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The relationship between lipophilic character and hemolytic activity was studied irca series vf testosterone con-
pounds. The lipophilic character was first expressed by means of the chromatographic R, value, which was
~xllown to be related to the partition coefficient between the mobile and the stationary phase of a chromatographic
system. The Rn value was determined, for each compound, in two different chromatographic systems, respec-
tively, containing in the mobile phase Me:CO or MeOH. It both cases there was a highly significant parabolic
relationship between R, values and hemolytic activity, Ou the other haud this result could be expected from
the linear relationship between the R, valuey, respectively, determined with Mey,CO or MeOH in the mobile phase.
The lipophilic character of the test compounds was also expressed by meaus of the = values. There was a linear
relationship between the = values calculated from octanol-HsO partition coefficients and the chromatographic R
values. A parabolic relationship was therefore showu also between 7 values aud hemolytic activity. The
present results support previous findings, which suggest that the correlation between penetrativu of organic vom-
pounds through biological membranes and partition coefficient is nnt affected by the nature of the phases -

volved in the determiuation of the partition data.

The hemolytic activity of some neutral steroids was
shown by Tateno and Kilbourne' and Palmer.? Weiss-
mann and Keiser? in a series of 35 neutral steroids and
bile acids pointed out that while the 5-3-H configuration
was associated with hemolytic properties, the 5-o-H
compounds were inactive and only a few A-4,5 steroids
were active. Testosterone, which is a A-4,5 steroid,
was found practically inactive,’® while Palmer’ ob-
served some activity. Segaloff* deseribed the hemolytie
activity in vitro and in vivo of some testosterone esters.
The hemolytic activity was interpreted as a conse-
quernce of the insertion of the steroids at the lipid-
aqueous interface at the surface of the erythrocyte.®s
On the other hand, no direct relationship was found be-
tween hemolytie activity and water solubility.® How-
ever the acetate derivatives were found to be more
active than their parent compounds.* An enhanced
hemolytic activity was also found in the AcOH and
BzOH esters of some steroidal sapogenins.® This
could suggest the influence of the lipophilic character of
the molecules, at least in a series of ester derivatives.
Hansch, et al.,” found very good correlations between
partition coefficient and penetration of organic com-
pounds through biological membrancs. In previous
papers it was possible toshowthatreversed-phase tle ix a
suitable method for the determination of the lipophilic
character of drugs, as expressed by the Rp value?
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Therefore, the main purpose of the present work was to
study the relationship between R, values and hemolytic
activity of a series of testosterone esters, also, to study
the influence, on the above relationship, of the phase
svstem used for determining the lipophilic character.

Materials and Methods

The testosterone compounds were kindly provided
by drug companies {Organon N.V.. Vister Vismara
Terapeutici S.p.A., Istituto Luso Farmaco d’'Italia
s.r.1., Armour Erba ["armaceutici S.p.A, Essex Italia
S.p-A) and obtained from commercial sources (Pro-
dotti Gianni, Milan). Their structures are reported in
Table 1. The chromatographic procedure for the de-
termination of the E,, values wax also used in order 1o
checlk the purity of the compounds.

R, Values Determination.—The lipophilic character
of the test compounds was expressed by their chro-
matographic R, values, which have previously been
deseribed.® The statlonary nonpolar phase consisted
of a silica gel G layer impregnated with silicone DC
200 (350 ¢St) from Applied Sciences Laboratories.  The
impregnation wax carried out by developing the plates
i a 5% =ilicone ol solution m 126,00, The polar mobile
phase, saturated with silicone oil, was represented by
H,O in various mixture (v/v) with Me.CO or MeOH.
In particular the coneentration of Me,CO ranged from
42 to 749, that of MeOH, from 54 to 869%. Two
plates were simultaneously developed in a chromato-
graphic chamber containing 200 ml of mobile phase.
The steroids were dissolved in Me,CO (3 mg/ml) and 1
wl of solution wax spotted randomly on the plates in
order to avoid any systematic error. The developed
plates were dried and sprayed with an alkaline solution
of IKNnO,.  After o few minutes at 120° yellow spots
appeared on an intensely pink background. The R,
values were culculuted by means of the formula:
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Tasre I

