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Communications to the Editor 

Mechanism of Steroid Anesthetic Action: 
Interactions of Alphaxalone and A16-Alphaxalone 
with Bilayer Vesicles 

Sir: 
Traditionally, the potency of anesthetics has been cor­

related with some of their general physical properties, 
primarily their lipid solubility.1 However, for anesthetic 
steroids, this does not hold true. Small changes in steroid 
structure can lead to large differences in anesthetic ac­
tivity.2,3 For example, 3a-hydroxy-5a-pregnane-ll,20-
dione (alphaxalone) acts as an anesthetic and is used 
clinically as the main active component in the anesthetic 
Althesin, while 3a-hydroxy-5a-pregnan-16-ene-ll,20-dione 
(A16-alphaxalone), which differs from alphaxalone by 
having a double bond in the C16 position (Figure 1), lacks 
anesthetic activity. 

Recently, we found that although the two steroids in­
corporated equally in membrane preparations,4 the an­
esthetic alphaxalone inhibited anion transport in human 
erythrocytes to a much greater extent than its nonan-
esthetic, A16 analogue.5 These results led us to the idea 
that the considerable difference in activity exhibited by 
the two analogues may be due to differences in their in­
teractions with cellular membranes. The present inves­
tigation based on NMR experiments examines the inter­
actions of the two steroids with phosphatidylcholine bilayer 
vesicles used as model membranes. 

Figure 2 depicts XH NMR spectra of three different 
vesicle preparations at 70 °C. One sample was made up 
of egg lecithin while the other two were egg lecithin 
preparations into which alphaxalone and A16-alphaxalone 
were incorporated. As can be seen, no resonances corre­
sponding to A16-alphaxalone can be detected in the *H 
NMR spectrum of lecithin vesicles containing this steroid. 
In contrast, XH NMR signals for alphaxalone are observed 
in the corresponding vesicle preparation. These resonances 
were assigned to the acetyl methyl (w/2 = 2.5 Hz) and C18 
angular methyl (my2 = 10 Hz) resonances by analogy, from 
the corresponding XH NMR spectrum of alphaxalone in 
CDC13. As expected, the XH resonances of alphaxalone 
became progressively broader at lower temperatures, re­
flecting the decreasing mobility of the steroid in the bilayer 
(Figure 3). 

The 13C NMR results were consistent with the XH NMR 
data. No 13C resonances due to A16-alphaxalone, could be 
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observed in its phosphatidylcholine vesicle preparations. 
On the other hand, 13C NMR spectra of vesicles into which 
alphaxalone was incorporated showed several resonances 
corresponding to this steroid (Figure 4). The observed 
alphaxalone 13C resonances were identified as being due 
to carbons with relatively long relaxation times. These 
included the nonprotonated carbons that relax inefficiently 
due to the absence of directly attached *H dipoles and 
methyl group carbons that experience slow relaxation 
because of internal rotation. 

Since the 1H and 13C resonances corresponding to 
A16-alphaxalone were too broad to be detected in the 
presence of the overwhelmingly larger lecithin signals, no 
direct quantitative comparisons of the motions of the two 
steroids in the bilayer were possible. To obtain such in­
formation, we selectively deuterated alphaxalone and 
A16-alphaxalone (>95%) in the acetyl methyl position6 and 
recorded the 2H NMR spectra of the steroids incorporated 
in lecithin vesicles. Both steroids gave 2H NMR spectra 
with a signal that was unencumbered by the phospholipid 
resonances (the natural abundance of 2H is only 0.0156%). 
As shown in Figure 5, the 2H acetyl methyl resonance of 
A16-alphaxalone (w/2 = 50 Hz) was found to be more than 
fourfold broader than the corresponding resonance of al­
phaxalone (vi/z = 12 Hz). 

Line-width (vi/) measurements can provide information 
on the slower components of motion in anisotropic model 
membrane systems through their relationship to spin-spin 
relaxation times (T2)J

i'h Our NMR experiments with 
vesicle preparations show that in alphaxalone different 
nuclei located in different positions of the molecule have 
consistently longer T2 values than in the A16 analogue. 
Since no difference in vesicle size was observed for the 
steroid-incorporated vesicles at the concentration used, the 
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Figure 2. 270-HMz *H NMR spectra of vesicle preparations 
obtained at 70 °C on a Bruker HX-270 spectrometer; 100 accu­
mulations with a repetition time of 10 s were used for each 
spectrum: (a) alphaxalone (4 mM) and lecithin (20 mM purified 
egg lecithin, Sigma Chemical Co.; L-a-phosphatidylcholine, Type 
XI-E); (b) A16-alphaxalone (4 mM) and lecithin (20 mM); (c) 
lecithin (20 mM). 
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Figure 3. The effect of temperature on the acetyl methyl XH 
resonance of alphaxalone. 

