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Abstract O Several newly synthesized boron betaine analogs had anti-
tumor activity in Ehrlich ascites, Walker 256 ascites carcinosarcoma, and
Lewis lung screens and marginal activity in the B-16 melanotic melanoma
screen. In vivo testing demonstrated that trimethylamine-cyanoborane
inhibited Ehrlich ascites cell DNA and protein syntheses as well as gene
modulation by chromatin protein phosphorylation and methylation.
Trimethylamine-cyanoborane increased cyclic-AMP levels. In vitro
testing showed that nuclear DNA polymerase, thymidylate synthetase,
S-adenosylmethyltransferase, nonhistone chromatin methylation, de-
oxyribonuclease, ribonuclease, and cathepsin were inhibited by the boron
analogs. These compounds did not demonstrate high antitumor activity
at the doses employed, but blockage of methyl transfer from S-adeno-
sylmethionine was established as a feasible method for controlling cell
proliferation.
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taine analogs—boron, antineoplastic activity, metabolic effects, protein
synthesis, nucleic acid synthesis, methyl transfer @ Protein synthe-
sis—effect of boron betaine analogs @ Methylation—effect of boron
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Blockage of methyl group transfer from choline via be-
taine to L-homocysteine would ultimately inhibit L-
methionine and protein syntheses. Since S-adenosyl-L-
methionine requires L-methionine as a precursor, its
synthesis would be reduced, as would be the availability
of the methyl transfer from S-adenosyl-L-methionine to
transfer or ribosomal RNAs and to ribosomal, regulating
enzyme, and chromatin protein amino acid residues (1-4).
S-Adenosyl-L-methionine may play a minor role as the
methyl donor cofactor to the enzyme thymidylate syn-
thetase (1, 2). Cancer cells have more methylated chro-
matin protein and nucleotide bases, particularly transfer
RNA, and higher methyl transferase activity than normal
tissue. ‘

Numerous reports cite the utilization of folate cofactor
antimetabolites to block the methyl transfer to uracil for
thymine synthesis. Few studies have investigated the
blockage of methyl transfer from S-adenosyl-L-methionine
since an initial attempt produced ethionine, the ethyl
analog of L-methionine, which is a liver carcinogen. A
boron analog series of possible betaine or choline antime-
tabolites was selected to test this premise.

‘A previous note reported the synthesis of isoelectronic
and isostructural boron a-amino acid analogs (5). Tri-
methylamine-carboxyborane, the protonated boron analog
of betaine [(CH3)sN*CH,CO3], its N-ethylamide, and a
series of related compounds were prepared from tri-
methylamine-cyanoborane. Because of their structural
similarity to betaine, these compounds will be referred to
as boron betaine analogs. These boron analogs were eval-
uated for their antineoplastic activity in a number of tumor
models.
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EXPERIMENTAL!

Chemistry—Reagents—The following compounds were purchased:
tert-butylamine borane? [(CH3);CNH2:BHj] (I), morpholine borane?
[O(CH2CHj):NHBHg] (II), trimethylamine borane3 [(CH3)sN:BHg] (I11),
and dimethylamine borane? [(CH;3)aNH:BHj] (IV).

Trimethylamine-cyanoborane [(CH3)3sNBH2CN] (V)—Compound
V was synthesized in high yields (83%) by reacting sodium cyanobo-
rohydride with trimethylamine hydrochloride in dry tetrahydrofuran
(7). The product was purified by sublimation, mp 62° [lit. (8) mp 63°);
1H-NMR (CgHe): 6 2.25 (s, CH3) ppm; BH3 not observed.

Dimethylamine-cyanoborane [(CH3)o2NHBH,CN} (VI)—Compound
VI was synthesized similarly, except that dimethylamine hydrochloride
was used and produced a 53% yield, mp 55-57° [lit. (9) mp 56-57°];
'H-NMR (CD3sCN): 6 2.0 (q, /gy = 100 Hz, BH3), 2.35 (t, JuncH = 6 Hz,
CHj), and 4.48 (s, NH5) ppm.