STRUCTURFE OF TESTOSTERONE AND ITs EsTERS

Derivatives of

No. testosterone R
1 Testosterone OH
2 Acetate OAc
3 Propionate OCOC:H;
4 Butyrate OCO(CH,).CH;
5 Isobutyrate OCOCH(CH;)»
6 Valerate OCO(CH,)sCH;
7 Isocaproate OCO(CH,).CH(CHjs),

Ro = log<é - 1>
f

Hemolytic Activity Determination.—The procedure
was based on those of Tateno and Kilbourne,! Weiss-
mann and Keiser,® and Seeman and Weinstein.® Rat
blood (0.8 ml) was obtained by cardiac puncture with
1-ml syringes containing 0.2 ml of Na citrate 3.8%;, and
was immediately used. The erythrocytes were sepa-
rated by centrifugation (5 min at 2.350¢) and washed 3
times with a 0.99, NaCl solution buffered to pH 7.4 by
10 mM phosphate buffer. The washed erythrocytes
were then suspended in this solution to a vol of 8 ml.

In order to test compounds a vol of 3.8 ml of phos-
phate-buffered saline was added to 0.2 ml of the above
erythrocyte suspension to a final vol of 4 ml. EtOH
solutions of the test compounds were finally added to
the system in 1- to 10-ul amounts. In this way it was
possible to obtain, for each compound, concentrations
ranging from 0.25 X 10~ to 2.5 X 10—* M. At least
8-12 determinations were carried out for each concen-
tration. Two series of control tubes were prepared.
The assessment of 1009, hemolysis was obtained by
adding 3.8 ml of distd H,O to 0.2 ml of erythrocyte
suspension. The hemolytic activity of EtOH was de-
termined by adding 1-10 gl of EtOH to 0.2mloferythro-
cyte suspension and 3.8 ml of phosphate-buffered saline.
The hemolysis caused by EtOH in the udded amounts
was very low. On the other hand, Weissmann and
Keiser® dissolved neutral steroids in EtOH and re-
ported a control hemolysis varying from 0.4 to 1.49.
Obviously this does not rule out the possibility of a
supraadditive synergism, between EtOH and steroids.
However this hypothesis would be very difficult to
prove owing to the very low water solubility of the
tested compounds. Both control and test suspensions
were incubated for 3 hr at 37°. After incubation all
the tubes were centrifugated and the supernatants re-
moved. The optical densities of these were measured
at 540 mpu in the Bausch and Lomb colorimeter. The
results were expressed as per cent of total hemolysis
provoked by distilled H,0, in the following way:

(OD of sample — OD of EtOH control) X 100
OD of distilled H,O control

(9) P.Seeman and J. Weinstein, Biochem. Pharmacol., 18, 1737 (1966).

Deriratives of

No. testosterone R
8 Enanthate OCO(CH,)sCH;
9 Caprylate OCO(CH.)CH;
10 Caprinate OCO(CH;)CH;
11 17-83-Cypionate OCOCH,CH,G
12 Pheunylpropionate OCOCH,CH,C¢H;
13 Hexahydrobenzoate OCOC:H
14 Uudecyleunate OCO(CH,)CH==CH,

