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A STUDY OF THE RELATIONSHIP OF CONCENTRATIONS OF PRO-
THROMBIN, PROCONVERTIN, AND PROACCELERIN TO THREE
METHODS FOR MEASURING “PROTHROMBIN TIME’

LorramNe M. GoNvEs, M.S.,* Perer Hyorr, M.D., axp Paun A. Owren, M.D.
Osro, NorwAy

ITE results of the Quick one-stage prothrombin time depend not only upon

prothrombin, but also upon fibrinogen (Alexander and co-workers,* * Quick
and Hussey®*) and upon aceessory factors (Alexander and co-workers,®2 Owen
and associates, '™ ' Owren,'® '3 Quick,'” Quick and Hussey®®) in the test plasma.
Modifications of the one-stage technique have been devised, in order to supply
fibrinogen and one or more of the accessory factors as reagents, in the attempt
to assay more specifically for prothrombin (Owren and Aas™).

The end point of the ““prothrombin time’’ reaction is the appearance of a
fibrin clot, which results from the action of thrombin upon fibrinogen. Fibrino-
gen is, therefore, a limiting factor in the Quick prothrombin method, in which
the test plasma is the only source of fibrinogen. Alexander and associates® re-
ported a progressive lengthening of the prothrombin time when the concentra-
tion of fibrinogen was reduced below 100 mg. per cent.

The present study is a comparison of the effect of serial dilutions of pro-
thrombin and of the accessory factors proconvertin and proacecelerin upon three
one-stage methods used for the measurement of prothrombin. The methods
under investigation were the prothrombin time of Quick,’® the prothrombin-
proconvertin method of Owren and Aas,'* and the Russell viper venom-cephalin
prothrombin method of Hjort, Rapaport, and Owren.® Normal plasma was
diluted with plasma containing all clotting factors except the one under study.
This permitted an evaluation of the sensitivity of each method to variations in
cach clotting factor separately. In addition, the effect of a ecombined dilution
of prothrombin and proconvertin was investigated. Finally, the effect upon
the partial thromboplastin (eephalin) time of Langdell, Wagner, and Brink-
hous® of varying the coneentration of proconvertin and of proaccelerin was in-
vestigated.

The terminology of Owren'® will be used in this paper. Proaccelerin is the
labile plasma factor which is present in fresh or fresh-frozen plasma and which
remains in the plasma after adsorption with barium sulfate, asbestos, or the
usual adsorbents for prothrombin. Proconvertin is the stable plasma factor
which is adsorbed onto barium sulfate or an ashestos filter, whose activity is
inercased by contact with glass,* and which is depressed, along with prothrom-
bin, by administration of Dieumarol and related drugs.

From the Department of Medicine, Rikshospitalet, Oslo, Norway.
Received for publication March 21, 1956,
*Fulbright Student in Norway, 1955-56.
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MATERIALS AND METHODS

Normal Plasma.~—Venous blood from normal subjects was mixed 9 parts to 1 with
potassium oxalate 0.1 M and centrifuged at 2,000 to 2,500 r.p.m. for 15 to 30 minutes. The
plasma was shaken for 5 minutes with Speedex,* 0.4 Gm. per milliliter plasma, and cen-
trifuged at 2,500 r.p.m. for 15 to 30 minutes. This ‘‘activated’’ plasma was used within
6 hours after it was drawn.

Prothrombin-Proconvertin Deficient Plasma.—Normal oxalated plasma was stirred for
5 minutes with barium sulfate (Baker), 100 mg. per milliliter plasma, and centrifuged at
2,500 r.p.m. for 30 minutes. The resulting plasma, free of prothrombin and proeonvertin
but containing proaceelerin, was used within 6 hours after it was drawn.

Prothrombin Deficient Plasma.—Proconvertin was prepared by coagulating normal
blood with thromboplastin and allowing the serum to stand at room temperature for five days.
The proeconvertin was adsorbed from this serum onto barium sulfate and eluted with sodium
citrate; the eluate was dialyzed for 20 hours against sodium chloride and the pIl was
adjusted to 7.4 (method of Duckert, Koller, and Matter7). The solution was stored at —20° C.
This preparation (one-sixth the volume of the original plasma) had a proconvertin activity
six times that of normal plasma, by the specific proconvertin assay of Aasl In order that
an artificial prothrombin deficient plasma might be prepared, normal barium sulfate-adsorbed
plasma (5 parts) was mixed with this proeconvertin preparation (L part). The resulting
plasma, containing approximately normal concentrations of proconvertin and proaccelerin
but deficient in prothrombin, was used within 6 hours after the blood was drawn.

