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Lack of enhanced microsomal enzyme activity by oxandrolone, an
inducer of hepatic smooth endoplasmic reticulum

(Received 26 July 1975: accepted 5 December 1975)

The relationship of serum cholesterol level to the preva-
lence of coronary heart disease [1] has stimulated research
on plasma lipid-lowering drugs [2]. Oxandrolone (178-
hydroxy-17a-methyl-2-oxa-5a-androstan-3-one, Anavar), a
synthetic anabolic steroid [3], effectively lowered plasma
triglycerides in several clinical trials [4, 5] and consistently
lowered plasma cholesterol in retired breeder male rats
[6], an animal model of hyperlipoproteinemia [7]. Recent
work suggests that oxandrolone increases the activity of
postheparin plasma hepatic lipase, but Ehnholm et al. [8]
were unable to show that this change was responsible for
its lipid-lowering effect.

The finding in this laboratory [9] that oxandrolone in-
creased the surface density of smooth endoplasmic reticu-
lum (SER) in livers of young adult (YA) rats 35 per cent
and retired breeder (RB) rats 68 per cent, as measured by
quantitative morphometric techniques, is of considerable
interest, since this organelle has been implicated in hepatic
cholesterol {10] and lipoprotein [11] synthesis. Contrary
to the findings of Horvath et al. [12], studies in this labora-
tory have been unable to demonstrate an oxandrolone-
induced SER proliferation in rat liver based on qualitative
electron microscopy and quantitative biochemical criteria,
i.e. total microsomal protein.* Administration of a number
of compounds including barbiturates, chlorinated hydro-
carbon insecticides, certain steroids, such as preneno-
lone-16a-carbonitrile and spironolactone, suggests that
there is a positive correlation between the amount of SER
hypertrophy and the magnitude of microsomal enzyme in-
duction [13-19]. However, Schmucker and Jones [9] sug-
gested that the SER proliferation is a non-specific pharma-
cological response to oxandrolone.

The present work investigated the significance of this
response by measuring alterations in those modalities of
SER function most often affected by drugs which induce
hypertrophy of this membrane system. The concentration
of cytochrome P-450 and cytochrome b5 and the activities
of NADPH-cytochrome ¢ reductase and drug metabolism
(ethylmorphine N-demethylation) in the liver microsomes
from YA and RB rats were examined.

Male Sprague-Dawley rats (Holtzman Co.. Madison,
Wis.) (200-225 g) and recently retired breeder rats (500
g) were housed in individual cages and provided tap water
and Purina Laboratory Chow (Purina Ralston Co.) ad lib.
The rats werc fasted for 24 hr prior to collecting tail vein

*Unpublished observations.

blood from six rats for initial serum lipid determinations.
Serum samples were extracted in chloroform methanol
(2 : 1) and analyzed for cholesterol according to the method
of Rudel and Morris [20] and for triglycerides by the
method of Eggstein and Kreutz [21] using the Biochemica
Test Combination for Triglycerides (Boehringer Mannheim
Corp.. Mannheim. West Germany). Oxandrolone was
administered orally for 21 days by mixing the drug (100
mg/kg body wt) with 250 mg corn oil margarine (Fleisch-
mann). The RB and YA control animals received 250 mg
of the vehicle/day for 21 days. The rats were fasted for
24 hr prior to sacrifice. The animals were killed by decapi-
tation on the morning of day 22. Serum samples were col-
lected and the livers quickly removed. weighed and homo-
genized in 10 vol. (w/v) of ice-cold 0.25 M sucrose contain-
ing 0.05 M potassium phosphate buffer, pH 7.4, using a
Potter-Elvehjem homogenizer with a Teflon pestle. Micro-
somes were preparcd as previously described [22]. and
microsomal protein was determined by the method of Gor-
nall et al [23]. NADPH-cytochrome ¢ reductase was
measured as described by Masters ¢r al. [24] and cyto-
chrome P-450 and cytochrome bs; were measured by the
methods of Omura and Sato [25]. using an Aminco
Chance spectrophotometer in the split-beam mode. Micro-
somal N-demethylation was measured as previously de-
scribed [22] using ethylmorphine (6.5 mM) as substrate.
Aliquots (1 ml) of the mixture were taken at 1-min intervals
for 10 min and mixed with 1 ml of 10%; {w/v) trichloroace-
tic acid. The reaction was linear with time under these
conditions. Formaldehvde produced was determined
according to Nash [26]. Data were analyzed by Student's
t-test for differences between the means [27].

