
THE RELATIONSHIP BETWEEN HEPARIN DOSAGE AND

CLOTTING TIME

By L. B. JAQUES, M.A., PH.D., AND ANN G. RICKER, M.A.

T HE GREAT interest of Dr. Minot in all branches of hematology has always

included an appreciation of the problems involving the anticoagulants. The

recent development of anticoagulant therapy has increased this interest. We there-

fore are pleased to present as an indication of our esteem a recent study of factors

affecting the action of heparin in vivo. We believe that a study of this nature is of

value in leading to an understanding of the various physiologic factors involved

in this action and hence to an appreciation of the principles involved in its ad-

ministration.

Heparin when used experimentally or clinically is usually controlled by the

determination of the prolonged clotting time produced. It was shown in a previous

paper’ that the value of the clotting time produced will depend on both the coag-

ulant power of the blood and the ability of the body to remove heparin from the

circulation. Crafoord2 reported that the blood became more resistant to the action

of heparin after operation, suggesting an increase in coagulability. Following this

lead, De Takats,’ Waugh and Ruddick,4 and Whittaker’ have suggested tests of

blood coagulability based on the resistance of the blood to the anticoagulant power

of heparin. In a continuation of the previous study, further observations of the

effect of heparin dosage on the clotting time in the dog have been made. These

observations give a clearer concept of the factors involved both in the use of heparin

as a test of the clotting function of the blood and also in its administration.

METHODS

Dogs of io to 2.0 Kg. body weight were used. The experiments were conducted on trained, unanes-

thetized animals unless otherwise indicated. Unless otherwise stated, blood samples were taken by venous

puncture from superficial veins through the skin. Care was taken to ensure that the sample was taken

expeditiously without trauma. The syringe and needle were first rinsed with saline and emptied of air,

saline being left in the needle. Normally, 2. cc. of blood were taken and the first o.5 cc. and last o.5 cc. of

blood were discarded. If larger quantities of blood were required the same technic was used, larger

amounts of the first and last of the sample being discarded. Clotting times were determined at 37 C. in

the coagulometer described by Murray, Jaques, Perrett and Best.6

We are indebted to the Connaught Medical Research Laboratories, University of Toronto, for a

generous supply of heparin. This was received as a solution of iooo Connaught units/cc. (9.0 mg. per

cc.) of the sodium salt of beef heparin. The unit is the anticoagulant activity of 1/100 mg. of the crys-

talline barium salt as prepared by the method of Charles and Scott.’ This unit is, as closely as one can

ascertain, the same as the provisional International Unit8 which is expected to replace it, and also the
original unit used by Howell. In these studies the heparin was injected intravenously.

CLOTTING TIME RESPONSE TO HEPARIN IN VITRO

When the clotting time is determined with varying amounts of heparin added

to the blood in vitro, a curve such as that of a in figure i is obtained. The practical
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significance of this curve is that a certain level of heparin is required before there

is any significant effect on clotting time, whereas increases in heparin concentra-

tion beyond this value result in the clotting time being very markedly increased

for slight increases in heparin concentration. Several empirical equations have been

suggested for this curve.” � However, a simple procedure is to plot the

data on semilogarithmic paper, whereupon a straight line is obtained. In figure i

this has been done to give curve b. The same procedure has previously been recom-

mended for the relation between thrombin concentration and clotting time” and

appears to be a consequence of the determination of clotting times, since a similar

Fio. i. Effect of heparin concentration in vitro on clotting time. Blood samples taken from the ex-

posed femoral vein and cc. added to the quantities of heparin shown.

logarithmic relation can be obtained for many coagulant and anticoagulant sub-

stances.

It would appear of practical importance to have some single value to express the

sensitivity of a blood sample to the anticoagulant action of heparin. This is easily

achieved by taking the slope of the straight line obtained on semilog paper. This

gives us the “heparin sensitivity value,” and is calculated from log log T,

where T,, T1 = clotting times and c,, c1 = heparin concentrations at two points

on the line. Since the coagulometer used measures clotting times to the nearest

minute only, the greatest error was on the normal clotting time. Hence, the line
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Cl. T. with heparin

Dog

A-i9
A-2.o

A-LI

A-2.2.

A-2.6

A-3,

A-34

A-35
A-36

A-37

A-38

A-39
A-42.

A-43
A-44

Normal Cl. T.f
Mins.

