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to biotin in  both ml and suh-pl volumes of 
total incubation mixture is represented in Fig. 
3 .  It is apparent that, with the 0.010 11.1 drop- 
lets, a change of over 109, transmission per 
1 >: 1&l5 g of biotin was obtained up to SOY+ 
transmission. 

Suunmaly. A technic for microscopic mi- 
crobiological assay was elaborated in which 
droplets of total incubation mixture down to 
0.010 p1 volume were employed under oil. 
Measurement of bacterial growth by light 
scatter was used. The technic was applied 
to determination of biotin to 10 lr, g with ap- 
TABLE IV. Biotin Assay of Fat-Free Dry Rat 
Liver by Light Scatter with 0.6 pl Droplets of Xs- 

say Mixture." 

[Aver ( 10-log) Biotin ( 10-lbg) Biotin ( 10-l4g j 
/assay /droplet / p g  liver 

. -  

A R A n 
12; 55 ti0 433 472 
255 11T 120 4.59 470 
3 1 0 232 2 4 i  455 484 

.y Assay values nieaii of triplicate analyses of 
liver from two rats, A, R, respectively. 

TABLE V. Recovery of Biotin Added to Hydro- 
lyzed Ra t  Liver Measured by Light Scatter with 

0.6 pl Droplets of Assay Mixture.* 

(- Biotin ( -, 
Total 

Hydrolysate Added found YO recovery 

37 
10 
5 *5 
55 
t i 0  
tic; 
ti8 
73 

80 
80 
60 
ti0 
60 
ti 0 
ti0 
40 

110 
126 
213 
110 
I20 
129 
129 
117 

91 
107 
9i 
92 

100 
105 
102 
110 

FIG. 3. Response of Lactobacillus arabinosis (17- 
5 )  to biotin in  10 ml and droplet assays. Sensitiv- 
ity settings on the Photovolt photometer for drop- 
lets 0.60, 0.035, and 0.010 pl are 1000, 100, and 

10 X 7  respectively. 

proximately the same percent accuracy and 
precision as the macrotechnic with ml-vol- 
umes. 
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Effect of Sulfated Mucopolysaccharides and of Endogenous Plasma 
Heparin (s) on Throinboplastin Generation. (27344) 

H. ENGELBERG 
Division of Lnborrrtorius, Cedars n i  LPhnnon Hospital, Los Angeles, Calif. 

The first stage of clotting accomplishes the 1/20-1/30 unit/ml( 172) .  I t  therefore seemed 
formation of plasma throniboplastin. He- desirable to evaluate the effect on thrombo- 
parin delays the rate of thromboplastin pro- plastin generation of an extract of normal hu- 
duction at a concentration as low as 1/80 man plasma which we believe contains he- 
unit/ml ( 1 ) and prevents its formation at parin( 3) .  Since other acid mucopolysac- 



PLASMA EXTRACT AND THROMBOPLASTIN GENERATION 815 

TABLE I. Effect of Acid Mucopolysaccharides 
upon Plasma Thromboplastin Generation. Clotting 

time in seconds. 

Thromboplastin 
generation 

Conc., Incubation time" 
Inhibitor mg/ml 2 min. 4 min. 6 min, 

None t 
Heparin 

Heparin mono- 

I 7  

sulf:te 

B-Heparin 

77  

7 s  

7 9  

Chondroitin sul- 
phate 

I 7  

77 

.01 

.1 

.o 1 

.I 
1.0 

.01 

.1 
L O  
.01 

.1 
1.0 

16 13 13 
45 51 64 
285 190 165 
18 13 16 

43 48 58 
115 260 270 
16 14 15 
26 20 18 
58 74 88 
25 15 16 

30 12 1G 
64 73 75 

* .1 ml of each of reconstituted materials (plate- 
let factor, serum, adsorbed plasma) and of 1/40 M 
CaCl, were incubated and .1 ml of the mixture 
added at 2, 4, 6 min. after recalcification to .1 ml 
reconstituted substrate plasma plus .1 ml CaC1,. 

t Control generation tube contained .05 ml dis- 
tilled water; other tubes contained .05 ml of inhi- 
bitor. 

charides would also have been removed from 
the plasma by the extraction procedure, their 
action on thromboplastin formation was also 
determined. 

Materials. Normal human platelet-poor 
plasma samples were extracted as previously 
described ( 3 ) .  The method essentially con- 
sists of the tryptic digestion of the plasma 
proteins previously precipitated by methanol- 
acetone, with subsequent dialysis and lyo- 
philization. The final product, which can be 
neutralized by protarnine, is assayed for anti- 
coagulant activity using recalcified sheep 
plasma (U.S.P. 14 technic) and a heparin 
standard. Commercial beef heparin was used 
as a reference standard.* The other muco- 
polysaccharides studied were B-heparin, he- 
parin monosulfate and chondroitin sulphate- 
A.t In the present investigation commer- 

* Heparin Standard 100 p/mg. 
t Obtained through the courtesy of Leon Freeman, 

Riker Laboratories. B-heparin was originally sup- 
plied by Dr. A. Winterstein, Hoff mann-LaRoche, 
Bade, Switzerland; heparin monosulfate by Dr. K.  
Brown, Veterans Admin. Hosp., Downey, Ill. 

cially available thromboplastin generation 
test materials$ were used to evaluate plasma 
thromboplastin formation and its inhibition. 

