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hippuric acid even when benzoic acid has not
been administered. Although certain forms of
bacteria are known to have the ability to pro-
duce benzoic acid, this substance has not been
described as a normal metabolite in verte-
brates. Current isotope studies together with
the observations reported in this paper pro-
vide evidence for believing that there is an
endogenous source of benzoic acid which is not
dependent upon food intake or on the activity
of intestinal bacteria. The most likely ‘pre-
cursor is one of the aromatic acids and, in-
deed, preliminary studies suggest that phenyl-
alanine is one of the amino acids involved(5).

Summary. 1. The isotope concentration of
the urinary hippuric acid of starved irradiated
or non-irradiated rats given benzoic acid-car-
boxyl-C1* is much less than the dilution ex-
pected from the conjugation of the injected
labeled benzoic acid with inert carbon atoms
of the glycyl residue. 2. Evidence' is pre-

sented that benzoic acid is a normally occur-
ring metabolite in rats. 3. The effect of x-
radiation on the ability of starved rats to con-
jugate benzoic acid-carboxyl-C'* has been
tested and no defect detected under the experi-
mental conditions used.

The authors wish to acknowledge the assistance of
Mrs. Florence Van Slyke in supervising the radiation
of the animals.
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It was shown previously that basic poly-
amino acids inhibit blood thromboplastic ac-
tivity (1), fibrinolysis(2), proteolytic activity
of pepsin(3), clearing of alimentary lipemia
by heparin(4), as well as bacterial(5) and
viral growth(6). Acidic polyamino acids neu-
tralized the inhibitory actions of basic poly-
amino acids.

In this communication it is reported that the
basic polyamino acids, polylysine, polyor-
nithine and polyarginine, accelerated the clot-
ting of fibrinogen by thrombin, while the acidic
polyamino acids, polyaspartic, polyglutamic
and polycysteic acids retard the clotting.

Materials and methods. Fibrinogen. Bo-
vine Fraction It was used or purified by the

procedure of Laki(7). The final preparation
contained 88-93% clottable protein and was
electrophoretically homogenous. Mobility cal-
culated from the descending boundary pattern
was 1.8 x 103 cm?® V- sec.” at pH 7.4, ionic
strength 0.15 and t = 4°C. Determinations
of fibrinogen were made by the procedure of
Ware et al.(8).

Thrombin. A thrombin solution was
obtained by adding 19 ml of isotonic buffer
solution (see below) and 1 ml of 0.1 M sodium
oxalate to a 1000 unit vial of Bovine Throm-
bin (Upjohn). One g of BaSO, (Merck) was
added, the suspension was stirred for 15 min-
utes, centrifuged and the sediment discarded.
This treatment reduced the protein content

* This work was supported by the Anna R, Wasser-
man Lowenberg Fund, Cambridge, Mass.

t Obtained through the courtesy of Mr. Lawrence
L. Lachat of Armour & Co., Chicago, Il
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of the thrombin solution by approximately
20% without affecting the total thrombin ac-
tivity. The solutions obtained showed an ac-
tivity of approximately one unit of thrombin
per 0.04 mg protein. Electrophoretic exami-
nation of the untreated thrombin solution car-
ried out at pH 7.4, ionic strength 0.15 and t =
4°C revealed 4 components with mobilities
similar to those found by Seegers et al.(9).
After treatment with BaSO, the fast moving
component disappeared from the electropho-
retic pattern.

Isotonic buffer solution. 10 ml of 0.1 M
sodium veronal-HC1 buffer (Michaelis) pH
7.4 were added to 90 ml of 0.9% NaCl solu-
tion. The ionic strength of the final buffer
solution was 0.15. All substances were dis-
solved in and diluted with this medium.

