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Of more than 150 sternids tested for eytotoxic activity mn a growing manuuahian cell culture system, approxi-
mately 25 were found to have reproducible IDs, values below 10 4 /inl. The most active compounds all contain
2 y-luctone ring fused to the 16,17-positions.  Two chemically related lactones (III and VI), the syntheses of
which are described in this paper, had D, values of 0.2 and 0.18 5 /ml,, respectively, acute L1 values in mice
of 70 and 115 mg./kg., marginal inhibitory activity against 8-1580 and T-4 lymphoma implanted in mice with no
inhibitory activity against 8 ndditional tumors tested i» rivo, relatively low endocrine activity at the concen-
trations tested, and, in the case of 111, blood levels us high as 30 v /ml. after intravenous administration of a high
dose of this compound to dogs.  Because of the high and umisual order of extotoxicity of these steroids, coupled
with a relatively low order of whole animal toxicity and endocrine activity as well as good blood levels, these
compaumds are believed to be interesting candidates for evahiation as antitumor agents in both experiniental

animale and man.

lu the course of exawining approximately 150 ster-
oids for cytotoxic activity against mammalian cells
in vitro, 25 of these ageuts were found to inhibit repro-
dueibly the growth of KB cells 509, (IDs;) at a level of
10 v/inl. or less. Of these, only 6 showed an 1D;
of 1 v/ml. or less under the same test conditions. Two
steroids with high eytotoxic activity, 168-hydroxy-3,11-
dioxopregna-4,17(20)-dien-21-oic acid, y-lactone (I11);
and  38,168-dihydroxy-11-ox0-da-pregii-17(20)-e1-21-
oic acid, y-lactoue (VI) were examined for breadth of
biological activities h1 a variety of test systems in
ritro and for autitumor activity <n zivo. The synthesis
aud biological activities of these compounds aud the
cytotoxic activities of certain other active steroids are
described in this paper.

Chemistry.—Alkaline hydrolysis of 1nethyl 3,11-
dioxo-cts-pregna-4,17(20)-dien-21-oate hasbeenreported
to give a mixture of 3,11-dioxo-cis-pregna-4,17(20)-
dien-21-oic acid and the 8,y-isomer, 3,11-dioxopregua-
4,16-dicu-21-oic acid (I).* Conversion of the 8,y-
unsaturated acid (1) to the correspouding iodolactone
(I1),* followed by dehydroiodination® gave the uu-
saturated lactone (111).
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The e, spectruin® of this lactone (111) showed
addition to a peak correspouding to the C-4 vinyl pro-
toll, a sigual at 352 c.p.s. due to the C-20 hydrogeu;
this provides additional support for the o,8-unsaturated
lactone structure and eliminates for example the possi-
bility that the double bond could be at 16,17. In-
terestingly, the iufrared spectrum of (I1I) showed two
promineut lactone carbonyl peaks [1770 aund 1753
em.~! (Nujol)]; similar examples of this unusual but
apparently characteristic result with cyelic «8-un-
saturated 5-riug lactones have been discussed in detail
by Jones and co-workers.®

Similarly methyl 38-hvdroxy-11-oxo->a-pregn-17-
(20)-en-21-0ate® on basic hydrolysis gave 38-hydroxy-
11-ox0-da-pregu-16(17)-en-21-oic acid (IV) together
with the «,8-uusaturated acid. Iodolactouization of
the g,v-isonier gave V, which followed by dehydro-
iodination as before produced 38,163-dihydroxy-11-
oxo-Ha-pregu-17(20)-en-21-oic  acid, y-lactoune (VI).
Acetylation with acetie anhydride in pyridiue afforded
the correspondiug 3-acetate (VII).
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A similar hydrolysis, iodolactouization, and deliy-
drohalogenation sequence was run with methyl 3,11-
dioxo-cis-pregua-1,4,17(20)-trien-21-cate,” without iso-
lating the intermediates, to give the uusaturated lactone
(VIII).