Results. Table I shows that formation of 
plasma thromboplastin was markedly reduced 
by .OOO5 mg of heparin (.05 ml of a .01 mg 
ml concentration) whereas .W5 mg of heparin 
monosulfate was required to produce the 
same inhibitory effect. B-heparin and chon- 
droitin sulphate only slightly delayed throm- 
boplastin generation at ,005 mg but decreased 
its formation when between ,005 and .05 mg 
was present. Apparently B-heparin was 
slightly more inhibitory than chondroitin sul- 
phate at the lesser concentration. 

The results obtained using various combi- 
nations of the acid mucopolysaccharides are 
presented in Table 11. The action of a small 
amount of heparin is reduced in presence of 
the other mucopolysaccharides. The relative 
effect of the 4 substances on the action of 
preformed thromboplastin is similar to that 
on its generation, namely heparin > heparin 
monosulfate > B-heparin > chondroitin sulph- 
ate (Table 111). 

Human plasma extracts (Table TV) 
reduced thromboplastic generation to ap- 
proximately the same extent as .0005 mg of 
heparin (Tables I and 11). We had previ- 
ously assayed these samples for their antico- 
agulant activity and had calculated that their 
heparin content varied from 10-20 units % 
(.001-.002 mg/ml) . Thus .0002 5-.01015 mp 
heparin was present in the .05 ml aliquot of 
the plasma extract that was used in the 
thromboplastin generation test. 

The interference of other acid mucopoly- 
saccharides with the inhibitory effect of a 
small amount of heparin upon thromboplastin 
generation raised the possibility of their 
masking the full anticoagulant action of the 
plasma heparin extract which probably also 
contains some of these substances. Accord- 
ingly this question was studied and the results 
are shown in Table V. When heparin is not 
present (vertical column 1) B-heparin and 
heparin monosulfate have a slight anticoagu- 
lant action. At higher concentrations of 
heparin (although still 1 /5-1 /I 0 the amount 

$' TGTR-Warner-Chilcott. 
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TABLE 11. Effect of Other Acid Mucoyolysac.chnrides upon Inhibition of Throniboplastin Gen- 
eration by Heparin. ('lotting time in  seconds. 

Iiiliibitor 

Heparin, nioiiosulf ., R-Hepariii, sulph., 
Hepari 11 ('ho11tl. Gcrieratioii tubc incubatioii times 

.01 mg/ml .O1 mg/ml .01 mg/ml . I  nig/ml 2 min. 4 min. 6 min. 

* -  
+ 
+ + + + + + + 

- 

16 
65 
16 
47 
25 
29 
34 
17 
33 
24 

20 
77 
22 
63 
25 
35 
37 
19 
32 
25 

* Control g~iieratioii tulw eoiit:tinctl .15 1111 c-listillccl water. .05 ml of inhibitors added to 
other tubes. 

T A R I A  111. Effcet of Acid M i i c o ~ ~ o l ~ s : ~ r c l ~ : ~ r i ~ l c ~ s  
OIL Preformed Tlironibopla sti 11. Tli ronibopla st i 11 
gciieratioii misturc incuhatccl for  4 mill. aftcr IT- 

calcification :ind then illhibitor :~tldccl. 

Conc., C'lotting 
Tnliihi tor nig/ml tinit-, PCC. 

S O I I C *  17 
Heparin .Ol 40 floeculatioii 

9 t  .1 85 seclimcnt, 110 clot 
.' 1llollosulf:l tc .1  30 

13-Iic~pariu .l 18 

1 )  11 1.0 - no clot in 3 iiiiti .  

1.0 - 110 clot in 3 niiii. 

1.0 t i 0  floccu1:itioii 

1 9  

Clioiitlroitiii rtii1pli:itc .1 1 7  
I t  ,. 

