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~L~ L ,\.AL~
Studies were done to define the coagulation defect that develops

in anesthetized dogs perfused with an arteriovencus extracorporeal perfusion

system without added heparin . The dev :~e~t of whole blood clotting times

(WBCT) greater than 24 hc~rs is ass3ciat~ i with the appearance of a plasma
• inhibitor of thrombin arid Factor Xa c .ctting of bovine plasma. This inhibitor

stimulated the inactivation of Factor Xa by antithrombin III (ATIII) but not

by o-inethyl-isourea modified AT1 I. Thrc~bin inhibition by ATIII was also

stimulated. Six perfused dogs devoloped. an equivalent of 0.98 to 6.15 U/mi

of heparin activity decer nir.ed by in-dbizion of thrombin-induced clotting of

normal canine plasma. This activity was :~at stable, adsorbed by BaSO4 and

neutralized by protamine. Lifus ion of protamine sulfate into two perfused

dogs reversed the anticoagulant activity and brought the WBCT from greater

than 24 hours to less than cor.trc.. Five eviscerated dogs in which the hepatic

artery was ligated developed pc~.k plasma h~parin activity of 3.2+1.0 U/mi .

S 

We conclude that dogs perfused on our ext.racorporeai perfusion system without

added heparin develop an endogonous heparin activity in their plasma which

is a major contributor to their autoanticoagulated state. In addition, this

heparin activity may have an ex. ra-hepatic origin .

INDEX ~ORDS : endogenous heparia; antithrcabin 11 , cardiopuimonary bypass;

hemodialysis
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The problem of preventing blood fro~i clotting during the extracorporeal

• perfusion of either organs (3) or whole aniT.ais (1) has been solved by

adding exogenous anticoagulants . 1-eparin was used during the development

of hemodialysis (23) and cardiac bypass techniques (12) in animals . Heparin

S 
has continued to be used in h~ r.ans since the introduction of these procedures

into clinical use (13,20) .

To determine if systemic heparinization was necessary for successful

extracorporea]. perfusion, recent studies have been performed with perfused ,

nonanticoagulated dogs (4 ,5 ,112 . The firs: of these studies established
• that dogs could tolerate 24 hours of perfusion with a circuit containing

a membrane oxygenator without added heparin (11). These results encouraged

our laboratory to attempt extracorporeal perfusion in’ dogs without heparin.

Our results demonstrated that this procedure was well tolerated with good

surgical hemostasis and. maintenance of blood pressure (4 ,5).

One unexplained finding of these studies was the failure of whole blood

to clot after the dog had been perfused at p~znp flow rates exceeding 800

mi/minute for 45 minutes (4 ,5). This was not accompanied by severe depletion S

S 

of platelets and fibrinogen (15), chan;es which might be expected to occur

if the coagulation defect was due to diss~~inated intravascular coagulat ion

(24) or pathological fi~r o .ysi.-~ ~~~ These results led , to a search for

other factors that might be invc:’:~d. 1’.u~ characterization of an inhibitor

• which appears to be the maj or cause of the coagulation defect produced with

our perfusion system is the subj ect of this paper .
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~ATE?JALS AND METhODS

The extrc.eorporea1 p erf i.~~ o~-~ o .~;a~: ~~ .~: “ai descrip tion of proced ure

The details of the extraccrpcrcal perfusion system are fully described

in a companion paper (15) . Adult mongrel dogs weighing frem 15 to 25 kg

were anesthetized with 23 mg/kg of sodiun pentobarbital , intubated with an

orotrachea]. tube , arid allowed to breathe spontaneously . The arteriovenous

perfus ion circuit which carried blood from the Lemoral arteries to femora.1.

veins consisted of flexib .e Tygon plastic tubing, a Nalgene plastic reservoir ,

and a calibrated roller-type p~r.p.

- 

S 

A constant level of b .cod was :~aintained in the reservoir by adjusting

screw clamps on the arterial outi .aw tu~ i~~ leading to the reservoir while

pump flow rate was constant. The animal ‘~:as perfused under anesthesia for -

3 hours and observed for 3 hours following termination of the perfusion .