The C-16-oxygen funetion in these lactones has been
assigned the 168-configuration assuming the formation
of an intermediate 10a,17a-iodonium specieg, attack by

iy J. Klein, J. .1ne Chem. Sbe,, 81, 3611 {1950y,

i4) N.nur. spectra were obtained and analyzed by Dr. G Slomp and . AL
AMacl<ellar with a Varian DP-60 or A-60 spectrometer operating at G0 M.
1)1'-60 spectra were observed on ca. 0.15 M solutions (generally nuless other-
wise indicated in CDCL) and these spectra were calibrated against internal
tetrarnethylsilanie nsing the andiofreqiency side-band techniqie.  Ire-
quencies ure reported in cyeles/ser. downfield from tetramethylsilane.  The
A-60 spectra were ran on 0.25 M solutious.

%) R. N, Jones and . S Gallagher, J. As. Chem. Soc., 81, 5242 (147531,

@) D. I Ayer wnd W. I, Svhueider, 14id., 82, 1249 (1960).

(7)) Jo AL Howe, I ML Lineoln, A, H. Natlan, A, R. Hanze, 12, ). Maperlein,
W. I Sehnesder, .. Beal, aud J. Korman, 7650, TT, 4438 (1055,
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the iodine occurring from the less hindered «-side®
and then reaction of this intermediate with the car-
boxylate anion to give a 17 a-iodo-168-hydroxy lactone.®

Experimental

163-Hydroxy-17«-iodo-3,11-dioxopregn-4-en-21-oic Acid, ~-
Lactone (II).—A solution of 45.5 g. of 3,11-dioxopregna-4,16-
dien-21-0ic acid in aqueous potassium bicarbonate solution,
prepared from 30 g. of potassium bicarbonate and 1200 ml. of
water, was added with stirring to a solution of lodine (160 g.)
and potassium iodide (300 g.) in water (2400 ml.). After 4.5
hr. st roomn teniperature, the organic material was isolated with
ethyl acetate. The combined extracts were washed with sodium
thiosulfate solution, sodium bicarbonate solution, and water and
then dried (sodium sulfate). Removal of the solvent and crys-
tullization of the residue from acetone-Skellysolve B! gave II,
crop 1, 30.5 g., m.p. 195-205° dec.; crop 2, 3.5 g. Further
crystallization of crop 1 from acetone—Skellysolve B raised the
uLp. to 218-221° dec.; v 1773, 1708, 1665, 1618, 1200, 1177,
1170, 1045, and 1028 em. 71 AEGH 237.5 mu (e 16,650).
Anal. Caled. for CaHylOs C, 53.86; H, 5.30; I, 27.1.
Found: C,54.13; H,5.94; I,27.4.

163-Hydroxy-3,11-dioxopregna-4,17(20)-dien-21-oic Acid, ~v-
Lactone (III).—A solution of 168-hydroxy-17e-iodo-3,11-dioxo-
pregn-4-en-21-oic acid, vy-lactone (34.0 g., m.p. 205° dec.) in
pyridine (200 ml.) was stirred at room temperature for 60 hr.
At the end of this time methylene chloride was added and the
organic layer washed successively with water, dilute hydrochloric
acid, sodium bicarbonate solution, and water. The organic layer
was dried over sodium sulfate and the solvent removed to give a
crystalline solid, which was dissolved in methylene chloride and
chromatographed on Florisil® (1500 g.). Elution was effected
with increasing percentages of acetone in Skellysolve B; crystal-
line material was obtained from the 509 acetone—Skellysolve B
eluates. These fractions were combined and recrystallized from
acetone—Skellysolve B to give crop 1, 14.7 g., m.p. 235-238°;
crop 2, 3.95 g., m.p. 228-233°. Further crystallization of crop 1
from the same solvent gave III, m.p. 220-236°; AE%¥ 230 mpu
(e22,500); w2 3080, 1770, 1753, 1743, 1697, 1663, 1635, 1605,
1247, 1233, 1175, 1163, 1133, and 1085 ¢cm. 7L

Anal. Caled. for CaH,Os: C, 74.09; H, 7.11.

C, 73.96; H, 7.30.

The n.m.r. spectrum showed a singlet at 58 c.p.s. (C-18 methyl),
a singlet at 90 c.p.s. (C-19 methyl), a doublet at 352 c.p.s. (20-H),
and a complex multiplet centered at 301 c.p.s. (16-H).