Anal.—Calc. for CsHgBN,: C, 42.93; H, 10.81; B, 12.88; N, 33.38. Found:
C, 43.11; H, 10.57; B, 12.66; N, 33.17.

Trimethylamine-N-ethylamidobarane [(CH3)sNBH,C(Q)N-
(CH,CH3)H] (VII)—A solution of V (119 g, 0.12 mole) and
(CH3CHg2)30BF4 (250 m), 0.1 N in methylene chloride) was refluxed
under nitrogen for 24 hr (Scheme I). The reaction mixture was cooled to
0°, and 1.0 N NaOH was added slowly with vigorous stirring until the
solution was basic. After stirring for 1 hr at room temperature, the organic
layer was separated and the aqueous layer was extracted three times with
methylene chloride. The organic portions were combined and dried over
magnesium sulfate, and the solvent was removed in vacuo.

The remaining viscous liquid was distilled in vecuo with minimum
heating to give VII (13.1 g, 75% yield, bp 80°/0.15 torr); IR4: 3430 (m),
3350 (vs), 3010 (m), 2990 (s), 2950 (s), 2890 (m), 2420 (sh), 2370 (s, br),
2320 (m), 2290 (m), 2240 (w), 2200 (w), 1600 (s), 1480 (s), 1460 (s), 1435
(s), 1400 (m), 1375 (w), 1345 (w), 1295 (w), 1255 (s), 1140 (s), 1100 (s), 1050
(s), 1010 (w), 990 (s), 970 (m), 895 (w), 860 (s), 720 (w), and 670 (w) cm™1;
'H-NMR (CDCly): 6 1.07 (t,J = 8 Hz, CH,CH3), 2.75 (s, CH3N), 3.57 (m,
CH3CHgy), and 5.43 (broad s, NH) ppm; '*C-NMR (CDCl): & 15.3
(CH3CHy), 31.5 (CH,CHjy), 51.8 (CH3N), and 182.8 (CO) ppm; ''B
(CDCl3, 50°): 6 7.4 (1:2:1 t, J = 90 Hz) ppm.

Trimethylamine-carboxyborane {(CH3)sNBH,COOH} (VIII}—
Compound V (20.8 g, 0.214 mole) and triethyloxonium tetrafluoroborate
(450 ml, 0.1 N in methylene chloride) were refluxed for 24 hr. The solvent
and the reaction by-product, boron trifluoride etherate, were removed
in vacuo, and water was added to the solid residue. After stirring at room
temperature for 2-3 days, the solution was extracted with five 75-ml
portions of methylene chloride. The organic extractions were combined
and dried over magnesium sulfate, and the solvent was removed in
vacuo.

The solid residue was recrystallized from hot water and dried under
vacuum to give VIII (13.8 g, 55.5% yield, mp 131° dec.); IR3: 3050 (vs, br),
2950 (s}, 2860 (s, sh), 2720 (m), 2620 (m), 2580 {m), 2380 (s}, 2290 (w), 2210

(CH3CH2)30BF4 1N
—————— (CH3)3NBH>CNCH,CH3{BF; —(‘)-‘> vl
NaOH

Scheme I

1R spectra were measured on a Perkin-Elmer model 297 spectrometer. Liquid
samples were run neat between sodium chloride disks, and solid samgles were run
as {;otassium bromide pellets. Elemental analysis was performed by Galbraith
Laboratories, Knoxville, Tenn. Triethyloxonium tetrafluoroborate was obtained
commercially as 0.1 N solutions in methylene chloride or was prepared as described
in the literature (6).