No animal received an anticoagulant of any kind . All catheters and pressure

transducers were maintained. with normal saline.

Evisceration with ligation ~f  th~ ~~~ ;f~ ~ ‘~ar~
S To investigate the role of the abdominal viscera , especially the liver ,

in the production of the coagulation ~~~~~~ anesthetized dogs were eviscerated

and the hepatic artery ligated by a previously described technique (2,14).

In short , the stomach, intestines , :~~creas arid sp A.een were removed. The

hepatic artery was then ligatea. .~:th~n 20 m~.nutes azter evisceration , tne —

ex’tracorporeal perfusion was .itarteo.

S 

collection of blood ~ .d ~r~p ara~~o ’~-. of ~~~ora

Samples of blood were dra-.’.r. into a ‘~.as:ia syringe from a polyethylene

cannuia in the right oracnia~ ar:~~y. ~;:ee riu. were used to perform modified

Lee-White clotting tu es. ~~ reaarnaer was anticoagulatec with Na citrate

S 
(0.38~ final concentraz~on) or >‘~a cxa.~ate L u . D ~. M rinal concentration)

in plastic culture tubes . 7la:el~t-rica plasma was prepared from the citrated

-5--.--—
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whole blood by centrifugation at :~ o ~ .h~r ~3 seconds. Platelet counts

were performed with a Coul:er auto;:~atic ~~rticle counter and platelet morph-
ology examined by phase contrast ~icrosoo:y. Plasma was prepared by centrifu-
gation at 3000 g for 15 minutes and stor~ci at -20°C in plastic culture tubes
until the remaining coagulation and he~arim assays were performed . -

Normal control plasma was obtained from fasting beagle dogs by jugular
venipuncture using a two-syringe zechni~ue. The blood was anticoagulated

with Na citrate (0 .38% f inal concentration) or Na oxalate (0.01 M final
concentration) . Plasma was prepared arid stored at -20°C.

To determine if the plasma :~ pnrim activity could be removed by barium
S sulfate adsorption , 53 mg of BaSC ,. ~er ml of oxalated plasma was added and

stirred for 15 minutes at room :a iperature . The 3aS04 was precipitated by

centrifugation at 3000 G for 10 minutes . The adsorbed plasma was decanted

and assayed for heparin activity.

S The in vitro sensitivity of the heparim activity to neutralization by

S 
protamine sulfate was determined in the following manner. The stock solution

of protanine was diluted in ~~~ NaCI to give a final concentration of

200 ~.g/mi. From 0.01 to 0.1 ml of this solution was added to 1.0 ml samples

of citrated plasma draici ~e:ore ann after 2~ and 90 minutes of extracorporeal

perfusion. The heparin activity in the sample was then measured using a

modified thrombin clotting time of normal canine plasma. The miniim~m amount

of protainrne needed to correct the enrcm.n.n time back to prepertusion values

was recorded.

• Proteina

S Factor X was purifie~i ircn a h a m .’. e n.nze of barium adsorbed bovine

plasma as described elsewhere C2 5 . ~~ mimo;en wa.s purified from barium
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adsorbed plasma by the method of Szraughri and Wagner (29) . Antithrombin

III was purified from barium ad~~rhad P1~~.:~n as described (10) . Thrombin

was prepared by activating purified prothrombin with purified Factor Xa,

Factor V, crude brain cephalin and calcium chloride as described previously

(25) . Activated Factor X was prepared by reacting Factor X with Factor X-

activator from Russell’s viper venom arid calcium as described elsewhere (25) .

• The lysine residues on antithrcmbin III were modified according to the

method of Rosenberg and Damus (28). The modified protein retained 70% of

its inhibitory activity against thrombia. The active modified species lost

50% of its sensitivity to heparin (31).

coagulation assay s

Modified Lee—White whole ~~ood o n - ~;~ ;ir~~. Three 1.0 ml samples of

whole blood drawn from the brachial artery of the experimental animal were

placed in 12x75 nt~ glass tubes. The t’nb~s remained at room temperature

and the first tube was tilted at intervals of 30 seconds until a solid clot

formed. The second arid third tubas were than treated similarly in sequence.

