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Evaluation of Mannich Bases and Related Compounds as
Inhibitors of Mitochondrial Function in Yeast and
Inhibition of Blood Platelet Aggregation,

Blood Clotting, and In Vitro Metabolism of
5-Dimethylamino-1-phenyl-1-penten-3-one Hydrochloride
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Abstract O 5-Dimethylamino-1-phenyl-1-penten-3-one hydro-
chloride (Ia) and 32 analogs were tested for inhibition of respira-
tory-dependent growth in Saccharomyces cerevisiae. Thirteen of
the 33 compounds tested appeared to affect mitochondrial func-
tion, since the inhibition of respiratory-dependent growth was sta-
tistically greater than the inhibition of growth on fermentable en-
ergy sources. Inhibition of mitochondrial function in yeast and
growth inhibition of an tn vitro culture of human epidermoid car-
cinoma (KB) were positively correlated since 83% of the com-
pounds tested either had mitochondrial-inhibiting properties and
significant activity in the KB test or were inactive in both tests.
Similarly, 78% of compounds tested showed murine toxicity and
mitochondrial inhibition or had no effect on murine toxicity and
yeast mitochondrial function. Injection of Ia into rats resulted in
the appearance of blood in the urine and feces. Compound Ia in-
hibited adenosine diphosphate and collagen-induced aggregation

of rat platelets but had no effect on blood clotting. TLC, following
incubation of Ia with a rat liver extract, showed that the structure
of Ia was not enzymatically modified and indicated activity per se
on platelet aggregation and mitochondrial function.

Keyphrases OMannich bases-—effect on mitochondrial function
in yeast, human epidermoid carcinoma cultures, blood platelet
aggregation, blood clotting, rats O Mitochondrial activity-—effect
of Mannich bases and related compounds, yeast O Blood platelet
aggregation—effect of Mannich bases and related compounds, rats
0 Coagulation, blood—effect of Mannich bases and related com-’
pounds, rats O Structure-activity relationships—effect of Man-
nich bases and related compounds on mitochondrial function in
yeast, human epidermoid carcinoma cultures, blood platelet aggre-
gation and blood clotting, rats

Mannich bases have a wide range of biological ac-
tivity including antineoplastic properties (1, 2), anti-
microbial effects (3-5), analgesic activity (6), local
anesthetic properties (7, 8), and psychotropic effects
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(9). To pursue a continuing interest in Mannich reac-
tions (10-12) and «,B3-unsaturated ketones (13, 14),
several properties of a simple Mannich base, 5-di-
methylamino-1-phenyl-1-penten-3-one (Ia), derived



Table I—Effect on Yeast Mitochondria, Activity against the KB Tumor, and Mammalian Toxicity

of Some Mannich Bases and Related Compounds

Growth on Complex Growth on Complex ) Maximumb
Ethanol Medium Glucose Medium Maximumb Tolerated
Tolerated Dose,
Concen- Mean Area Mean Area Dose, Daily Injections
Com- tration, of Inhibi- of Inhibi- Injections, Every 4
pound mg/ml tion, mm? SE tion, mm? SE KBe mg/kg Days, mg/kg

Ia 5 32.4 4.5 0.0¢ — N.A. 1004 1004
1b 5 70.4 9.4 0.0¢ 1.2 75 100
1la 5 307.7 35.0 15.2 5.2 1.5 100 200
I1b 1 55.8 8.9 0.0¢ 2.4 <100 N.A
Ilc 1 102.2 16.5 0.0¢ —_— 1.7 75 100
1Id 1 123.2 10.5 41.5 15.4 1.0 12.5 50
Ile 1 41.5 5.6 0.0¢ — 2.8 50 N.A
11/ 1 128.7 8.9 27.9¢ — 1.2 25 25
IIg 5 0 — 0 — 2.1 <100 100

I1h 5 11.16 6.83 27.9¢ — N.A. N.A. 100¢
Ila 5 0 — 0 — >100 N.A. <100
11Ib 5 0 — 0 — 23 >400 N.A.

Iic 5 0 — 0 — >10 >400 >4004d
II1d 5 0 — 0 — 30 >400 >400
IIle 5 0 — 0 — 28 >400 >400

111/ 5 0 — 0 — N.A. N.A. >350f
I11g 5 0 — 0 — 27 100 >400
HIh 5 0 —_— 0 — >100 N.A, >400
1L 1 90.5 6.3 0.0¢ — 24 50 100
1y 5 0 — 0 — N.A. N.A. >400
111k 5 0 — 0 — 25 >400 >400
11l 5 0 — 0 N.A. N.A. >400
lm 5 100.9¢ — 0.0¢ N.A. >175%8 N.A.
v 5 0 — 0 — 100 200 >400
Va 5 0 - 0 — 2.3 >200 >400