2 Alfa Products.

# Aldrich Chemical.

4 Legend: s = strong, m = medium, w = weak, sh = shoulder, br = broad, and v
= very.
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Table I—Boron Analog Toxicity and Antitumor Activity in Rodents

Lewis Lung,
Ehrlich Ascites,  Walker 256, P-388 Leukemia, B-16 Melanoma, 20 mg/kg/day,
20 mg/kg/day, 2.5 mg/kg/day, 20 mg/kg/day, 20 mg/kg/day, Cs7 BL/6 LDsy,
CF{ Male Mice, Sprague-Dawley = DBA/2 Mice, Cs7 BL/6 Mice, Mice, CF; Male Mice,
Compound % inhibition Rats, T/C T/C T/C T/C mg/kg
I Toxic 137 Toxic Toxic Toxic 16
11 37 162 117 108 139 475
I 83 145 113 141 87 740
v 96 156 111 90 178 200
\" 98 202 109 143 144 70
Vi 81 103 86 113 91 39
VII 69 178 132 145 174 320
VI 82 174 98 134 144 1800
IX 53 125 116 117 154 250
X 32 105 113 92 Toxic 100
Phenylalanine mustard 99 317 — — — —
Fluorouracil —_ —_ 186 164 — —
Cyclophosphamide — — — — 140
Control® 100 100 100 100 100 —
Activity required for significant 80 125 125 140 140
activity

4 0.05% Tween 80-water.

(w), 2165 (w), 2100 (w), 1650 (s, br), 1480 (sh), 1465 (s), 1405 (w), 1360 (w),
1245 (s), 1125 (s), 1065 (s), 1020 (m), 980 (m), 975 (m), 915 (m), 865 (s),
810 (m), 725 (w), and 665 (m) cm~!; 1H-NMR (D;0): 6 2.72 (s, CH3N) and
4.65 (s, HDO) ppm.

Anal.—Cale. for C4H;9BNO,: C, 41.08; H, 10.34; B, 9.24; N, 11.98.
Found: C, 41.14; H, 10.45; B, 9.23; N, 11.85.

Trimethylamine-iodoborane [(CH3)sNBHI| (1X)—This compound
was prepared using the literature method (10) and was sublimed before
use, mp 73° [lit. (11, 12) mp 73°]; 'H-NMR (CD,Cly): § 2.82 (s, CHj3)
ppm.

Hexakis(ammonia-cyanoborane)sodium lodide {{Na(NH3BH3-
CN)glli (X)—Compound X was synthesized from ammonia, sodium
cyanide, and IX and was recrystallized from ether (13).

Anal.—Cale. for CéHaoBgIN 2Na: C, 14.86; H, 6.24; B, 13.38; N, 34.66.
Found: C, 15.05; H, 6.37; B, 12.71; N, 34.91.

Pharmacological Screens—Toxicity studies were carried out in CF,
male mice (~30 g) using a literature method (14).

Antitumor screening was carried out at doses that preliminary
screening for V demonstrated to be nontoxic. In the Ehrlich ascites screen,
108 tumor cells were implanted intraperitoneally into CF, male mice (~30
g). Test compounds were suspended in 0.05% polysorbate 80-water and
homogenized. Each compound was injected at 20 mg/kg/day ip. On the
8th day, the mice were sacrificed. The total ascites tumor volume and
packed tumor cells (ascrit) volume were determined to calculate the
percent inhibition (15). Mercaptopurine and melphalan were used as
positive controls for the screen.

In the Walker 256 carcinosarcoma screen, 10° tumor cells were im-
planted intraperitoneally into Sprague—Dawley male rats (~80 g). Test

Table II—Trimethylamine-cyanoborane (V) Effects on In Vive
Ehrlich Ascites Tumor Metabolism