3.6
2.0

2.0

1.0

4.0

1.0

2.5

2.0

3.0

I.’

2..9

3.7
0.9

1.0

2..0

Heparin sensitivity
Value

2.4.2.

.50

48.8

5 .48

4.12.

3.2.2.

2.80

7.2.8

2.. 84

4.30

2.. 31

2.. 6�

2.38

2.. 76

2.46

0.1 units

Mins.

a

2.2.

a

3.6

10.5

2..I

4.7
10.4

4.7
5.0

8.7

‘.7

2.0

3.6

0.5 units

Mm.

a

3.6

a

a

a

4’
63

a

78

a

42.

a

‘5
2.5

34

Median 2..o 2..8 4.7 78

* Blood samples taken from exposed vein.

t Cl. T.-Clotting Time. a->90’.
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was drawn to give the best fit for all the points, without necessarily passing

through the normal value. Typical results obtained in a series of i� dogs are shown

in table i . The clotting times as those in figure i were determined on blood removed

from an exposed femoral vein. It can be seen that the range for the heparin sen-

sitivity values for the animals was from o.�o to 48.8. These extreme values were

for only two animals, representing the hyperreactors and hyporeactors of De

Takats. The values for �o per cent of the animals were in the range 2..3 to 3 .2., while

5 (31 per cent) were moderate hyperreactors giving values of 3.8 to 7.6. The differ-

ence between different animals with regard to their sensitivity to heparin is a

relatively permanent difference. Determinations on the same animal, io days apart,

shown in table 2., give sensitivity values agreeing to within io per cent, while the

TABLE i.-Sensitivity of the Blood to the Action of Heparin in Dogs*

difference between the average normal dog and the hyperreactors is one of several

hundred per cent.

Another method of measuring sensitivity to heparin, although by no means as

informative, is to report the clotting time for a single dose of heparin. This has

been done in table i for 0.1 and 0.5 units of heparin/cc. Also reported is the normal

or control clotting time; i.e., the clotting time without added heparin. The value

of the clotting time for 0.1 units of heparin was from 1.7 minutes (almost the same

as the normal) to over 2.4 hours. The median value was 4.7 minutes. Another way

of giving the values is the concentration of heparin required to double the normal

clotting time. This was 0.008 units for dog A-u, and o.6 units for dog A-uo; the

median value for the series was 0.11 units. There appeared to be no correlation be-
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1200 HEPARIN DOSAGE AND CLOTTING TIME

tween the normal clotting time and sensitivity to heparin. Both hyper- and hypo-

reactors were found with normal clotting times longer than the average value.

The sensitivity of blood to the anticoagulant action of heparin depends (i) on

the individual from whom the blood is taken, and (u) on the technic used both for

removal of the blood and for determination of the clotting time. In the experiments

reported in table I, the dogs were under an anesthetic and the blood samples were

taken from the exposed femoral vein. Direct experiments showed that this pro-

cedure increased the sensitivity of the blood sample to heparin. In a later series,

reported in table 2�, the blood was taken by the usual venipuncture procedure

through the skin. The decrease in heparin sensitivity is shown by the decrease in

the sensitivity value to the level 0.8-1.4, the median being 1.03, or a clotting

time of iu.i minutes for o.� units. Hyper- and hyporeactors were not used for this

cries. The series again demonstrates the individual variation even in a series of

animals selected with regard to their response to heparin. Likewise, there is no

indication from the normal clotting time of their response to heparin.

The above demonstrates one factor which can change the sensitivity of the blood

sample for heparin. Other factors which can change this are the use of saline to

moisten the syringe, removal of the needle before transferring the blood to the tube

for the determination, surface coatings, etc. Finally the temperature at which the

determination of clotting time is conducted markedly affects the sensitivity of the

sample. Heparin shows least anticoagulant activity at uo-u5 C., its activity

increasing above and below this temperature range.

While the great variation in the response of the clotting time to heparin due to

changes in technic of venipuncture and determination of clotting times might

suggest that the use of clotting times should be discarded as far as heparin is con-

cerned, actually the value of such determinations is greatly increased when these

factors are appreciated and utilized. As can be seen from figure i, the relation be-

tween the clotting time and heparin concentration is such that measurable changes

in clotting time can be obtained only over a rather narrow range of concentrations,

a considerable handicap in experimental studies on heparin. However, by suitably

modifying the method, it is possible for any desired range of heparin concentration

within reason to be made measurable. With proper control of these technical fac-

tors, satisfactory reproducible results are obtainable with any given method.