33,113-Dihydroxy-17a-iodo-11-0x0-5a-pregnan-21-oic Acid, v-
Lactone. (V).—To a solution of methyl 3a-hydroxy-11-oxo-
BSa-pregn-17(20)-en-21-oate (29.1 g.) in methanol (350 ml.) was
added potassium hydroxide (29.1 g.) in water (100 ml.), and the
mixture heated under reflux for 3 hr. Isolation was effected,
after cooling, by pouring the solution into water and the organic
material was extracted with methylene chloride. The alkaline
aqueous solution was acidified with dilute hydrochloric acid and
the acid extracted with ethyl acetate. The ethyl acetate ex-
tracts were washed with water until neutral, dried (sodium
sulfate), and the solvent removed in vacuo. Direct crystalliza-
tion gave crop 1 (from acetone) and crop 2 (from ether) which
were combined to give 38-hydroxy-11-0x0-3a-pregn-17(20)-en-
21-oic acid (6.95 g.), m.p. 270-276°. TFurther crystallization
from methanol gave m.p. 273-276°.

The mother liquors from this crystallization gave a third crop,
8.16 g. (from ether), m.p. 176-184°, Further crystallization
from acetone—Skellysolve B (twice) gave 38-hydroxy-11-0x0-5¢-
pregn-16(17)-en-21-oic acid (IV); m.p. 188-190°; »2* 3450,
3370, 2720, 2600, 1725, 1700, 1210, 1170, and 1030 cm. L.

Anal.  Caled. for CuHO,: C, 72.80; H, 8.73. Found: C,
72.64; H, 8.87.

IV (1.0 g.) dissolved in a solution of potassium bicarbonate
(1.6 g.) in 25 ml. of water was added to a solution of iodine (2.5

Found:

(8) L. F. Fieser and M. Fieser, Experientia, 4, 285 (1948).

(9) E. E. van Tainelen and M. Shamma, J. Am., Chem. Soc., 76, 2315
(1954).

(10) Melting points were taken on a Unimelt apparatus (Arthur H.
Thomas Co., Philadelphia, Pa.) and are corrected. Infrared spectra were
recorded on a Perkin-Elmer Model 221 spectrophotometer from Nujol
mulls.  Tltraviolet spectra were taken on 939 ethanol solutions using a
Cary Model 14 spectroplhotoieter.

(11) A satirated hydroearbon fraction, b.p, 64-70°,
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g.) in potassium iodide (6.0 g.) and 50 ml. of water. This mix-
ture was stirred for 30 min. and then allowed to stand overnight
at room temperature. Isolation was effected by the addition of
methylene chloride; then the organic solution was washed with
sodium thiosulfate solution, sodium bicarbonate solution, and
water and then dried (sodium sulfate). Removal of the solvent
gave crystalline material which was triturated with methanol
to give the y-lactone V, m.p. 220° dec. Further crystallization
from acetone—Skellysolve B gave material, m.p. 223-229° dec.;
vt 3540, 1770, 1705, 1165, 1135, and 1035 cm. L

Anal. Caled. for CyHylO,: C, 53.34; H, 6.14;
Found: C, 33.16; H, 6.40; I, 26.26.

33,1653-Dihydroxy-11-0x0-5«-pregn-17(20)-en-21-oic Acid, v-
Lactone. (VI).—A solution of 38,168-dihydroxy-17a-iodo-11-
oxo-Sa-pregnan-21-oic acid, y-lactone (14.85 g.) in pyridine (50
ml.) was stirred at room temperature for 3 days. The pyridine
solution was then diluted with methylene chloride and washed suc-
cessively with dilute hydrochloric acid, sodium bicarbonate solu-
tion, and water and then dried (sodium sulfate). Removal of the
solvent gave crystalline material; this was crystallized from ace-
tone—Skellysolve B to give VI, crop 1, 8.5 g., m.p. 259-264°; crop
2, 0.90 g., m.p. 260-265°. Further crystallization from acetone—
Skellysolve B gave m.p. 239-264°; v 3460, 1780, 1733, 1700,
1640, 1165, 1125, 1080, 1040, 1015 cm. ™1 AZSH 216 mu (e 13,300).
Anal. Caled. for CaHyO,: C, 73.22; H, 8.19. Found: C,
73.02; H, 8.20.

The n.m.r. spectrum showed a singlet at 65 ¢.p.s. (C-18 methyl);
a singlet at 88 c.p.s. (C-19 methyl); a doublet at 352 c.p.s. (20-H),
and a complex multiplet centered at 304 c.p.s. (C-16 H).