Percent Control

Treated,
0.25 mg on
Days 7, 8, and
In Vivo (n = 6) Control® 9
14C-Thymidine incorporation into DNA 100 £ 10 48 + 4%
3H-Uridine incorporation into RNA 100 £ 24 100 + 29
14C-Leucine incorporation into protein 100 % 27 10 £ 2
14C-Acetic acid incorporation into 100 + 4 75 + 6°
cholesterol
[mﬁtlgxl-“C]-Choline incorporation into 100 £ 11 51 +13%
[methyl-14C]-Choline incorporation into 100 £ 15 42 + 10%
protein
~ {methyl-1C]-Choline incorporation into 100+ 2 44 £ 5%
nonhistones
[methyl-14C]-Choline incorporation into 100+ 16 13249
histones
32p_4.ATP incorporation into nonhistones 100 + 3 41 + 7%
2P+ -ATP incorporation into histones 100 £ 8 53 + 4°
Cyclic-AMP level 1005 269 + 8%
Number of tumor cells per milliliter 100 + 19 33 £ 14%

@ 0.05% Tween 80. ® p = 0.001. ¢ p = 0.005.
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compounds were administered at 2.5 mg/kg/day ip, and the day of death
was recorded. The T/C values were calculated according to the NIH
protocol (16). Melphalan was used as a positive standard.

Screening was carried out in DBA/2 male mice (~25 g) for the P-388
lymphocytic leukemia model. On Day 0, 10° cells were implanted intra-
peritoneally and test compounds were administered at 20 mg/kg/day.
The T/C values were calculated from the group survival times (16).
Fluorouracil was used as a positive standard.

In the melanotic melanoma B-16 screens, 1 g of tumor was homogenized
in 10 ml of Hanke's balanced salt medium, and 0.5 ml of homogenate was
implanted subcutaneously in the inguinal region of C5;BL/6 male mice.
Test compounds were administered at 20 mg/kg/day ip. The T/C values
were calculated (16). Cyclophosphamide was used as a positive con-
trol.

In the Lewis lung screen, 2 X 106 tumor cells were implanted intra-
muscularly in the hindlegs of C57BL/6 male mice. Test compounds were
administered at 20 mg/kg/day ip, and T/C values were calculated. Cy-
clophosphamide was used as an internal standard.

The glioma 26 and 261 and ependymoblastoma brain tumor screens
were carried out in a manner analogous to the B-16 screen. Cyclophos-
phamide and melphalan were the positive controls.

Biochemical Assays—Male CF, mice (~30 g) were implanted in-
traperitoneally on Day 0 with 10 Ehrlich ascites tumor cells. For the in
vivo studies, animals were treated intraperitoneally with 0.25 mg of test
compounds on Days 7, 8, and 9. Animals were sacrificed on Day 10, and
the ascites fluid was collected from the peritoneal cavity. The number
of tumor cells per milliliter and the 0.4% trypan blue uptake were de-
termined with a hemocytometer (17).

In vitro enzymatic and oxidative phosphorylation studies were per-
formed on untreated 10-day Ehrlich ascites cells. Thymidine incorpo-
ration into DNA was determined (18). One hour prior to sacrifice, 10 uCi
of [methyl-14C|-thymidine (54 mCi/mmole) was injected intraperitone-
ally. The DNA was isolated, and the '*C content was determined in 0.4%
2,5-diphenyloxazole and 0.01% 1,4-bis[2-(5-phenyloxazolyl)]benzene in
a solvent of two parts of toluene and one part of octoxynol, corrected for
quenching. DNA concentration was determined by UV spectropho-
tometry at 260 nm using a calf thymus DNA standard.

Uridine incorporation into RNA was determined in an analogous
manner utilizing 10 uCi of 5-3H-uridine (24.2 Ci/mmole). RNA was ex-
tracted (19). Leucine incorporation into protein was determined (20)
using 1 uCi of 1-14C-leucine (56.9 mCi/mmole). The boron analog effect
on 1-1C.acetic acid (57.8 mCi/mmole) incorporation into Ehrlich ascites
cell cholesterol was measured also (21, 22). Histone phosphorylation and
methylation were determined by injecting intraperitoneally 10 uCi of
(v-32P)-ATP (7.97 Ci/mmole) or [methyl-1*C]-choline chloride (49
mCi/mmole) 1 hr prior to sacrifice. The nuclei were isolated (23), and the
histone chromatin protein was extracted (24).