Polyamino acids were obtained from the De-
partment of Biophysics of the Weizmann In-
stitute of Science. They included (n indi-
cates average chain length): Poly-DL-lysine
hydrobromide n—=36(10), poly-DL-ornithine
hydrochloride n=29(11), poly-DL-arginine
sulphate n=20(11), poly-L-aspartic acid n—=
150(12), poly-glutamic acid n=49(13), poly-
L-cysteic acid n—=10(14) and poly-DL-alanine
n=30(15). The basic polyamino acids were
dissolved in the isotonic buffer solution. The
acidic polyamino acids were first dissolved
in 0.15 N NaOH, the solution was neutralized
with 0.15 N HCI and 1/9 volume of 0.1 M
veronal-HCl buffer pH 7.4 was added. The
concentrations of the basic polyamino acids
given in ug/ml refer to the concentration of
the respective polycationic salts.

Protamine sulfate from Nutritional Bio-
chemicals Corp. was used.

Heparin (Upjohn) contained chlorobutanol
as a preservative. Control tests revealed that
this substance did not affect clotting of fibri-
nogen.

Platelet-free plasma. Human blood was
collected by an all-silicone technique, mixed
with 1/19 volume of 0.2 M sodium oxalate,
centrifuged at 18,000 g for 15 minutes at 4°C
and the supernatant separated.

Clotting times were measured at 37°C in
glass tubes of 11 mm internal diameter. The
first appearance of macroscopically visible fi-
brin strands was taken as the end point. Upon
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FIG. 1. Effeet of 200 ug/ml of various poly-a-
amino acids and of heparin on time of clotting of
Fraction I by thrombin solutions of different
strengths.

addition of basic polyamino acids and pro-
tamine to fibrinogen the solutions became tur-
bid but this did not interfere with the read-
ing of the end point.

Clotting mixtures, when not stated other-
wise, consisted of 0.2 ml of fibrinogen solution,
0.2 ml of solution of test substance or isotonic
buffer solutions and 0.2 ml of thrombin solu-
tion which was added last. All concentrations
are given per ml of final clotting mixture.

Experimental. The accelerating effect of
the basic polyamino acids and protamine and
the retarding effect of the acidic polyamino
acids and heparin on the time of clotting of
Fraction I by different strengths of thrombin
is shown in Fig. 1. Similar concentrations of
the neutral polyamino acid polyalanine and of
the monomers of the respective polyamino
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FIG. 2. Effect of polylysine, polyaspartic acid and

of heparin in various concentrations on time of

clotting of purified fibrinogen (2.5 mg/ml) by
thrombin (1 unit/ml).
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‘FIG. 3. Effect of 100 ug/ml of polylysine and
polyaspartic aecid on time of clotting of varying
~concentrations of purified fibrinogen by 1 unit/ml
of thrombin.

-acids as well as the basic dyes toluidine blue
.and diazine green did not influence the clotting
‘time. The clot accelerating action of poly-
Tysine and the clot retarding action of poly-
-aspartic acid and heparin increase with the
rise in concentration (Fig. 2).

The effect on clotting time of varying fibri-
‘nogen concentration in the presence of a con-
-stant concentration of polylysine and poly-
-aspartic acid respectively is shown in Fig. 3.
"Low concentrations of fibrinogen which were
not clotted by thrombin after several hours
were clotted within minutes in the presence
<of polylysine. This may be useful for the de-
‘tection of very low concentrations of fibri-
snogen.
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It is known that heparin combines with a
plasma co-factor to give a complex with
marked antithrombin activity. If the fibri-
nogen preparation used contained such a co-
factor, an antithrombin complex between the
co-factor and heparin would be formed (a
similar complex might possibly be formed also
in the case of polyaspartic acid). The clotting
times in the presence of this complex would
be significantly prolonged. The {following
experiment was designed to investigate this
possibility.