* C'oiitrol clotting substrate tube contained ,03 
1111 distilled water. .05 nil of inhilbitor added to  
other clotting substrate tubes. 

of the other acid niucopolysaccharides) little 
additive or inhibitory effect results from the 
presence of the other substances. We have 
not investigated whether this difference be- 
tween the anticoagulant assay and the throm- 
boplastin generation test is due to the dif- 
ferences between the 2 procedures or to the 
smaller amount of heparin used in the latter 
(Table 11). 
Discussion. The action of heparin and re- 

lated substances has been compared in differ- 
ent clotting systems by various investigators 
(4-7). However, the effect of acid mucopoly- 
saccharides other than heparin upon thrombo- 
plastin generation has not been evaluated ex- 
cept for B-heparin which has been found to 
inhibit thrombin generation slightly( 7) .  Our 
results demonstrate that heparin monosulfate 

has approximately lo%, B-heparin from 1- 
lo%, and chondroitin sulphate probably be- 
tween l - S %  the inhibitory activity of heparin 
in formation of thromboplastin. These re- 
sul ts are generally similar to those previously 
reported using other anticoagulant systems 
(4-7). However, the interference of all the 
mucopolysaccharides tested with the action of 
heparin on thromboplastin generation has not 
been noted heretofore. 

The potent inhibitory activity of the ex- 
tracts of normal human plasma on thrombo- 
plastin generation affords additional evidence 
of the presence of heparin in plasma, particu- 
larly since the other acid mucopolysacchar- 

TART,E TV. Effect of a Human Plasma Extract 
on Tliromboplastin Generation. Clotting time in 

seconds. 

Plasma extract,* Thromboplastin generation 
.fG 1111 in tlirom- 

boplastin gencrn- Incubation time 
tioii tubc 2 inin. 4 min. 6 min. 

~ ~~~~ 

2718 30 30 24 
2772 88 100 110 
2 i 7 7  58 85 88 
2 i 8 1  59 65 79 
2782 40 46 46 
2787 51 68 90 

('ontrol geiierabioii 27 17 18 
tube with .05 ml 
H .o 
* 1 ml of final solution contains the material ex- 

tracted from 5 ml of plasma. Heparin content of 
these samples varied from 10-20 units 70 (.1-.2 m g  
/ lo0 ml of plasma), or .005-.01 mg in final 1 ml ex- 
tract. Thus .05 ml contained .00025-.0005 mg hep- 
arin (1/40-1/20 unit). 
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TABLE V. Effect of Heparin and of Heparin plus Other Acid Mucopolysaccharidea upon the 
Clottiug Time of Recalcified Sheep Plasma. 

Quantity of heparin in clotking tube (ml) 
0 .05 . l o  .15 .20 

Clotting times in min. Additional substances in clotting tubes* 

None (heparin only) 5 12 21 40 GO 
B-Heparin, .1 ml G 12 22 40 61 
Heparin monosulfate, .1 nil 8 16 23 40 GO 
Chondroitin sulphate, .1 ml 5 12 31 41 62 

* Inhibitors used in following concentrations : 
monosulf ate and ehondroitin sulphate at .1 mg/ml. 

Heparin, .01 mg/ml ; R-Heparin, heparin 

ides possibly present in the extract were 
found to be so much less effective than he- 
parin as inhibitors of thromboplastin forma- 
tion. The relative lack of interference of 
these substances with the anticoagulant assay 
of heparin using recalcified sheep plasma in- 
dicates that the plasma heparin levels we 
have reported( 8) are substantially correct. 

Summary. 1. Heparin monosulfate has 
lo%, and B-heparin and chondroitin sulph- 
ate less than 10% the inhibitory activity of 
heparin on thromboplastin generation. 2. 
This action of heparin is decreased in pres- 
ence of other acid mucopolysaccharides. 3 .  
Extracts of normal human plasma strongly 
inhibit thromboplastin formation thus con- 
firming either the presence of heparin in 
plasma or of an unknown substance which 
acts identically with heparin. 4. The pres- 

ence of other acid mucopolysaccharides does 
not substantially alter the assay of heparin 
when clotting time of recalcified sheep plasma 
is the method used. 
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Effect of Thyroid Hormone on Protein Biosynthesis by Cell-Free Systems 
of Liver." (27345) 

OLGA STEIN AND JACK GROSS 
Department of Experimental Medicine and Cancer Research, Hebrew University 

Hadassah Medical School, Jertisdem, Israel 

Thyroid hormone is required for normal 
growth and its presence is one of the prere- 
quisites for the secretion and activity of 
growth hormone ( 1,2) .  The availability of 
cell-free preparations for study of metabolic 
pathways offered a possibility of localizing 
more closely one of the effects of thyroid hor- 
mone on growth, namely that on protein syn- 

*Supported in part by Smith, Kline and French 
Foundation, Philadelphia. 

thesis. In the following experiments the mi- 
crosomal system of Zamecnik et a1.(3), from 
the livers of normal and thyroidectomized 
animals was used to study the role of thyroid 
hormone. 

Materials and methods. Chemicals. (ATP) 
adenosine triphosphate dipotassium salt was 
obtained from Sigma Chemical Corp. (FDP) 
fructose diphosphate, barium salt, from Nu- 
tritional Biochemicals Corp. was converted to 