Proconvertin Deficient Plasma.—Citrated plasma (9 parts blood and 1 part sodium
citrate dihydrate 3.13 per cent) from a patient having a congenital lack of proconvertin
was stored at —-20° C. It contained approximately normal amounts of prothrombin and
proaccelerin.  Proconvertin content was less than 2 per cent.1

Proaceelerin-Deficient Plasma.—Citrated plasma from a patient having a congenital lack
of proaccelerin was stored at -20° C. It contained approximately normal amounts of pro-
thrombin and proconvertin, This plasma is believed to be almost entirely freec of pro-
accelerin, since no activation with thrombin can be demonstrated.

Thromboplastin—1.  Acetone-dried human brain thromboplastin, prepared by the
method of Biggs and Macfarlane,5 was used in a concentration giving a one-stage prothrombin
time of approximately 12 seconds with normal siliea-activated plasma and caleium chloride
0.01 M. The activity of this thromboplastin preparation paralleled that of a vabbit brain
preparation (Difeot) on serial dilutions of normal plasma in barium sulfate-adsorbed plasma.
Eight hundred milligrams of the dried thromboplastin (stored at —20° C.) was incubated
with 100 ml. sodium chloride 0.9 per cent at 45 to 50° C. for 30 minutes. This reagent was
separated info small lots suitable for one day’s use and stored at —20° C. This preparation
was used for all estimations of the Quick time.

2. Saline-extracted human brain thromboplastin, prepared according to the method of
Owren and Aas'4 and stored at —20° C. was used for estimations of the prothrombin-
proconvertin time.

Cephalin.—This reagent was prepared according to the method of Ijort, Rapaport,
and Owren.$ Cephalin was extracted with ether from acetone-dried human brain, suspended
in Veronal buffer, and stored at —20° C.

Russell Viper Venom-Cephalin—The cephalin suspension was diluted to optimal con-
centration (1:30) in Veronal buffer. Dried viper venom (Stypven}) was diluted to optimal
concentration (1:40,000) in this cephalin suspension.

*Dicalite filteraid: amorphous diatomaceous Si0s. Dicalite Division, Great Lakes Carbon
Corp., New York.

TRabbit brain thromboplastin, Difco Laboratories, Detroit.
iBurroughs, Wellcome and Co., London.
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Bovine Plasma Proaccelerin Reagent.—1, TFor estimations of the prothrombin-procon-
vertin time, citrated ox plasma was filtered once through 20 per cent asbestos filter pads and
once through 50 per cent asbestos filter pads (Owren and Aasit), The plasma was stored at
-20° C.

2. For estimations of the viper venom-cephalin prothrombin time, oxalated ox plasma
was filtered once through 20 per cent asbestos filter pads and then adsorbed with barium
sulfate 75 mg. per milliliter plasma (ILjort, Rapaport, and Owrens). The plasma was stored
at —20° C.

Veronal Buffer.—

Sodium diethyl barbiturate 11.75 Gm.
Sodium chloride 14.67 Gm.
Hydrochlorie acid 0.1 N 430 ml
Distilled water to 2,000 ml.

This buffer has an ionic strength of 0.154 and a pll of 7.35.

Dilution Fluids.s—

I. Sodium citrate 3.13 per cent 200 ml.
Sodium chloride 0.9 per cent 500 ml.
II. Veronal buffer 200 ml.
Sodium citrate 25.66 mM 200 ml.
Sodium chloride 0.9 per cent 600 ml,

Plasma mixtures were made by diluting normal fresh silica-activated plasma in each
of the factor defieient plasmas to concentrations of 1.0, 2.5, 5.0, 7.5, 10, 20, 30, 40, 50, GO,
70, 80, and 90 per cent. In preparing mixtures with prothrombin deficient plasma, 1 part
of Veronal buffer was first added to 5 parts of normal plasma, in order to compensate for the
dilution of the harium sulfate-adsorhed plasma with proconvertin reagent. The plasma
mixtures were tested as follows:

Quick T'ime.—Two-tenths milliliter acetone-dried human brain thromboplastin (8 mg.
per milliliter) was mixed with 0.2 ml. undiluted plasma mixture and incubated at 37° C. for
3 minutes. Then, 0.2 ml. ealeium chlovide 0.01 M* was added and the clotting time noted.
All determinations were done at least in duplicate.