Vb 5 0 — 0 — N.A. N.A. 50h
Via 5 369.5 15.7 46.4 8.8 6.4 >50 200
VIb 5 0 — 0 — 42 >10 10
Vie 1 194.9 11.8 0.0¢ — 3.2 50 50
Vid 5 0 — 0 — >100 N.A. >400
Vie 5 0 — 0 — >10 200 200

Vlila 1 164.5 16.9 0.0¢ — N.A. N.A, >400h
VIIb 5 0 — 0 — N.A. >400 N.A.

aThe figures, in micrograms per milliliter, in the KB cell culture screen indicate the dose inhibiting 50% growth of human epidermoid car-
cinoma of the nasopharynx in Eagle’s medium. N.A. = result not available. With the exception of IV, the data are taken from Ref. 1 and are
reproduced with permission. BIn virtually all cases the compounds were injected intraperitoneally into the BDF, strain of mouse atdosesof
400, 200, and 100 mg/kg. If toxicity appeared, the doses were reduced. The figures in the columns indicate 6/6 survivors. With the exception
of la, 11k, 1V, Vb, and Vlla, the data are taken from Ref. 1 and are reproduced with permission. N.A. = result not available. Daily injections
were made for 9 days, and a total of three injections was given when injections were made every 4 days. ¢All five replicates gave the same
value. dThe CDF, strain of mouse was used. € Three BDF, strains of mice only were used. fOne injection only at 350 mg/kg. £The DBA/2
strain of mouse was used. # Three BDF | strains of mice only were used, and two injections of compound were made.

from an «,B-unsaturated ketone, were studied, and
the bioactivity of closely related analogs was exam-
ined.

RESULTS AND DISCUSSION

Compounds containing a benzylidene group attached to elec-
tron-withdrawing functions such as cyano and nitro moieties inter-
fere with mitochondrial function (15), and certain anticancer
agents interfere with mitochondria (16). To examine the possibili-
ty of Ia being a mitochondrial poison, a solution of this component
was added to disks on complex ethanol medium and complex glu-
cose medium which were inoculated with Saccharomyces cerev-
isiae. In the absence of mitochondrial function, the yeast will grow
on complex glucose medium, which provides energy for growth by
fermentation of glucose. However, the complex ethanol medium
containing a nonfermentable energy source does not provide ener-
gy for the growth of the yeast if interference with mitochondrial
function occurs. The antimitochondrial activity of Ia, an activity
that is significantly more potent than established inhibitors such
as chloramphenicol and tetracycline (17), is shown in Table L.

Further confirmation of Ia being a mitochondrial inhibitor was
obtained by examining the effect on growth inhibition of S. cerev-
isiae when grown in liquid media containing nonfermentable ener-
gy sources (ethanol, glycerol, and acetate) and fermentable energy
sources (glucose and galactose). Growth in complex galactose me-
dium and minimal salts glucose medium containing fermentable
energy sources required a concentration of la greatly exceeding

that required for a 50% inhibition of growth in minimal salts etha-
nol medium, complex glycerol medium, and complex acetate medi-
um, which contain nonfermentable energy sources (Table II).

Two structural analogs of Ia then were examined, in which one
hydrogen atom of the methylene group vicinal to the ketone func-

H /CH3
@C=C—C—CH—CH2N\ -HCl
H I

CH,
O R
Ia:R=H
16: R = CH;
R, H /CH:;
C=C—C—CH—CH2N\ -X
R, H I\ CH,

(0) (CH,),CH;

Ne: R, =R,=H, X =HC

IIs: R, =2Cl, R,=H, X=HCl
Il R, =4-Cl, R,=H, X = HCI
d: R,=2-Cl, R, =4-Cl, X=HCI
Ile R, =2CL R, =6-Cl, X=HCl
IIf: R,=3-Cl, R,=4-Cl, X = HCl
Ilg: R, =4ClL R,=H, X=CHI
ITh: R, = 3-Ci, R, =4-Cl, X = CH,I
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Table II—Growth Inhibition in Different Mediaz
of S, cerevisiae

Concentration
for 50%
Com- Inhibition of
pound Medium Growth, ug/ml
In Minimal salts ethanol medium 51
Complex glycerol medium 40
Complex acetate medium 37
Complex galactose medium >1000
Minimal salts glucose medium 780
b Minimal salts ethanol medium 164b
Minimal salts glucose medium >1000
Ia Minimal salts ethanol medium 90c¢
Minimal salts glucose medium 385
III; Minimal salts ethanol medium 73d
Minimal salts glucose medium 287

@Cells were grown for 24 hr in a given liquid medium in the
presence of the inhibitor. Growth is expressed as the percent of
growth in the absence of inhibitor. ®PMean of six determinations,
SE = 5.36. € Mean of six determinations, SE = 4.28, d Mecan of six
determinations, SE = 2,72,

tion of Ia was replaced by a methyl group (1b) or an n-pentyl func-
tion (Ila). Table I shows that both compounds inhibited mitochon-
drial function, a fact confirmed by growth inhibition studies using
minimal salts ethanol medium and minimal salts glucose medium
(Table II). Examination of Mannich bases related to Ila (namely,
116-11f) demonstrated that mitochondrial function was impaired.
Quaternization of IIc gave IIg, which demonstrated no antimito-
chondrial properties. The related quaternary ammonium com-
pound (ITh), which showed greater inhibition on complex glucose
medium than on complex ethanol medium, presumably exerted its
effect on yeast growth by interference with vital processes other
than inhibition with mitochondrial function.

