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Although the coumarin anticoagulants re-
portedly block the biosynthesis of clotting
factors in the liver, the mechanism of action
of these drugs is not yet known. In recent
years the steps involved in protein biosynthe-
sis have been elucidated; however, it is not
yet known whether inhibition of protein syn-
thesis at any of the steps results in a decrease
in clotting factor synthesis comparable to
the effects produced by the coumarin antico-
agulants. Various antibiotics are known which
inhibit protein synthesis. For example, No-
galamycin (1) and actinomycin D (2) inhi-
bit at the level of the DNA-dependent syn-
thesis of RNA; and puromycin (3) and cy-
cloheximide (4) inhibit at the level of the
ribosomes. In the present studies, an analysis
of the effects of these antibiotics was carried
out for purposes of comparison with one of
the coumarin anticoagulants (warfarin). Pre-
liminary reports have been presented else-
where (5-7). The purpose of these studies
was to determine which of the antibiotics, if
any, would simulate the action of the
coumarin anticoagulants, thus providing in-

formation which might clarify the mechanism’

of action of the anticoagulants.

Materials and Methods. Drugs and ani-
mals. Puromycin and cycloheximide were ob-
tained from Nutritional Biochemicals Corp.
Actinomycin D was generously provided by
Merck, Sharp and Dohme and Nogalamycin
by the Upjohn Company. Warfarin was ob-
tained from Endo Laboratories, Inc. Vitamin
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K; (Aquamephyton) was obtained from
Merck, Sharp and Dohme. The drugs were
dissolved in 0.9% NaCl unless specified oth-
erwise.

Female rats of the Sprague-Dawley strain,
weighing 250-375 g, were used for most of
the studies. The hamsters were of the golden
Syrian strain.

Administration of drugs and blood sam-
pling technique. Drugs were usually adminis-
tered by the intraperitoneal route. Animals in
the control groups received injections of the
solvent in which the experimental drug was
dissolved and the injections were adminis-
tered in the same volume and on the same
schedule as for the experimental animals. Ox-
alated blood samples were obtained by heart
puncture under light ether anesthesia (8),
centrifuged, and stored at about 0° until as-
sayed.

The prothrombin time. Usually the pro-
thrombin time was measured within 2 hr
after collection; however, some samples were
frozen and stored at —18° until assayed.
Separate studies showed there was no change
in the prothrombin time when the plasma
was stored in the frozen state (—18°).

The prothrombin time was measured on
0.1 ml of 12.5% plasma by the one-stage
procedure described by Campbell et al. (9).
Simplastin, (0.2 ml) (Warner-Chilcott) was
used to start the reactions. Using this
procedure, the prothrombin time for un-
treated rats ranged from 23 to 25 sec.

Factor VII assay. Factor VII content of
0.01 ml of plasma was measured by two diff-
erent procedures. The first was described by
Owren and Aas (10). The second was an
adaptation of the procedure of Gaston and
Spivack (11) to rats. Rats were injected with
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warfarin (1 mg/kg). After 18 hr, the plasma
was obtained and used for assay purposes.
The main effect on the clotting factors at this
time is a marked depression of factor VII
while the others are affected slightly (12). In
both procedures the amount of factor VII
was estimated from a standard curve made
with various dilutions of normal plasma
added to the deficient plasma. One unit of
factor VII was defined as the amount present
in 0.01 ml of normal plasma.

Statistical analysis. Preliminary studies
showed the prothrombin time data obtained
for animals treated with the agents used were

not necessarily normally distributed. There- .

fore statistical analyses were carried out using
the Wilcoxon Rank Sum Test (13) which is
a nonparametric test that may be applied to
data of that type.