The clotting time was the time reçuired for , a solid clot to form in the third

tube (22) .

Fibrinogen level. The Libririogen level was determined by a thrombin

clotting time as descr~oec cy ~-~ougie ~~~~ inc clotting time was per formed

at 37°C by adding 0.1 ml of thrombin Cocviri~ , l3~) U/mi) to 0.2 n1 test plasma

diluted 1:10 with barbital-buffered sallne ~ph 7.35 , 0.0285 M ). A standard

curve was made using a cormerically prepared fibrinogen solution (Data-Fi ,

Dade Diagnostics) diluted with barbital-buffered saline (pH 7.35 , 0.0285 M).

Clotting t imes were performed in duplicate and the mean used to determine

the fibrinogen concentration :rcm the standard curve .

-, - - 5 ’ - --  - -- - - - , 5
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lie parin assays

Modified thromb~r. c ;r irj  ~~
- .-.i. A 5 .~aiiioation of the hepar in assay

based on prolongation of the thromb ir. clotting time (26) was used to measure

heparin activity. A thromb in clotting tine was performed in the following

manner . Normal citrated plasma was warmed minutes in a 37°C water bath in 
S

10x75 ~n glass tubes. Then 0 .05 ml test plasma was added followed by 0.01
S ml throinbin diluted in 0.1 M CaC1,. A standard curve was prepared using sodium

heparin (beef lung , 1000 U/mi) in normal citrated plasma.

The inhibition of Factor Xa-initiated clotting of plasma was measured in

a one-stage assay. 0.1 ml phospl-.~lipid (330 ~i g/mi) , 0.1 ml CaC12 (0.025 M),

0.05 ml Factor Xa (0.1 ‘~g/mi) and 0.35 ml of the inhibitor sample were mixed

at 37 ~~~~. Clotting was initiated by the addition of 0.1 ml of oxalated bovine

plasma. A standard curve was derived by measuring the clotting time at various

Factor Xa concentrations. The amount of Factor Xa remaining at a given time

~as measured by the same method except that no inhibitor was added in the

assay. All of the reagents in the assay were made in the 0.1 M NaC1, 0.02 M

Tris-Hcl, pH 7.5, and 1 mg/mI bovine seran albumin.

Thrombin activity was also measured by a fibrinogen clotting assay.

The thrombin sample was made to a final volume of 0.3 ml in buffer (0.1 M

NaC1, 0.32 M Tris-Hcl, pH 7.5, 1 m~/m1 bovine serum albumin). Clotting was

initiated by the aaal::on e~ 3.~. ma c~ :nn.~no~en ~,0 mg/mi). A thrombirA

standard curve was construotec uy measum:n; tne c~otting time at various

thrombin concentrations.

RESULTS

The whole blood clotting times (~~CT) of dogs perfused without added

heparin on an arteriovenous extracorporeni perfusion system became prolonged

at blood flows of 800-1100 mI/minute . The lengthening of the 1~BCT occurred

progressively, reaching the vaiua of ,v~ater than 24 hours by 45 minutes of

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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perfusion . Following termination of the extracorporea]. perfusion , the

whole blood clottIng tima r~turn~~ to nor...ai in 3 hours (Figure 1).

A prolongation of the ~~CT could be anused by an alteration of

platelets, a deficiency of coagulation factors, or an inhibitor of coagula-

S 
tion. The effects of perfusion with our system on the prothrombin time,

partial thromboplastin time , fibrinogen L vel , Factor V, VIII and X levels,
S fibrin degradation products, platelet coun t , and platelet aggregation are

described in a companior. paper ~~~~ To d~termine if an inhibitor of coagu-

lation was released, we examined the effect of plasma from a perfused dog on

thrombin-initiated clotting of ncmml canine plasma and observed that plasma

from the perfused dog inhibited thr a:bin clotting of normal canine plasma.