In using heparin both experimentally and clinically, it would appear advisable to

administer it on a weight or potency basis (i.e., in milligrams or units per kilo-

gram) rather than on the basis of an arbitrary clotting time. Since the same dosage

is not necessarily required for all uses, the dosage can be modified to the particular

use. It follows from the above discussion that the method for the determination

of clotting time, used to determine the duration of heparin action in the circulation

as discussed below, may be suitably modified to give measurable clotting times at

this dosage level. While the dosage for a particular purpose may be established for

the average individual, it may be advisable to modify it for those individuals whose

blood proves to be either highly sensitive or relatively insensitive to the anti-

coagulant action of heparin.
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THE CLOTTING TIME RESPONSE TO HEPARIN IN Vivo

As first reported by Howell,’2 a single intravenous injection of heparin is fol-

lowed by a rapid rise in the clotting time, and then by a more gradual but still

rapid decrease to the normal value. As seen from the relationship between heparin

concentration and clotting time in vitro, the rapid changes in clotting time at the

higher values are due to the nature of the relationship between heparin concentra-

tion and clotting time. Hence they do not reflect actual changes in heparin con-

centration in the blood, and in order to use the clotting time to follow changes in

heparin concentration in the blood it is advisable to plot the data, as with the:in

vitro curves, on semilog paper. When this is done, as in figure z, it can be seen that

LU

I-.

0
z
I-
I-.
0
-J
U

Fio. 2.. Effect of heparin in vivo on clotting time. Single intravenous injection of 30 is/Kg. given at

zero time.

the anticoagulant effect of heparin disappears from the circulation in a relatively

linear fashion, at the concentration given by this dosage of heparin.
In studying the clotting time response of the animal to injected heparin (fig. u)

three different values are of interest. These are (i) the time required for the clotting

time to reach its peak value, (u) the maximum clotting time reached, and (�) the

time required for the clotting time to return to normal, or the duration of the

hypocoagulable effect. These three values will be considered separately.

Time required for the clotting time to reach its peak value. In figure u, with a dose of 30

units/Kg., the maximum clotting time was reached in four minutes. With a cir-

culation time of uo seconds, one would expect that the heparin would have exerted

its maximum effect within one minute after the injection. Actually, with larger
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12.02. HEPARIN DOSAGE AND CLOTTING TIME

doses of 100 units �Kg., one usually finds that a ten to fifteen minute period is neces-

sary for the clotting time to reach the peak value. It is evident from this that the

delay in developing the hypocoagulability of the blood following the injection

of heparin is not due simply to the time required for mixing with the blood. As

discussed later, an explanation of this delay has been found. It also should be

pointed out that this effect is observed only with doses of heparin which give

clotting times that are still measurable. With very large doses (boo units/Kg.)

complete incoagulabili ty develops immediately.

Dc Takats’ has reported that the clotting time response to injected heparin is

biphasic. He noted a rise to the maximum within one minute of injection. This

was followed by an immediate return to the normal value which was then followed

by the rise in clotting time usually observed. No evidence of such a biphasic re-

sponse is observable in the data reported in figure u nor have we observed any cvi-

dence of this in a series of dogs in which samples were taken for clotting times every

minute after injection. Dc Takats’ results were obtained on man. However, it is

difficult to deduce any rational basis for such a phenomenon, since, as shown below,

there is essential, even though not complete, quantitative agreement between the

clotting times obtained when the heparin is mixed with the blood in vivo and in

vitro.

The maximum clotting time. It was concluded previously that the maximum clotting

time obtained on the injection of heparin was the same as if a corresponding amount

of heparin were mixed with the blood sample in vitro. In the present investigation

a more exact test of this hypothesis was conducted, using the present methods. In

each case the effect of heparin concentration on clotting time was first determined

in vitro by adding blood samples to various concentrations of heparin. The results

were then plotted on semilog paper to give a straight line and the slope of the line

( heparin sensitivity value) is reported in the table. Thirty or 100 units/Kg. were

then injected and the clotting time determined at frequent intervals, as in figure u.

In table 2. is shown the maximum clotting times obtained for the injections. heT

clotting time for the same concentration of heparin added to the blood in vitro was

determined from the in vitro experiment, the blood volume being taken as i/iith

of the body weight. This is likewise reported as the peak clotting time (in vitro).