163-Hydroxy-3,11-dioxopregna-1,4,17(20)-trien-21-oic Acid,
v-Lactone (VIII).—A suspension of methyl 3,11-dioxopregna-
1,4,17(20)-trien-21-0ate (29.6 g.) in 500 ml. of methanolwas heated
to reflux under nitrogen for 3 hr. with potassium hydroxide
(30.0 g.) dissolved in water (100 ml.). At the end of this time
most of the methanol was removed in wvacwo. The residual
brown solution was boiled with Darco G (ca. 2.0 g.), filtered
through Celite, and the solution extracted with methylene chlo-
ride. The aqueous layer was then acidified and extracted with
ethyl acetate. The ethyl acetate extracts were washed with
water, then saturated sodium bicarbonate solution {(two 500-ml.
portions). This sodium bicarbonate solution was then added to
a solution of iodine (29.6 g.) in potassium iodide (40.0 g.) in
water (300 ml.), After standing 18 hr. at room temperature the
solution was extracted with ethyl acetate-methylene chloride
(1:1) and washed with sodium thiosulfate solution, saturated
aqueous sodium bicarbonate solution, and water and then dried
(sodium sulfate). Removal of the solvent and trituration of the
residue with ether-methanol gave the iodolactone, 2.4 g., m.p.
205° dec.

A suspension of this lactone (2.0 g.) was stirred for 3 days at
room temperature with pyridine (20 ml.). The mixture was then
diluted with water and extracted with methylene chloride. The
organic extracts were washed with ice-cold, dilute hydrochloric
acid, sodium bicarbonate solution, and water and then dried
(sodium sulfate). Removal of the solvent gave an oil. This was
dissolved in methylene chloride (20 ml.) and chromatographed
on Florisil (100 g.) made up in Skellysolve B. Elution with
increasing proportions of acetone in Skellysolve B gave crystal-
line material from the 25-409%, acetone-Skellysolve B eluates.
These crystalline fractions were combined and crystallized from
methanol to give crop 1, 0.47 g., m.p. 216-219°; crop 2, 0.34 g.,
m.p. 216-219°. Further crystallization of crop 1 from acetone—
Skellysolve B gave VIII, m.p. 218-220°; »32* 1770, 1745, 1710,
1670, 1630, 1610, 1235, 1155, 1120, 1070 cm.~1; AED¥ 228 my (e
22,300).

Anal. Caled. for CayHaOg:
C, 74.53; H, 6.81.

The n.m.r. spectrum showed a singlet at 42 ¢.p.s, (C-18 methyl),
a singlet at 40.5 c.p.s. (C-19 methyl), a doublet at 349.5 c.p.s.
(20-H), and a complex multiplet centered at 298 c.p.s. (16-H).

38,163-Dihydroxy-11-ox0-5«-pregn-17(20)-en-21-oic Acid,
~-Lactone, 3-Acetate. (VII).—38,168-Dihydroxy-11-ox0-5a-
pregn-17(20)-en-21-oic acid, ~-lactone (1.0 g.) was allowed to
stand 18 hr. at room temperature with acetic anhydride (2 ml.)
in pyridine (100 ml.). Isolation was effected by pouring the
reaction mixture into ice—water and collecting the crystalline
material formed by filtration, washing thoroughly with water,
and drying in vacuo. This material (810 mg.) was crystallized
from acetone-Skellysolve B to give the acetate, 0.63 g., m.p.
235-240°. TFurther crystallization from acetone-Skellysolve B

I, 26.9.

C, 74.533; H, 6.55. Found:
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TasrLe [
CyroroxIcIty oF VARIOUS STEROIDS
Median
Componnd IDso, v/ml®
168-Hydroxy-3,11-dioxo-pregna-1,4,17(20)-
trien-21-oic acid, y-lactone 0.1
38,168- Dihydroxy-11-0x0-3a-pregn-17(20)-
en-21-oic aeid, v-lactone, 3-acetate 0.15

38,168-Dihydroxy-11-ux0-de-pregn-17(20)-
en-21-ote acid, v-lactone

168-Hydroxy-3, 11-dioxo- pregna-4,17(20)-
dien-21-o0ic acid, v-lactone

38,148,16-Trihydroxy-20(22)-58-cardenolide

0.18 + 0.04

0.20 = 0.04"

or gitoxigenin 1
Progesterone ]
Androst-{-en-3,17-dione 4
38-(2-Diethylaminoethoxy )-de-nndroston-

