pathways that were significantly affected by progesterone 
and norethynodrel when these were directly added in vitro, were those that meta- 
bolized aniline, 3,4-benzpyrene, and aminopyrine. These pathways were not affected 
by pretreatment of animals with the progestational agents (50 mg/kg). 

0.9 r 
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V/S 

FIG. 4. Kinetics of norethynodrel inhibition of hexobarbital metabolism. Each point represents the 
mean of three triplicate determinations. The final micromolar concentration of hexobarbital is s; o is 

,lmolcs hcxobarbital metabolized in IS min. 
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The nature of the inhibition of the hexobarbital and zoxazolamine metabolic 
pathways by norethynodrel and progesterone was studied. Inhibition of hexo- 
barbital oxidation by norethynodrel is shown in Fig 4 The plot indicates a competitive 
inhibition. A similar plot was obtained for inhibition of hexobarbital metabolism by 
progesterone. Other studies indicate that inhibition of zoxazolamine metabolism by 
norethynodrel may also be competitive in nature. 

DISCUSSSION 
The results of this study indicated that two progestational agents, norethynodrel 

and progesterone, are capable of producing alterations in hepatic microsomal drug- 
metabolizing systems as measured in vitro. Norethynodrel appeared to be capable of 
this effect even when administered orally. 

It should be noted that the metabolic pathways most affected were those in which 
hydroxylated or oxidized products are formed. Pathways involving reduction, N- 
demethylation, 0-demethylation, or sulfoxidation were not affected by additions of 
norethynodrel or progesterone in vitro except at very high concentrations. Oxidation of 
hexobarbital and hydroxylation of zoxazolamine, as measured in z)itro, could be 
affected by pretreatment of rats with relatively high doses of progestational agents as 
well as by the direct addition in vitro of such agents to 9000 g supematant fractions. 
Hydroxylations of 3,4benzpyrene and aniline, however, did not appear to be affected 
by pretreatment procedures. 

The nature of inhibition of drug-metabolizing enzymic pathways by norethynodrel 
and progesterone appeared to be competitive. This may indicate that the liver micro- 
somal enzymes that catalyze certain aliphatic or aromatic hydroxylations of drugs 
and foreign compounds may also catalyze hydroxylations of progestational steroids. 
Evidence that such systems catalyze hydroxylations of androgenic,27 estrogenic,s* 
and glucocortica12e steroids has already been obtained. Recent evidence also indicate 
that drugs that stimulate the microsomal oxidation of drugs also stimulate the micro- 
somal hydroxylation of steroid& 1% 28~30131 and that such effects may also be ob- 
served in man.32~~ 

It appears that progestational compounds are capable of affecting hepatic micro- 
somal drug metabolism as measured in vitro and that drugs are likewise capable of 
affecting hepatic metabolism of naturally occurring progestins. The manner in which 
these two groups (drugs vs. progestational hormones) affect each other’s metabolism 
by the liver would seem to be by competing for the same drug-metabolizing enzymes. 
Whether drug metabolism would be different when drug and progestational com- 
pound were present together vs. given alone would therefore depend on the relative 
affinity of drug vs. progestin for the enzyme and the amount of drug and/or progestin 
present at the site of metabolism. It would appear unlikely therefore that progestins 
would block the metabolism of other drugs (such as hexobarbital or zoxazolamine) 
since, at least in rats, high concentrations of norethynodrel and progesterone were 
needed for the inhibitions observed. On the other hand, it is quite conceivable that 
drugs like hexobarbital might interfere with the metabolism of progestins, and this 
aspect should be investigated further. 

Norethynodrel apparently stimulates certain drug metabolisms in hepatic micro- 
somes, but this stimulation follows an initial inhibition of these enzymes. Thus, 
norethynodrel may act like certain other drug-metabolizing enzyme inhibitors (such 
B.P.-3N 
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as SKF 525-A) which also first inhibit and then lead to enhanced hepatic microsomal 
enzyme activity. It is interesting that norethynodrel seems to stimulate only certain 
drug-metabolizing enzymes and that progesterone does not have this action. Appa- 
rently norethynodrel will be classed (as a stimulator of drug metabolism) in a different 
group than is phenobarbital. Whether norethynodrel acts like 3,4_benzpyrene or 
methyltestosterone is yet to be determined. 

