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Heparin and Plasma Albumin in Relation to Thromboplastic
Action of Trypsin, Cephalin and Brain Extracts.

Jounx H. FERGUSON.

From the Department of Materia Medica and Therapeutics, University of Michigan,
Ann Arbor.

Evidence has recently been presented for the existence of a throm-
boplastic enzyme factor in blood clotting. Its réle is to mobilize
cephalin and calcium for thrombin formation.?> With recently
standardized technical procedures,® observations have been extended
to include the known normal antithrombic factors.

The degree to which different amounts of heparin can inhibit
clotting of citrated dog plasma by crystalline trypsin, under varying
conditions of calcium and cephalin mobilization, is evident in the
controlled experiments of Table I.

Sufficient heparin can greatly delay coagulation even under condi-
tions most favorable to the action of trypsin, namely, abundance of
added cephalin and calcium. Nevertheless, clotting eventually occurs
in all tubes. The heparin inhibition varies inversely with the clot-
aiding efficacy of the thromboplastic mixture.

Table IT shows the varying extent of “antiprothrombic” action of
heparin during the formation of thrombin from recalcified prothrom-
bin in the presence of (1) aqueous brain extract,* (2) its equivalent
of isolated phospholipids, (3) a comparable solution of cephalin,
(4) crystalline trypsin.

The heparin is able completely to prevent thrombin formation in
the presence of cephalin and (practically) in the case of the slightly
more potent solution of isolated P-lipids. With whole brain extract
there is delayed activation (confirmed) only evident in the first minute
of incubation. Thereafter, the thrombin formed in the presence
of heparin is as potent as in the control. Trypsin behaves very
similarly to the crude thromboplastin, namely, evincing some delay
in the early minutes of prothrombin activation. The occurrence of a
minor degree of the same phenomenon in the control (sans heparin)

1 Ferguson, J. H., and Erickson, B. N., Proc. Soc. Exp. BioL. AND MED., 1939,
40, 625,

2 Ferguson, J. H., and Erickson, B. N., Am. J. Physiol., 1939, 126, 661.

3 Ferguson, J. H., J. Lab. and Clin. Med., 1938, 24, 273.

* Thromboplastin prepared from a dry brain preparation kindly supplied by
Dr. A. J. Quick., Solution analysed: Total P-lipid = 11 mg. incl, Cephalin — 4.6
mg; Protein — 104 mg %.




HEerariN AND THROMBOPLASTIC ENZYME

34

('s."@ pue "M “H) unedsy [BI2I0WWI0d LIBUIPIO

1 1>3< T 0T o §g” - S ‘e3

« S¥ T 10 G3’ ‘13 - gg ‘vo

298 65 T €00 Qg Gg — eg’ ‘€3

o ST>L< T 0t €z - ¢’ ¢e ‘3%

i 3 1 T0 S8 - 6g ¢g’ 13

998 CET 1 G0°0 gg - g3’ ¢g’ ‘03

o STI> < T 0T — ¢e’ gg e’ ‘6T

o L2>3< T 0 — ¢g g3’ g3’ 8T

o L>23< I 00 — 1 i e’ LT

« ST>L< T 0T - - g 63’ 9T

1> 1 T0 - - ¢ ¢s’ ST

M 1>3< I S0°0 — — ¢ g’ ¥

¢« GG T - < g3 g3’ g3’ 'eT

<« 8¢ T - <6’ - [ ¢e’ ‘8l

038 06 T - - o ¢ ¢ Tt

1 L>3< I — - gL oy 01

jo2 oN 1 0T iy e Ga’ - ‘6

o QLS I v ¢’ ¢ eg’ - '8

298 0¥5 L $0°0 €6 Ry g3 - ‘L

TT: T 0T S - @ — 9

jop oN 1 T0 s - ¢ - ¢

¢ OPET T €00 S - g —_ ki

(e 00T 1 — ¢z ge g — ‘g

938 G7g [ - iy — qL - ks

1019 ON I — — eg er — T
(De8¢8) (39) (9 gg-0 ur ) (29) (000T:T 3o ) (92) (02 ¢z ur Bw)

aurty-Funyzor) vwse| Lurredoyy D 0T/N urpeyda)) 13jem utsd{ay,
Ee) I81q
‘wntore) pue ‘uneydep ‘wisdLi], ourreisfi) L{q vwsed Sod poreir) Fo SJurpiol) uodn upredo Fo suonjenuscuc) Juikivp JO 8199[H
T ATdVL