Using coi~unercial heparin as a standard for comparison , we observed the peak

inhibitor activity to vary between 0.8 to 6.2 U/mi in six different dogs

with a mean of 3.7 U/mi . Three hours after the termination of perfusion,

the anticoagulant activity was undetectable in four of six dogs (Figure 2) .

The inhibitor was not specific for dog plasma. Prior to extracorporeãl

perfus ion , dog plasma had no effect upon the clotting of bovine plasma

initiated either with bovine thromb in or bovine Factor Xa. After 20 minutes

of perfusion , small amounts of the perfused dog plasma would inhibit the

clotting of either thratbin or Factor Xa-initiated clotting of bovine

S plasma . The dilution curves of the inhibitor were similar in each assay

(Figure 3). In addition , the dinution carve of a similar amount of heparin

in a Factor Xa-initiated clotting assay - a s  similar to that with perfused

• dog plasma.

Since at is possib~.e in caca o: tnese assays tant tne innibitor migat

interfere with tne thromb m int~:act:cn ~
-.~~ t•i ~aor:nogen , we examined the

effect of the ~‘i~ibitor or. indavidual clott ing factors. ifl the absence of

-L
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or any ether factors, low j eve~s of the dog plasma had no effect

~••~on ~.czo: •~~~~~. ..ow~rer, an zne prescnce o~ ant~tnrcmb~a III we observeu

a ~arge sti.~r.u,~a:ion o: anta:nromban ~~~ ~uiioation o: Factor Xa. St~~ula-
o~ a ti romoan III iraia~at~on oi serane proteases is a characteristic

property oz neparin (2S). In orcer to substantiate that this inhibitor is

acting through a heparin-like mechanism , we used o-methylIsourea derivatized

ontitnromoin Iii. This modification ot antatnrombm III alters the iysine
resacues , recucang tne a::anaty oetween antithromo m III anc heparan . The

cog plasma odd not stimulate the inhibition of Factor Xa - by the modified

anti thrombin III (Figure 4). As observed with Factor Xa , small amounts of

perf us ed dog plas ma stimulated inhibition of throtbin by antithrcmbin

• -~~~~~ L~’agure 5), wnach as anaaogous to neparan .

Two other properties of the inhibitor were observed which indicate that

it is similar to heparin . First , when protamine sulfate was incubated. in

plasma from perfused dogs, the ability of that plasma to inhibit thrombin-

-
~ initiated clotting of r~o~~.al ~og p~.asma was b1ockec~. Between 0.75 to 1.0 mg

of protamine sulfate blocked the expression of 100 units of inhibitor activity. 
S

Second, we fo~z’4 that barium adsorpt~.on of oxalated plasma removed the inhibitor.

Similar experiments witn heparan ancaoate~ that it too could be removea by

oaraum adsorption.

We have observed several properties of this factor that distinguish it

r:o~ neparin. First, at cad. not react w:tn Azure A , as measured by a Sfli:t

an the V1SiOJ.C spectrum of tne dye. ~n contrast, an equivalent amount o~
neparan (on tne oasis o: antacoagu ant activi~y) acced to controi dog piasma

did cause a shift in color . Second , we observed that the anticoagulant

ac:~v~ty was precipatable oy ~ ~~/ v1 trachioroacetac acid . ~n contrast ,

-- •‘
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heparin remained soluble in controi ex~~-riments . This material was insensi-

tive to boiling . ~Vhen dog p 1as~a~ ~~s b~~~ b for two minutes , no loss of

the anticoagulant activity was observed. Following boiling the precipitated

protein was centrifuged and the supernatant assayed. The anticoagulant

activi ty was observed to be pelleted with the protein . This contrasts with

our observation that when heparin was ~~~~ to plasma , boiled and centri-

fuged , the activity remained in the supernatant . These observations m dui-
cated that the anticoagulant factor may be tightly boi.aid to protein.