Results

R, and = Values.—The partitioning of the testos-
terone compounds between the nonpolar stationary
phase and the polar mobile phase affected their chro-
matographic migration in such a way, that they did not
migrate until a certain concentration of Me,CO or
MeOH was reached in the mobile phase. On the
other hand, above a certain Me,CO or AMeOH con-
centration in the mobile phase they tend to migrate
with the solvent front. In any case, there is a range
where, for each compound, the R; values increase with
the Me,CO or MeOH concentration. Lower R; values
indicate shorter migrations and, therefore, molecules
more lipophilic than those characterized by higher R,
values and longer migrations. As a consequence of the
formula R, = log [1/(R;) — 1] negative and positive
R, values derive from R; values, respectively, greater
and smaller than 0.5. Therefore higher and/or positive
R,, values indicate compounds more lipophilic than
those represented by a lower and/or negative R, value.
The plots of Figures 1 and 2 show that for each com-
pound there is a range of linear relationship between
the R,, values and the concentration, respectively, of
Me,CO or MeOH in the mobile phase. According to
Boyce and Milborrow,' the Ry, values in the range of
linearity were considered to be the most satisfactory
ones, as over this range there are the maximum inecre-
ments in the Ry, value of each compound and among
different compounds. By means of the least-squares
method the equations of the straight lines were cal-
culated from the R, values in the linearity range. The
equation of each straight line was used in order to cal-
culate an R, value corresponding to a 549, concentra-
tion of Me,CO or MeOH in the mobile phase. In this
way it was possible to obtain, for each compound, an
R, value in a standard system and in the range of max-
imum accuracy. The 549 concentration value was
not chosen for any particular reason. The sukstantial
parallelism of the straight lines of Figures 1 and 2 could
permit the use of any other concentration. The Rm
values calculated by means of the equation of the
straight lines are reported in Table Il as observed R
values. They permitted the observation of the differ-

(10) C. B, C. Boyce and B, V. Milborrow, Nature (London). 208, 537
(1963).



946 Journal of Medicinal Chemistry, 1970, Vol 14, No. 5

e, Gy, sy Banuvaueo

Tanue 11

CORRELATION BETWEEN 7 VALUES AND Ry Vautes OpraNed wirn MesCO axp MeOH iy 1re Mowmne Prase,
Tae By (Cavcn) Varres Wene, Reseeervery, Osraryen vron Fo 2 avo 3 or Tasee TV

- K vabres ( Mel(?O:
v vables OLzad

Connprl Calel

1 —1.160 ~ (1,600 —-0.471
2 — 1,270 —1.220 ~{}.21H
} 0,230 —0.050 —0, 078
4 0,790 [TV 0064
5 1,530 O, 090 0,007
0 1.230 (4,250 0).206
n 1,530 0,400 0.201
S 2230 0. 960 0,489
9 T30 . 700 0. 631
10 3.730 0. Hso 0,014
11 2570 0. 340 0,529
12 2360 (. 190 (), 526
15 1.740 (. 400 1.350
14 1. H30 0. 0H00 0,971

Y
o
2
S A Y
g ¢
o
& H A
X s
[-Y
Y
"'U.S % . °
e X
. & !
S
[ ] X
] . %
-10F .
] [ B i [ R !

v} 4B 50 54 58 b7 [} 70 7L
Acetone concentration

Figure 1.--Linear relativnship between 17, valies and acelone
coneentratione iv the mbtle phase.  IKach point represents the
meatt bf X-12 valnes: (1) testostervue:; (2) testoxterbie aeetate:
{3) (estosterbite propivuate: (4) testbsterbrie butyrate; ())
restbsteronte sobutyrate; (6) testosterone valerate; (7) testuo-
s{erbuie sveaproate; (8) testostervie evanthate: (9) testosterone
caprylate: (10} testosterone capriuate; (11) testosterone 17-8-
cypiorate; (12) testosterone phenyvipropivuate; (13) testostecoae
hexahydrobenznate; (14) testosterone andecvienate.

ences due to the presence in the mobile phase of Me,CO
or MeOH at the same conecentration.

A= xhown by eq 1 of Table 1V theve is a highly sigmfi-
cant linear relationship between the R, values cal-
culated at 549, Me,CO und those caleulated at 549
MeOH.

The caleulations of the = values of the testosterone
compounds were kindly provided by Hanseh!'t und re-
ported in Table II. A linear relationship between #
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values and Ry, vabies at 549, Me,CO or MeOH is, re-
spectively, shown by eq 2 and 3, from which were ob-
tained the caleulated R, values of Table I1.