The ketones (I1I), which would be expected to be less water sol-
uble than the related Mannich bases, did not inhibit mitochondrial
function in yeast. The only exceptions were the quaternary ammo-
nium compound (III7), which would be expected to be more water
soluble than the related derivatives because it is fully ionized, and
IIIm, which contains a shorter lipophilic aliphatic side chain than
the corresponding unsubstituted compounds (Ille and IIIj), indi-
cating that solubility of these derivatives may play a part in the in-
hibition of mitochondrial function. Confirmation of the antimito-
chondrial activity of IIIi was found using liquid minimal salts glu-
cose medium and minimal salts ethanol medium (Table II).

Mannich bases are capable of undergoing deamination to «,3-
unsaturated ketones (10, 18), which may have possible significance
in vivo. The potential breakdown products of Ilc and IIf (namely,
Va and Vb) were inactive as mitochondrial inhibitors under the
test conditions. These results may indicate that the Mannich bases
were active per se and did not break down to give the eliminated
product. Alternatively, a hydrophilic dialkylamino group may be
required to assist transportation to a site of action and liberate the
corresponding unsaturated ketone (19).

The higher chemical and biological activity of allyl alcohol com-
pared to the saturated analog (20, 21) may be due to the ability of
allyl derivatives to function as biological alkylating agents because
of the formation of carbonium ions. In the case of the substituted
allyl alcohols (VIa-VIc), the carbonium ion is further stabilized by
resonance due to the adjacent aromatic ring. The reduction of Ila
led to Vla with a retention of antimitochondrial activity, but qua-
ternization of Vla gave VIb, which was inactive. Reduction of IIb
led to VIc, with nearly a fourfold increase in activity.

When masking of the polar group of Va and Vb occurred, utiliz-
ing the concept of latentiation (22) leading to the formation of the
esters VId and Vle, mitochondrial function was abolished. This
finding indicated that breakdown to the allyl alcohols does not
occur in yeast cells or, alternatively, that the ester does not enter
the cell. Possible changes in activity against yeast mitochondria
were sought by reducing the «,5-unsaturated keto group of some of
these derivatives. Reduction of IIf gave VIla with a slight increase
in inhibitory activity against yeast mitochondria; reduction of Illa
gave VIIb, and both compounds had no activity.

The KB test system gives an in vitro measure of the cytotoxicity
of a compound and may indicate tumor-inhibiting properties (23).
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3<@>—c=(:—c—(cm)ncn8
H I

R, 0

Ola: R,=R,=H, n=5

lb: R, =2Cl, R,=H, n=5

Illcc R, =3Cl, R,=H, n=5

Illd: R,=4-CL, R,=H, n=5

Ille R, =2C], R,=4-Cl, n=5
HIf: R,=2Cl, R,=6-Cl, n =5
Ilig: R, =3ClL R,=4Cl, n=5
IlA: R, =4N(CH), R,=H, n=5

+
II: R, =4N(CHy,I, R,=H, n=5
Ill;: Ry=R,=H, n=1

IIk: R, =4Cl, R,=H, n=1

Ill: R, =4-NO,, R,=H, n=1
lim: R,=R,=H, n=0

OH
OW—-@—CH—CF—C—CHB

I

CH, O

v

R1 H H
3@—c=c—c—c=c<
R, H I H
) O (CH,),CH;

Va: R, = 4.CL, R, =H
Vb: R, = 3-CL, R, = 4Cl

Significant activity in the KB test has been defined as the ability
of a compound to inhibit 50% of the growth of human epidermoid
carcinoma of the nasopharynx at a concentration of less than 4
pg/ml (24). The data in Table I were examined to see if a correla-
tion existed between the effect on yeast mitochondria and KB tox-
icity. Of the 24 compounds for which data are available, 20 com-
pounds (83%) either had mitochondrial-inhibiting properties and a
minimal inhibitory concentration of less than 4 ug/ml in the KB
test or failed to meet the criteria for activity in both tests.