To determine if our in vitro observations would apply in vivo , we

infused protarnine sul fate into two dogs that had been perfus ed on the extra-

corporeal system for 90 minutes . In a 19 k; dog , 13 mg of protamine sulfate

infused into the jugular vein over 9 minates reduced the inhibitor activity

from 1.2 U/mI. to zero and shortened the whole blood clotting t ime from

greater than 24 hours to 3 minutes. In a 16 kg dog, 26 mg of protamine sul-

fate infu sed over 24 minutes decreased the inhibitor activity fr om 3.7 U/rn).

to zero and shortened the WPiCr from greater than 24 hours to 2.5 minutes.

Since the inhibitor appeared to function in a manner similar to heparin,

we were concerned about the so~~ce of this material . Since polymers used in

plastics are reported to inhibit blood coagulation in a manner similar to

heparin (31) ,  we considered the possibility that the inhibitor was being

leached from the plastics used in the perfusion system . However , when

either normal saline , citrated whole blood , or nonanticoagulated whole blood

was circulated in the perfusion circuit for 30 minutes , no inhibitor activity

could be detected.

A second possible source of the ir.Lih1~ or ~~ght be the liver since it

is well established that dog livers c~~ t~ i~ inr~e anounts of heparin Q 9 j .

In order to determine the cor.tr: : ut~ T .~ ~~~. ~~~ live:’ and other abdominal

viscera to the inh ibitor activity , the d. T .~~
’ 
~n:~stines , stomach and spleen
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were removed and the hepatic artery ligated prior to perfus ion on the

extracorporeal system. Five od six dc~~ ~:‘~ated in this fashion developed

an iniuoitor to thrornbin-aiutiatcd c.~.ottan~ ot normal plasma (Figure 6).

The average peak level of inhibitor activity was 3.2~.l.0 U/m.l, which was not

significantly different from the levels observed in normal perfused dogs

(3.7~l.7 U/in).) . One of the eviscerated dogs with the hepatic artery ligated

developed no plasma heparin activity, had. clots form in the reservoir , and

died after 120 minutes of perfusion. The inhibitor activity which developed

in the other five dogs was adsorb ed by BaSO4 and reversed in vitro by prota-

mine sulfate, as measured by the effect of samples on the thrombin clotting

tine of normal canine plasma . Des~ite - eak plasma heparin activity of 1.7

to- 4.8 U/mi. in this group 0: cogs, the wac~c o~oo~ clotting time was never

greater than 24 hours as it was in the neneviscerated perfused dogs.

By 45 minutes of perfus ion, it was 1CSS than twice the norma.l value (Figure 7).

DISCUSSION . 
S

Studies in our laboratory have provicaisly shol%n that dogs perfused

with our extracorporeal system without added hepar in develop an autoanti-

coagulated state (4 ,5). The current study demonstrates that these perfused

dogs develop a circulat ing inhibitor of Factor Xa and thrombin-induced clot-

ting of normal canine plasma. This activity was “heparin-like” since it

required antithroir.bin III for expression . Since other glycosaminoglycans

such as chondroitin polysulfates 3) and dermatan sulfate (30) can have

anticoagulant properties, the exact structure of the “heparin-like” compound

will require further study .