17-one 4
Ya-Fhioro-118, 15 a-dihydroxy-6e-methyl-

1,4-pregnadiene-3,20-dione, 17-acetate 4
38-(2-Diethylaminoethoxy )androst-5-en-17-

one, HC1 5
172,21-Dilydroxypregn-4-ene-3,20,-dione,

dioxime” b}
Testosterone, l-uziridinecarboxylate’ 5
21-Fhioro-118,17e-diliydroxy-4-pregnenc-

3,20-dione 8

* Dose for 507¢ inhibition of protein synthesis by KB cells i»
vitro; see ref. 14. » 95¢ confidence limits for mean IDy. © We
are indebted to Dr. W. J. Wechter, Chemistry Dept., Upjohn
Co. for supplying this compound. ¢ We are indebted to M. k.
He_rrl, Dept. of Microbiology, Up:ohu Co. for supplying this mu-
terial.

(twice) gave VII, m.p. 255-255°. "T'he infrared spectrum shows
vl 1780, 1735, 1710, 1645, 1240, 1160, 1210, and 1010 cm. ™"
AEOE 217 mu (e 14,350).

Anal.  Caled. for CsHyuOn: €, 71.48; H, 7.82.
¢, 71.43; H, 7.94.

The nan.r. spectrum shows a singlet at 38 ¢.p.s. (C-18 methyl),
» singlet at 62.5 c.p.s. (C-19 methyD), a doublet at 351 c.p.s.
(20-H), and a complex inultiplet centered at 304.5 c¢.p.s. (16-H).

Biological Testing.—For biological testing, the steroids were
dissolved in dimethylformamide and the solutions were diluted
to a nontoxic concentration of DMTF in all cases.  In itro testing
for inhibitionn of bacteria, yeasts, and viruses were performed
according to methods described by Hanka and Smith!2 and Simi-
noff. % Certain of the n vivo antitumor tests were performed by
the cautracting luboratories of the Cancer Chemotherapy Nu-
tional Service Center. All /n pitro assays were performed at
multiple dose levels aud repeated in foto at least twice before
averaging the data. The standard error of the tissue eulture
ngsay in these studies has been estimated at 15-20;..11

Materials and Methods.—The cytotoxic steroids were tested
in vivo against fonur mouse tumors, the T-4 lymphoma, lympho-
blust L-5178Y, Ehrlich’s carcinoma, and Sarcoma 180. A sus-
pension of T-4 lymphoma cells from donor mice was implanted
snbcutaneously in the inguinal region of female A/Heston mice
supplied by Cumberland Farms. Treatment was started when
the tumors reached a measurable size and was continued for 7
consecutive days. The L-3178Y cells from donor mice were
injected iutraperitoneally into female BDF, mice received from
the Jackson Memorial Labuoratories, The drugs were given
intraperitoneally for 7 days sturting 20 hr. after implanting the
tumor cells.  The Ehrlich careinoma and Sarcoma 180 tests were
conducted by implanting the respective tumor cell suspension sub-
cutaneously in the inguinal region. The drugs were given intra-

Found:

112) L.J. Hauka and C. G. Smith, ""Antimicrobial Agents and Cliemo-
therapy." Braun—Brumfield, Inc¢., Ann Arbor, Mich., 1962, p. 677.

(13) P. Siminoff, Appl. Microbivl., 9, 66 (1961).

(14 C, G, Swith, W, L. Lummis. and J. I Grady, Cancer Res., 19,
843 (1930).  After the conpletion of this work u paper appeared describing
the cell exdtnre L3187 Y inhibitivn us a nethod for evalaation of antilenkende
corticoids prior to trial in ammed systems: J. J. Jufe, G. A, Fisher,nnd A. s,
Welch, Biockemiml Pharmacology, 12, 1081 (1063,
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peritoneally for ¥ conseantive days starting 20 hr. after implanting
the tumor cells.

The eriterty for prahating the effectiveness of therapy was
cither tumor size or survival in the case of L-5178Y. Body
weights taken before and after treatinent also served as an index
of drg taxierty.