The results summarized in Table I show that oxandro-
lone exerted a significant hypocholesterolemic cffect on the
serum of the RB rats but not on the serum of the YA
rats. There was no effect by oxandrolone on serum trigly-
cerides in either the YA or RB rats. The results of the
hepatic drug metabolism studies are summarized in Table
2. Liver/body weight ratios in the RB groups were lower
(2.5 and 2.6 per cent) than in the YA rats (2.8 per cent).
but this result is not statistically significant. Cytochrome
P-450 and cytochrome hs concentrations in both groups
of oxandrolone-treated rats were essentially the same as
in the untrecated controls. There was no difference in
NADPH-cytochrome ¢ reductase activity after oxandro-
lone treatment in either the YA or RB rats. Drug metabo-
lism. determined by the rate of formaldehyvde formation

Table 1. Effect of oxandrolone on serum lipid levels of male young adult and retired breeder rats*

Serum cholesterol (mg/ 100 ml) Serum triglyeeride (mg/ 100 mh
After After
21 days of 21 days of
Group Initial treatment p+ Initial treatment Pt
Retired breeder 91 +9 103 = 7 NS* T2+ 8 T4+ 9 NS
Retired breeder 86 + 8 60 + 6 < 002 5149 45+ 6 NS
+ oxandrolone
Young adult T4+ 6 68 « 2 NS 48 + 5 41 + 4 NS
Young adult 79+ 4 714 NS S0+ I SLx3 NS

+ oxandrolone

* All values represent mean + S. E. M. for six rats.

I NS = not significant.

+ Difference between initial and post-treatment determinations.



Table 2. Measurements of liver microsomal drug metabolism in voung adult and retired breeder
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rats treated with

oxandrolone for 21 days*

Young adult

Young adult
= oosandrolone

Reotired breeder

Retired brevder - ovandrolone

San Francisco. Calif. 94121, U.S. 4.

Body wi MY =S KRR ST 22 S50+ 14
Lner wi fg) 90 =0 572 027 1409 £ 0,65 1405 + 0.7
Laver wi body wi () 2x =0l RN 25kl 26 £ 0l
Cutochiome P-33tHinmoles « myg ! pratein) 1,39 + aod 143+ 007 140+ oS 49+ vaod
Cytochrome o (nmoles > mg ! protei) AR S 062 £ (S 055 ol 064 £ 003
NADPH-cvtochrome ¢ 6 k6 6 43 [ as + 7
reductase tamoles > min b ox

mg ' oprowing

Filndmorphine demethyhation 28 -0k AN ) 24 r i 2E3ens
mweles - min D os omg U oproteind

* All values represent mean + S, E. M. for six to ten rats.
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Binding of narcotics and narcotic antagonists to
triphosphoinositide

(Received 13 September 1975: accepted 7 November 1975)

Triphosphoinositide occurs mainly in the brain as a con-
stituent of membrane. It is both water soluble and lipid
soluble and has five negative charges concentrated in a
molecule of about 1000 molecular weight. A role for tri-
phosphoinositide in nerve transmission has been con-
sidered based on the observation that calcium ion can che-
late with triphosphoinositide [ 1] and that phosphate turn-
over rate in triphosphoinositide is very rapid [2]. Apart
from its physiologic functions, triphosphoinositide may
also be involved in opiate action.

It has been reported that morphine administration can
deplete brain calcium in animals [3.4] and, since the level
of calcium fluctuates with the level of triphosphoinositide
[5]. there is a possibility that the action of morphine may
involve triphosphoinositide. To find any fluctuation in the
triphosphoinositide pool during the morphine action may
be futile. as the majority of triphosphoinositide is merely
a part of myelin structure. and only a small part of total
pool size may fluctuate. Mulé [6] studied the turnover
of triphosphoinositide and found it to be increased during
morphine treatment.