HEPARIN AND THROMBOPLASTIC ENZYME

*(000°0T: 1) uomnjos snoonbe ur perederd pue ‘parip
‘1ayje  wmapoajad-1ayja ur pardacdar sprdiy-g o(quiosut-auolsde { (1:g¢) Iayje-[oyoo[e YIIM pojoriixe  uuyserdoquioryl,, s }Indi
‘£ouarod BurdLIo s31 JO SYIINOF-9911] UBYJ AIOW JBYMIWOS 98 0f vaey 03 sieadde yorym uoryeredard pro ue sem ureydeo oyg}
‘uo13B[n3L09 039[dwoduUr §93BITPUT .

«8T 38 #0L 4099 o @® (g'0) unredeqy cc ‘e 0T
WIT as WST 408 #86 x — (00) ‘6
“6 WJIT W81 438 L6 ®w (g'0) utredeoy ‘e iy ‘8
“8 W11 €31 #ST 408 o — (ggr'0) wsdiry, ‘2
"l WL wl WJOT W9 W0BLx (¢'0) uwedoy T TR T TERT, e ‘9
wl ul wl 6 9T “G8 — pudi-g 8w €300 ‘1our (99 ¢3°0) uyserdoquioryy, °¢
A098x  L008T« o ® x o (g'0) uwnredey e « ‘ 4
"9 9 “8 0T 03 .08 — (¢go'0) spudy-g urergi g
[o°e] [0 0] [o's] o'd] [e o] - Am.OV ﬁwhﬁﬁmvm X I3 ‘3
6 i WTT 408 «08 — — (1°0) umeydop} °1
.09 08 0% 0T .G T To3tquyuy 1ue8e onserdoquioay, L
A

(DoCT te ‘sopnurue ‘porrod UOTIBULIOY UTGWOIYT,

L 99 ¢'0 + (eoaF-urquoryjord) usSouriqy 20 T : Do8E

18 (09s) sowny-Sunjory g 90 ¢ 19d Sw : umedsy pue ‘wisd L1 ‘arreyden (I, 92 ¢ aad ®)y bowr cog) S[HBD OpnouT sAANIXTW
UV  "DoCT e pajeqnout ‘(pojnyip L[qeims) tojiqryur snpd (s)iojeatyor 90 [ + -upos urquioryjoxd 90 §F = () 9InIXIW SIQUIOIYT,
s1a8y s1sepdoquIoly], SNOWEBA FO 9dUISIL [} UL UIQWOIY)0I ] PIYI[LIdY WOIJ UIQWON[], FO UWOTJeulIo ] oy} uo utivday] Fo s39g5

I HTdV L



36 HEPARIN AND THROMBOPLASTIC ENZYME

may be evidence for an enzyme inhibitor in the prothrombin prepara-
tion.

Fresh tissue extracts have a much greater thromboplastic potency
than can be accounted for on the basis of their phospholipid content.
There is some evidence for this even in the present experiment in
which the aqueous extract has been kept for 3 days in the ice-box,
pending analyses.