The anticoagulant activity formed in perfused dogs has several properties

tnat daf:erentiat e~at frcm La an/zaoran~;er. aegradation products . This can

be mferrea rran an experiment o: ~owa~s.-:: -•no , :ol~owing infusion or tne

- - S - -- -S 
~~~~~~ 5~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - ~~~~~
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plasminogen activator streptahinase ..n:a do;s, found an inhibitor of thro~bin

clotting of norma). plasma ~~~. ~~itor, presumably fibrin degrada-

tion products , was found to be heat-I lIe and could not be adsorbed from

plasma by barium sulfate. This differs from both hepar in and the inhibitor

in the plasma ~f. our perfused dogs which are both heat-stable and are

adsorbed by barium sulfate .

The heparin activity appears to be an inportant factor in the development

of autoanticoagulation produced in perfused dogs . Infus ion of protamine S

sulfate caused plasma levels of the heparin activity to fall to indetectable

levels. This decrease was associated with a shortening of the whole blood

clotting tine from greater than Z- hours to less than 4 minutes. This

correction of the clotting defect by protami.ne , plus the lack of a signifi-

cant decrease in the platelet count and Librinogen level (15) , suggests

that decreased levels of clotting factors was not the major cause of the

prolonged whole blood clotting. Li dogs perfused with a membrane oxygena-

tor , there was a significant decrease in the platelet count and fibrinogen

levels (11) . Thus , the autoanticoagulated state produced by our perfusion

system and Fletcher’s membrane oxygenator may differ.

The heparin activity that appeared in the blood of perfused dogs was

not a contaminant washed fr om the tubing . No heparin activity was produced

when saline , citrated whole blood , or nonanticoagulated blood was circulated

S in the perfusion circuit . It is possible, however, that a perturbation

of the blood in the perfusion circuit leads to the appearance of the heparin

• - activity. The nature of this perturbation requires further study . This

S 
effect of extracorporeal perfusion in the blood might not have been previously

appreciated since the response to the pc:’tur~cation would have been masked

by administration of ccrmerciai hepar in.

——~~~~~~~~~~~~-
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The results of this study may also ~e relevant to the study of endogenous

hepar in. Endogenous heparin may play a role in the regulation of fat meta-

bolism and clotting (9,l~). Ahr.ormalities of endogenous heparin could be

involved in the development of thrombosis and atherogenesis (9,19). Progress

• in this area has been hc.mpered by - the lach of a suitable model in which to

- 
S 

study the endogenous heparin which may be present in the vascular space.

Endogenous heparin appears in dog blood during anaphylactic and peptone

shock (7 ,27) . This model has not been extensively used since the heparin was

presumed to originate primarily fr om the canine liver. Hepatectomy prevented

the dog blood from becoming incoagulable during anaphylaxis and reduced the

amount of protainine needed to bring the clotting tine back to the normal

range . These results were interpreted as proof that heparin does not appear

in the blood in canine anaphylaxis after hepatectomy (17). Contrary to this

interpretation, we found from 1.7 to 4.8 U/rn). of heparin activity present

in the plasma of perfused eviscerated dogs ‘.~:ith the hepatic artery tied

without the development of incoag-alab .e blood. Thus , the whole blood clotting

time in dogs lacking a perfused liver may not be a reliable indicator of the

presence or absence of heparin . Further .~:udies are needed to better define

the nature of this “heparin resistanceTt .

There is increasing evidence :or tne exastence of non-mast ce~.l heparin

(19). Administered heparin binds to endothe lium and platelets and is taken

up by the reticuloendothelial system C ’s) .  in addition, canine liver contains

two heparin fractions determined by polyacrylomide gel electrophoresis and

one of these fractions does not correlat~ with mast cell numbers (18).

Since evisceration wath ~:;at:cr. oa tao aepatac artery did not decrease tne

levels of plasma hepar in activity com~area to our normal perfused animals ,

it is unlike~.y that hepatic aeparan re~easo as tao rna~or cause Oi ~ne

L. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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circulating heparin activity. It is possible that extracorporeal perfusion

