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man subjects, the diabetes was well controlled
at the time of observation.

Reductions in serum mucoprotein have
been most frequently associated with im-
paired liver or endocrine function(13,14);
our finding is a decrease in the pro-
tein bound hexosamine. Since the liver has
been implicated as the primary site of glu-
cosamine formation(15), it may be possible
that these alloxanized rats have impaired
liver function, resulting in a decreased synthe-
sis of these compounds. The decreases in
serum proteins, particularly a; globulin and
albumin fractions in diabetic rats observed by
Nichols et al.(10) are indicative of altered
hepatic activity.

It has been reported that the liver of the
diabetic animal as the primary site of glu-
cosamine formation can synthesize hexosa-
mines at a rate similar to the normal animal
(5). If this were the case, the lower levels
in the diabetic rat may be a reflection either
of decreased synthesis or release of these
compounds by secondary sites, such as con-
nective tissue.

Summary. In both cells and plasma, allox-
anized rats had significantly lower concentra-
tions of protein-bound hexosamine than nor-
mal animals. In diabetic patients under in-
sulin control, values were normal. Concen-
tration of protein-bound hexosamine was
twice as high in plasma and erythrocytes of
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normal rats as in normal human beings.
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It is well known that the only effect which
heparin has on hemostasis when it is injected
intravenously in humans as in thrombosis is
a drastic one on coagulation. The occur-
rence of rare accidents in heparinized patients
has been interpreted as an individual suscep-

- *This work was aided by the Conselho Nacional
de Pesquisas and by a grant from Dr. Guilherme
Guinle.

tibility to hemorrhage while the blood re-
mains incoagulable.

In our extensive observations on skin he-
mostasis in dogs, before and after injection
of variable amounts of heparin, marked dif-
ferences were noted not only with varying
amounts of heparin, but also with a standard
dose in different dogs. This difference in
group response in dogs is described herein.

Methods. Unless otherwise stated the he-
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TABLE 1. Group Incidence of Skin Hemostasis Variation in Dogs after Intravenous Injection
of Heparin (300 1.U./kg).
Sex Total

Heparin Bleeding —_— — —_— No. not
dog group time (min,) No. [ No. e observed No. %
Resistant 512 254 63 194 59 a7 505 63
Intermediate 1:3-29 ™ 1R 67 20 4 146 18
Labile 30 0r more it 19 6R 21 2 149 19
Total 108 — 329 — 63 800 —

parin employed in this investigation was Li-
quemin, Roche (5.000 1.U. per ml), diluted
with saline and injected slowly intravenously.
Other brands were Evans, Connaught. and

Lutetia. Both anesthetized (sodium pento-
barbital) and unanesthetized dogs were
studied. Skin hemostasis was observed by

the determination of bleeding time from
safety razor blade cuts made. usually in the
inner portion of the thigh, 10 minutes after
the heparin injection. according to the tech-
nic previously described(8.9). Coagulation
time was determined by the method of Lee
and White(18). Heparin units refer to in-
ternational units in which 100 I.U. are ap-
proximately equivalent to 1 mg of the barium
salt of heparin.

The bleeding time of normal, untreated
dogs varies from 5 to 11 minutes. with values
of greater than 12 minutes very rare. Thus
in this study the dogs, after a standard dose
of 300 1.U. of heparin per kg. were divided
into 3 groups: I, heparin-resistant dogs with
bleeding times of less than 13 mins; II, he-
parin-intermediate dogs with bleeding times
of greater than 13 minutes. but less than 30
minutes: and III, heparin-labile dogs with
beeding times of more than 30 minutes.

Results. Incidence of a heparin effect.
Table I shows the incidence of skin hemo-
stasis disruption after intravenous adminis-
tration of 300 1.U. of heparin per kg. The
incidence is the same in both sexes. and if we
consider all abnormal bleeding times. heparin
administration at this dosage level interfered
with the mechanism for skin hemostasis in
slightly more than one-third of all dogs
(37%).

Effect of anesthesia and surgical procedure.
Bleeding and coagulation times in a heparin-
labile dog which had received 580 1.U. of he-

parin per kg increased to more than 30 min-
utes. Anesthesia induced by sodium pento-
barbital one hour after the heparin injection
and continued for 3 hours did not alter either
bleeding or coagulation time. After natural
elimination of heparin (1.5 hr) and when
both times had returned to normal levels,
thoracotomy was performed and heparin once
more injected (425 LU. per kg). Bleeding
and coagulation times rose to more than 30
minutes. One and one-half hours later both
times again returned to normal. In 8 he-
parin-intermediate dogs the post-heparin
bleeding times were 16, 20, 14, 16, 16, 21, 19,
and 18 minutes before anesthesia. After
anesthesia these values were 14, 40, 20, 16,
19, 28, 18, and 16 minutes, respectively.