It can be seen that of fifteen injections the clotting time in vivo was always much

greater than that obtained in vitro, the value obtained from mixing in vivo being

three to ten-fold that in vitro.

The only difference between the two series is that in the one case the heparin

mixed in the body is in contact with the blood for the five to ten minutes required

for the clotting time to rise to the maximum. Quick’3 has reported that heparin

shows an enhanced activity on incubation with an oxalated plasma system. In

order to test the effect on heparin activity of incubation with blood, JO cc. of blood

was drawn into i .0 cc. of sodium oxalate solution. One cubic centimeter of oxalated

blood was then added to each of a series of tubes containing 0, 0.1, o.15 and o.5

units of heparin and the tubes were allowed to stand thirty minutes at u� C. The

tubes were then placed in the coagulometer, equivalent calcium was added and the

clotting time was recorded. A control series of tubes was set up similarly, but the
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L. B. JAQUES AND ANN G. RICICER 12.03

heparin was added at the end of the thirty-minute period before the addition of

calcium.

The results for several animals are shown in experiments i and u, of table 3.

It is evident that after incubation with heparin the clotting times of the samples

are much longer. In order to avoid the decalcification, the experiment was also

conducted in another way. It has previously been shown byjaques, Fidlar, Feldsted

and Macdonald’4 that coating glassware and needles with the silicone “Dri-Film”

TABLE 2..Effect of Heparin on Clotting Time in Dogs*

In Vitro

Dog Expt. Cl T t

(noheparin) Sensitivity Peak Cl. T.

In Vivo

Peak Cl. T. Duration Dose/Time

Heparin-3o ,s/Kg.

A 2.9 2.8

C 30 2.6

E 34 3.0

F 36 2..I

E 3� 3.7
D 42. 3.0

D 48 4.6

E 50 4.1

D 52. 4.5

E �6 3.7

D 57 4.,

Average.... 3.5

1.34

i.i8

i.68

o.8�

0.94

0.78

1.37

1.03

0.96

1.2.4

0.99

1.14

6.9 2.6

10.2. 2.8

9.6 >6o

3.8 i6

7.3 14

5.1 19

13.0 34

8.2. >90

8.7 2.2.

8.7 42.

8.2. I 2.4

8.i� 34

32. .90

32. .90

36 .84

30 1.0

2.9 1.0

40 .75

30 1.0

2.5 1.2.

2.4 1.3

39 .76

30 1.0

32. 0.93

He parin-ioo s/Kg.

C 33 3.5 1.34

E 43� - -

D 49 4.6 -

E 50 4.1 1.03

E 54 2.0 2.30

D 55 I -

Average.... 3.7

77 >2.10 190 .53

- 73 .87

36 90 105 .95

44 >2.40 12.5 So

400 >2.40 112. .89
- >12.0 95 1.05

12.4 o.8o

* Blood sample by venipuncture through the skin.

t Cl. T.-Clotting Time.

gives a surface which is apparently inert to the clotting system and that, provided

the blood sample is taken in such a way as to prevent contamination with damaged

tissue, such blood does not clot for several hours. Five cubic centimeters of blood

were removed from a superficial vein with a silicone-coated syringe and needle.

The first and final o.5 cc. of blood were discarded and i cc. portions of blood added

to varying amounts of heparin insilicon�-treated tubes. These were allowed to stand

io minutes at 37 C. The samples were then transferred with an untreated syringe
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12.04 HEPARIN DOSAGE AND CLOTTING TIME

and needle to the coagulometer and the clotting times were recorded. The values

are shown in experiments 3, 4, 5 and 6, table 3, opposite I. The control tubes in

experiments 3 and 4 were set up identically and the heparinized blood then trans-

ferred to the coagulometer immediately without incubation. In experiments � and

6 the control blood was added to the silicone tubes, incubated ten minutes, and then

added to the heparin in the coagulometer tubes.

It can be seen that, irrespective of changes in the clotting time of the blood fol-

lowing incubation (zero heparin), there is a marked increase in the clotting time of

the heparinized samples. This result was obtained consistently, with marked differ-

ences in technic and in the coagulability of the blood of the individual animal.