Cytotoxicity of Steroids.~—Cytotoxicities of a variety of steroids
with confirmed IDs, vihies below 10 + /ml are shown in Table 1.
Marked evtotoxie activity i cell culture wag observed only with
steroids  contshivng  the wumsoturated  s-lactone rmg.  These
gteroids were olso extotoxic to KB cells mn o disk-plate vssay
where inhibition of dyve reduetion is the end point, as shown in
Table Il Beeause of availability of these componnds, ILE
and VI were chosen for further study-.

Antimicrobial Activity /n riro.~-When tested i conven-
tional agar-plate svstems!™ for antibacterial, antifungal, ond
amtiprotnzond activities, 111, V1, and VIIT shiwed the activities
pregented in Tuble IT. - The loek of correlation with some of the
orgamisms i Table IT was confined i subsequent experiments
ond is nnexplained, 1t should be noted that VIII ond I both
contain a keto group in the 3-position wherens VI has a hydroxyl
grop nstend. The yompounds were intive against the fol-
Inwing spectrin of mwicronrganisims ot concentrations of 100 -
per 6 mnr poper disk: Streptococcus fuecalis, Sclwonella gallin-
me, Lactobocrllus casel, Azolobacter vinelundit, Escherichia coli.
DProtens enlgores, Proteus rettgert, Salmonella schottmeullert, Can-
dida albicans, Protothece zoplic, Pichie choluti, Saccharomgers
pistoricnns, Penicillbon oralicnu, Ochromonas danled, (Chlorelln
yulgaris, and Crdhilic fascieplda.

Tapre I
In Vitra SPECTRUM 0F ACTIVITY

~Zone of inhibition, cna.®

Orzainsio VT 111 Vi
Bacillns prwilis 21 h’ 11 h 0
Buaceillus sublilis 200 30h O h
Klebsiellu pnevmwonie B 0 (
Micrococcus anrens 10 11 1]
M oycobacteriam orium. 15 b 10 h 4
Sececina luteo 17 O {0
KB cells” 10 14 17

» Compounds dissolved in MeOH at 2 mg./mlb and spotted on
a 6 mm. paper disk.  » h = hazy zone of inhjbition, ¢ Suspended
in ngar. Zone of inhibition relates to inhibition of reduction of
oxidation-reduction dye. Details of method in preparation.

Acute Animal Toxicity.—The toxicity of 111 ond VI was esti-
mated in Rockland strain albino mire weighing 18-22 g, Com-
pounds were administered intraperitoneally as a suspension in
0.25¢; aqueous methyvleelmlose,  Groups of 10 mice were dnsed
with compound ut 400 mg./kg. snd at doses decreasing in 0.2 log
intervals to 40 mg.’kg.  With both compounds delayed deaths
were noted (deaths bevond the first 24 hr.). The LDk, vahies
were caleulated by the method of Spearmian and Karber. % The
LDy for TIT was 79 ing. kg, with 9577 confidence bnits of 6596
mg./kg.  Tor VI the ealeulated LD was 115 g, /kg. with 957,
confidentce imits of 87-151 mg./kg.

The maximum tolerated dose nt which nn deatbs oceurred,
estimated from ¢n wivo antitumor studies performed at Sloan-
Kettering Institute, Southern Research Institute, and Upjohn
Iaboratories, was approximately 20 mg./kg. when the vgent
was ndiministered intraperitoneally for 7 days.

I Viro Antitumor Studies.—Both 111 and VI showed marginal
inhibitory activity rs. newly transplanted 8-180 and estalished
T, lymphoniy in mice at toxic doses, as shown in Table ITI.
Neither steroid showed activity ngainst newly transplanted
1-5178Y, the solid form of Ithrlich’s carcinoma, or Walker 256
tumor; 1II showed no activity against solid form of H leukemia
in rats, Murphy-Sturm tumor or W-256; VI showed no activity
against P-1798 lymphosarcomy, T, lymphoma, or fibroadenoma.
VIII wus marginally active es. 8-180 (Table III) and inactive
#s. Ty lymphoma, L-3178Y, and Ehrlich’s carcinoma at the dose
levels tested.