These data afford additional evidence that the close analogy of
thromboplastin and trypsin extends to their behavior in the presence
of heparin. The antiprothrombic action of heparin is so brief in
these cases, as compared with tests using isolated P-lipids, that it is
clear how Quick* and Brinkhous, Smith, ¢¢ al.,” missed the classical
effect.®

Antithrombic actions of heparin and albumin. Table III confirms
Quick’s” finding of the synergism of the otherwise-negligible “anti-
thrombic” actions of heparin and plasma albumin (the dialysed
residue after (NH,).SO, pptn. of plasma globulins), with one im-
portant exception. There is no evidence of any progressive inacti-
vation of thrombin, although tests were made on thrombic mixtures
of the 4 types shown in Table II and with the addition of (1) albu-
min, (2) heparin, and (3) albumin plus heparin. The phenomena of
Table 111, significantly, were reproducible with each type of thrombic
mixture. '

Conclusions. There is no valid reason to suppose that the funda-
mental process of thrombin formation differs as between the phos-
pholipid and the enzymic modes of activation.® The fact of the

TABLE TIIL
Synergism Between Antithrombic Actions of Heparin and Plasma Albumin.

Thrombin = 4 ce prothrombin soln. 4 0.5 ce cephalin (1:500) + 0.5 cc CaCly
(N/10), aged for over 2 hours but stabilized by low temperature (10°0).

Dist.
Thrombin  Water Heparin Albumin Fibrinogen* Clotting-time
(ce) (ee) (mgin 0.25 ce) (ee) (ce) (38°C)
L 5 .75 — — 1 15 sec
2. 5 5 .05 — 1 20
3. 5 25 — 5 1 37
4, 5 — .05 B 1 25 min.
5.* .5 — .05 5 1 24 7

*Fibrinogen added exactly 1 minute after last anticoagulant, exeept in 5 where
the heparin, albumin and thrombin were allowed to interact for 10 minutes.

4 Quick, A. J., Am. J. Physiol., 1936, 115, 317.

5 Brinkhous, K. M., Smith, H. P., Warner, E. D., and Seegers, W. H., 4m. J.
Physiol., 1939, 125, 683,

6 Howell, W. H., and Holt, E., Am. J. Physiol., 1918, 47, 328,

7 Quick, A. J., Am. J. Physiol., 1938, 128, 712.
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significant quantitative differences in the cited tests shows that the
so-called “antiprothrombic” effect of heparin is not to be interpreted
as an alteration of the prothrombin itself, but rather as a manifesta-
tion of antagonisms between the heparin and the thromboplastic
factors. There is an experimental difference between the simple
addition of cephalin and its enzymic mobilization from protein-
phospholipid combinations.

The results of all clotting experiments must be evaluated with
reference to (1) quantitative relationships between the various
factors, (2) the question of cephalin mobilization, and (3) time
factors involved in thrombin formation, the thrombin-fibrinogen
interaction, and in the overcoming of the inhibitory mechanisms. It
is significant that thromboplastic enzyme has demonstrable powers
of overcoming the “antiprothrombic” inhibitory mechanisms. The
“antithrombic” action of heparin-albumin mixtures is immediately
evident and is not dependent upon the type of thromboplastic agent
used in the preparation of the thrombin.
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The Sugar Tolerance of Alcoholic Patients.

KarL M. BowmaN, JosepH WorTis, LEo L. ORENSTEIN AND
WALTER GOLDFARB,
From the Psychiatric Division, Bellevue Hospital, New York City.

In previous publications from these laboratories?® we have re-
ported studies on the effect of glucose on the oxidation of alcohol.
We found that the oxidation of alcohol in vitro was accelerated when
glucose was simultaneously oxidized." Studies on the effect of
glucose on the oxidation of alcohol in man revealed that there was a
moderate increase after glucose administration, and a more marked
increase after glucose and insulin.> It is well known that alcoholic
patients eat very little while on a drinking debauch, and it was sug-
gested that the difference between the effect of the glucose and the
glucose plus insulin might be due to an impaired ability of the
patients to oxidize the added glucose without insulin because of their
previous low carbohydrate intake.

1 Goldfarb, W., and Bowman, K. M., Proc. Soc. Exp. BioL. AND MEp., 1938,
89, 471.
2 Goldfarb, W., Bowman, K. M., and Parker, S., 4m. J. Physiol. (Proc.), 1939.