Evidently a certain period of time is required for heparin to combine with the com-

TABLE 3.-Effect of Incubation of Blood with Heparin on Clotting Time

Clotting Time, Mins.
Heparin Units __________________ _________________ _____________________________________

0 .1 .25 .50

I C I 6 45 95
I � I 13 105 143

2. C i 3 6 2.0

I I 4 2.5 40

3 C 2. 8 i8 70

I <i 7 2.5 90

4 C 2. 10 i8 84

I <I II �8 io6

5 C � i 4 9 iS

I � I 5 2.0 � 42.

6 C � I S i8 � 90

#{149}1 � I 7 43 � 140

C-Control or unincubated series; I-Series with blood incubated with heparin.

Experiments i and 2. with oxalated blood; 3, 4, � and 6 with fresh blood in silicone.

ponents of the clotting system before it can exert its maximum anticoagulant effect.

It appears reasonable to attribute to this factor both the discrepancy between the

clotting times obtained on mixing the heparin with the blood in vitro and in vivo,

and also the lag in the rise of the clotting time to its maximum. A great excess of

heparin would accelerate the combination of heparin with the necessary factors

of the clotting system, and thus cause the disappearance of the lag. As reported

above, it was actually found experimentally, that the lag phase disappeared with

large doses of heparin.

Duration of the hypocoagulability after heparin injections. The duration of hypocoagul-

ability represents the time during which the anticoagulant activity of heparin re-

mains in the circulation. Reed” reported that this time was directly proportional
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L. B. JAQUES AND ANN G. RICKER 12.05

to the dosage. In the previous study by Jaques’ this was confirmed, for when the

dosage was divided by the time, the ratio obtained was approximately constant and

was independent of the dosage level and of variations in individual animals. The

value obtained was u.o units/Kg/mm. Shown in table u is the duration of the hy-

pocoagulability for a series of animals receiving injections of 30 and 100 units/Kg.

In the present series, likewise, the ratio is constant. The agreement is in fact con-

siderably better than previously, but the average value is 0.9 units/Kg/mm.

Such a discrepancy is much too great to be due to experimental errors and merits

further consideration.

Several factors were different in the two studies. First, crude heparin (i� units

/mg.) was used in the first series, while all later experiments were conducted with

pure heparin. Direct comparison of crude and pure heparin, however, showed no

difference in the clotting time response elicited. Secondly, a series of doses (from

31 tO 667 units/Kg.) were used in the previous experiments, while only two dosage

levels (30 and ioo units/Kg.) were used in the present series. It is significant that

in the previous study the values of the ratio for the 3 i and I 13 unit doses were i .a.

and i.6 respectively, compared with values of 1.9 to 3.4 (average u.s) for doses of

2.00 units/Kg. and over. This result suggests that the value of the ratio changes

with the dosage level of heparin. Thirdly, the clotting times were previously deter-

mined by the Lee and White method at u� C., with blood samples taken from the

superficial vein through the skin, and it was found that this method failed to de-

tect heparin in concentrations in the blood lower than 0.3 units/cc. On the other

hand, the present method detects concentrations of heparin as low as o. io units.

Hence, at the time when the clotting time was normal by the first method, heparin

was still present to give a prolonged clotting time by the second method, thus

decreasing the ratio. This factor appears to increase in importance with increasing

sensitivity of the clotting time method used to detect the heparin. Thus Jaques,

Charles and Best’6 reported data for the injection of 3� units/Kg. in dogs. The clot-

ting time was determined with the coagulometer, but blood samples were obtained

from the exposed femoral vein, thus further increasing the sensitivity. In their data,

the hypocoagulability lasted from 40 to 8o minutes, again providing a further dis-

crepancy on comparison with the data reported in table u. However, this effect on

this ratio of increasing the sensitivity of the test method for heparin could be pre-

dicted from the results reported byjaques,’ of the effect on the clotting time of con-

tinuous injections of heparin. He found that the rate of disappearance of heparin

from the blood at blood levels below i unit per cc. was a function of the blood

level, so that increasing the sensitivity of the test would result in the detection of

heparin in the blood for a relatively much longer time. He likewise reported that

at blood levels greater than about i .� units per cc., the heparin disappeared from the

blood at a relatively constant rate. This, of course, would result in an apparent

proportionality between dosage and duration of hypocoagulability, if the time

during which blood levels below i.� units per cc. could be detected were small in

comparison with the total period of hypocoagulability.

It is evident then that the constancy of the ratio of dosage to the duration of
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12.06 HEPARIN DOSAGE AND CLOTTING TIME

hypocoagulability is more apparent than real. However, the ratio may have some

value when used in a strictly empirical manner.