Prothrombin-Proconvertin Time.—The plasma mixtures were diluted 1:10 in fluid IL
Two-tenths milliliter saline-extracted human brain thromboplastin, 0.2 ml. ox plasma pro-
accelerin reagent, and 0.2 ml. diluted plasma mixture were incubated at 37° C. for 3 minutes.
The clotting time was noted after the addition of 0.2 ml. caleium chloride 0.035 M.* All
determinations were done in duplicate.

Bussell Viper Venom-Cephalin Time—A 1:50 dilution of the plasma mixtures was
made by diluting 1:5 in fluid I, and again 1:10 in fluid II. Two-tenths milliliter venom-
cephalin reagent, 0.2 ml. ox plasma proaceelerin reagent, and 0.2 ml. diluted plasma mixture
were incubated at 37° C. for 3 minutes. The clotting time was noted after the addition of
caleium chloride 0.035M.*  All determinations were done in duplicate.

Partial Thromboplastin Time With Cephalin.—Normal citrated plasma (9 parts blood
and 1 part sodium citrate 3.13 per cent) which had heen stored at —20° C. was used. This
normal plasma, as well as the proconvertin deficient and proaccelerin deficient plasmas used
in this experiment, was activated with silica before use.

Two-tenths milliliter cephalin 1:50 (in Veronal buffer) was mixed with 0.2 ml
undiluted plasma mixture and immediately placed in a water bath at 37° C. Exaetly 6
minutes later, 0.2 ml. calcium chloride 0.02M* was added and the clotting time noted. A1l
determinations were done in duplicate.

*The optimal concentration of caleium as determined for this technique.

_—
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Fig. 1,—4, Quick method. Relationship of clotting times to concentrations of prothrom-
bin ( —) and of prothrombin and proconvertin (---=-- ). Varying concentrations of
prothrombin were obtained by diluting normal plasma in prothrombin deficient plasma.
Varying concentrations of prothrombin-proconvertin were obtained by diluting normal plasma
in prothrombin-proconvertin deficient plasma.

P ]%ero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times
as follows:

Prothrombin, defleient wecswes e s e o 232 seconds.
Prothrombin-proconvertin deficient ____________ not clotted in 19 hours.
B, Quick method. Relationship of clotting times to concentrations of normal plasma
diluted in proaccelerin deficient (----- ), and proconvertin deficient ( —) plasmas.

Zero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times
as follows:

Proaceelerin ‘deficlent cocerecivresernsraennepssssussnazsas 100 seconds.
Proconvertin deflefent e 73 seconds.
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RESULTS

The prothrombin-proconvertin estimations™ and the viper venom-cephalin
estimations® were carried out as deseribed in the original methods and as they
are done in the routine laboratory. The Quick prothrombin estimation was
done according to the method of Quick*® as closely as was practicable in our
laboratory. In order to obtain maximum activity of the proeonvertin, and in

PROTHROMBIN
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PROACCELERIN o — —
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200
100
1
L“ ~
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“ 10
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Fig. 2.—Prothrombin-proconvertin method. Relationship of clotting times to concentra-
tions of normal plasma diluted in prothrombin deficient ), prothrombin-proconvertin
deficient (X X), proaccelerin deficient (----- ), and proconvertin deficient (X---X) plasmas.

i l]Zem per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times
as follows :

Prothrombin deficient ._._____ P L — 51.8 seconds.
Prothrombin-proconvertin deficient 840 seconds.
Proaccelerin "deficient .._______ 7T 23.5 seconds.
Proconvertin deficient _____ 7 T 104 seconds.

a simple way eliminate variations in proconvertin activity due to exposure to
glass, the normal plasma and the proaccelerin deficient plasma were activated
with silica. In the case of the partial thromboplastin time, the proconvertin
deficient plasma was also activated with siliea, in order to eliminate similar
variations in the aetivity of antihemophilia B factor. By using as diluent a
plasma in which only the factors under investigation were absent or had
been removed, fibrinogen and all other factors were maintained at approximately
normal levels.
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1. The Quick method (Fig. 1, A and B) reflected decreases in the amounts
of prothrombin, proeonvertin, and proaccelerin to a roughly parallel degree.
With a reduection of any one of these factors from 100 per cent of normal to
40 per cent, no change greater than 2.5 seconds occurred in the clotting times.
The method was, therefore, practically insensitive in this range of concentra-
tions. 'When both prothrombin and proconvertin were varied in the same mix-
ture, the method was again sensitive only between 0 and 40 per cent. In con-
centrations of these two factors lower than 5 per cent, longer clotting times were
observed than with deficiencies of prothrombin, proconvertin, or proaccelerin
alone.