Hemolytic Activity.-—Sonie of the testosterone com-
pounds conld be tested with a dosewise approach i
order to caleulate a Hj value, that is, the molar con-
centration provoking a 509 hemolvsis.  This approach
wax not possible for some other compounds beeause of
thenr low hemolytic activity.  Therefore an effectwixe
approach wax adopted for all the compounds, i.e., all of
them were tested at the same molar concentration of
1.50 X 10-* 3, which was selected because it eaused a
sultable hemolytic response for all the compounds.
The results are reported in Table TIT as the loyg of the
per cent of the total hemolysis found with distilled
H.O (log BR).

Tasre 1
Hemonyrn Activery oF TESTOsTERONE AN Trs
DEHIVATIVES, A% [ONPHESSED BY THE UBSERVED AND
Carervaten Tog BRE Vatres, The Log BR (Cavend
Vavres Wene OproNep rroM Eo o, 7, avp 8, Resewr-
TIVELY, FDR R ( MesCOY, (M MeOH), AND 7 Varres

Log BR Log BR Log BR

lawe BIY caled ecaled caley)

Comped nhaerved {Rue Med20) (R MeOl; ()
1 0,006 -0, 00 0,03 0,10
2 1.00 1,08 1.01 095
B 1,00 1,42 1.33 1.51
4 .74 1.65 1.57 1,58
D 1.6 163 1,54 1. 4=
6 1.b4 1.78 1.80 1.77¢
7 1,04 1.50 1.&87 1,585
N 1.492 1.4 1. =8 .00
3] 1.71 1.70 1.80 1.84
1a 1.24 1.41 1.4b 1. 40
11 1.bHo 1.84 1. 86 .84
12 1 K1 1.74 .82 1.8
13 1.6b 1.x5 1 .88 1 .88
14 1.6} 1.501 1.8 1.34

Physicochemical Properties—Activity Relationship.-
The equations which correlate structure and activity
in the testosterone compounds are reported in Table
IV. They were calculated from the R, and log BR
values of Tables IT and IIl, by means of multiple re-
aression analvsis.  Ilquations 4, 5, 6, and 7 were cal-
enlated with the R, values determined, respectively,
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with Me,CO or MeOH in the mobile phase. By com-
paring eq 4 and 5 on the one hand with eq 6 and 7,
respectively, on the other, it is evident that there is no
significant difference in their correlation coeflicients.
This is clearly due to the linear relationship existing
between the R, values determined with a Me,CO-
containing mobile phase and those determined in pres-
ence of MeOH, as expressed by eq 1. In any case the
best rationalization of the relationship between struc-
ture and activity is provided by eq 5 and 7, which ex-
plain, respectively, 91 and 909 of the variation in the
biological activity, as obtained by R2%!? The relation-
ship between = values and log BR data is described by
eq 8 and 9, the latter of which shows a very good cor.
relation coefficient. On the other hand eq 9 does not
provide a better correlation than those shown by eq 5
and 7. The log BR values calculated from equations
5,7, and 9 are reported in Table IIT.

TasLe 1V
RreGriesstoN ANaLysts oF THE Dava oF TaBres IT anp 111
No. Fquations n r s
1 Rmiecoy = —0.500 4+ 0.728 14 0.993 0.051
Ru(seon)
2 Rm(escoy = —0.143 4+ 0.288 = 14 0.964 0.119
3 Ruoteomy = 0.496 + 0.394 « 14 0.981 0.118
4 log BR = 1.289 4 0.766 14 0.622 0.431
Rmec0
5 log BR = 1.502 4 1.561 14 0.954 0.173
Reaye,coy — 1.723
RmQ(Me;CO)
6 log BR = 0.922 + 0.537 14 0.594 0.443
Runeom
7 log BR = 0.087 + 2.716 14 0.94Y 0.183
Ruveory — 1.020 Rrmegreon)
s log BR = 1.192 + 0.209 = 14 0.577 0.450
9 log BR = 1.155 -+ 0.172 = 14 0.944 0.189
- 0.169 #¥
Discussion