THE COMBINED HEPARIN SENSITIVITY TEST

\Vaugh and Ruddick4 have recently described a test for changes in the coagula-

bility of the blood based on the effect of heparin on the clotting time when added in

vitro. Dc Takats’ test,’ on the other hand, is based on the response when the

heparin is injected. Such tests are ofvalue both as a possible indication of suspected

thrombotic tendencies and as an indication of the dosage of heparin required. The

in vivo test as suggested by Dc Takats is essentially a ‘ ‘ heparin tolerance curve.”

As is evident from the previous discussion, this tolerance curve is established by

two separate groups of factors. The first is the coagulability of the blood itself.

This will determine both the value of the maximum clotting time and also at what

level of heparin concentration in the blood it will be no longer possible to deter-

mine the residual heparin present by means of clotting time determinations. The

second factor consists of those processes whereby the heparin activity disappears

from the circulation.

It would appear of value, in studies on heparin at least, to use a test which dis-

tinguishes between and tests both of these factors. This can be done by determining

the response of the individual to heparin added to the blood both in vitro and in

vivo. By thus using both types of response we can obtain a maximum amount of

information regarding these systems. Unfortunately, the incubation effect de-

scribed above, which is effective in vivo, forbids the direct quantitative application

in vivo of the data obtained in the ‘ ‘in vitro test. ‘ ‘ Variations in the rate of reaction

of heparin with the clotting factors (the so-called incubation effect) can probably

be determined by inspection of the initial portion of the in vivo curve, however.

Finally, the value of both tests, and the information obtained from them, can be

greatly increased by suitable plotting on semilog paper to give linear relationships.

In this way it is possible to obtain the maximum information from the few points

which practical considerations allow one to determine.

In our laboratory the test is actually conducted as follows: o, o.u, o.’� and 1.0

units of heparin in 0.3 cc. of saline are taken in tubes in the coagulometer. Five

cubic centimeters of blood is drawn, as described under Methods, and i .o cc. is

added to each tube, the first and last portions of blood being discarded. The clotting

times of these samples are determined, establishing the in vitro curve. Thirty units

Kg. of heparin are then injected intravenously and the clotting time determined

at five to ten minute intervals. This is usually repeated with a 100 units, Kg. dose,

to give two in vivo curves. Typical results are shown in figures 3 and 4. It is our im-

pression that the first blood sample taken from an individual animal has a longer

clotting time than do subsequent samples. We therefore prefer to use this for other

purposes or discard it when conducting clotting studies.

The effect of anesthesia on the clotting time response to heparin. It has long been known

that anesthetics affect the clotting time. It was necessary, therefore, to examine

their effect on the test. A series of dogs, after repeated testing, were anesthetized

and the response again determined. The effect of a barbiturate (sodium pentobar-
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bital) is shown in figure 3. This anesthetic was given intravenously. It can be seen

that pentobarbital definitely increased the clotting time response. This effect was

relatively greatest, however, on the normal clotting time (without heparin) in-

dicating a decrease in the coagulability of the clotting system. This was evidently

relatively independent of the action of heparin, since the two lines converged.

It can also be seen that the difference in the response in vivo after this anesthetic

can be explained on the basis of this change in the coagulability of the blood.

Four dogs were tested for their sensitivity to heparin during anesthesia with

ether by inhalation with the open mask method. The results of these experiments

were somewhat contradictory and did not show the reproducibility in the response

MINS.

30

w20
2
I.-

2

0 #{149}I#{149}23 0 10 20 3OMINS.

UNITS HEPARIN TIME AFTER INJECTION

FIG. 3. Effect of anesthesia with sodium pentobarbital on the heparin sensitivity test. Left-hand figure

is for the ‘ ‘ in vitro’ ‘ test; right-hand figure for the ‘ ‘in vivo’ ‘ test. x-x normal unanesthetized mi-

mal. #{149}-#{149} same animal under pentobarbital anesthesia.

seen with the barbiturate anesthesia and the nephrectomy experiments to be dis-

cussed later. Two dogs showed no change in clotting time with ether; one showed

an increase, the other a decrease. Three of the four dogs showed a definite increase in

sensitivity to heparin in vitro. In all four dogs there was fairly close agreement in

the response in vivo with and without the anesthetic. It has been suggested that

the effect of ether anesthesia on clotting is due to the liberation of adrenaline.

