
identical results.) The alcoholic suspension was diluted with 25 ml 
of water (starting material and other by-products are soluble in the 
aqueous alkaline medium), and the precipitate was collected by fil- 
tration, washed with water, and air dried. The compound (3.1 g, 76.2%) 
melted a t  181-182O and exhibited identical spectral and physical data 
as the material from Method I. 
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Partition Coefficients of Selected Pyridine Carbarnates and 
Comparisons with Their Acetylcholinesterase and 
Butyrylcholinesterase Inhibitory Potencies 

0. ELMO MILLNER, Jr. *, and WILLIAM P. PURCELL 

Abstract 0 Partition coefficients of a series of 2-substituted 3- 
(N,N-dimethy1)carbamyloxypyridines were determined in an octa- 
nol-buffer (pH 7.4) system. The values obtained were compared 
with the inhibitory potencies of acetylcholinesterase and butyryl- 
cholinesterase. No significant difference was found for the role of 
hydrophobicity in the two enzyme systems. 

Keyphrases 0 Partition coefficients-substituted pyridine carba- 
mates, compared with acetylcholinesterase and butyrylcholines- 

terase inhibitory potencies 0 Pyridine carbamates, substituted- 
partition coefficients compared with acetylcholinesterase and 
butyrylcholinesterase inhibitory potencies 0 Acetylcholinesterase- 
inhibition by substituted pyridine carbamates compared to their 
partition coefficients Butyrylcholinesterase-inhibition by sub- 
stituted pyridine carbamates compared to their partition coeffi- 
cients Enzymes-acetylcholinesterase and butyrylcholines- 
terase, inhibition by substituted pyridine carbamates compared to 
their partition coefficients 

Previously (l) ,  the synthesis and enzymatic evalua- 
tion of some pyridine carbamates were reported, and 
the compounds were used as enzyme inhibitors in a 
comparative study of the active centers of acetylcho- 
linesterase and butyrylcholinesterase. Fundamental 
differences in acetylcholinesterase and butyrylcho- 
linesterase regarding their interaction with the se- 
lected carbamate inhibitors were presented (1). No 

results were included, however, on the effect of any 
chemical or physical properties of the inhibitor mole- 
cules on inhibitory activity. The purpose of this 
paper is to report results of a study on the contribu- 
tion of relative hydrophobicities to bhe inhibition of 
acetylcholinesterase and butyrylcholinesterase by the 
selected carbamates (1). 

Limited literature results comparing the active 
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Table I-Partition Coefficients (P) and I , ,  Values of Selected Carbamates 

Acet ylcholinesterase Bu tyrylcholinesterase 
Compound  R P ?  SDa I , ,  x 1 0 5 ~  I , ,  x l o 5  M 

- b  -b -b I H 
I1 

111 
IV 
V 

VI 

c 1  
Br 

11.08 f 0.61a 
13.74 t 0.40a 
18.26 * 0.91a 

3.46 +_ 0.25a 
0.422 * 0.068a 

2.-15 ( * O . l i ) C  
0.900 (f0.045)C 

7 .9  ( + 0 . 4 ) C  
0.490 (t0.024)C 

8 . 7 5  1t0.441‘ 
-6.0 (tO.3F 

1.950 (t0.012)‘ 

0.144 ( * O . O 0 7 ) C  
19.0 (tl.0)‘ 

VII C H * k w  - 0.360 (t0.018)C 0.135 (?O.O07)C 

(2 Standard deviation (m) of six determinations. b Compound underwent immediate autohydrolysis in water. C Experimental e r r o r  
determined by repeated measurements for one compound. See Ref. 1. 

centers of acetylcholinesterase and butyrylcholines- 
terase that indicated a difference in the hydrophobic 
nature of the “nonesteratic” site of acetylcholinester- 
ase and butyrylcholinesterase (2, 3) were based upon 
qualitative observations; hydrophobicity was as- 
sumed to increase with, and increase in, the alkyl na- 
ture of organophosphorus inhibitors (3) and pyridine 
acetate substrates (2). A quantitative assessment of 
the role of hydrophobic interactions in the inhibition 
of acetylcholinesterase and butyrylcholinesterase 
should aid in comparing the hydrophobic nature of 
the active centers of acetylcholinesterase and butyr- 
ylcholinesterase. For this reason, partition coeffi- 
cients in the octanol-water system (4) were measured 
as quantitative indexes of hydrophobicity. 