Acknowle&ements-We wish to acknowledge the valuable technical assistance of Mrs. Roberta Pohl, 
Mrs. Diana Lewiston, Mr. Douglas Rickert, and Mr. Robert Tarvin, Department of Pharmacology, 
University of Iowa. 

The authors wish to express appreciation to Searle Laboratories for the generous supplies of 
norethynodrel and Enovid used in these experiments. 

REFERENCES 

1. A. EISALO, P. A. J~~RMNEN and T. LUUKKAINEN, Br. med. J. 2,426 (1964). 
2. I. P. PALVA and 0. 0. Musrti, Br. med. J. 2,688 (1964). 
3. B. A. STOLL, J. T. ANDREWS, R. M-RAM and J. UP=, Br. med. J. 1,723 (1965). 
4. G. CLULLBERO, R. LUNDSII(OM and U. STENRAM, Br. med. J. 1,695 (1965). 
5. L. I. SWAAB, Br. med. J. 2,755 (1964). 
6. G. LINTHORST, Br. med. J. 2,920 (1964). 
7. E. RICE-WRAY, Br. med. J. 2, 1011 (1964). 
8. E. T. TYLER, Br. med. J. 2, 843, 1264 (1964). 
9. N. E. B~RGLTN, Br. med. J. 1,1289 (1965). 

10. G. I. M. SWYER and V. LIP, Br. med. J. 1, 1412 (1965). 
11. H. DATTA, R. NATH and R. R. CHAIJDHURY, Br. med. J.2,476 (1965). 
12. K. K~NXZMAN, M. JACOBSON, K. SCHNEIDMAN and A. H. CONNBY, Fedn. Proc. 23,537 (1964). 
13. T. R. TEPHLY and G. J. MANNERING, Pharmacobgist 6, 186 (1964). 

14. R. H. TRrvus, Phurmacofogisr 7, 160 (1965). 
15. R. KUNTZMAN and M. JACOBSON, Fedn. Proc. 24, 152 (1965). 
16. A. H. CONNEY and K. SCHNEIDMAN, Fe&. Proc. 24, 152 (1965). 
17. K. P. DuBo~s and F. KINOSHITA, Archs. int. Phurmucodyn. 156,418 (1965). 
18. J. R. CAPER and B. B. BRODIE. J. Phurmoc. exp. Ther. 114,409 (1955). 
19. J. R. Fowrs and B. B. BRODIE, J. Phurmuc. exp. Ther. 119, 197 (1957). 
20. N. P. SALZMAN and B. B. BRODIE, J. Phurmuc. exp. Ther. 118,46 (1956). 
21. F. D. SNELL and C. T. SNELL, Calorimetric Method of Anulysis, p. 510. Van Nostrand, New York 

(1937). 
22. B. N. LADu, L. GAUDET~E, N. TROU~OF and B. B. BRODIE, J. biol. Chem. 214,741 (1955). 
23. R. L. DIXON, L. G. HART, L. A. ROGERS and J. R. Fours, J. Phurmoc. exp. Her. 132,12 (1963). 
24. J. R. Fours, J. J. KAMM and B. B. BRODIE, J. Phurmuc. exp. Ther. 120,291 (1957). 
25. M. R. JUCHAU, R. L. CM, G. L. PLAA and J. R. Fours, Biochem. Phurmuc. 14,473 (1965). 
26. E. F. MCL~EN and J. R. Fours, J. Phurmuc. exp. Ther. 131.7 (1961). 
27. A. H. C~NNBY and A. KLUTCH, J. biol. Chem. 238, 1611 (1963). 
28. I. L. RIEQU. and G. C. MIJELL~R, J. bfof. Chem. 210,249 (1954). 
29. A. H. CONNEY, M. JACOBSON, K. SCHNEIDMAN and R. KUNTZMAN, Life Sci. 4,1091 (1965). 
30. A. H. C~NN~Y and K. SCHNEIDMAN, J. Phurmuc. exp. Ther. 146,225 (1964). 
31. R. KUNTZMAN, M. JACOBSON, K. SCHNMDMAN and A. H. CONNEY, J. Phurmuc. exp. Ther. 146, 

280 (1964). 
32. S. BURSI~IN and E. KLAIBER, J. clin. Eizdqcr. 25,293 (1965). 
33. E. E. WERK, JR., J. MA&IX and L. J. SHOLITON, J. chit. Invest. 43, 1924 (1964). 