This would explain the variability in response as judged by the heparin test. Two

dogs were anesthetized with urethane. There was no change in clotting time of the

animals but a definite decrease in heparin sensitivity. There was no change in the

in vivo response.

It is evident from the above that the test is affected by anesthetics. The var-
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iability under ether indicates that caution must be exercised in applying the test

with this anesthetic. However, the use of the test is possible following anesthesia

with pentobarbital.

The effect oftreatment with india ink on heparin sensitivity. Various investigators have

suggested a relationship between heparin and the reticulo-endothelial system.

Godlowski” originally reported that the injection of heparin resulted in a block-

age of the activity of the reticulo-endothelial system as judged by the uptake of

india ink. Rigdo&8 has recently completely failed to confirm this. On the other

hand, Knisely, Bloch, and Warner’9 have confirmed it microscopically. Volkert2#{176}

observed in rabbits that the injection of india ink caused the disappearance of uo

per cent of the antithrombin, being the fraction in the blood considered by him to

be heparin. Also it prevented the rise in this fraction which he normally observed

after the injection of protein. The effect of india ink, he concluded, was due to an

effect on the red cells whereby they could bind heparin.

TABLE 4.-Effect of india Ink injections on the Heparin Tests

. . . . In vitro test
F � I) Time after india ink � In vivo test.Xl). og injection Peak clotting time ura ion

Clotting Time Slope

� ,nin. � 6615. mist.

35 � E preinjection 3.0 � 1.64 � >6o 36

. 10 5.4 � 0.37 � -

3 hours 40’ - - � 10 43

� 6 days 3.7 0.96 � 14 2.9

�6 � E preinjection 1.0 1.30 42. 39

� 4hrs. 3.7 1.2.4 12. 2.3

37 � F preinjection 2.. 1 o.S� i6 30

� 4hrs. 2.8 0.96 4 2.0

A series of dogs was standardized, and � cc. of a � per cent suspension of india

ink (Higgins) was given intravenously. The response of the animals to heparin

was then again determined. The tests were conducted at various times after the

india ink. Immediately after the injection the blood was hypercoaguiabl� to such

an extent that it was not possible to conduct the tests. In only one case (experiment

35) was it possible to obtain a satisfactory heparin curve immediately after the

injection. The india ink had disappeared from the plasma ten minutes after the

injection as judged by the color of the plasma. The most interesting and consistent

effect of india ink was observed three to four hours after the injection. Examples

of this are shown in table 4. At this time, a marked flattening of the response to

heparin in vivo was observed as shown by the marked decrease in the peak clotting

time. The in vitro test showed some decrease in the sensitivity to heparin. How-

ever, this did not always appear to be responsible for the marked effect on the in

vivo curve. The duration of the in vivo test was decreased in some cases but not

consistently with the decrease in peak clotting time. The normal clotting time of

the animal was lengthened. The effect lasted partially as long as six days after the

injection of the ink.
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The results resemble those of Volkert, suggesting an interference in the reaction

of heparin with the clotting system rather than either a change in the coagulability

( which would be demonstrated by the in vitro test) or a change in the ability of the

body to inactivate heparin (which would be demonstrated by the duration of the

hypocoagulability in vivo). Rather, there is an increase in the blood of nonspecific

factors which interfere with heparin action. Since blockade of the reticulo-

endothelial system with india ink does not increase the duration of hypocoagulabil-

ity after heparin injections, the reticulo-endothelial system is probably not in-

volved in the disappearance of heparin from the circulation.

U,
Li
I.-

z

z

Li

0
z
I-
I-
0
-J
(-I

FIG. 4. Effect ofnephrectonly and evisceration on the response to heparin. Left-hand figure, “in vitro”;

right-hand figure ‘ ‘ in vivo.’ ‘ x-x animal under pentobarbital anesthesia before operation;

#{149}-. same animal after removal ofthe kidneys + - - - - + animal under pentobarbital anesthesia;

0 - - - - 0 same animal after evisceration.