Effect of different brands of keparin. Dif-
ferent brands of heparin were injected suc-
cessively into a heparin-labile dog after
bleeding and coagulation times had returned
to normal following the preceding injection.
Liguemin, Roche (B-3508011), 425 1.U./kg;
Liquemin, Roche (R-505027), 58C I.U./kg;
heparin Evans (A-90590), 425 I.U./kg; and
Lutetia, 300 I.U./kg in this order, resulted
in similar bleeding and coagulation times of
¢reater than 30 minutes.

A heparin-resistant dog received heparin
Connaught (Lot 11081), 660 1.U./kg, and
Liquemin, Roche (R-505027), 660 I.U./kg.
With both Connaught and Liquemin heparin
the dog had a normal bleeding time (4-8 min-
utes). but the blood remained incoagulable
for more than 24 hours.

Fat feeding and heparin-lability. In one
heparin-resistant and one heparin-labile dog,
both of whom received 30 ml of olive oil by
stomach tube and heparin intravenously at
the peak of lipemia (4 hours after intuba-
tion), the coagulation time was greater than
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TABLE II. Effect of Intravenous Heparin on
Bleeding Time Increase in Heparin-Resistant Dogs.

Bleed- Bleed-

ing ing

Heparin time Heparin  time

Dog (L.U./kg) (min.) | Dog (I.U./kg) (min.)

1 300 6 6 300 12

600 6 600 12

1200 +30 1200 -+30

2 300 10 7 300 9

900 12 600 9

1500 16 1200 15

2100 25 1500 +30

3 300 23 8 300 4

600 45 600 10

) 900 11

4 300 9 1200 +30
500 9

1000 7 9 300 5

1300 8 600 8

1700 10 900 13

2000 23 1200 +30

2300 +30 10 300 6

5 300 8 600  +30

600 +30 11 300 8

600 +30

12 hours. However, in the heparin-resistant

dog the bleeding time was only 8-9 minutes,
while in the heparin-labile dog it was greater
than 30 minutes.

Heparin-lability and  heparin  dosage.
Bleeding time increased with increasing dos-
age in heparin-resistant dogs (Table II).
In Table III it is evident that the minimum
dosage required to reveal heparin-lability var-
ies considerably from one dog to another.

Persistence of heparin-response in same

TABLE III. Heparin-Lability in Different Dogs
as Observed with Variable Amounts of Intravenous

Heparin,
Heparin Bleeding Coagulation
Dog (LU./kg) time (min.) time
A 300 +-30 +12 hr
100 11 +12 ”
B 300 +30 +12 »
100 9 +12 7
C 100 +30 22 min,
50 18 20 7
D 110 +30 +30 ”
60 25 +30 ”
40 20 8 ”
20 10 5"
E 300 +30 —
50 19 —_
30 11 —_
0 7 —
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dog. In 2 dogs heparin-resistance persisted
for at least 34 days following the standard
dose of 300 1.U./kg. Similarly, heparin-la-
bility persisted for at least 15 days.

Correlation between coagulation and bleed-
ing times. As a crude test of rate of heparin
elimination (detoxication), both coagulation
and bleeding times were measured in some
cases simultaneously. Table IV shows that
degree of blood coagulability is independent
of either heparin-resistance or -lability.

TABLE IV. Lack of Correlation between Coagula-
tion and Bleeding Time in Resistant and Labile

Dogs.
Time after Coagula- Bleeding
heparin  tion time time
Dog inj.* (min.) (hr) (min.)
Resistant 1 25 12 8
2 25 12 10
3 25 12 8
4 25 1 7
5 30 12 9
6 25 12 6
7 25 12 6
8 30 +% 6
9 30 +% 7
Intermediate 10 45 12 23
11 40 12 - 20
Labile 12 50 12 +30
13 50 +% +30
14 45 +% +30
15 40 +16 +30

* Heparin in standard dose: 300 L.U./kg.

Discussion. The literature contains re-
ports on the response of bleeding time in man
and animals after heparin administration.
According to one investigator the bleeding
time remains normal in man after therapeutic
doses of heparin(19), but another report de-
scribes a very small increase of bleeding time
in man and rabbits.following heparin admin-
istration(23). Of 10 rats injected with 500
1.U./kg, hemostasis did not occur in 3 ani-
mals. Even with a larger dose of heparin
(2250 1.U./kg) hemostasis did not occur in
2 of 4 rats(24). No increase in bleeding
time was observed in 5 rabbits who received
880 I.U./kg, in spite of an increase in coagu-
lation time to 30 or 120 minutes(5).