Nonhistone chromatin phosphorylation and methylation were deter-
mined on isolated nuclei (25) utilizing 2 mmoles of ¥-*?P-ATP or
[methyl-14C]-choline chloride. Chromatin protein was collected on ni-
trocellulose membrane filters (25). Cyclic-AMP levels were determined
by a radicimmunoassay (26) using 3H(G)-cyclic-AMP (39.8 Ci/
mmole).



Table III—In Vitro Boron Analog Effects on 10-Day Ehrlich Ascites Tumor Enzymatic Activities

_Percent Control (n = 6)

S-Adenosyl-
L-methionine

DNA Thymidylate Methyl- Methylation of
Compound Polymerase Synthetase transferase Nonhistone DNase RNase Cathepsin
(6 ug) Activity?® Activity® Activity® Protein? Activity® Activity/ Activity#
I 75 + 6" 44 + 7h 81 + 4¢ 76 £ 4h 7+ 3k 72 + 14¢ 80 %+ 12
11 65 9" 85 + 2~ 75 £ 12! 53 + 6h 28 + 8~ 51  16* 53 + 18/
III 51 + 8% 62 £ 27 68 £ 107 77+ 8" 10+ 42 68 £ 12¢ 44 £ 197
v 71 + 67 68 + 5" 66 + 7% 78 + 10/ 19 4 6 70+ 17! 33 + 154
\Y 46 £ 31 48 + 15+ 49 £ 51 44 + 5% 14 & 5h 47 £ 12k 68 + 13/
VII 40 + 85 66 + 27 75+ 9! 95+ 10 47 £ 114 98 £ 17 19 + 84
VIl 37 + 64 79+ 2" 39 + 194 47 £ 50 25+ 9k 60 + 9" 64 + 20¢
IX 53 & 7" — — — — - =
X 54 + 47 — — — — — —
Iodoacetate 41+ 4 — —_ — — — —
Fluorouracil — 39+ 74 99 + 13 — — — —
Control* 100 + 15 100 £ 3 100 + 15 100+ 5 100+ 8 100 £ 19 100 + 17

Control values for 10-day Ehrlich aseites tumor cells were as follows: ¢ 7561 dpm/mg of protein. ® 103,328 dpm/mg of protein. ¢ 3268 dpm/mg of protein. ¢ 8000 dpm/mg
of chromatin protein. ¢ 35 ug of DNA hydrolyzed/mg of protein/30 min. f 24 ug of RNA hydrolyzed/mg of protein/30 min. # 0.90 mg of protein hydrolyzed/mg of protein/30

min. " p = 0.001. ¢ p = 0.025. / p = 0.005. ¥ 0.05% Tween 80-water.

In vitro DNA polymerase activity was determined on washed (three
times) isolated nuclei (23). The incubation system was that of Sawada
et al. (27), except that 2-14C-deoxythymidylate triphosphate (45 mCi/
mmole) was used. The insoluble nucleic acids were collected on glass fiber
GF/F by vacuum suction. Deoxythymidylate kinase and deoxythymi-
dylate diphosphate kinase activities were determined by a method (28)
based on the disappearance of reduced nicotinamide adenosine dinu-
cleotide at 340 nm for 20 min. /n vitro thymidylate synthetase activity
was assayed by a method (29) utilizing a postmitochondrial supernate
(9000Xg for 10 min) and 5 uCi of 5’-3H-deoxyuridine monophosphate
(11 Ci/mmole). S-Adenosyl-1.-methionine methyltransferase activity was
determined (30) using S-[methyl-!4C]-adenosyl-L-methionine (53
mCi/mmole).