Results. Prolongation of the prothrombin
time. Nogalamycin and actinomycin D were
selected for study because of their inhibitory
effects on RNA biosynthesis, first to deter-
mine whether these agents would prolong the
prothrombin time iz vivo, and to what extent
they would simulate the action of the
coumarin anticoagulants. These results of
representative experiments using Nogalamy-
cin are shown in Fig. 1 and actinomycin D
are shown in Table I. Both drugs produced a
prolongation of the prothrombin time, howev-
er, a lag period of several hours elapsed be-
fore measurable effects were observed. The
amount required to prolong the prothrombin
time measurably was lethal and the animals
died within 2 or 3 days. Lower doses were
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F1c. 1. The effect of nogalamycin on the prothrom-
bin time of rats. Nogalamycin was administered at 0
and 3 hr at the indicated dose. Average values are
presented along with the sample size at each point. No
significant increase was observed for the control
group (4).
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TABLE 1. The effect of Actinomycin D (1 mg/kg,
ip) on the Prothrombin Time of Rats.*

Time Prothrombin

(hours) n time (sec) p value
0 9 239+ 05 NS§?
12 9 264 + 21 NS
24 8 388+ 33 0.01
36 5 53.1 + 155 0.02

@ The changes are presented as mean =+ the stand-
ard error and the p value is the probability of no
difference from the control group (3) receiving 0.9%,
NaCl.

"NS =
level.

not significant at the 0.05 probability

used in an attempt to produce effects with
sublethal amounts, however, these did not
prolong the prothrombin time.

In order to take into consideration the pos-
sibility that the prolongations observed were
due to an interaction of the drugs with the
clotting factors in the circulation, amounts of
the drugs calculated to be present in vivo
were added to plasma samples in vitro. How-
ever, no prolongation resulted, indicating the
results in vivo were not due to the effects of
the drugs on the clotting factors in the circu-
lation.

In view of the fact that puromycin and
cycloheximide inhibit protein biosynthesis at
the level of the ribosome, their effects on the
prothrombin time were also studied (Fig. 2).
The effect was reversible and most animals
returned to normal by 48 hr. Furthermore,
the dose used was nonlethal and the animals
were alive 2 weeks later. Several different
dose levels and schedules were tried, however
the most optimal regimen was six hourly
injections of 25 mg/kg.

The effects produced by cycloheximide (1
mg/kg) were similar to those produced by
puromycin. Larger amounts of cycloheximide
in divided doses_increased the prothrombin
time measured; however, the higher dose
levels were not pursued further due to toxici-
ty. Studies were carried out to determine
whether the effects of puromycin and cyclo-
heximide could be reversed by vitamin K,
however, thus far a reversal by the vitamin
has not been observed.

Puromycin and cycloheximide did not pro-
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F1c. 2. The effect of puromycin on the prothrombin
time of rats. Puromycin was administered in 6
hourly injections of 25 mg/kg each. The time of the
first injection was designeated zero time. Average
values (# = 6 to 8) are presented. p = 0.02 for 4, 6,
8,12, and 24 hr.

duce prolongations when separately mixed
with plasma in vitro.

Experiments with puromycin were carried
out using hamsters in order to determine
whether prolongations could also be observed
in other species besides rats. The effects
were similar to those observed in rats and
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F16. 3. A comparison of the onset of action of
various antibiotics with warfarin. The following dos-
age regimens were employed: warfarin (1 mg/kg,
ip) ; actinomycin (1 mg/kg, iv) ; Nogalamycin (2 X
10 mg/kg, ip); puromycin (6 X 25 mg/kg, ip);
cycloheximide (1 mg/kg, ip). Each point represents
the mean of 2-8 values.
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comparable dose levels were effective.

Comparison with warfarin. One of the ma-
jor differences between the effects of the vari-
ous drugs was the lag period which occurred
before prolongations were observed. In view
of this, a more thorough analysis of the time
period immediately following the administra-
tion of the drugs was carried out and com-
pared with warfarin. During the 8-hr period
following the (first) injection of the drugs,
the effects produced by puromycin and cyclo-
heximide paralleled the effects produced by
warfarin (Fig. 3). The similarity between the
time courses suggests that warfarin may also
act at a site near the ribosomal level for the
biosynthesis of clotting factors. The greater
effect produced by warfarin after 8 hr may
be due to the greater persistence of the drug
at its site of action in the liver. Comparable
effects on the prothrombin time due to No-
galamycin and actinomycin D were not ob-
served in the early time period.

The effect of puromycin on the circulating
levels of factor VII. The coumarin anticoagu-
lants were reported to decrease the plasma
levels of factor VII in Sprague-Dawley rats
more :rapidly than the other clotting factors
(12). Therefore, it was deemed pertinent to
determine whether puromycin also decreased
the factor VII levels. The time.course of the
effect of puromycin on the factor VII content
of the plasma is presented in Fig. 4. The
circulating level of factor VII decreased mea-
surably as early as 2 hr after the first injec-
tion of the drug. The decline continued until
8 hr which also was the time of the peak
effect on the prothrombin time. In this exper-
iment, the animals died shortly thereafter ap-
parently because of the large number of heart
punctures required to get a time course.