Miscellaneous [ T7i»0 Tests.-~Both steroids were inuctive or
showed low orders of activity at the doses tested in the anti-

(155 1 J Fiuney, U sStaristical Methodsin Biologieal Assay” Hafner Pabl,
Co., New York, N Y., 1052, 10 524,
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inflammatory, diuretic (orally at 5, 10, and 20 mg./kg.), and
mineralcorticoidd (III only) assays performed in the Upjohn
Laboratories, 16

Blood and Urine Levels.—The applicability of the tissue cell
culture test method!™ to the determination of blood and urine
levels of 11T was demonstrated in dogs. Blood levels of 29, 18, 17,
and 17 v/ml. were observed at 15, 30, 60, and 120 min., respec-
tively, after administration of 113 mg./kg., intravenously. These
observations were confirmed and extended with this steroid as
described in another publication.!#

Discussion

The marked cytotoxic activity of the steroid lactones
described above, combined with their relatively low
order of whole animal toxicity, low order of endocrine
bioactivity as indicated by the assaysre ported here,
and high blood level makes them unique and interesting
compounds for further antitumor evaluation.

Cytotoxicity studies reported by other investi-
gators!®® also have shown marked activities for certain
of these compounds. The steroid lactones reported
here were the most active class of compounds of those
evaluated simultaneously in the same bioassay system
in our laboratories.

Of ten tumors tested in vivo in our laboratories or by
the CCNSC, only S-180 was inhibited (marginally)
by these steroids at toxic doses. All of the tumors
tested thus far were transplanted and no studies have
been reported with spontaneous tumors in animals or
human tumors in heterologous hosts.

The early observations?'—? that treatment of rats
with cortisone resulted in atrophy of the thymus,
adrenals, and lymph nodes was suggestive that certain
tumor types might respond to steroid therapy. Certain
transplantable tumors, such as the lymphocytic neo-
plasm P1798, have been very sensitive to certain ster-

(16) Unpublished data furnished by Dr. E. M. Glenn, B. Graham, and S.
Lyster. Duiresis determined by a modification of the method of Lipschitz,
Hadidian, and Kerpesar, J. Pharmacol. Exptl. Therap., 79, 97 (1943).

(17) C. G. Smith, J. E. Grady, and T. P. Kupiecki, Proc. Am. Assoc.
Cancer Res., 4, 63 (1963).
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TasLe III
In Vivo ANTITUMOR ACTIVITIES OF CYTOTOXIC STEROIDS
Dosage.
mg./
Com- kg./ Degree of
pound day Tumor activity Remarks
111 20 S3-180 + (599, 1)°
IIT 32 T-4 lymphoma — Tested against
established
tiumor
II1 50 T-4 lymphoma =+ Tested against
established
tumor
VI 40 S-180 = (75% 1)

VIII 6.3 8-180 (solid) -
VIII 8.0 S8-180 (solid) +
2 599, inhibition of tumor diameter.

oids.2¢ Other transplantable tumors,? % such as 8-180,
are relatively resistant to steroid therapy except at toxic
levels. The clinical use of potent steroids has been
limited to their use in the treatment of either neoplasias
of the lymphoid system or hormonally dependent neo-
plasias. Intensive therapeutic treatment of neo-
plasms with steroids may be limited because of the
hormonal side effects which may interfere either be-
cause of the metabolic activity, or because of the host’s
psychological response (treatment of males with estro-
gens or females with androgens). In view of these
factors, III, VI and other unique cytotoxic steroid
lactones are considered interesting candidates for broad
biological and pharmacological evaluation in animals
and man where freedom from hormonal effects is to be
desired.

Acknowledgments.—The authors are indebted to
W. A. Struck and associates for the analyses, ultra-
violet, and infrared data, to Dr. G. Slomp, I'. A.
MacKellar, and J. Zieserl for running and interpreting
the n.m.r. spectra, and to Dr. R. L. Johnston and W.
Veldkamp for toxicity and assistance in blood studies.
Antiinflammatory and hormone bioassays were per-
formed by Dr. E. M. Glenn or 8. Lyster and diuretic
assay by B. Graham. Certain of the ¢n vivo data were
provided through the courtesy of the Cancer Chemo-
therapy National Service Center. Statistical analyses
were performed by Mr. J. I. Northam.

(24) J. M. Lampkin-Hibbard, J. Natl. Cancer Inst., 28, 569 (1962).
(25) K. Sugiura, Ann. N. Y. Acad. Sci., 76, 575 (1958).
(26) W. F. Dunning, tbid., 76, 696 (1958).