The effects of the boron analogs on the tumor cell hydrolytic enzymes
were also determined. Deoxyribonuclease activity, at pH 5.0, was mea-
sured by a modification of the deDuve method (31). Ribonuclease and
cathepsin activities, at pH 5.0, were determined by the method of Cho-
Chung and Gullino (32). In vitro effects of boron analogs on Ehrlich as-
cites tumor cell oxidative phosphorylation processes were measured (33)
in the presence and absence of adenosine diphosphate, utilizing succinate
or a-ketoglutarate as the substrate. Protein was determined by the Lowry
method (34).

All in vitro tests were carried out at 6 gmoles of test compounds/m]
of assay mixture. In vitro UV binding studies were conducted with test
compounds (0.2 ug/ml) and DNA (38 ug/ml) or deoxyguanosine mono-
phosphate (38 ug/ml) in 0.1 M phosphate buffer, pH 7.2, over a range of
200-340 nm for 24 hr (22). Data in Tables II and III are the means of
control and standard deviation percentages (X + SD). The probable
significance level (p) was determined by the Student ¢ test (35).

RESULTS

Compounds I1I-V and VIII significantly inhibited Ehrlich ascites
tumor growth at I mg/kg/day. Compounds I-V, VII, and VIII were sig-
nificantly active (T/C = 125) in the Walker 256 carcinosarcoma survival
screen at a relatively low dose, 2.5 mg/kg/day. In the P-388 lymphocytic
feukemia screen at 20 mg/kg/day, only VII had significant activity. In the
B-16 melanoma screen, 111, V, and VII demonstrated significant activity
(T/C =z 140). In the Lewis lung survival system, IV, V, VII, IX, and X
demonstrated activity at 20 mg/kg/day. Compound V was inactive in the
brain tumor screens, glioma 26 and 261 and ependymoblastoma (Table
.

Boron analog effects on several biochemical events necessary for rapid
cell proliferation were examined. C-Thymidine incorporation into DNA
for 10-day Ehrlich ascites cells was 280,629 dpm/mg of DNA. DNA syn-
thesis was inhibited 52% by V, 45% by VII, and 60% by VIII (Table II).
3H-Uridine incorporation into Ehrlich ascites cell RNA was unaffected
by boron analogs. The UV spectral studies with V, VII, and VIII and DNA
or deoxyguanosine monophosphate demonstrated no binding between
drugs and nucleotides, indicating that the DNA template was intact for
transcription.

H4C.Leucine incorporation into protein for the 10-day control Ehrlich
ascites cells was 6238 dpm/mg of protein and was inhibited 90% after V
administration. Cholesterol synthesis for newly synthesized cell mem-
branes for the control 10-day tumor was 132,809 dpm/mg of protein.

Cholesterol synthesis was inhibited 25% by V, 48% by VII, and 62% by
VIII. The methyl transfer from choline to transfer and ribosomal RNA
for the control animals was 1086 dpm/mg of RNA, which was inhibited
49% by treatment with V. .

Protein methylation by the choline donor for the 10-day Ehrlich ascites
cells was 1225 dpm/mg of protein. Compound V inhibited protein
methylation 58%. Nonhistone chromatin protein methylation for the
control was 8118 dpm/mg of chromatin protein; treatment with V resulted
in 56% inhibition. Histone methylation was 40,976 dpm/mg of chromatin
protein for the control, whereas administration of V caused a 32% ele-
vation. Phosphorylation of the regulatory proteins controlling gene ac-
tivity was 9803 dpm/mg of nonhistone chromatin protein and 2954
dpm/mg of histone chromatin protein. Treatment with V resulted in a
59 and a 65% reduction, respectively, of chromatin protein phosphoryl-
ation.