PROTHROMBIN _ |

PROTHROMBIN-PROCONVERTIN »—«
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Fig. 3.—Russell viper venom-cephalin method. Relationship of clotting times to con-
centrations of normal plasma diluted in prothrombin deficient ( ), prothrombin-procon-
V]ertin deficient (X X), proaccelerin deficient (----- ), and proconvertin deficient (X---X)
plasmas,

Zero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times
as follows:

Prothrombin defleient —_______________ seconds,
Prothrombin-proconvertin deficient ____ seconds.
Proaccelerin deflelent wocre iopapar oo o 0T I .8 seconds.
Proconvertin deflcient _________________ T TTTTTTT .8 seconds.

2. The prothrombin-proconvertin method (Fig. 2) was not affected by
variations in the concentration of proaccelerin, which is supplied in the ox
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plasma reagent. Decreasing the amount of proconvertin resulted in a steady
prolongation of the clotting times. Reductions in prothromhin produced a
similar, although markedly lesser, effect. As with the Quick method, the most
marked effect was seen when both prothrombin and proconvertin were reduced
simultancously. The range of sensitivity to both prothrombin and proconvertin
is between the extremes of 0 and 100 per cent.

3. The Russell viper venom-cephalin method (Fig. 3) was not influenced by
variations in either proconvertin or proaceclerin. The curves obtained with
varied prothrombin and with varied prothrombin plus proconvertin eoncen-
trations were similar in shape and height; the slight differences can be
accounted for in part by the dilution of prothrombin deficient plasma (5 parts)
with proconvertin reagent and buffer (1 part). The range of sensitivity for
prothrombin is hetween 0 and 100 per cent,
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Fig. 4.—Partial thromboplastin (cephalin) time. Relationship of clotting times to con-
centrations of normal plasma diluted in proaccelerin deficient (-----) and proconvertin deficient

) plasmas. . 7
7 ]"fero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times
as follows:

Proacoelerin deflelont wococavadinounsunrneeconas sasas 149.6 seconds.
Provomvertin deflelent wooviswrspunreninan sananse nann o 49.8 seconds.

4. The partial thromboplastin (cephalin) time is used primarily to evalu-
ate another phase of coagulation, the formation of ‘‘plasma thromboplastin.’
The effect upon this test of varying the concentrations of proaccelerin and of
proconvertin was determined. Normal citrated plasma which had been stored
at —20° C. was used in this experiment, in order to compare in this regard with
the proaceelerin deficient and proconvertin deficient plasmas, hoth of which had
also been stored at -20° C. (marked differences in the results of the partial
thromboplastin time were found between normal fresh and normal stored
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plasmas). The results (Fig. 4) indicated that the proaccelerin coneentration
could be lowered to about 30 per cent before the clotting time was prolonged.
Below 30 per cent, a decreased proaceelerin eoncentration resulted in a steady
prolongation of the clotting time. Variations in the concentration of pro-
convertin had no measurable influence upon the partial thromboplastin time.

DISCUSSION

Our purpose in this study has not been to determine the suitability of one
method over others for the measurements of prothrombin conversion or pro-
thrombin coneentration, but rather to emphasize the specificities and limitations
of methods used in elinical praetice. Comparisons between methods have been
made by others (Owen and Bollman,” Soulier and Larrieu®?) in order to
analyze suitability or specificity.

The ““prothrombin time’” can be defined as the interval of time necessary
for prothrombin, in the presence of accessory factors and an excess of throm-
boplastin and caleium, to form thrombin, and for thrombin then to convert
fibrinogen to fibrin. Factors other than prothrombin, proaccelerin, and pro-
convertin have not been considered here, although it is possible that other
factors, aceelerators, and/or inhibitors, might he conecerned.

The reagents used for the Quick method are thromboplastin and ecaleium
chloride; all other faectors involved in and necessary for the conversion of
prothrombin to thrombin and of fibrinogen to fibrin must be supplied by the
test plasma. Therefore, the results of the Quick time represent a summation of
their concentration and activity. In the prothrombin-proconvertin method of
Owren, an adsorbed ox plasma reagent is used which supplies fibrinogen and
proaccelerin, and the result is presumably a measure of the levels in the test
plasma of prothrombin and proconvertin, In the Russell viper venom-cephalin
method, fibrinogen and proaccelerin are supplied in an adsorbed ox plasma
reagent, and the venom-cephalin reagent presumably cireumvents the action of
proconvertin and the thromboplastin eomponents; therefore, insofar as the
known factors are concerned, this method is a measure of prothrombin alone.
These suppositions are supported by our experiments.