The compounds in Table I were evaluated also for antineoplastic
activity and murine toxicity (1) with the exception of Ia, ITh, IV,
Vb, and Vlila, and the screening data for these compounds are
given in Table III. Where data are available for mammalian toxici-
ty, of the 19 compounds given daily at the maximum dose exam-
ined (i.e., 400 mg/kg), 15 derivatives (79%) showed mitochondrial-
inhibiting properties and mammalian toxicity or, alternatively,
were inactive in inhibiting yeast mitochondria and caused no mor-
talities. Of the 26 compounds given every 4 days at the maximum
dose administered (400 mg/kg), 21 (78%) showed toxicity and mi-
tochondrial-inhibitory properties or showed no murine toxicity
and did not inhibit yeast mitochondrial function. One may tenta-
tively assume that interference with mitochondrial function is a
factor in producing significant activity in the KB test system and
also in producing mammalian toxicity.

Following injection of la into six rats at a dose of 100 mg/kg, the
animals developed a paralysis of the hindlimbs within 2 hr. Al-
though they recovered from this effect within 24 hr, death oc-
curred in all animals within 36 hr. When lIa was administered at a
dose of 50 mg/kg, blood was found in the feces and urine; this com-
pound exerted a potent antidiuretic effect, a phenomenon that has
been observed recently for IId and IIf (1). These results suggested
that Ia might be interfering with normal hemostatic function of
these animals, and studies were performed to determine if this
compound was inhibiting blood clotting and/or platelet function.

The inhibitory effects of Ia on rat platelet aggregation induced
by adenosine diphosphate and collagen are shown in Tables IV
and V, respectively. Similar results were found when la was incu-
bated for 5 min with human platelets. In this system, adenosine di-



Table ITI—Evaluation of Iz and Related Compounds against L-1

210 Lymphoid Leukemia in Mice

Number Frequency Number
of Animals Dose Levelaq, of Dose, of
Compound Vehicle Used mg/kg days Injections T/C, %b

Ie Saline 6¢ 400 (0) 4 3 —
6¢ 100 4 3 89

6¢ 50 4 3 90

6 100 1 9 88

6 25 1 9 91

Ih Hydroxypropylcellulose 3 400 (0) 4 2 —
3 50 4 2 98

1vd Hydroxypropylcellulose 6 400 4 3 98
6 100 4 3 100

6 400 (5) 1 9 92

6 200 1 9 91

Vb Dimethyl sulfoxide 3 400 (0) 4 2 —
3 50 4 2 104

3 25 4 2 114

Vil Hydroxypropylcellulose 3 400 4 2 117

4 Drug was normally administered at 400, 200, and 100 mg/kg initially. The doses indicated are the maximum administered dose and the
dose giving highest activity against L-1210 leukemia. If mortalities occurred, the number of survivors on Day 5 is indicated in brackets, & The

value of T/C indicates the ratio of survival time of the treated mice over
notes significant activity. ¢ The CDF, strain of mouse was used. 4 Com
of the nasopharynx at 100 ppm (KB test).

control mice, expressed as a percentage. A ratio of 125 or greater de-
pound inhibited 50% of the growth of human epidermoid carcinoma

Table IV—Reduction of Adenosine Diphosphate-Induced Aggregation Curve by Ia on Rat Blood Platelets

Curve Slope

Curve Height

Concentration of

Iex 103 M Change, % SE Change, % SE
13.2 8.6 +5.79 16.6 +2.35, p <0.005
25.6 6.7 +9.55 31.4 +6.37, p <0.005
48.8 37.9 +11.06, p <0.05 68.6 +6.36, p <0.001
88.9 62.1 +6.52, p <0.01 91.9 +8.93, p <0.005

phosphate-induced aggregation (curve height) was inhibited by
54.4% + 4.37 SEM with 2.0 X 1075 M Ia, by 76.3% + 6.25 SEM
with 6.0 X 1075 M Ia, and by 100.0% + 0.00 SEM with 15 X 10~
M la. Collagen-induced aggregation of human platelets was com-
pletely inhibited by concentrations of Ia greater than 4 X 1075 M.
The results of the prothrombin time, partial thromboplastin
time, and activated partial thromboplastin time tests (Table VI)
did not indicate the presence of a clotting defect in animals treated
with Ia. There were no significant differences between the values
found for these animals and for control rats. Compound la also did
not have direct anticoagulant activity and did not hemolyze red
cells in vitro. No metabolites of Ia were found following exposure
of the compound to an active (determined by aniline hydroxylase

Table V-—Reduction of Collagen-Induced Aggregation Curve by

activity) 9000Xg supernatant fraction of rat liver for 20 min. The
UV spectra obtained with the extract of the incubate and with a
standard solution of Ia were identical, with one peak being present
at 296 nm.

TLC did not reveal the presence of any metabolites from expo-
sure of Ia to liver microsomes. The Ry value for la run on chloro-
form-methanol (95:5) was 0.19, and the Ry value for the extracted
(alkaline) incubate was 0.18. In both cases, the spots were positive
with Dragendorff’s reagent and appeared as dark-brown spots fol-
lowing exposure to iodine vapor.