The cyclic-:AMP level for 10-day Ehrlich ascites cells was 3.65
pmoles/108 cells, which was elevated 169% by V administration. The
number of tumor cells per milliliter on Day 10 was 223 X 108, which was
suppressed 67% by treatment with V. The boron analogs were also tested
for their in vitro effects on specific enzymes of 10-day Ehrlich ascites cells
(Table IIT). Nuclei DNA polymerase activities were suppressed by all
compounds tested. Compounds V, VII, and VIII possessed the best in-
hibitory activity: 54, 60, and 63% inhibition, respectively. Thymidylate
mono- and diphosphate kinase activities were not affected by the boron
analogs. Thymidylate synthetase activity was inhibited significantly by
I and V and marginally by III, IV, and VIII. S-Adenosy!-L-methionine
transferase activity was inhibited 51% by V and 61% by VIII with mar-
gina} inhibition by II-IV and VIL Nonhistone methylation dependent
on S-adenosyl-L-methionine-methyltransferase activity was inhibited
significantly by V (56%) and VIII (53%), with marginal inhibition by
I-IV.

Treatment with the boron analogs reduced the activity of deoxyribo-
nuclease, ribonuclease and cathepsin. Deoxyribonuclease activity was
affected the most drastically. Compound I reduced activity 93%, II 72%,
IT190%, IV 81%, V 86%, and VIII 75%. Ribonuclease actjvity was inhibited
significantly by V (63%) and II (49%) with marginal inhibition by I, III,
IV, and VIII. Cathepsin activity was reduced 47% by I1, 56% by III, 67%
by IV, 32% by V and VIII, and 81% by VII. Basal and adenosine diphos-
phate-stimulated respiration of 10-day Ehrlich ascites celis was unaf-
fected by V, VII, and VIII at 6 umoles.

DISCUSSION

The major boron analog effects were on Ehrlich ascites tumor cell
protein and DNA syntheses. Protein synthesis inhibition may be the
direct result of the a-amino boron analog on the translocation process
or by blocking L-methionine synthesis. Enzymes required for DNA
synthesis are synthesized in the early stages of cell proliferation (32). DNA
polymerase activity was inhibited significantly whereas thymidylate
kinases were unaffected by the boron analogs. Elevated cyclic-AMP levels
resulting from boron analog administration are associated with cessation
of cholesterol synthesis (36), reduced cellular proliferation, and reduction
of H-1 histone phosphorylation, an event necessary for template activity
(37).

Other protein kinases that are modulated by cyclic nucleotide levels
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are those that phosphorylate nonhistone chromatin proteins which reg-
ulate transcription and differentiation. Compound V effectively blocks
nonhistone and histone phosphorylation. The necessary phosphorus is
derived from the v-P of ATP, but Ehrlich ascites cell oxidative phos-
phorylation was not inhibited by the boron analogs. Lysosomal enzymatic
activity is high prior to the mitotic apparatus formation, and membrane
surface proteolytic activity is increased in cells undergoing rapid prolif-
eration and metastasis (38). Elevated cyclic-AMP levels are associated
with lysosomal membrane stabilization and blockage of the hydrolytic
enzyme release (39).

Deoxyribonuclease activity was inhibited significantly by the boron
analogs. Cathepsin proteolytic activity was inhibited moderately. S-
Adenosyl-L.-methionine transferase activity as well as the S-adenosyl-
L-methionine-dependent methyl group transfer from choline was in-
hibited by the boron analogs. Protein and RNA methylation was sup-
pressed significantly by boron analog treatment (1-4). Chromatin
methylation is elevated in Novikoff hepatoma (40) and Hela cells (41).
Cultured pancreatic anlase cells require S-adenosyl-1.-methionine for
proliferation and differentiation. Conversely, histone methylation by
protein methylase III is highest late in the S and G, phases, indicating
a cessation of replication (42). Boron analogs slightly increased histone
methylation. Thymidylate synthetase activity also was inhibited by these
agents, apparently producing cell death through thymine deprivation.

Generally, the degree of methyltransferase inhibition followed the
antineoplastic activity demonstrated by these boron analogs in the
Ehrlich ascites screen, with V having the highest activity in both areas.
Boron betaine analogs are potent inhibitors of the protein synthesis and
methyl transfer necessary for rapidly proliferating cells.
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