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thus obtained does not differ significantly from 
100%. 

Summary. Xatural progesterone isolated 
from pigs' ovaries in 1936 shows no loss of 
activity after storage for 10 years in glass-stop- 

pered vials at room temperature. Essentially 
similar methods of bioassay at  widely sep- 
arated intervals of time give dosage response 
curves that show no statistically significant 
differences. 
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Relation of Complement to Blood Coagulation. 

FRANK D. MANN AND MARGARET HURN. (Introduced by Thomas B. Magath.) 
From the Dwisivn of Clinical Lahoratories, Mayo Clinic, Rochester, Minn. 

Evidence has been presented both for and 
against the participation of complement in 
the coagulation of the blood. Wadsworth, 
Maltaner and Maltanerl favored the affirma- 
tive view because many substances were found 
to have both anticoagulant and anticomple- 
mentary actions. Maltaner2 reported a close 
correlation between thromboplastic and com- 
plement-fixing power of tissue extracts and 
sera. On the other hand, Wilander3 and Ecker 
and Pillemer4 found great quantitative differ- 
ences between the relative anticoagulant and 
anticomplementary properties of a number of 
substances. Quick5 showed that complement 
as a whole is not the same as prothrombin. 
However, much recent work points to the 
existence of an additional component of the 
coagulation system, concerned with the con- 
version of prothrombin to thrombin. We6 
have already quoted much of this work but 
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should mention in addition the contributions 
of Ware, Guest, and Seegers7J and the exten- 
sive and convincing investigations of OwrenP 
A study of the role that complement plays in 
the conversion of prothrombin to thrombin 
appears timely. 

Methods. Human plasma was freed of 
complement activity in 3 ways: by aging and 
by treatment with zymin and with ammonia. 
After aging for 2 to 3 months a t  icebox tem- 
perature plasma had no complement activity. 
Zymin powder was prepared from yeast essen- 
tially as described by Ecker, Jones, and 
Kuehn.lo Two hundred and fifty milligrams 
of zymin were mixed with 1 cc of oxalated 
plasma and 1 cc of imidazole buffer at pH 7.2. 
Ordinarily serum is incubated with zymin for 
one hour a t  37OC in order to inactivate com- 
plement, and smaller quantities than used by 
us suffice. We found that if the plasma was 
centrifuged immediately after thorough mix- 
ing with zymin, most but not all of the com- 
plement activity had disappeared by the time 
the supernatant was tested, about 20 minutes 
after the addition of zymin. The remaining 
complement activity disappeared gradually 
over a period of one to 2 hours in the absence 
of zymin. This was the procedure followed 
in preparing the zymin plasma used in the 
experiments described subsequently. This 
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TABLE I. 
One-stage AssaJ-s : 0.1 cc of Standard RaBlJit Brain Throiiil.)oylastil1)lastiii and 0.1 ce  of 0.025 31 C‘al- 
cium Chloride Adcled t o  Tubes Coiitaiiiiiig 0.1 cc of Each of the Following Pairs of Coiiipoiieiits 

(Total Volume 0.4 cc).  - 
Coiiipoiients present 

Untreated p1:isma aiid saliiie 
Zymin plasma aiid saline 

” )’ serum 
R’H3 plasma and saline 
” ” ” seruiii 

Zyiiiiii plasiiia and NH3 plasma 
Aged plasma and saline 

” ) ’  semi1 
” ” ” zymiii plasma 
” ” ” S H 3  plasma 

-. - - . - - -_ . ___ - 

J ?  

2 )  

_. _ _  

zymin-treated plasma, when mixed with four 
volumes of fresh oxalated plasma and incu- 
bated at  37”C, removed in several hours 
most of the complement activity of the added 
plasma. These observations, which suggest 
t’hat the action of zymin is not one of simple 
adsorption, are being studied further. Xm- 
monia-treated plasma was prepared by incu- 
bating the mixture of 1 cc oxalated plasma, 
1 cc imidazole buffer and 0.2 cc of 1% am- 
monium hydroxide for one hour a t  37OC. 
This mixture had a p H  of 8.2 and approxi- 
mately the minimal concentration of ammonia 
reported as necessary to inactivate the fourth 
component of complement in serum.ll After 
the treatment with ammonia the plasma was 
devoid of complement activity. To test for 
complement 0.2 cc of treated plasma was 
added to 1 cc of a 1% suspension of sheep 
cells sensitized with 2 units of amboceptor 
and the mixture was incubated for one hour 
a t  37OC. Serum was also inactivated by 
zymin and by ammonia by the same pro- 
cedures used for plasma. Thrombin-forming 
activity was tested by a one-stage procedure 
using a system of 0.4 cc total volume6 and by 
a 2-stage procedure,12 both exactly as pre- 
viously described except that the plasma was 
not defibrinated in the 2-stage method. 