These experiments also indicate that considerable error may be introduced
in preparing dilution curves without controlling the aceessory factors. Tigs.
1, A and B, and 2 show the greater effect upon the Quick and the prothrombin-
proconvertin times of a combined deficiency of prothrombin and proeonvertin
over a deficiency of either factor alone. This summation effect is not seen with
the viper venom-cephalin method (Fig. 3), which is not sensitive to a deficiency
of proconvertin.

The actual clotting of normal blood occurs after only a fraction of the
content of prothrombin has been converted to thrombin (Quick and Favre-
Gilly*). Therefore, the speed of prothrombin conversion is of greater sig-
nificance in the process of hemostasis than the coneentration of prothrombin.
The determining variable in the Quick prothrombin time is the rate of pro-
thrombin conversion (Owen and Bollman'?), except in the case of extreme
deficiencies of prothrombin. The method has value as a basic test. For a
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quantitative assay of a defect in prothrombin conversion or concentration, how-
ever, other methods are superior. The different specificities of the three methods
considered here provide a tool for differentiation of coagulation defects caused
by deficiencies in prothrombin, proconvertin, and proacecelerin.

The sensitivity of any given method, as well as its specificity, eontributes to
its suitability for clinical use. Dicumarol and related anticoagulants depress
the coneentration of both prothrombin and proconvertin. The Quick method
and the prothrombin-proconvertin method will reflect this depression, but the
Russell viper venom-cephalin method is insensitive to reductions in proconvertin
and should not be used in following anticoagulant therapy. The more sensitive
methods for prothrombin determination should be preferred over the Quick
method when subelinical states of hypoprothrombinemia are in question. Biggs
and Douglas® reported a patient having an uncomplicated prothrombin defi-
cieney, in whom a prothrombin concentration of about 11 per cent (two-stage
method) gave a Quick time of 18 to 22 seconds (normal 14 seconds). This is
in agreement with our experiments (Fig. 1, 4 in which a prothrombin con-
centration of approximately 11 per cent gave a Quick time of 16 seconds (100
per cent = 11 seconds).

The partial thromboplastin test with cephaline measures a number of
reactions: the formation of plasma thromboplastin, the conversion of prothrom-
bin to thrombin, and the conversion of fibrinogen to fibrin. The data presented
here are incomplete with regard to the factors affecting the cephalin time.
Nonetheless, it is demonstrated that proconvertin is not essential to the reactions
measured by the cephalin time, and thus it is suggested that plasma thrombo-
plastin generation is independent of this factor. This is in agreement with the
observation that the thromboplastin generation test is normal in patients having
a congenital deficieney of proconvertin (Bergsagel*).

SUMMARY AND CONCLUSIONS

1. Three one-stage methods for measuring the ‘“prothrombin time’’ (Quick
method, prothrombin-proconvertin method, and Russell viper venom-cephalin
method) were investigated with the use of serial dilutions of prothrombin, pro-
accelerin, and proconvertin.

2. The Quick method was similarly sensitive to variations in each of the
three factors. At eoncentrations above approximately 40 per- cent, no significant
difference from 100 per eent eould be detected for any of the deficiencies studied.

3. The prothrombin-proconvertin method of Owren was insensitive to
variations in proaccelerin. A marked effect was exhibited when both prothrom-
bin and proconvertin were deficient, and a definite but relatively lesser effect
was seen when ecither prothrombin or proconvertin was deficient. There was
a gradual shortening of the clotting time with inereasing concentrations, which
persisted to a concentration of 100 per cent.

4. The Russell viper venom-cephalin method was insensitive to variations
in proaceelerin and proconvertin. A combined deficiency of prothrombin and
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proconvertin was similar to a deficieney of prothrombin alone. There was a
gradual shortening of the elotting time with inereasing concentrations of
prothrombin, which persisted to a concentration of 100 per cent.

5. The partial thromboplastin ttme with ecephaline was prolonged when the
concentration of proaccelerin was lower than 30 per cent, but the results were
not influenced by a deficiency of proconvertin. This finding suggests that
proconvertin may not be involved in the formation of the final prothrombin
conversion prineiple from blood (‘‘plasma thromboplastin’’), whereas procon-
vertin is essential for the formation of this prineiple from tissue thromboplastin.
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