Since repeated  heart -puncture posed -a
problem, an experiment was carried out in
which puromycin was administered to a
group of rats (4) and the factor VII content
was assayed on plasma drawn 8 hr after the
first injection. The mean level (0.08 == 0.02
units) was statistically different (p — 0.02)
from the mean for an equal number of rats
injected with saline on the same schedule.
Thus, the administration of puromycin, like
the .coumarin anticoagulants, resulted in a
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F1c. 4. Comparison of the effect of puromycin with
warfarin on the plasma level of factor VII.
Puromycin was administered to a pair of rats in 6
hourly injections (25 mg/kg, ip). The warfarin dose
was 0.75 mg/kg. The time of the first injection was
designated zero time.

rapid decrease of the circulation levels of
factor VII.

Discussion. Nogalamycin and actinomycin
D, administered in the amounts used in the
present studies, reportedly inhibit most of the
DNA-dependent synthesis of RNA (14,
15). One of the differences between the
effects of these drugs on the prothrombin
time and the effects of warfarin was the lag
period of several hours which elapsed before
measurable effects were observed. Further-
more, the lag period was not eliminated when
actinomycin D was given by the intravenous
route rather than the intraperitoneal route.
Assuming the prolongations eventually ob-
served were due to depletion of messenger
RNA, the lag period might represent the
time required for degradation of the messen-
ger already present when the drugs were ad-
ministered. An alternate explanation is that
Nogalamycin and actinomycin D have no
effect on the prothrombin time other than
nonspecific toxic effects of the drugs. This
possibility should be considered in view of
the fact that only lethal amounts of the drugs
were effective.

On the other hand, puromycin and cyclo-
heximide which inhibit the biosynthesis of
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protein at the level of the ribosomes, pro-
duced effects which paralleled the effects of
warfarin for the first several hours. This re-
sult suggests, but does not prove, that warfar-
in may also act at the ribosomal level or at a
subsequent step in the synthesis of clotting
factors. For example, warfarin might inhibit
the addition of a nonprotein moiety to the
newly formed protein portion of the mole-
cule.

The effects of puromycin were of relatively
short duration and multiple injections of the
drug were required. This was probably due
to the rapid metabolism of puromycin by the
liver microsomes as reported by Mazel et al.
(16).

The administration of of puromycin re-
sulted in the rapid decline of the plasma
levels of factor VII. Assuming the decline fol-
lowed first order kinetics, a half-life in the
range of 3 hr can be estimated from the data.
Pyorald (12) reported that the half-life of
factor VII was in the range of 1.8-2.6 hr as
determined in warfarin:treated rats whereas
the half-lives of the other clotting factors
were considerably longer. The close agree-
ment for the half-lives' of factor VII mea-
sured after injection of puromycin and war-
farin further suggests that the sites of action
for the two drugs are relatively close in the
sequence of reactions involved in synthesis of
the clotting factors. Although the results do
not prove unequivocally that the coumarin
anticoagulants act at the level of the
ribosome, it appears that the site of action is
probably not far removed from the ribosomal
level in the biosynthesis of clotting factors.

Summary. Antibiotics with known intracel-
lular sites of action, viz. Nogalamycin, ac-
tinomycin D, puromycin, and cycloheximide,
were given to rats in vivo to determine which
of them produce effects comparable to the
coumarin anticoagulants; All of these agents
prolonged the prothrombin time, however, in
the case of Nogalamycin and actinomycin
such effects could not be produced unless
lethal amounts were used. A comparison of
the onset of effect of these agents with war-
farin was made. Nogalamycin and actinomy-
cin showed a marked delay in onset while the
effect of puromycin and cycloheximide coin-
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cided closely with warfarin which suggests
that warfarin does not act at the same site as
Nogalamycin and actinomycin D. Since puro-
mycin and cycloheximide simulated the ac-
tion of warfarin during the early part of the
time course, it seems likely that warfarin
may act at or close to the site of action of
these agents.
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