These observations suggest that la is active per se and that the
presence of blood in the urine and feces of the treated rats is due in
part to its inhibitory effect on platelet function.

Iz on Rat Blood Platelets

Curve Slope
Concentration of

Curve Height

Ilnx 10 M Change, % SE Change, % SE
10.9 21.1 +4.88 p <0.05 26.3 +5.37,p <0.02
21.3 52.4 +13.78, p <0.05 64.8 +12.48, p <0.025
40.8 94.6 +4.42,p <0.01 97.5 +2.53, p <0.001
75.5 100.0 +0.00, p <0.01 100.0 +0.00, p <0.001

Table VI—Effect of Iz on Prothrombin Time, Partial Thromboplastin Time, Activated Partial Thromboplastin Time,

and Platelet Count in Rats

Activated
Partial Partial Platelets
Thrombo- Thrombo- :
Prothrom- plastin plastin Lympho- Poly- Eosino- Mono-
bin Time, Time, Time, Count, cytes, morphs, phils, cytes,
min min min mm? o % % %
Untreated Rat 1 18.0 24.0 24.0 932,500 85 13 — 2
Untreated Rat 2 16.3 24.0 23.1 1,092,500 71 27 — 2
Rat 1 18.6 25.1 24.7 880,000 75 23 2 —
Rat 2 16.7 30.3 24.5 792,000 27 73 — —
Rat 3 17.3 25.4 25.9 797,500 58 42 — —
Rat 4 18.2 29.5 28.4 902,500 41 58 1 —
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R,

EXPERIMENTAL

Syntheses! —The Mannich bases listed in Table I were pre-
pared as follows. 5-Dimethylamino-1-phenyl-1-penten-3-one hy-
drochloride (Ia) was prepared by heating, under reflux, a mixture
of benzylidene acetone (35.04 g, 0.240 mole), paraformaldehyde
(7.64 g, 0.255 mole), dimethylamine hydrochloride (19.70 g, 0.242
mole), and hydrochloric acid (0.2 ml) in anhydrous alcohol (24 ml)
for 12 hr. The crystals deposited (11.68 g) were removed and tritu-
rated with alcohol. Evaporation of the mother liquor to dryness
followed by recrystallization of the residue gave a further crop of
crystals (19.25 g). Recrystallization of the crystals from alcohol
gave Ia as colorless crystals (22.58 g, 40%), mp 157-158° [lit. (25)
mp 157°].

The preparation of the derivatives Ib and IIg was described pre-
viously (1), and the syntheses of the Mannich bases (Ila-1If) were
reported elsewhere (10). (E)-1-(3,4-Dichlorophenyl)-4-dimethyl-
amino-1-nonen-3-one methiodide (I1h), prepared in a similar man-
ner to Ilg, crystallized from alcohol as pale-yellow crystals (85%),
mp 162.5°.

Anal.—Calc. for CyoHugCLLINO: C, 47.10; H, 5.78; N, 2.89.
Found: C, 47.03; H, 5.90; N, 2.91.

The syntheses of the «,3-unsaturated ketones (I1la—II1!) were
reported previously (10, 26). Compound I[IIm was obtained com-
mercially?, and its purity was checked by GLC. Compound 1V,
having the threo-configuration, was synthesized by the literature
method (27). It crystallized from benzene-petroleum ether (3:1
v/v) as pale-yellow crystals (17%), mp 93-94.5° {lit. (28) mp 93-
94°]; IR (potassium bromide): 3400 s (OH), 1705 s (C=0), and
1695 s (C=0) em~!; NMR (deuterochloroform): § 8.12 (m, 2, aro-
matic H), 7.50 (m, 2, aromatic H), 4.87 (d, 1, J43 = 8 Hz, C4H),
3.33 (s, 1, C4OH, exchanged with D50), 2.93 (m, 1, C3H), 2.22 (s, 3,
C1H3), and 1.00 (d, 3, J = 7.5 Hz, C3CHj3) ppm.

The preparation of the dienone (Va) was described previously
(10). Analog Vb, prepared in a similar manner from Ilh, crystal-
lized as orange-yellow crystals from alcohol (78%), mp 37°. The
mass spectrum showed m/e 296 as the parent peak.

I Melting points and boiling points are uncorrected. Elemental analyses
were performed by Dr. F. B. Strauss, Microanalytical Laboratories, Oxford,
England. GL.C analysis utilized a Hewlett Packard 5750B research instru-
ment, using a OV-101 on Chromosorb G column, HP80/100, 1.2 m X 0.3 cm
(4 ft X 0.125 in.), at 140 and 170°. IR spectra were recorded on a Unicam
SP-200 G spectrophotometer calibrated with polystyrene. A strong band in-
tensity is designated s. NMR spectra were determined with a Varian T-60
machine, and the mass spectra were recorded on an AE1 MS-12 single-fo-
cusing mass spectrometer operated by Mr. D. Bain of the Department of
Chemistry and Chemical Engineering, University of Saskatchewan, Saska-
toon, Saskatchewan, Canada.