S without added heparir. may be a stacie , non-shock model in which to study

the non-mast ce.~l heparan of tac \mscainr ~paco. ior this reason, further

studies are needed to define the ocurce of this endogenous “heparin-like”

material.

S In conclusion, dogs perfused with an arteriovenous extracorporeal

perfusion system develop an ai.~toanticoagulatcd state related to the genera-

tion of plasma heparin activity. This system may serve as a useful model

for future studies of endogeneus heparin and the effects of extracorporeai.

• perfusion on the blood .

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Figure ].. Cnanges in the whole bb~J clo:ting time during extracorporeal

perfusion without ii~traticn of heparin. Blood samples were

drawn from a brachial arterial cannula in anesthetized dogs during

and after arteriovenous extraecrporeal perfusion. N—6 dogs.

Ba r - S B .

Figure 2. Endogenous anticoagulation ~nring extracorporeal perfusion : plasma

heparin activity. Anesthetized dogs were placed on an arterio-

venous extracorporeal perfusion apparatus without exogenous anti-

coagulants . Sanples of blood drawn from the brachial artery were

aasayed for heparin activity using a thrombin clotting time of

normal canine plasma. P irst , 0.65 ml of the citrated test plasma

was added to 0.15 ml of normal citrated canine plasma at 37°C.

Then 0.1 nil of h a  diluted in 0.1 nil Cad 2 was added and the clotting

time measured manually. .~~ ~tan-dard curve was constructed using

conmercial. heparin (Upj SDhn ; beef lung). Three hours of recovery

followec. 3 hours 0: p:rtus ion.

Figure 3. Inhibition of Factor Xa or thrembin-initiated clotting of plasma

by dog plasma. Clotting of bevine plasma was performed with

either Factor X.a or thrombir. as described in “Methods” . Thrombin

activity or Factor Xa activit;~ was determined from thrombin or

Factor Xa standard curves im the absence of inhibitor. Thrombin-

initiated clotting ( .~ ~~, ~a~:3r Xa-initiated clotting (o)  and

Factor Xa-initiated ciottin; u~ir.; heparin (5 U/mi) ~~ in place

of dog plasma as the inhibitor were studied.
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Figure 4. The effect of plasma from a perfused dog on the inhibition of

Factor Xa by zit .a.bim :i or ~-.:~cthyl-isourea derivatized

antithrombin i:r Ci.l ~\; f1A~al concentration) at 37 °C in 0.1 M

NaCl , 0.02 .M Tris-}C1, ~ 7.5 , 1 mg/al bovine serum albumin.

Factor Xa activity was measured as described in “Methods”.

In the top panel the reaction mixture also included: nothing ( s ) ,

2 ~l dog plasma C v )  and l~~~. dog plasma Cv). For the bottom S

panel Factor Xa (0.33 uM) was incubated with o-methylisourea

derivatized antithrombin III (2.3 uM final concentration) in the

presence of no addition (~~) ~r 2 .1 dog plasma (v) .  In addition ,

Factor Xa (0 .33 uM was incub~.~~ with 2 ~1 dog plasma in the 
S

S absence of antithr omb in XII 
~~
‘
~
‘ ).

Figure 5. Effect of plasma from a perfused dog on the inhibition of thrombin S

by antitbrombin III. Thrombin (0.23 ~M) was incubated with anti-

thronfoin III (1.1 uM final concentration) at 37°C in 0.1 M NaC1, 
S

0.02 M Tris-HCI , p~i 7.5 , 1 mg/nil bovine serum albumin, with no

S addition (a’), 2 ~1 do; plasma (~~) and 1 ~1 dog plasma Cv) .

Thrombin was assayed as doscribed in “Methods” .

Figure 6. h’eparin activity in ~wisce:ate . perfused dogs with the hepatic 
S

artery ligated. Anest -.etized dogs were eviscerated with the

stomach , intestines , spleen and pancreas removed and the hepatic

artery ligated . The dogs wer e then placed on an arteriovenous

extracorporeal perfusion apparatus without added heparin . Samples

of blood drawn from the brachial arterial caiinuia were assayed

for heparin activity by measuring the prolongation of the thrombin

time of normal citrated canine plasma (see “Methods”). Two hours

of perfusion was followed by two hours of recovery under anesthesia.

S N—6 dogs.
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Figure 7. Whole blood clottin g time during extracorporeal. perfusion without

added heparin in eviscerated dogs with the hepatic artery tied
(see text Figure 7). .ood s~zples were drawn from the brachial S

arterial car.r.uia of znesthcti:ed dogs following evisceration and
ligation of the hepatic arter~.’ during perfus ion on the extra-
corporeal sy~tea. A moiified L~e-~~ite clotting time was used
(see “Methods”). Note that these dogs did not attain whole blood
clotting times greater then 24 hours despite the presence of
plasma heparin activity (see Figure 7). N—6 dogs. Bar — +SE. 
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