elsewhere. In fact, data from.Nea Nico-
media, a site on the Macedonian plain
in northern Greece, suggest that do-
mestic cattle were present there by
6200 B.C., the earliest known until
now (I13). The question arises: If the
cattle from layers X to XII were domes-~
tic, could they have been introduced
from Europe, or were they developed
from the local wild population? The
domestic cattle from Nea Nicomedia
were apparently much smaller than the
wild ox (I3), whereas the Catal Hiiylik
specimens were from an animal similar
in size to their wild ancestor (Table 1).
Therefore the small European race of
domestic cattle does not seem to have
been introduced into Anatolia, and the
domestic cattle at Catal Hiiylikk were
developed indigenously.

It is interesting to compare the
composition of the faunal sample from
Catal Hiiyiik with the animals repre-
sented in the frescoes and the plastic
relief figures from the site. For ex-
ample, relief figures of leopards and
paintings of human figures in leopard
skins are common, but not a single
bone of a leopard was found in the col-
lection. Similarly, the red deer is fre-
quently represented in murals of hunt-
ing scenes, but the bones of the red
deer are relatively uncommon, with the
exception of shed antlers. There are
figurines and paintings of the wild boar
and the onager, and both of these ani-
mals are rare in the faunal collection.
This presents a point that the student
of prehistory should bear in mind: The
plastic or graphic representation of an
animal may have little relation to its
economic importance. That the red
deer, the onager, and the wild boar
were hunted at Catal Hiiyiik is beyond
question, but fundamentally the -people
were cattle raisers (I4). For this there
is no known parallel in the Near East.

DEXTER PERKINS, JR.
Old Littleton Road,
Harvard, Massachusetts 01451
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Adsorption of Aikyl Trimethylammonium Chlorides

at a Porous Glass—Potassium Chloride Solution Interface

Abstract. The adsorption of dodecyl, tetradecyl, hexadecyl, and octadecyl
trimethylammonium chlorides at an interface between porous glass and potassium
chloride solution has been characterized by measurements of membrane potentials.
The specific potential ¢ is 0.97 kKT per methylene group (where k is the Boltz-
mann constant and T is the absolute temperature) or 580 calories per mole at

23°C.

A knowledge of the characteristics of
the interface between dielectric and so-
lution is necessary for an understanding
of several phenomena, for example,

%':_;_&

flotation of mineral ores, clarification
and filtration of waste materials, poison-
ing of ion-exchange materials, reverse
osmosis, and biological membranes.
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Fig. 1. Membrane potential Ex of concentration cell containing 0.05 and 0.025 molal
KClI and varying concentrations of alkyl trimethylammonium chlorides plotted against

concentrations of dodecyl

(C12), tetradecyl (Cl14), hexadecyl (C16), octadecyl

(C18) trimethylammonium chloride, and KCI at 23.0° =+ 0.5°C and pH 5.8 = 0.2.
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One approach is to measure one or
more of the electrokinetic effects and
apply an approximate theory to calcu-
late the distribution of electrical poten-
tial at the interface. Present theoretical
interpretations of electrokinetic data in
terms of double-layer structure have
significant limitations (7). It would be
useful to have alternative approaches
for further evaluation of electrokinet-
ically derived quantities.

I now report on the use of a concen-
tration cell to study the specific ad-
sorption of a homologous series of alkyl
trimethylammonium chlorides at an in-
terface between porous glass and KCl
solution. The method has been used
by De Korosy (2) to study qualitative-
ly the sign reversal of ion-exchange
membranes by small multivalent ions.
An attempt is made here to demonstrate
that a similar approach may yield a
quantitative measure of the extent of
charge reversal.

Porous glass membranes were im-
mersed between two KCI solutions of
molal concentrations 0.05 and 0.025,
each having the same concentration of
the alkyl trimethylammonium chloride.
The membrane potentials E;; of con-
centration cells consisting of just KCI
solutions and porous glass membranes
have been described by the use of a
modified Teorell-Meyer equation (3)

msV 4me + X° + X

RT
F

Ey =+ In

miy 4m2 + X+ X
ey

where R is the gas constant, T is the
absolute temperature, F is the Faraday
constant, m; is the molality of the ith
solution, and X is the effective molal
concentration of fixed charge in the
membrane phase. With KCI solutions
the diffusion potential may be neglected
because the mobilities of K+ and Cl—
are equal in the membrane phase (3).
The basis for the method used here is
that the primary effect of the introduc-
tion of equal concentrations of alkyl
trimethylammonium chlorides on both
sides of the concentration cell consist-
ing of porous glass and KCl solution
is to change the sign and value of X
by specific adsorption of the quaternary
cation (4). This change in X is noted
by a corresponding change in the mem-
brane potential.