Two series of experiments were performed
in which either platelet-free plasma or purified
fibrinogen were mixed with polylysine, poly-
aspartic acid or heparin. In each case throm-
bin was added either immediately or after pre-
incubation of the mixture at 37°C for a period
of 10 minutes, and clotting time was measured

(Table I). Polylysine accelerated clotting of
both plasma and purified fibrinogen solution.
Polyaspartic acid retarded clotting of puri-
fied fibrinogen but had no significant effect on
the plasma clotting times. In the case of
polylysine and polyaspartic acid preincuba-
tion with purified fibrinogen as well as with
plasma had no effect on clotting times. In
the case of heparin however it can be seen that
preincubation increased the clotting times of
platelet-free plasma considerably, while it had
no effect when purified fibrinogen was used.
(Table I). It should be noted that at the

TABLE I, Effect of Preincubation of Platelet-Free Plasma or Purified Fibrinogen with Poly-
lysine, Polyaspartic Acid or Heparin on Time of Clotting by Thrombin.

—Platelet-free plasma*—  —Purified fibrinogen* —
—————————Clotting times (se¢)—™M8 ———

Final cone., Without pre- After pre- ‘Without pre-  After pre-

Test substance ug/ml incubation  incubation incubation  incubation
Isotonic buffer control 11 10 16 16
"Polylysine 100 6 6 11 11
‘Polyaspartic acid 400 10 9 24 25
‘Heparin b 13 15 16 16
1 26 30 17.5 17
2 34 42 21 20
3 77 95 23 22
5 180 420 24 24
7.5 380 960 25 26
15 900 [~ a7 28
30 =) © 27 28

* Containing 4.5 mg fibrinogen/ml.

To .2 ml substrate .1 ml test substance was added. After 10 min. ineubation at 37°C .2 ml
.of 9 units/ml thrombin together with another .1 ml test substance were added. The latter was
.added in order to keep its concentration constant throughout the experiment.
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TABLE II. Neutralization of the Clot Acecelerat-
ing Action of Polylysine by Polvaspartie Acid.

Clotting

Polyamino acids in clotting mixture*  time (sec)
Control (isotonic buffer without polyam- 42

ino acid)
Polylysine 21
Polyaspartie acid 60
Polylysine + polyaspartic acid premixed 43
Polyaspartic acid added to polylysine 41

—fibrinogen mixture
Polylysine added to polyaspartic acid 43

—fibrinogen mixture

* Containing .2 ml purified fibrinogen (7.5 mg/
ml), .2 ml thrombin (3 units/ml) and .1 ml of
polvamino acid solutions indicated in the table
(polylysine 600 pg/ml, polyaspartie acid 1200 ug/
ml) ; the mixtures were made up to a final volume
of .6 ml,

same heparin concentration plasma clotting
times were markedly longer than with puri-
fied fibrinogen.

The antithrombin activity of plasma in the
presence of heparin is known to increase mark-
edly during the first few minutes of incuba-
tion(16,17). As no such increase was noted
in the case of the purified fibrinogen used it
may be concluded that it is devoid of the
plasma heparin co-factor. The clot retarda-
tion by polyaspartic acid and heparin seems
therefore to be the result of a direct action
on the conversion of fibrinogen to fibrin by
thrombin. This is consistent with the obser-
vations of Klein and Seegers(18) on the clot
retarding action of heparin.

The clot accelerating effect of polylysine
was abolished by addition of polyvaspartic acid,
and the retarding effect of polvaspartic acid
was abolished by addition of polvlysine (Table
IT). This neutralization also took place even
after the reaction was allowed to proceed
(Table IIT).

Discussion. The clotting of fibrinogen by
thrombin and by coagulase-thrombin(19) is
the first enzymatic reaction found to be ac-
celerated by the basic synthetic polyamino
acids, already known to be inhibitors of a
variety of biological systems. In preliminary
experiments it was observed that the clotting
of fibrinogen by papain is also accelerated by
basic polyamino acids(20). Toluidine blue
and diazine green, basic dyes with low molec-
ular weight, which—like basic polyamino

acids—neutralize heparin and inhibit throm-
boplastic activity, did not exhibit any activity
in the above reaction. It appears therefore
that the polycationic nature of the polymers
employed plays an important role in their
accelerating action. This is also apparent
from the fact that the natural basic polypep-
tide, protamine, exhibits “fibrinoplastic” ac-
tivity (21).