Results. In  all 3 types of complement- 
inactive plasma, marked loss of thrombin- 
forming ability was observed for both one- 
stage and 2-stage methods. The rapid, 
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Complement 

Preseiit 
Absent 
Present 
Absent 
Preseii t 

Abseii t 
Yresen t 

Absent 

- 

? )  

? )  

Clotting time, see. 

19 
203 

20 
190 
22 
32 

186 
21 
38 

193 

marked increase in the one-stage prothrombin 
time on aging is, of course, well known: after 
prolonged aging, as in these experiments, the 
yield of thrombin with the 2-stage procedure 
is also very low. Striking decrease of the 
one-stage prothrombin time and increase of 
the 2-stage thrombin yield were obtained with 
all 3 types of treated plasma by use of 0.1 
cc of serum in the 0.4 cc one-stage system 
and by addition of 0.1 cc of serum to the 2 cc 
of incubation mixture in the 2-stage pro- 
cedure. The serum used (4  to 6 hours subse- 
quent to spontaneous coagulation) did not 
clot fibrinogen and contained no fibrinogen 
and only very small amounts of prothrombin 
as shown by the 2-stage assay. Serum inac- 
tivated with zymin or ammonia did not 
restore thrombin-forming activity to similarly 
inactivated plasma. Mixtures of zymin 
plasma and aged plasma formed thrombin 
readily and had appreciable, although not 
normal, complement activity. Mixtures of 
aged plasma and ammonia plasma showed no 
restoration of thrombin formation and little 
or no complement activity. The addition of 
serum inactivated by heating at 56OC for 30 
minutes partially restored complement activity 
to ammonia-treated plasma but did not restore 
thrombin-forming ability. An illustrative pro- 
tocol (Tables I, 11, and 111, all data obtained 
with the same reagents on the same day) 
shows most of the effects observed. All of 
the foregoing experiments were easily repro- 
ducible. 

Comment. The observation that plasma, 
by 3 different methods, may be almost com- 
pletely deprived of its ability to form throm- 
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TABLE 11. 
Tm-Stage  Assays: Dilution of Various Ylasinas Is That in tlie 2 c‘c of Incubation Mixture 
C‘oiitaining Calcium and Thromboplastin. Units of Prothrombin S r e  Calculated in Terms of 
Original Plasma or Total Plasma When Aged Plasma Is Included. Amount of Serum I s  That 
Added t o  the 2 cc Incubation Mixture. The Very Lorn Yields of Thrombin Give Clotting Times 

Too High for Accurate Determination. 

Yield of tlirombin: units per 
Plasmas and dilutions Serum, cc cc of plasma 

Untreated 
None 
Zymin 

J ?  

NH3 
9 ,  

Zymin 
Aged 

I ?  

9 J  

, J  

1 : 100 

1:40 
1:40 
1:40 
1:40 
1:80 + XHs 1:80 
1 :40 
1:80 
1 :80 + Zymin 1 :80 
1:80 + NHE, 1:80 

0 
0.1 
0 
0.1 
0 
0.1 
0 
0 
0.1 
0 
0 

490 
< 5  

Slight trace 
280 
< 20 
290 
320 

<20 
300 
300 < 20 

X.B. Units of prothrombin are determined in terms of yield of units of thrombin. 

TABLE 111. 
Tests for  Complement Activity: 1 cc Sensitized 

Sheep (?ells Added t o  Each of the Following. 

Components present Heinolpsis 

.1 cc serum + 0.1 cc saline 

.1 ’ untreated plasma + 0.1 cc Raline 

.2 cc zymin plasma Xone 

.1 ” zymin ” 

.1 cc zymin plasma 

Coniplete 

, J  

.2 ”NH3 )’ J Y  

-2 ” aged ) > ?  

+ 0.1 cc XH3 plasma Partial 

+ 0.1 cc aged plasma 9 9  

bin while leaving abundant prothrombin 
which is highly reactive in the presence of 
the proper conversion factors, makes it some- 
what doubtful whether any method of assay 
yet devised measures a single substance, pro- 

thrombin. The foregoing experiments point 
to a complex rather than a simple prothrombin 
conversion factor. 

The inactivations of the third and fourth 
components of complement by zymin and by 
ammonia respectively are regarded as fairly 
specific, being in fact the bases for definition 
of these components. To regard the blood 
coagulation system and complement as closely 
related appears to be the point of view most 
likely to direct efforts toward increasing 
knowledge of both. 

Summary. Inactivation of the complement 
of plasma by aging or by treatment with zymin 
or with ammonia blocks conversion of pro- 
thrombin to thrombin while leaving ample 
reactive prothrombin. 

16213 
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Xeutralizationl and complement-fixation2 nosis of toxoplasmosis in man; however, 
tests have been used for establishing the diag- neither method is entirely satisfactory. The 
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