different steroid line widths must be due to differences in 
the local motions and/or anisotropic behavior of the steroid 
in the bilayer rather than to differences in the overall 
tumbling of the lipid vesicles.8 

The results obtained from the NMR experiments de­
scribed in this communication are consistent and suggest 
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Figure 4. 22.6-MHz 13C NMR spectra of vesicle preparations 
obtained at 37 °C on a Bruker WH-90 spectrometer; 20000 ac­
cumulations with a repetition time of 2 s were used: (a) al­
phaxalone (52 mM) and lecithin (260 mM); (b) A16-alphaxalone 
(52 mM) and lecithin (260 mM); (c) lecithin (260 mM). 
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Figure 5. 41.4-MHz 2H NMR spectra of the acetyl methyl 2H 
resonance of (a) alphaxalone (4 mM) and (b) A16-alphaxalone (4 
mM) incorporated in lecithin (20 mM) bilayers. Spectra were 
obtained at 70 °C on a Bruker HX-270 spectrometer; 4000 ac­
cumulations with a repetition time of 1 s were used for each 
spectrum. 

that alphaxalone is considerably more mobile in the 
phospholipid bilayer than A16-alphaxalone. The data also 
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suggest that the acetyl group is probably moving faster 
than the steroid nucleus, since the observed 13C and JH 
resonances of the COCH3 side chain are consistently 
narrower than the 13C frequencies of the rigid ring system 
or the XH frequencies of the methyl groups directly atta­
ched to it. 

The observed differences in mobility between the two 
steroids in the bilayer can be explained by assuming that 
the variation in steroid geometry leads to different phos-
pholipid-steroid interactions. We can thus postulate that 
the inactive A16-alphaxalone interacts with the fatty acid 
chains of phosphatidylcholine bilayer in such a manner 
that the most stable bilayer geometry is maintained while 
the interacting steroid is partially immobilized. This in­
teraction may be similar to the interaction of cholesterol 
with phospholipids, which has been previously de­
scribed.9,10 In contrast, the biologically active alphaxalone, 
because of its slightly different stereochemical features, 
interacts with the bilayer differently. Presumably, this 
interaction results in a disruption of the bilayer geometry, 
which is evidenced by the higher mobility of the incor­
porated steroid. The perturbation produced by the an­
esthetic molecule in the lipid region of the membrane could 
be transmitted to the membrane-associated proteins, re­
sulting in a modification of their functions.11 
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The cancer chemotherapist's armamentarium contains 
a variety of hormonal agents, such as adrenocorticosteroids, 
androgens, antiandrogens, estrogens, antiestrogens, anti-
gonadotropic agents, and progestogens.2,3 The ablation 
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Our results can be used to explain the different biological 
activities of alphaxalone and A16-alphaxalone as anesthetics 
and as inhibitors of sulfate transport in the red blood cell, 
both of which are functions associated with a mem­
brane-bound protein. We have recently tested on the 
phospholipid system described here a number of steroids 
structurally related to alphaxalone but having widely 
different anesthetic activity. The results are consistent 
with the hypothesis that steroid anesthetic activity de­
pends on the ability of the drug to perturb the membrane 
lipids. This ability appears to be governed by strict geo­
metric requirements. 
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of endocrine glands for removal of endogenous sources of 
hormones (notably, orchiectomy in prostatic cancer and 
oophorectomy, adrenalectomy, and hypophysectomy in 
breast cancer) is practiced, as well as androgen adminis­
tration in breast cancer, and estrogen administration in 
breast cancer and in prostatic cancer.4 The results of 
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The 4-fluoro analogue of 17/3-estradiol was investigated for estrogenic action in rats by determination of uterine 
hyperemia and [3H] uridine incorporation and was found to be an active estrogen. Antitumor activity of this analogue 
was demonstrated against 7,12-dimethylbenz[a]anthracene (DMBA) induced rat mammary adenocarcinoma. Its 
13C NMR spectrum was determined, and all signals were assigned. A detailed X-ray diffraction investigation of 
4-fluoro-17#-estradiol was carried out, and it crystallized in triclinic space group PI with two steroids and one methanol 
in a unit cell of a = 7.367 (1), b = 9.363 (6), c = 12.531 (1) A, a = 89.31 (3), 0 = 93.38 (1), y = 109.62 (3)°, V = 812.8 
A3, and Z = 2. The structure was solved and refined to an R index of 0.062 using 3045 reflections measured on 
an automated diffractometer. The oxygen atoms at C(3) and C(17) at either ends link the molecules together in 
a head to tail fashion. The hydroxy groups of the solvent molecules also take part in linking the molecules sideways 
through the hydroxy groups. 
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