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in attempting to stop the locally cooled heart. 
This failure is probably related to the use of 
scopolamine prior to surgery. 

Conclusions. 1. Total circulatory occlusion 
alone does not slow the rate of the normother- 
mic or hypothermic heart. 2. Intracoronary 
acetylcholine will profoundly decrease the 
cardiac rate5n the occluded heart. The dura- 
tion of this effect is short a t  normal body tem- 
peratures but quite prolonged during hypo- 
thermia (24-27°C). 3. Intracoronary atro- 
pine readily reverses the acetylcholine effect 
on the heart. 4. Cardiac slowing or arrest 
affords an added protection to the hypother- 
inic heart during total circulatory occlusion. 
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Rectal Administration of Warfarin (Coumadin) Sodium. Sodium 
[ 3( 2-acetonyl-benzyl) -4 hydroxycoumarin) 1. (22382) 

D. JOE FREEMAN AND OVID 0. MEYER. 
Department of Medicine, University of Wisconsin Medical School, Madison. 

Considerable experience has accrued with 
the use of warfarin sodium, the salt of 3-sub- 
stituted - 4 - hydroxycoumarin, administered 
orally and intravenously in anticoagulant 
therapy(1-6). The drug is effective when 
given by either route and produces a signifi- 
cant prolongation of the prothrombin time 
in 12 to 16 hours, usually reaching therapeu- 
tic levels in 20 to 24 hours. A single dose 
usually reaches and maintains therapeutic 
levels in anywhere from 1 to 7 days and 
achieves a peak effect in 2 days. However, 
there are occasions when it  may be desirable 
to use another route of administration if feas- 
ible. Both methods have their limitations, 
and rectal administration of the drug would 
be advantageous under certain circumstances. 
Experience with the rectal administration of 
bishydroxycoumarin (Dicumarol) has been 
limited to that of Meyer and Spooner(7). 
They reported an occasional significant de- 
crease in the coagulability of the blood which 
was irregular, however; hence the route 
proved impractical. 

Experience with the use of warfarin (Cou- 
madin) sodium suppositories in 23 patients is 
the basis for this report. The suppositories 

contained 100 mg in a polyethylene glycol 
base.* 

Methods. Preliminary studies were per- 
formed on 3 groups of patients to determine 
the latent period and the hours required to 
achieve the therapeutic level of 25 to 17 sec- 
onds (20 to 40% of normal). All prothrom- 
bin determinations were made by the one- 
stage method of Quick with the use of Difco 
thromboplastin (rabbit brain). Prothrombin 
times were determined for group A pat'ients 
12  and 18 hours after receiving suppositories. 
Group B patients had prothrombin detemin- 
ations at  24 and 30 hours, and gruups C and 
D patients a t  18 and 24 hours. In  each group 
daily prothrombin times were subsequently 
measured until they returned to normal or the 
patient was discharged from the hospital. It 
soon became apparent that the latent period 
was more than 1 2  hours and less than 18 
hours, and, consequently, most of the patients 
had initial prothrombin determinations at 18 
and 24 hours. The 19 patients comprising ex- 
- ~~ 

* Supplied by Endo Pharmaceutical Co., Rich- 
mond Hill, through the courtesy of Dr. Samuel M. 
Gordon. 
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TABLE I. Effect of a Single 100 mg Warfarin Sodium Suppository. 

Therapeutic range 
Latent Peak Return 
period Hr to Duration effect to normal 

Patient Age Sex (hr) achieve (days) (days) (days) 

l A  
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4B 
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6C - 
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18 
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32 
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9 
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3 
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2 6 
3 4" 
3 6* 
2 4 

2 3" 
2 4" 
2 6 
2 6 
4 4" 
2 4* 
2 4 
3 8" 
2 4 
1 4 
2 3" 
3 6' 
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2 6 
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2 7 
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9(2) 9 

* These patients were all discharged before the prothrombin times had returned to normal. 
In patients 2A and 1OC prothrombin times were still in t.he therapeutic range. 

perimental groups A, B, and C had diseases 
ranging from asthma to muscular dystrophy. 
Three patients had diabetes mellitus. In 6, 
the primary diagnosis was that of a functional 
illness. All these patients were in relatively 
good physical condition and had no evidence 
of renal or hepatic disease. The group D pa- 
tients were those in whom a maintenance ora1 
dose of warfarin sodium was subsequently 
continued. Two of these patients had intra- 
cranial thromboses, one a peripheral thrombo- 
phlebitis, and one an acute myocardial in- 
farction. No dlata are available on the time 
required for the prothrombin times to return 
to normal in these patients. 

Results. The results for the individual pa- 
tients are shown in Table I. 