The results described here show that in
dogs heparin has, besides its effect on coagu-
lation, the ability to interfere with control of
skin hemorrhages, as assayed by bleeding
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time determinations. Different commercial
brands of heparin are equally active in this
regard. We did not observe this in previous
work when we reported that either heparin
or citrate could be used equally well as an
anticoagulant(8). Our previous failure to
recognize this phenomenon may have been
due to the fact that in this current study we
found 639% of 800 dogs to be heparin-resis-
tant, so that only the relatively few earlier
observations could well have fallen in this
group.

That heparin can induce platelet agglutina-
tion in vitro(6,7) or in vivo with thrombus
formation(1-3,22) has been reported. Those
workers state that thrombus formation de-
pends upon the strength of the causative
agent. Glass tubes, considered as strong
agents, used in shunts induce thrombi, and
thus keep bleeding time within normal limits.
On the other hand, razor blade or needle in-
juries of the skin would not be streng enough
to induce thrombus formation. Thus, ac-
cording to those authors, prolonged bleeding
occurs. This interpretation based on a
thrombus as a causative agent in bleeding
control when blood was heparinized could
not, however, be applied to the phenomenon
described herein, since dogs subjected to the
same stimulus showed different hemostatic re-
actions (normal as well as prolonged bleed-
ing times). Other work emphasized. more-
over, that agglutination of platelets in vitro
is related not to the presence of heparin it-
self, but to contaminating substances from
heparin sources in early commercial prepara-
tions, since recent heparin products cannot
influence platelet agglutination(15). Further-
more, in connection with thrombus formation
and bleeding control, experimental studies
employing the hind leg preparation for he-
mostasis studies(10) showed that arterial
blood, devoid of platelets by reason of re-
peated and accurate fractional centrifuga-
tion, still keeps its hemostatic properties,
casting some doubt on the necessity for the
actual presence of a thrombus to induce he-
mostasis.

The doubt about platelet plugs functioning
mechanically in bleeding control is reinforced
by studies on the activity of plasma fractions
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which can convert non-hemostatic venous
blood into hemostatic blood(11) or can inac-
tivate arterial blood(12), as well as by ob-
servations in other hemostatic fields(13), all
of which point to a direct and paramount role
of plasma constituents in hemostasis, inde-
pendent of agglutinated platelets. All of
these studies are suggestive of an active
plasma substance, acting biochemically rather
than by direct mechanical occlusion, in con-
trol of hemorrhages of skin, small vessels and
capillaries.

There is considerable literature on the ef-
fect of heparin on plasma proteins. The elec-
trophoretic pattern of plasma proteins
changes with amount of added heparin(17).
The effect is very marked at high (0.4%)
heparin concentration(4) when a component
(Component C) appears to migrate between
pure heparin and albumin. Anticomplemen-
tary activity of heparin has been studied (14).
Plasma constituents involved in the heparin
effect are thought to be, in man at least,
mainly  beta-globulin and possibly also
alphas-globulin, whereas interaction with
gamma-globulin and albumin is very slight
by comparison(17). The plasma lipoprotein
interaction is particularly interesting. It is
well known that the clarifying effect of he-
parin discovered by Hahn(16) is not induced
through a direct action of heparin upon
plasma lipids but is mediated by a globulin
component iz vivo. Also alteration in the
tlotation rates of the lipoproteins of serum
following heparin administration is detectable
by ultracentrifugation(20). The active he-
parin-containing compound present in tissue
mast cell cytoplasm has been extracted and
purified(21) showing that heparin is found
in a loose linkage with a polypeptide and a
lipid which contains cholesterol, lecithin and
neutral fats. This lipoprotein part of the
molecule is very similar or identical to the
heparin co-factor of blood serum according to
electrophoretic data and clotting assays.

Our results show that if heparin activity is
mediated by formation of a complex ‘“he-
parin-hemostatic plasma component,” this
plasma component (rendered inactive by the
complex formation) should be present at dif-
ferent concentrations in different dogs be-
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cause, to suppress skin hemostasis completely
(i.e., a bleeding time of more than 30 min-
utes), each dog requires a different amount of
heparin. Moreover, at least 2 other aspects
of this hypothetical component are that there
is constant concentration of it in each in-
dividual dog, at least for a period of weeks;
and that its activity after injection of heparin
is not associated with sex of the animal, with
anesthesia, with extensive surgical proce-
dures, or with lipemia caused by ingestion of
large amounts of olive oil.

With a standard dose of heparin (300 1.U./
kg) the distribution of heparin-lability in the
dogs is fairly constant, several groups giving
results very near the average incidence of
37% with bleeding time greater than 13 min-
utes. This seems to indicate that distribution
of the plasma component rendered inactive
by heparin is fixed in the species as a whole,
but varies from one dog to another.