EXPERIMENTAL 

The synthesis and enzymatic evaluation of the selected com- 
pounds were reported previously (1). 

Parti t ion Coefficients-Partition coefficients were determined 
in the octanol-water system (5,6). Measurements were made using 
an aqueous phase consisting of 0.1 M phosphate buffer adjusted to 
pH 7.4. The aqueous phase was shaken vigorously with purified oc- 
tanol to saturate it with octanol and vice versa so that the phase 
composition would remain constant during the partition process. 

Partitioning was done in 50-ml glass-stoppered centrifuge tubes. 
A specially designed shaking apparatus was used to ensure vigor- 
ous shaking and thorough mixing. The amounts of compound and 
relative volumes of the two phases were varied. In this manner, any 
dependence of partitioning on solubility effect (e.g., saturation of 
one phase with a compound) could be detected. The filled tubes 
were shaken for 10 min and centifuged until both phases were 
completely separated. Six determinations were made in this man- 
ner for each compound. 

Concentrations in the two phases were determined by UV ab- 
sorption. Absorbance uersus concentration was determined in both 
the octanol and the aqueous phases to ensure linearity of absorb- 
ance with concentration in both phases in the concentration range 
used. 

Regression Analyses-Linear regressions were performed 
using a computer program modified from the original program (7). 

RESULTS AND DISCUSSION 

The results of the partitioning measurements along with the 150 
values of the respective compounds are given in Table 1’. Since I 
undergoes rapid autohydrolysis in aqueous solution, there is no 
partition coefficient or I s0  value for this compound. 

If one compares the acetylcholinesterase and butyrylcholines- 

Note added in proof: Even though the partition coefficients in Table I 
are apparent partition coefficients, the true partition coefficients should be 
the same, since ionization is not present. An exception to this is Compound 
XI. of course. 

terase inhibitory activities with log P, VI clearly does not fall in 
line with the other compounds. The tertiary amine substituent of 
VI is largely protonated at pH 7.4, resulting in its low apparent 
partition coefficient (8). 

The observation that inhibitory activity increases as the van der 
Waals radii of the halogen in the 2-position increase leads to the 
speculation that the inhibitory activity of carbamates that are 
quasisubstrates of cholinesterase, i .e . ,  progressive inhibitors, may 
he related to  the ability of the carbamate to create an anhydrous 
environment at the catalytic center of the cholinesterase. Since 
these inhibitors have been shown to carbamylate (I) ,  any condition 
that facilitates the rate of carbamylation should also increase in- 
hibitory activity. The hydrolysis of carbamates is thought to pro- 
ceed uia a mechanism including a nucleophilic attack on the car- 
bony1 carbon similar to the hydrolysis of acetylcholine (9). Weaver 
and Hutchison (10) showed that, in a nonenzymatic system, nu- 
cleophilicity is increased by anhydrous conditions. 

The relative hydrophobicities of the halogen should increase 
with an increase in surface area of the nonpolar group (11,12). The 
amount of structured water that  is broken down when a hydropho- 
bic moiety leaves the aqueous environment is directly proportional 
to the gain in the positive entropy for the transfer (11 ,  13) and, 
thus, to the strength of the hydrophobic interaction. The hypothe- 
sis of Belleau and Lacasse (14) is that  the function of the third 
methyl group of acetylcholine, which has been shown not to con- 
tribute to the affinity of acetylcholine for the enzyme, acetylcho- 
linesterase (15), is to expel water from the active site of acetylcho- 
linesterase. The creation of a more anhydrous environment could 
serve to increase the rate of carbamylation (and thus the inhibitory 
potencies) by the halogen-substituted pyridine carbamates. 
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Potential Antitumor Agents: 
A Cytotoxic Cardenolide from Coronilla 

MARTIN WILLIAMS* and JOHN M. CASSADYX 

Abstract 0 An alcoholic extract of the seeds of Coronilla uaria L. 
showed inhibitory activity against KB cells in culture and was frac- 
tionated through a series of partitions, column chromatography, and 
preparative layer chromatography to yield hyrcanoside, daphnoretin, 
scopoletin, and umbelliferone. Hyrcanoside was also tested in the PS 
mouse leukemia assay and showed borderline activity. 