The latent period was less than 18 hours in 
most cases. Initial prothrombin determina- 
tions were made on the 2 patients in group B 
at 2 4  hours, at which time the therapeutic 
range had already been obtained. Patient 3- 
A exhibited no alteration in the prothrombin 
time in 12 and 18 hours; however, when the 
prothrombin time was next determined at 36 
hours, the therapeutic level had been reached. 

In 2 of the remaining 2 0  patients there was a 
2 4-hour latent period. 

A therapeutic level of 2 0  to 40% prothrom- 
bin was achieved in the majority of patients 
within 2 4  hours. In 5 of the 6 patients re- 
quiring more than 2 4  hours to reach this level, 
the prothrombin concentration was 50% or 
less. Patients l-A and 2-A did not have pro- 
thrombin determinations at 2 4  hours; how- 
ever, their prothrombin times at 18 hours 
were elevated to such a degree that it may be 
assumed that a therapeutic level was reached 
in 2 4  hours. In 3 patients the therapeutic 
range was achieved in 18 hours; 2 of these 
patients were acutely ill. Once reached, the 
therapeutic level was usually maintained for 
2 to 3 days, the same duration as that follow- 
ing a single oral or intravenous dose of war- 
farin sodium. 

The peak effect was obtained in about 2% 
days. In only one instance (15-C) did it oc- 
cur within 24 hours. This suggests the ad- 
visability of giving the first maintenance dose 
after 48 hours, provided the prothrombin con- 
centration is not less than 20%. 

The data presented do not suggest that age, 
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sex, or weight has any marked effect on the 
patient's response to the drug. These patients 
weighed from 38% to 100 kg. Three patients 
(l--A, 9-C, and 19-C) weighed less than 45 
kg, and in none of these was the prothrombin 
time excessively prolonged (maximum pro- 
longation 26 seconds or 19%). It is advised, 
however, that if the patient weighs less than 
45-50 kg the initial dose for routine use should 
be 1 mg;kg, with earlier adjustments being 
made in maintenance doses as indicated. 
Three patients (11-C, 12-C, and 15-C) 
weighed more than 80 kg and demonstrated a 
satisfactory response to the drug. The usual 
precautions against giving large initial doses 
in the acutely and chronically ill, in the early 
postoperative period and in the presence of 
significant liver (including acute congestion) 
and/or renal disease, must be observed with 
suppositories as well as other modes of ad- 
ministration. Patient 23-D was one in whom 
more caution in initiating therapy should 
have been taken. However. patient 22-D had 
an acute myocardial infarction and associ- 
ated acute hepatic engorgement without an 
escessive response to the 100-mg suppository. 

!-it. Kl was administered to 2 patients. In 
patient 5-B. 50 mg of Kl (Mephyton') was 
given intravenously 30 hours after the suppos- 
itory (prothrombin time 23 sec.), and a nor- 
mal prothrombin time was observed 18 hours 
later. This was done because the patient was 
to have a bronchoscopic examination the fol- 
lowing day. Forty-two hours after patient 
23-D received the suppository, the prothrom- 
bin time was 80 seconds. Twenty milligrams 
of Mephyton' administered intravenously re- 
sulted in a prothrombin time of 13 seconds 
(control, 12 seconds) 24 hours later. Inter- 
estingly. although the prothrombin concentra- 
tion was less than 4%: no side effects oc- 
curred, and microscopic hematuria was not 
present. In no other instance was the pro- 
thrombin concentration brought below 10% ; 
in only 3 other patients was it reduced to less 
than 15 % . Although urinalyses were not rou- 
tinely done? in no patient was hematuria ob- 
served. 

We have not attempted to maintain any pa- 
tient on rectally administered warfarin so- 

dium, since the oral route has proved satisfac- 
tory. However, reasonably accurate divisions 
of the suppositories could be prepared for this 
purpose . 

Discrepancies and technical difficulties oc- 
curred in 5 patients, 3 of whom are not in- 
cluded in this series. In 2 of these, defecation 
occurred soon after the suppository was in- 
serted (1 within 15 minutes; the exact time 
of the other unknown). The prothrombin 
time was unaltered in the former patient and 
showed only a smfall and transitory change in 
the other. In the third patient, the supposi- 
tory was very soft and incompletely inserted, 
and only a small and transitory prothrombin 
alteration ensued. In patients 9-C and 19-C 
a similar incident fortuitously occurred. In  
these cases, however, time permitted a second 
trial with a suppository that had been kept 
cool and firm in the refrigerator until just 
prior to use. As recorded in the table, the re- 
sults in these re-trials were satisfactory. Ac- 
cordingly, therefore, the condition of the rec- 
tum and the suppository, prior to the latter's 
administration, must be considered carefully. 