As the lability in dogs is quite variable, it
is possible that responsiveness to heparin may
vary also from one patient to another. Thus,
if our findings could be extended to other
mammals and to man, they might explain the
abnormal bleeding of unknown mechanism
that occurs in a percentage of surgical and
thrombotic patients under heparin treatment.

Summary. Observations on bleeding time
of 800 dogs after administration of a stand-
ard dose of heparin (300 1.U./kg) showed
different responses which were divided into 3
groups: 63% as heparin-resistant dogs with
normal bleeding time up to 13 minutes; 17%
as heparin-intermediate dogs with the bleed-
ing time between 13 and 30 minutes; and
18% as heparin-labile dogs with bleeding
times higher than 30 minutes. This re-
sponse of skin hemostasis does not de-
pend on sex, anesthesia, extensive sur-
gical procedures, heparin brand, or lipemia
after olive oil feeding. A heparin-resistant or
heparin-labile dog remains such after weeks
of observation. The extent of lability varies
in individual dogs, some showing an increased
bleeding time even with comparatively small
doses of heparin. On the other hand, he-
parin-resistant dogs could be made labile with
increased amounts of heparin. It appears
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that heparin interferes with a plasma com-
ponent normally active in the hemostatic
mechanism. These results emphasize the
paramount importance of plasma proteins,
rather than a platelet thrombus, as the pri-
mary factor in control of skin hemorrhage in
the small vessels. The possibility of similar
findings in humans is stressed and the pos-
sible relationship of heparin-lability and some
hemorrhagic accidents in heparinized pa-
tients is pointed out.
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The metabolism of amines, particularly
sympathomimetic amines, has been of con-
siderable interest in recent years. In smooth
muscle 2 pathways by which these amines are
known to be inactivated are oxidative deam-
ination and O-methylation(1.2). Evidence
will be presented here for the presence of a
new metabolic pathway in smooth mus-
cle which converts p-hydroxy-phenylethyl
amines to catecholic compounds. These re-
sults were obtained from a study of the me-
tabolism of tyramine by rabbit aorta and
stomach muscle.

Materials and methods. Fresh rabbit aorta
(descending thoracic and abdominal) was
rinsed with buffer, trimmed, and cut into
longitudinal pieces. Strips of stomach mus-
cle were prepared by making parallel incisions
through the muscle layers only and gently
teasing the muscle away from the submucosa.
All procedures were carried out at 2-4°C. In-
cubation flasks (25 ml Erlenmeyer), contain-
ing 200 M oxygenated Na phosphate buffer,
pH 7.4, and 20 pM tyramine in a total vol-
ume of 2.0 ml, were mounted in a rack and
oxygenated by bubbling 100% O below the
surface of the fluid for 5 minutes. Strips of
tissue were added (100-200 mg wet weight),
and the flasks securely stoppered and incu-
bated at 38° with shaking. The incubation
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Fund. The data in this paper formed part of a
thesis presented in partial fulfillment of the require-
ments for the degree of Doctor of Philosophy at
Washington University, 1957.
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and Dept. of Neurology, Indiana Univ. Med. Cen-
ter, Indianapolis.

was terminated by addition of HCl (final
concentration 0.2 N) after removing the tis-
sue (usually after 240 min). Acidified sam-
ples were used directly for all chemical and
chromatographic analyses. Flasks incubated
without substrate or without tissue were in-
cluded as controls in each experiment.

All spectrophotometric determinations were
made with the Beckman DU spectrophoto-
meter fitted with a diaphragm and microcells.
For ultraviolet absorption spectra, solutions
were read in 0.3 N HCI and 0.3 N NaOH at
a dilution sufficient to obtain an optical den-
sity of 0.200-0.800.

Procedures used for determination of
amine(3) and p-hydroxyphenol(4) groups
have previously been described. In the lat-
ter method, tyramine (Mann), tyrosine
(Fisher), N-methyltyramine (Smith, Kline
and French), p-hydroxyphenylacetic acid
(Aldrich) and p-hydroxyphenylethanol (syn-
thesized according to Ferber)(5) gave ap-
proximately the same molar extinction co-
efficient(e¢).  p-Hydroxyphenylethanolamine
(Winthrop-Stearn), p-hydroxymandelic acid?
and p-hydroxybenzaldehyde (Eastman) gave
about 20% of the color obtained with tyra-
mine. Epinephrine, norepinephrine, cobe-
frine, 3-hydroxytyramine, and neosynephrine
(all from Winthrop-Stearn) gave no signifi-
cant color under these conditions.

For chromatographic analysis, aliquots of
acidified samples (10-2000 ul) were put di-
rectly on Whatman #1 filter paper, 5-15 pl at
a time. The following solvents were used:
1) n-butanol-glacial acetic acid-water, 4:1:1;

} Kindly furnished by Dr. Sidney Udenfriend,
Nat. Inst. Health, Bethesda, Md.