The clotting of fibrinogen by thrombin in-
volves splitting off from fibrinogen of an acidic
polypeptide rich in aspartic and glutamic acid
residues(22). The thread-like basic poly-
lysine molecules may combine with the acidic
polypeptide either when released or while still
attached to the fibrinogen molecule. Such a
combination may reduce the repulsive forces
between negatively charged thrombin and
fibrinogen and facilitate the approach of the
enzyme to the substrate. The possibility
that basic polyamino acids combine with
thrombin, or both thrombin and fibrinogen,
should also be considered.

The neutralization of the clot accelerating
action of the basic polyamino acid polylysine
by the addition of acidic polyaspartic acid to
the clotting mixture is probably the result of
the formation of a biologically inactive com-
plex due to combination between the op-
positely charged polyamino acids.

Summary. 1. The synthetic basic poly-«-~

TABLE III. Neutralization of the Clot Acceler-

ating Action of Polylysine by Polyaspartic Aecid

Added at Various Time Intervals to the Fibrino-
gen-Polylysine-Thrombin Mixture,

——Clotting times* of mixtures{ —

o 5 Containing ‘Without
ZEEE polylysine polylysine
R + +
* = Poly- Poly-
£ aspartic Buffer aspartic Buffer
=% g acid sol. acid sol.

0 42 22 58 40

5 41.6 21.8

10 41.0 21.4

15 39.5 21.0

20 37.8 20.8

* Seconds after addition of thrombin.
t Containing (in order of addition):
.2 ml purified fibrinogen sol. 7.5 mg/ml,
.1 7 polylysine 600 xg/ml or .1 ml buffer sol.,
.2 7 thrombin sol. 3 units/ml,
.1 ” polyaspartic acid 1200 pug/ml or .1 ml
buffer sol. (added at various time inter-
vals).
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amino acids, polylysine, polyornithine and
polyarginine, accelerate conversion of fibrino-
gen to fibrin by thrombin; the acidic poly-a-
amino acids, polyaspartic, polyglutamic and
polycysteic acids, and also heparin, retard this
reaction. 2. The acidic polyamino acids neu-
tralize the clot accelerating activity of the
basic polyamino acids. 3. The addition of
polylysine makes possible the detection of con-
centrations of fibrinogen too low to be clotted
by thrombin alone.

We should like to express our indebtedness to Mr.
M. Breuer for help in electrophoresis experiments,
and to Miss A. Herzog for her valuable assistance.
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Inhibition of Degradation of Insulin-I'3! in vive.* (21287)
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The processes of degradation and of inacti-
vation of insulin by tissues iz vitro can be in-
hibited by a number of substances(1,2).
Both in vitro and in vivo the system in which
degradation is accomplished does not dis-
tinguish between insulin and I'3l-labeled in-
sulin(1,3). It would seem to be of great
importance to determine if the degradation of

* This study was supported by grants from the
U. S. Public Health Service, the Atomic Energy Com-
mission, Initiative No. 171 Fund of the State of
Washington, and E. R. Squibb & Sons.

tU. S. Public Health Service Research Fellow.

insulin-I'3! can be inhibited in vivo, because
such inhibition might effect potentiation of
insulin action and have therapeutic implica-
tions. Accordingly, the effects of the following
compounds on the degradation of insulin-I'8!
in vivo were studied.

(1) Zinc. There has been a great deal of
study of the chemical and biological inter-
action between insulin and zinc, and in prac-
tice, zinc has been used as a factor in various
insulin preparations. It is of interest then,
that zinc has been shown to be a potent. in-
hibitor of insulin. degradation(1l) and in-
activation(2) én vitro, and accordingly the