Porous glass membranes (2.2 cm by
0.025 cm) were made from a phase-
separable borosilicate glass (5). After
the membranes were leached and
washed, they were heated in air at
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trimethylammonium chlorides at Ex =0
plotted against number of carbons in alkyl
chain; dotted line from Fuerstenau and
co-workers (9).

750°C before being glued to thick-
walled glass tubes. The procedure for
the measurement of electromotive force
(3) has the advantage of minimizing
the junction potential at the reference
electrode (6). The potential at each
concentration of the alkyl trimethylam-
monium chloride is an average of at
least two separate measurements made
at least 15 hours apart (7). Measure-
ments of potential were performed at
23.0° == 0.5°C. The pH of all the solu-
tions was 5.8 == 0.2.

The potentials for the concentration
cell containing 0.05 molal and 0.025
molal KCl and varying concentrations
of the alkyl trimethylammonium chlo-
rides are presented in Fig. 1. Also
shown in Fig. 1 are results obtained
with KCl, an indifferent electrolyte.

A decrease in E, with the addition
of an indifferent electrolyte is expected
from Eq. 1. As the concentrations of
the solutions in the concentration cell
approach each other, Ej; tends to the
limit zero. This is demonstrated by the
potential values obtained with solutions
containing KCl. The solutions contain-
ing the alkyl trimethylammonium chlo-
rides depart from this behavior at some
critical concentration which initiates
variation in potential with further addi-
tion of quaternary salt and results in a
reversal in sign of Ej;. This variation
in potential is very similar to the
streaming potentials measured by Fuer-
stenau for a system composed of alkyl
ammonium acetate and quartz (8) and
therefore may be explained by the use
of a similar model of the double-layer
interactions (9).

Grahame (I0) has shown that, with
certain reasonable approximations, the
Stern theory for cation adsorption at
an interface results in the Boltzmann
equation

+w, kT
ot/ = Lie o

2)
where n; is the number of cations per
square centimeter at the interface, ny;
is the number of ions of the same type
per cubic centimeter of bulk solution,
L; is a correction factor which is ap-
proximately constant, k£ is the Boltz-
mann constant, and T is the absolute
temperature. The work w; required to
move a surface-active cation from the
bulk solution to the interfacial phase
may be separated into electrostatic and
chemical work, where

wi = z.e¥' + net 3)
Here z ., the cation valence, is always
equal to 1; ¢ is the electronic charge;
V! is the electrostatic potential; and ne¢*
is the nonelectrostatic or chemical work
associated with the surface adsorption
of an alkyl chain n carbons long. We
have assumed that the chemical work
is primarily confined to the alkyl seg-
ment of the alkyl trimethylammonium
chloride. If we combine Egs. 2 and 3,
we have

el 4 net

log nu = log Lune + 55500 (4)

We assume that at E; =0, X =0
(Eq. 1). Physically, this means that the
original negatively charged surface is
neutralized (and then reversed in sign)
by the adsorbed alkyl trimethylammo-
nium cation. Next, we assume that
X =0 implies that ¥i = 0. In this case
Eq. 4 reduces to

log (nm)EM —0=
log Lin: + ne'/2.303 kT (5)

The quantity log (n0;)ey = o is plotted
against n in Fig. 2. The value of the
specific potential ¢, which may be cal-
culated from the slope, is 0.97 kT per
CH, group, in exact agreement with
Fuerstenau’s results (9) (the dotted
line in Fig. 2). In Fuerstenau’s case,
the concentration of alkyl ammonium
acetate at a zeta potential for quartz of
zero was plotted against #. Values of ¢
determined from properties of surfac-
tant solutions vary from 1.0 to 1.1 kT
(9).

The shift from Fuerstenau’s curve
toward a higher concentration of qua-
ternary salt is in. agreement with the
results Fuerstenau obtained for the

* zeta potential of quartz with NaCl and
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dodecylammonium acetate (8). This he
explained by postulating that, until a
critical concentration of surface-active
ion is reached, the concentration ratio
of the two competing counterions in
the surface phase is proportional to the
concentration ratio in the bulk solution.