Effect of nephrectomy and evisceration on heparin sensitivity. As shown in figure u, the

anticoagulant action of heparin disappears rapidly from the circulation. Howell

suggested that heparin was excreted by the kidneys, and evidence in favour of this

view has been obtained by Wilander2’ and Copley and Schnedorf.22 However,

J aques’ and Reinert and Winterstein23 did not detect any excretion in the dog or in

man. As a more direct test of this problem, both kidneys were removed from four

dogs under pentobarbital anesthesia. These animals had been carefully standardized

on heparin and the heparin sensitivity was again tested immediately after the opera-

tion while the animals were still under the anesthetic. The results of one experi-

ment are shown in figure 4. It can be seen that there is no change in the response
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to heparin either in vitro or in vivo. While the points of the in vitro curve do not lie

on the straight line as closely as is usually the case, there is no significant difference

between the values before and after operation. One animal showed an increase in

clotting time and one showed a decrease, after the operation. In these experiments,

the curves after operation were simply displaced by a corresponding amount, in-

dicating that there had been no change in sensitivity to heparin in vitro or in vivo.

Since the kidneys do not appear to be directly respon�ible for the rapid disappear-

ance of hypocoagulability after heparin injections, the gastrointestinal tract was

similarly investigated. Three dogs were carefully standardized for the heparin test

under pentobarbital anesthetic. The gastrointestinal tract and related organs, in-

eluding the spleen, were then removed. Since removal of the liver is followed by a

rapid fall in prothrombin, introducing a further difficulty in interpreting the test,

care was taken not to damage the liver or hepatic artery. After completion of the

operation, a good pulse was observed in the hepatic artery. The response of the

animal to heparin was determined one hour and three hours after the operation.

Glucose was given postoperatively to two animals, but not to the third. No differ-

ence was observed in the response of the three animals.

The results obtained in one animal are shown in figure 4. After the operation the

animal’s blood was hypercoagulable, as shown by the lack of response to heparin

added in vitro. The response in vivo was also changed. A much greater peak clot-

ting time was obtained. This was to be expected, since in removing the viscera we

also removed a large proportion of the effective blood volume, so that the heparin

concentration of the 30 unit Kg. dose was proportionately much greater when

calculated as unitscc. of blood. However, the clotting time returned to normal

in 35 minutes, compared with 30 minutes before operation. It is evident that the

gastrointestinal tract likewise is not responsible for the disappearance of heparin

from the circulation.

SUMMARY

I . The relationship between clotting time and heparin dosage has been studied

in the dog.

2�. On the addition of heparin to blood in vitro, a linear relation is found between

heparin dosage and the logarithm of the clotting time obtained. The sensitivity

of the blood sample to the action of added heparin is influenced both by the mdi-

vidual (coagulability of the blood before withdrawal) and by the technics of with-

drawal and of determination of the clotting time. It is indicated that alterations

in the latter may be used to extend the range of measurable hypocoagulability due

to heparmn. Incubation of heparmn with blood for ten minutes increases its anti-

coagulant effect.

3. When moderate doses of heparin are injected intravenously, five to fifteen

minutes are required for the clotting time to reach a maximum. No evidence of a

biphasic response was obtained. The maximum clotting time obtained is greater

than it is with the same amount of heparin added to the blood in vitro, due to the

effect of incubation of heparin with blood on its anticoagulant activity. The in-
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terval required for the clotting time to return to normal is quite short, and with a

given dosage is constant with different animals. Factors influencing the relation

between duration of hypocoagulability and dosage are discussed.

4. A test has been devised to determine the sensitivity of the animal to the anti-

coagulant action of heparin. The clotting time response to certain concentrations

of heparin added to the blood in vitro is determined. A fixed dose of heparin is then

injected intravenously and the clotting time response is again determined. The

response in vitro measures the sensitivity of the clotting system to heparin, while

the in vivo response, when interpreted in the light of the in vitro response, meas-

ures the ability of the body to remove heparin from the circulation.

5. By means of this test, it has been determined that anesthesia with pentobar-

bital decreased the coagulability of the blood, urethane had no effect on coagulabil-

ity, while the effect of ether was variable. The injection of india ink and eviscera-

tion caused a hypercoagulability, while removal of the kidneys had little effect.

6. When the sensitivity of the blood to the anticoagulant action of heparin was

tested during these procedures, pentobarbital and nephrectomy had no effect, ether

caused an increase in sensitivity, urethane a decrease. The injection of india ink

and also evisceration markedly decreased the sensitivity of the blood to the anti-

coagulant action of heparin.

7. Anesthesia with pentobarbital, ether or urethane, the injection of india ink,

removal of the kidneys, or removal of the gastrointestinal tract, had no effect on

the duration of heparin action in the body.
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