The present data confirm the existence of a parabolic
relationship between lipophilic character and penetra-
tion of molecules through biological membranes. The
negative sign associated with the R? term of eq 5, 7,
and 9 means that the hemolytic activity of testosterone
compounds increases and decreases as the R, and =
values change and pass through an optimum. The
lack of any significant difference between the correla-
tion coeflicients provided by eq 5, 7, and 9 shows that
the nature of the phases involved in the determination
of the partition data does not affect the results. This
1s explained on the one hand by the very high correla-
tion between R, values calculated with Me,CO and
MeOH, respectively, in the mobile phase and, on the
other, by the high correlation between R, and = values.
These results support the findings of Collander*® who
pointed out that the penetration of organic compounds
into Nitella cells was equally correlated with Et,O—
H.O and olive 0il-H,O partition coefficients. In fact,
Collander'® also found a linear relationship between
the partition coefficients obtained with two different

(12) N. Draper and H., Smith, “Applied Regression Analysis', Wiley,
New York, N. Y., 1966, p 26.

(13) (a) R. Collander, Actie Phyxiol. Scand.. T, 420 (1954): (b) R. Collan-
der, ih1d., 18, 363 (1947).
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Figure 2.—Linear relationship between R, values and meth-
anol concentration in the mobile phase. Each point represents
the mean of 812 values. The compounds are indicated as in
Figure 1.

sets of solvents. More recently Iwasa, et al.,'* found
a very high correlation between 7 values and R, values,
a further support of Collander’s findings. The cor-
relation between R, values and = values is very good,
except for compound 12, This is the phenylpropionate
ester which from its = value seems to be more lipophilie
than expected from its R, values. This could be ex-
plained on the basis of some group interactions which
interfere with the postulate of the additivity of = val-
ues.’”» In the side chain of the phenylpropionate ester
a Ce¢H;CH, group is present. In benzylpenicillin,
where the same CsH;CH, group is seen, it was possible
to point out, in agreement with an analogous result of
Bird and Marshall,'s a similar disagreement between
R, and = value®® However, at the present time in-
sufficient data are available for any conclusion. The
present work seems to suggest that the lipophilic char-
acter of the testosterone derivatives plays a major role
in determining the disruption of the erythrocytes mem-
brane. Seeman't distinguished between nonspecific
and specific hemolysins. The nonspecific hemolysins
exert their hemolytic effect because of their properties
of surface-active or lipid-soluble compounds; in very
low concentrations they stabilize the erythrocytes from
hypotonic hemolysis. Specific hemolysins were con-
sidered to be those compounds which interact with a
specific membrane component; they do not show the

(14) J. Iwasa, T, Fujita, and C. Hanseli, J. Med. Chem.. 8, 150 (1963).
(15) A.E.Bird and A. C. Marshall, Biochem. P’harmacol., 16, 2275 (1967),
(16) . Seeman, tbid., 15, 1767 (1966).
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above stabilizing effect at any concentration. In this
sense vitamin A, phenothiazine tranquilizers,® ™ local
anestheties, ® aleohols, and steroids™ are nonspecific
hemolysins.  In particular Seeman's® considered testos-
terone to be a nonspecific hemolysin.  Polyvene anti-
bioties and sapouins, on the other hand, are examples of
speetfic hemolysins.

This 18 in agreement with the present data, which
show the influence of the lipophilic character on the
hemolytic aetivity of nonspecific hemolysins such ax
testosterone esters. The lipophilic character should
exert its effect also in the case of specific hemolysins.

(17 J A Loey amd J. 1, Dingle. Noature (London), 204, 156 (1964).
(18) (1 P. Seeman, Broehem, Pharmaeol., 18, 1753 (1966): (L) thid., 18,
1632 (19686).

Steroidal Heterocycles.

NuUMaNy, o al.

In fact 1t should influence the penetration to then site
of action.