2 Aldrich Chemical Co.
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Anal.—Cale. for C16H18Cl,0: C, 64.64; H, 6.06; Cl, 23.90. Found:
C, 64.49; H, 5.96; Cl, 24.18.

The samples of allylic alecohols and related esters (VIa-Vle) ex-
amined on complex glucose medium and complex ethanol medium
were identical to those used in antineoplastic evaluations de-
scribed previously (1); VIa and VIb were predominantly the threo-
isomers, VIc and Ve were pure threo-isomers, and VId was iso-
merically pure but of unknown relative stereochemistry (1, 14).

The preparation of the saturated alcohol (VIla) also was de-
scribed previously (14). A suspension of Raney nickel (0.10 g ap-
proximately) in absolute alcohol (29) was added to a solution of 1-
(3,4-dichlorophenyl}-4-dimethylaminomethyl-1-nonen-3-one  hy-
drochloride (1.00 g, 0.00264 mole) in absolute alcohol (25 ml), and
the mixture was hydrogenated in a Paar apparatus for 24 hr at
10-12 1b of pressure. The solution was filtered through diatoma-
ceous earth?, and evaporation of the solvent gave a pale-yellow liq-
uid. This liquid crystallized on storage under vacuum. Repeated
recrystallization from acetone afforded 1-(3,4-dichlorophenyl)-4-
dimethylaminomethylnonan-3-ol hydrochloride (VIIb) (0.4 g, 40%)
as a pale-yellow solid, mp 103°. The mass spectrum showed m/e
345 as the parent peak.

Anal.—Calc. for C1gH29ClsNO-HCI: C, 56.45; H, 7.90; N, 3.66.
Found: C, 55.48; H, 7.79; N, 3.60.

Inhibition of Mitochondrial Function—Complex glucose me-
dium contained yeast extract (1%), bactopeptone (2%), glucose
(2%), and agar (2%) in water and complex ethanol medium con-
tained ethanol (1%) in place of glucose. The compounds (5.0 mg)
were dissolved in 95% ethanol (1 ml), and 0.02 ml of the solution
was applied to antibiotic disks (12.7 mm) placed on the surface of
the plates containing complex glucose medium and complex etha-
nol medium previously spread with 0.2 ml of a culture of S. cerev-
istae* grown for 48 hr in liquid complex ethanol medium.

The plates were incubated at 28° for 3 days, and the area of in-
hibition (square millimeters) surrounding the disk was deter-
mined. The area of growth inhibition on complex ethanol medium
in excess of growth inhibition on complex glucose medium is a
quantitative estimation of the inhibition of mitochondrial func-
tion. Each compound was initially tested at 5 mg/ml. Compounds
that inhibited growth were then tested five times at 5 or 1 mg/ml

For 50% growth inhibition studies (Table 1I) in liquid media, a
diploid strain of S. cerevisiae* was initially grown to an early sta-
tionary phase in a liquid complex glucose medium. The medium,
placed in 8 X 150-mm tubes, was inoculated to an optical density
(640 nm) of 0.1 unit/ml. The inhibitors were added at concentra-
tions of 1, 2.5, 5, 7.5, 10, 50, 100, 250, 500, 750, and 1000 ug/ml.
After 24 hr of growth at 30°, the percentage growth was ascer-
tained by the change in optical density and expressed as a percent-
age of the control. Minimal salts ethanol medium and minimal
salts glucose medium contained ethanol (1%) and glucose (5%), re-
spectively; complex acetate medium, complex glycerol medium,
and complex galactose medium employed potassium acetate (2%),
glycerol (4%), and galactose (2%), respectively.

The antineoplastic evaluation® of the compounds in Table III
was conducted by intraperitoneal injection into the BDF; strain of
mouse (24).

Administration of Ia to Rats—The Mannich base (Ia) was dis-
solved in sterile saline (0.9% w/v) and injected intraperitoneally
into 40 male albino Wistar rats, 150-200 g, at a dose of 50 mg/kg in
volumes of less than 1 ml. Ten control animals were injected with
sterile saline. The rats were placed in metabolic cages, and the
urine and feces were collected separately. Blood was detected vi-
sually in the urine and confirmed in both urine and feces by micro-
scopic examination and the benzidine test (30).

After 24, 48, 72, and 120 hr, the urine output from 40 treated
rats was 55, 100, 160, and 300 ml, respectively; the urine output
from 10 control rats was 55, 70, 60, and 60 ml, respectively. No
deaths occurred during the 5 days. Administration of Ia at a dose
of 100 mg/kg was undertaken using six animals.