Keyphrases 0 Coronilla uaria-seeds, alcoholic extract, cardenolide 
and three coumarins isolated and identified, cytotoxic and antileu- 
kemic activity screened Cardenolides-hyrcanoside isolated from 
Coronilla uaria seeds, cytotoxic and antileukemic activity screened 
0 Coumarins-isolated from alcoholic extract of Coronilla uaria 
seeds, cytotoxic and antileukemic activity screened Cytotoxic 
compounds-alcoholic extract of Coronilla U W ~ Q  seeds, cytotoxic and 
antileukemic activity screened Antitumor agents, potential-al- 
coholic extract of Coronilla uaria seeds, cardenolide and three cou- 
marins isolated and screened Antileukemic agents, potential- 
alcoholic extract of Coronilla uaria seeds, cardenolide and three 
coumarins isolated and screened 

An alcoholic extract of the seeds of Coronilla uaria 
L. (var. Penngift) (family Leguminosae) was found to 
have inhibitory activity against cells derived from 
human carcinoma of the nasopharynx (KB)'. System- 
atic fractionation of the extract led to the isolation of 
two cardenolides, one of which was identified as hyr- 
canoside (I); three coumarins, daphnoretin (II), sco- 
poletin (III), and umbelliferone (IV); and two uniden- 
tified compounds. Compounds I-IV have been reported 
to occur in Russian varieties of C .  uaria (1, 2), and I11 
and IV have also been shown to occur in C. uaria (var. 
Penngift) (3 ) .  There is considerable interest in varieties 
of C .  uaria as potential forage crops (4, 5) and in soil 
erosion control, and recent publications dealing with 
toxic constituents have appeared (6 ,7) .  

DISCUSSION 

An outline of the general fractionation and chromatographic pro- 
cedures are given in the Experimental section, and the biological data 

The cell culture and mouse leukemia assays were performed under the 
auspices of the Division of Cancer Treatment, Drug Research and Development, 
National Cancer Institute, according to the procedure given in Cancer Che- 
mother. Rep.,  25,22(1962). In KB, a purified substance is considered active if 
it shows an ED50 5 4 pg/ml. In PS, a compound is considered active if it shows 
an increase in lifespan (ILS) of 225% relative to controls. 
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varia L. 

0 wo 
CH,OH OH 

OH 
I 

Rz = OCH3 
I1 R, = - O m o  RS= OH 

Ill  R, = H, 
IV:R, = H,R, = @ & = O H  

= OCH3 R3 = OH 

are presented in Table I. The concentrated alcoholic fraction (C) from 
percolation of the powdered seed material with ethanol was parti- 
tioned between chloroform and water, resulting in concentration of 
the cytotoxic activity in the aqueous phase (C). Further partitioning 
of the aqueous phase with mixtures of chloroform and ethanol in 
various proportions and with I-butanol brought the activity into the 
organic phase. Chromatography of Fraction E on silicic acid yielded 
the coumarins and an unidentified cardenolide with an Rf of 0.56. 
Chromatography of Fractions G and H on silicic acid, followed by 
preparative layer chromatography on silica gel, gave hyrcanoside (I) 
from Fraction G and two unidentified compounds, Rf  0.49 and 0.39, 
from Fraction H. 

Solid 1 (L) obtained from the chloroform fraction (E) was identified 
as daphnoretin (11) on the basis of a comparison of physical and 
spectral properties with literature values. Solid 2 (M) and Solid 3 (N) 
were identified as scopoletin (111) and umbelliferone (IV) by direct 
comparison of physical and spectral properties with those of authentic 