LErROY S. HERSH
Research and Development
Laboratories, Corning Glass Works,
Corning, New York 14830
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Vitamin K and Coumarin Anticoagulants: Dependence of
Anticoagulant Effect on Inhibition of Vitamin K Transport

Abstract. Coumarin anticoagulants inhibit the release of plasma clotting factor
VII by vitamin K in liver slices from vitamin K-deficient animals without inhibi-
tion of protein synthesis. When the ratio of vitamin K to coumarin anticoagulant
is kept constant, but the concentrations are increased, the inhibition disappears.
This suggests that the pharmacological action of coumarin anticoagulants depends
on irreversible inhibition of normal vitamin K transport to its site of action. At
higher concentrations of vitamin K the inhibition can be surmounted, because
vitamin K can enter the cell by an alternate route that is not inhibited by coumarin

anticoagulants.

Coumarin anticoagulants act as vita-
min K antagonists, since their pharma-
cological effect is limited to a decrease
in the concentrations of the vitamin K-
dependent clotting factors of plasma
and can be reversed by vitamin K. Our
previous work indicated that this an-
tagonism is due to irreversible inhibi-
tion of the transport mechanism by
which vitamin K normally, that is, at
physiological concentrations, reaches
its site of action. This inhibition can be
bypassed or surmounted, because when
larger doses are given vitamin K can
reach its site of action by an alternate
route, possibly simple diffusion, which
is not susceptible to inhibition by
coumarin anticoagulants. So far, this
explanation has been adequate to inter-
pret the results of many experiments
that were designed to test its validity
in intact animals (I, 2).

The recent finding (3), that addition
of vitamin K to liver slices from rats
deficient in vitamin K as well as rats
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treated with a coumarin anticoagulant
initiates the release of the vitamin K-
dependent clotting factors of plasma
into the medium, makes it possible to
test the validity of the above explana-
tion in an in vitro system, The results
of such a study are reported here.
Liver slices were prepared from vita-
min K—deficient rats as well as rats that
had been treated with a coumarin anti-
coagulant (warfarin) whose plasma
concentrations of factor VII were less
than 5 percent of normal. One gram
of slices in 10 ml of bicarbonate buffer
containing uniformly labeled 4C-L-
leucine (2.6 x 10¢ disintegrations per
minute) was incubated in a Dubnoff
shaker at 37°C under an atmosphere
of 95 percent oxygen and 5 percent
carbon dioxide. After 4 hours, 0.5 ml
of the medium was removed and mixed
with 0.1 ml of 2 percent (by weight
and volume) ethylenediaminetetraacetate
(pH 7.4), and factor VII was deter-
mined by the method of Koller (4).

-10-°M for slices

The concentration of factor VII in the
medium is expressed as the percent of
factor VII, on the basis of its concen-
tration in normal rat plasma being 100
percent. In the presence of vitamin K,
the appearance of factor VII in the
medium increased with time and
reached a maximum between the 3rd
and 4th hours of incubation.

Protein was isolated from the com-
bined medium and slices by the method
of Manchester and Young (5) and was
assayed for the incorporation of **C-L-
leucine by the liquid scintillation tech-
nique after solubilization with NCS (6).
The efficiency of counting was between
55 and 60 percent.

Figure 1 shows the results obtained
with slices from vitamin K-deficient
rats. In the absence of vitamin K, little
factor VII was found in the medium
after 4 hours of incubation. Addition
of vitamin K, at a concentration of
10-°M, the concentration required for
saturation of the specific transport mech-
anism, increased the amount of factor
VII from 1.6 to 12.0 percent. Simul-
taneous addition of warfarin, at con-
centrations of 10-° to 10-°M, partially
or completely inhibited this response.
There were no significant differences
in the incorporation of **C-L-leucine in
the presence and absence of vitamin
K, or warfarin. Thus, in slices from
vitamin K-deficient animals, warfarin
inhibited the response to vitamin K at
concentrations that have no effect on
protein synthesis.

When the experiment was carried out
with slices from animals pretreated with
warfarin (Fig. 2), vitamin K, again

" increased the amount of factor VII in

the medium, but the concentration re-
quired to produce an equivalent re-
sponse was 4 X 10~*M compared to
from vitamin K-
deficient animals. A similar, approx-
imately 100-fold difference has been
found between the potency of vitamin
K, in vitamin K-deficient rats com-
pared to those treated with a coumarin
anticoagulant (7). The concentrations
of warfarin required to inhibit the re-
lease of factor VII were also higher
than in the previous experiment, 10~ to
10-3M compared to 10-° to 10-°M, and
at these higher concentrations of war-
farin protein synthesis was inhibited.
Thus, in slices from animals pretreated
with warfarin, the warfarin inhibited re-
sponse to vitamin K, only at concen-
trations that also inhibited protein syn-
thesis, as measured by incorporation of
14C-L-leucine.

According to the proposed explana-
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