Effect of Ia on Blood Platelets—Whole blood was collected
from the inferior vena cava of white, male, Wistar rats, 250-300 g,
anesthetized with chloroform. Nine milliliters of whole blood was

3 Celite, Anachemia, Montreal, Quebec, Canada.

4 Strain GR13 constructed in the Department of Biology, University of
Saskatchewan, Saskatoon, Saskatchewan, Canada.

5 Performed by the Drug Research and Development Division, National
Cancer Institute, Bethesda, Md.



anticoagulated by mixing with 0.9 ml of aqueous trisodium citrate
solution (3.8% w/v) in 13 X 100-mm Pyrex biological test tubes.
The citrated whole blood was centrifuged at 750Xg for 4 min to
yield platelet-rich plasma.

Platelet aggregation was studied by a turbidimetric method (31)
at 37°. Platelet-rich plasma, in 0.35-ml aliquots, was allowed to
stand at room temperature for approximately 30 min before an ex-
periment was begun. When adenosine diphosphate was the aggre-
gating stimulus, a 1.35 X 1075 M final concentration was em-
ployed. When collagen was the aggregation stimulus, a standard
volume (0.1 ml) of collagen suspension was added. Experiments to
determine the effects of Ia on human blood platelets were per-
formed as described previously (32).

Platelet aggregation was quantitated by measuring the slope of
the aggregation curve and the maximum curve height attained
within 5 min. The aggregation parameters of the curve employing
Ia were compared, by paired ¢ test, to those of the control curve
aggregated within 10 min (Tables IV and V).

Effects of 1a on Blood Clotting—The hemolysis of red cells by
Ia was studied by a method outlined previously (33).

To determine if Ia had any direct anticoagulant effect, saline so-
lutions of Ia and heparin were prepared (0.0, 0.1, 0.25, 0.5, 1.0, and
10.0 mg/ml). One-milliliter aliquots of these solutions were added
to test tubes along with 0.9 ml of whole blood from male Wistar
rats. The effects of la were compared with those of heparin.

Prothrombin times were determined using a commercial rabbit
brain thromboplastin®, and partial thromboplastin? times and ac-
tivated partial thromboplastin? times also were determined using
commercial reagents.

In Vitro Metabolism of 1a—Tissue Preparation—White, male
Wistar rats, 200-350 g, which had been starved for 24 hr, were sac-
rificed by decapitation. Each liver was removed and placed in cold
(4°) isotonic potassium chloride solution. To remove as much
blood as possible, the liver was cut into small pieces into a second
aliquot of cold isotonic potassium chloride solution.

Homogenization was carried out in 2 volumes of isotonic potassi-
um chloride solution, using a homogenizer?® operating at speed set-
ting 40. Two grinding cycles of 5-sec duration, separated by 5 sec,
were employed to produce a smooth liver homogenate. The homog-
enate was poured into two polycarbonate centrifuge tubes (28.7 X
103 mm) and centrifuged for 20 min (9000Xg) in a refrigerated
centrifuge®. The resulting supernatant layer was decanted and
placed in a 50-ml beaker, which was kept in ice.

Substrates and Cofactors—The following solutions were pre-
pared: 0.1 M phosphate buffer, 0.02 M magnesium chioride in dis-
tilled water, 0.02 M glucose 6-phosphate in 0.1 M phosphate buff-
er, 0.004 M nicotinamide adenosine dinucleotide phosphate in 0.1
M phosphate buffer, 0.005 M aniline hydrochloride in distilled
water, and 0.01 M Ia in 0.1 M phosphate buffer.

Enzyme Incubation—Three groups of incubation flasks were
prepared.

1. To determine the enzyme activity of the 9000Xg supernate,
an aniline hydroxylase assay was performed by a modified method
of LaDu et al. (34). The following items were added to five erlen-
meyer flasks (25 ml): one glass bead (6 mm diameter), 1 ml of
phosphate buffer, 1 ml of glucose 6-phosphate, 1 ml of nicotin-
amide adenosine dinucleotide phosphate, 1 ml of magnesium chlo-
ride, 1 ml of aniline hydrochloride solution, and 1 ml of the 9000Xx g
supernatant homogenate.

2. To determine if enzymes present in the 9000Xg supernate
were altering the structure of la, five incubation flasks were pre-
pared as in Group 1, except that aniline hydrochloride was re-
placed with 1 ml of Ia solution.

3. Five incubation flasks were also prepared to determine if Ia
‘had any effects on aniline hydroxylase activity. The contents of
these flasks were similar to those in Group 1, except that 1 ml of Ia
solution replaced the 1 ml of phosphate buffer.