It appears that warfarin so- 
dium in a polyethylene glycol base as a rectal 
suppository is absorbed with sufficient regu- 
larity so that its use is a practical method for 
administering a coumarin anticoagulant to 
lower the prothrombin to therapeutic levels. 
It is of particular value, obviously, in the 
treatment of a patient who is incapable of 
taking oral med,ication, for example, after 
cerebral thrombosis, or when intravenous ad- 
ministration is difficult or undesirable. War- 
farin sodium suppositories make a worthwhile 
addition to our therapeutic armamentarium. 
It is possible that suppositories of 75 mg and 
less might be useful in allowing greater flexi- 
bility for this route of administration. It is 
our plan to test these smaller doses when they 
are made available. 

Experience w5th rectal use of 
warfarin sodium in 23 patients has been re- 
corded. In  contrast to Dicumarol, the rectal 
administration of warfarin sodium is consis- 
tently effective. If certain precautions are 
taken, the rectal route appears to be as reli- 
able as the oral or intravenous, and in some 

Discussion. 

Summary. 
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circumstances it may be the route of choice. 
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Radiophosphorus Uptake by Normal, Hyperplastic, and Tumorous 
Mammary Tissues of Mice.’ (22383) 

K. B. DEOME, HOWARD A. BERN, WILLIAM E. BERG, AND LILLIAN E. PISSOTT. 
(Introduced by Richard M. Eakin.) 

Department of Zoology and its Cancer Genetics Laboratory, Lrniversity of California, Berkeley. 

The hyperplastic nodules of the mammary 
gland of high-cancer strains of mice have been 
the object of limited investigation over the 
past 15 years( 1). In general, most of the 
available evidence points to these nodules as 
potential sites of tumor formation (hence pre- 
neoplastic), although it is important to em- 
phasize that there seems to be a “family” of 
structures of varying morphology, and pos- 
sibly of varying growth potential, which are 
described as hyperplastic nodules. As part of 
a comprehensive study of these nodules in the 
C3H/He mouse, we have been attempting to 
characterize them definitively, both murpho- 
logically and physiologically. The present 
study is concerned with an investigation of a 
general metabolic characteristic of hyperplas- 
tic nodules, based upon their uptake of radio- 
phosphate ( P39.  Phosphate, playing a key 
role in cellular metabolism, enters a wide va- 
riety of compounds within the cell, and to 
some extent the rate of incorporation of phos- 
phorus may be used ‘as an index of metabolic 

* Aided ,by Cancer Research Funds of University of 
California and by grant from Amer. Cancer SOC. 
(administered by Committee on Growth). We are 
indebted to Dr. G. K. Hawkins of Schering Corp., 
Bloomfield, K. J., for estradiol (Progynon) and 
testosterone (Oreton-F), to Dr. J .  R. Beem of 
Sharp and Dohme, West Point, Pa., for Hydrocor- 
tone Acetate, and to Mr. E. B. Barnawell of our 
Laboratory for careful selection of animals used. 
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activity. In general, the rate of accumulation 
of phosphate is greater in actively metaboliz- 
ing and growing cells and tissues(2). 

The experiments reported here were de- 
signed to answer two questions: (a) Can nor- 
mal, hyperplastic, and tumorous mammary 
tissues selected from a single mouse on the 
basis of their mwphologic characteristics also 
be distinguished on the basis of their P32 up- 
take? (b) Can the relative P32 uptake of nor- 
mal, hyperplastic, and tumorous mammary 
tissues be altered by varying the endocrine 
state of the mouse? The results obtained al- 
low us to describe the hyperplastic nodule as 
a structure metabolically intermediate, as in- 
dicated by P32 uptake, between normal mam- 
mary tissue and frank mammary tumor. 

Materials and methods. 81 multiparous 
female mice of the C3H/He strain, 8-11 
months of age, were used in these studies. All 
mice bore spontaneous mammary tumors of 
various sizes. They were separated into 
groups and treated as follows (Table I) : ( 1) 
1 2  normal (untreated, non-pregnant) ; ( 2 )  15 
pregnant ( 14th-18th day) ; (3 )  14 bilaterally 
ovariectomized (2 weeks before sacrifice) ; 
(4) 16 estrogen-treated (implanted with 2-3 
mg pellets of estradiol 2 weeks before sacri- 
fice) ; (5) 1 2  cortisol-treated (injected every 
2 days with 0.5 mg hydrocortisone acetate in 
saline suspension beginning 2 weeks before 
sacrifice) ; (6) 1 2 androgen-treated (im- 