I'imally, Milborrow and Willlams'® vecently reex-
amined Collander’s contribution on the penvtration ol
Nitella cells by nonelectrolytes.t®  Collander’  hud
snggested o lnear relationship between  peustration
and  partition  coefficient.  Actually  Milborrow and
Williams! showed the existence of a parabolie relation-
ship between penetration and partition  coeflicient,
This provides further support for our findings of
quadratie relationship between hemolyvtic activity and
2,, valnes.
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The preparativu of w aumber of 4,5-epoxysteroido[2,3-/}izoxaznles from the correspondibig A+ rompoands wul
their conversinu into the corresponding 2-cyano derivatives aud to 4,5-dihydroxy-, 3-hydroxy-1-oxo-, and 4-nxo

derivatives are described.
activity.

Several compounds described in this paper, which
were prepared as part of a eontinuing program in these
laboratories involving the preparation and reaetions of
steroidal heterocycles,* were found to inhibit adrenal
cortical funection. We have used them in attempts at
molecular modification which has played such an -
portant role in the development of better and safer
drugs.?

Androsta-2,6-dieno [2,3-d Jisoxazol-1738-0l  (1a),* on
treatnient with either peracetie or perphthalic acid in
CsHs, consistently vielded a mixture of 4a,3-epoxy-da-
androst-2-eno [2,3-d isoxazol-178-0l (2a) with starting
material in a ratio of approximately 1:2. However,
when a solution of isoxazole 1a in CHCI; or CH,ClL was
treated with either permaleic aeid* or m-chloroper-
benzoic acid® in the presence of a small amount of pyri-
dine, 2a was obtained in S0-9097 yield.

Treatment of 4a,d-epoxy-Ha-ndrost-2-¢no[2,3-d}-
isoxazol-173-0l acetate (2b) with aq MeCO-H,S0,
vielded Sa-androst-2-eno[2,3-d lisoxazole-48,5,173-

(1) (a) Paper XI1: °I'. C. Miller, J. Heteroeyel. Chem., 3, 338 (1966): (00
Albany Medical Center Hospital, Albany, N. Y.

(2) R. O. Qlinton, A. J. Manson, F. W, Stonner, 1. C. Nenmann, R. (.
(“bristiansen, R. L. Clarke, J. H. Ackerinan, 1). ¥. Page, J. W. bean, W, 3.
Vdickinson, and (", Carabateas, J. Amer. Chem. Soc., 88, 1478 (1861): I,
(‘bance, "‘Amino Acids, I'roteins, and Cancer Biochemistry,' J. T. Edsall,
1id.. Academic, New York, N. Y., 1960, p 191; 1. 1. Engel, A. M. Stoffyu,
and J, F. Scott, '"Hormonal Steroids,” Vo). I, L. Martini and A, Pecile,
Ed.. Academic, New York, N. Y., 1964, p 291: M. Fisher, J. C. Sheehan,
et al., Advan. Chem. Ser., 46, 1~223 (1964): and other similar reviews.

(3) A. J. Manson, F. W, Stonner, H, C. Neumann, R. G. Christiansen,
Robert L. Clarke, J. H, Ackerman, D. F. Page, J. W. Dean, D. K. Phillips,
G. O. Potts, A. Arnold, A. L. Beyler, and R. Q. Clinton, J. Med. Chem., 6,,
b (1063).

(1 R W, White anol W. . Ennnons, ZTetrabedron, 1T, 31 (10G2).

3 Teebnical Data, FMC Corp. Bulletin (1963): L. 1. Fieser and 3.
Fer, "Reagents for Organic Synthesis,” Wiley, New York, N. Y., 1967,
p 135,

Several of these compounds were found to have nnexperted adreaal cortical inhibitory
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triol 17-acetate (5a) in 769 vield which was converted
m Ac.O-pyridine into the eorresponding 48-ncetoxy
compound (5b). also obtained directly on treatment of
2b with aq AcOH-H.30, When a solution of 2b in