In all cases, control flasks were prepared in which the enzyme
suspension was boiled prior to incubation. Incubation of aniline
hydrochloride and aniline hydrochloride plus Ia was of 20-min du-

6 Fibroplastin, BBL, Division of Bioquest, Cockeysville, Md.
7 Thrombofax and Activated Thrombofax, Ortho Diagnostics, Raritan,
J

'8 Virtis “45,” Virtis Co., Gardiner, N.Y.
9 International model B 20, International Equipment Co., Needham
Heights, Mass.

ration, while incubation of la alone lasted 1 hr. All incubations
were carried out in a shaking water bath at 37°. At the end of the
incubation period, the reaction was stopped with 20% trichloroace-
tic acid, precipitated protein was removed by centrifugation, and
the clear supernate was recovered. UV spectra were obtained on a
control sample, a sample from the flask containing Ia, and an ali-
quot of a standard solution of Ia.

To isolate any metabolites of Ia from the incubated samples, ex-
tractions were performed with chloroform at pH 2 and 9. The ex-
tracts were concentrated and spotted on TLC (silica gel G) and
chromatographed using chloroform-methanol (95:5) as the devel-
oping solvent. Developed plates were treated with Dragendorff’s
reagent and exposed to iodine vapor. These experiments were re-
peated on five different occasions.
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Controlled Drug Release from Polymeric Delivery
Devices IV: In Vitro—In Vivo Correlation of
Subcutaneous Release of Norgestomet from

Hydrophilic Implants

YIE W. CHIEN * and EDWARD P. K. LAU

Abstract O The in vitro and in vivo releases of norgestomet from
hydrophilic implants were found to follow a matrix-controlled (@
~ t'2) process. The sorption of drug onto the implants was ob-
served to obey the same mechanism but with a much smaller mag-
nitude of the @/t1/2 value. The effect of the extent of cross-linking
on the magnitude of drug release (Q/t'/2) profiles was analyzed
both theoretically and experimentally. The release of norgestomet
from hydrophilic implants was found to be an energy-linked pro-
cess. Two energy terms were calculated; the activation energy for
matrix diffusion was 7.71 kcal/mole, and the heat of drug crystal
solvation was 25-28.6 kcal/mole.

Keyphrases O Drug release—controlled, norgestomet from hydro-
philic polymeric delivery devices O Norgestomet—subcutaneous
release from hydrophilic implants, matrix-controlled kinetic mech-
anism O Implants—hydrophilic, subcutaneous release of norgesto-
met O Delivery devices—polymeric, hydrophilic implants, subcu-
taneous release of norgestomet

The controlled release profiles of ethynodiol diace-
tate!, a progestin, from silicone matrixes were re-
ported previously (1). In vitro release of the drug
from such silicone-type vaginal devices followed ei-
ther of two kinetic mechanisms, matrix controlled or
partition controlled, depending on whether the diffu-
sion across the polymer phase or the partitioning
across the polymer—solution interface was the rate-
limiting step (2). An 8-week investigation on the in-
travaginal release of ethynodiol diacetate in rabbits
(3) demonstrated that the matrix-controlled process
was the predominant mode of drug release in vivo.
Subsequently, the authors also investigated the con-
trolled release of progestins from popularly used
(Long-Folkman-type) polysiloxane? capsules (4). In

1 SC-11800.
2 Silastic.
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contrast to the matrix-controlled (§/t!/2) mechanism
seen in the drug release from silicone matrixes, they
observed a constant (Q/t) drug release rate (5).

It was established that the carriers prepared from
silicone polymer are permeable only to lipophilic
drugs, e.g., steroids. The rate of drug release is linear-
ly proportional to the polymer solubility (partition-
controlled process) (5) or to the square root of the
polymer solubility (matrix-controlled process) (1, 2)
of a given drug species when all other factors are con-
stant. Apparently, the solubility of drug molecules in
polymer plays a rate-limiting role in the controlled
release of drug from the silicone-type drug delivery
devices.

In addition to studying the lipophilic silicone poly-
mer, researchers in this laboratory have had an on-
going interest in the development of a biocompatible,
hydrophilic polymer (hydrogel) as the drug delivery
carrier. First introduced by Wichterle and Lim (6) for
prosthetic implants and contact lenses, this purified
hydrogel is nontoxic, transparent, autoclavable,
chemically stable, pliable, and moldable. The unique
characteristics of this polymer (different from the sil-
icone polvmer discussed earlier) are its hydrophili-
city, conductivity, and extreme wettability. Hydrogel
will absorb and elute, in addition to neutral species,
ionizable compounds with a molecular weight of 8000
or less (7). Through controlled alteration of the
amount of cross-linking agent, the monomer-to-water
ratio, and the polymerization conditions, a range of
masses is obtainable from compact gel to cellular
sponge, with varying physical properties.

The purposes of this study were to analyze the
mechanisms and rates of the controlled release of