It has been reported that acidic lipids, including triphos-
phoinositide, can bind with opiates with different affinities
in different media. Thus, in the organic phase. morphine
is bound more than naloxone, while in the water phase
the reverse is true. The differences in binding properties
have been related to biologic activity.* This communica-
tion reports a further study on the binding of three nar-
cotic agonist-antagonist pairs to triphosphoinositide.

[*H]Naloxonc hydrochloride (23.6 Ci/m-mole) was
obtained from New England Nuclear, and morphine sul-
fate from Mallinckrodt. The tartrate salts of levorphanol
and [*H]Jlevorphanol (2.4 Ci/m-mole) were donated by
Hoffmann-La Roche and naloxone hydrochloride by Endo
Laboratories. Triphosphoinositide was extracted from rat
brain and purified by the method of Michell er al. [7].
Based on the total and individual lipid phosphorus analy-
ses after thin-layer chromatography with potassium oxa-
late impregnated Silica gel H plates and development with
a solvent system of chloroform—methanol-4 N NH,OH
(9:7:2, v/v) [8]. the preparation was established to contain
no lipids other than phosphoinositide lipids which were
present in the amount of 1% monophosphoinositide

*T. M. Cho. Y. C. Wu. J. S. Cho, H. H. Loh and
E. L. Way. manuscript in preparation.

+This equation is obtained by multiplying the original
Scatchard equation by the amount of TPI added.

(MPI), 5% diphosphoinositide (DPI) and 70°, triphos-
phoinositide (TPI). The stability of TPI was examined by
the azure assay method [9]: TPI was stable over a year
when stored at 25" in chloroform-methanol (19:1, v;v):
under neutral pH in water. in heptane. or in octanol. TPI
was stable over a month.

Two methods were used to study the binding of narcotic
agonists or antagonists in various solvent systems. The
binding was quantified by determining the concentration
of drug needed to inhibit [*H]levorphanol binding to tri-
phosphoinositide by 50 per cent (IDs,).

Organic solvent—water partition. This method consisted
of the addition of 1-ml of radioactive drug of varying con-
centrations in water at pH 6.0 to | ml of triphosphoinosit-
ide solution in heptane or octanol in a glass tube,
13 x 100 mm, and vortexing the mixture at medium speed
for 1 min. After the mixture was centrifuged at 1500 ¢ for
10 min, an 0.5-ml aliquot of both phases was removed and
the radioactivity was determined by liquid scintillation
spectrophotometry with 10ml of Scinti Verse solution
(Fisher Scientific Co.): the counting of an efliciency
in this system was determined to about 40 per cent. The
amount of drug bound to TPI in the organic phase was
calculated by the simplified equation of Weber et «l. [10}:
My=M,— P x M, — M, M, being the amount of drug
bound by TPI in the organic phase, M,. the total amount
of drug used, P, the partition coeflicient of drug between
the organic phase and the aqueous phase, and M,. the
amount of drug in aqueous phase. The dissociation con-
stants of various TPI-drug complexes were obtained by
Scatchard analysis [[1]. M,/M; = —M,/K; + M, 'K,t
M, being the amount of drug bound, M,  the amount of
free drug, M,,, the maximum amount of drug which could
be bound, and K, the dissociation constant of the TPI
drug complex. The heptane-water partition was used to
obtain 1D, values of various drugs using 5 ug/ml of tri-
phosphoinositide and 5 x 10~% M[*H]levorphanol and
varying concentrations of a test drug.

Equilibrium dialysis. A solution of triphosphoinositide in
chloroform—methanol (19:1) was dried in vacuo with a

‘rotatory evaporator and the residue was sonicated in water

at pH 6.0 to make a 0.01%, liposome solution. A coil of
dialysis Visking membrane was boiled in | mM EDTA
solution and then in distilled water and soaked in water
at room temperature for several hr. A dialysis cell of | ml
capacity was assembled with a piece of Visking membrane
separating the inner from the outer chamber, each contain-
ing a small glass bead for the purpose of agitation. The



