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The present invention relates to the manufac 
ture of collagen threads, ?laments and the like 
and more particularly to the application of lu 
bricating agents to such ?laments employed in 
the preparation of multi?lament threads or 
strands. 
In the manufacture of threads, strands, ?la 

ments and the like, lubricants are employed to 
provide increased ?exibility and ease of handling. 
Such lubricants are most generally fatty oils such 
as the glycerol, glycol, and other polyhydric al 
cohol esters of such _fatty acids as stearic acid, 
oleic acid, linoleic acid, myristic acid and the like. ‘ 
Speci?c examples of such lubricating agents are 
olive oil and cottonseed oil. In the preparation 
of collagen ?laments for suture use, di?iculty is 
experienced in using such softening agents be 
cause 01.’ irritation of the tissue. On the other 
hand, a lubricant must be employed or the multi 
?lament collagen strand emerging from the spin 
nerette will coalesce to a unitary strand having 
brittle, straw-like characteristics which is un-' 
workable for suture purposes. In the case of 
multi-?lament collagen threads a lubricant not 
only serves to prevent such coalescence but, fur 
ther, it permits slippage between the ?laments, 
thus enhancing the ?exibility of the multi-?la 
ment thread and permitting the preparation of 
twisted and braided threads. 
An object of the present invention is to provide 

a lubricated multi-?lament collagen thread which 
may be used for suture purposes without irrita 
tion. of the tissue. 
A further object of the present invention is to 

provide a lubricated multi-?lament collagen 
thread of su?lcient ?exibility that a highly twist 
ed multi-?lament thread may be prepared there 
from. 
A still further object is to provide a lubricated 

multi-?lament collagen thread of suillcient ?exi 
bility that twisted threads prepared therefrom 
may be used in the preparation of braided suture 
threads. 
These and other objects are accomplished by 

the process of the present invention. 
It has been discovered that a phosphatide such 

as lecithin, cephalin, sphingomyelin and the like 
may be employed in the lubrication of collagen 
?laments, threads and the like provided that it 
is applied at the time of coagulation or regenera 
tion of the collagen to form the collagen ?la 
ment or strand. Such application at the time of 
coagulation is effected by emulsifying the phos 
phatide in the spinning bath. 
While it is not known for certainty just what 

the mechanism is by which the lubricating action‘ 

15 

20 

25 

30 

85 

40 

45 

V50 

55 

2 . 

occurs, apparently effective lubrication is only 
obtained if the lubricant is incorporated at the 
time of the coagulation which results in the 
thread or ?lament formation. Attempts have 
been made to effect lubrication by adding a lu 
bricant to the liqui?ed collagen which is extrud 
ed into the spinning bath as well as by applying 
the lubricant to the ?nished thread but such at~ 
tempts have proved unsuccessful. 
The preferred agent for the emulsi?cation of I 

the phosphatides in the spinning bath is N-octa 
decyl tetrasodium N(1,2-dicarboxy-ethyl) sulfo 
succinamate which has the following formula: 

‘om-000m 

Such succinamate is particularly suitable since 
the large concentration of salts present in the 
spinning bath does not appear to detract from 
its efilciency in emulsifying the lubricant there 
in. The succinamate may, be employed in a 
range of 1-25 g. per liter of spinning solution, 
preferably at a concentration of 10 g. per liter. 
Obviously, other succinamates may be used suc 
cessfully, particularly those in which the octa 
decyl radical of the above formula is replaced by 
other long aliphatic radicals, as, for example, 
dodecyl, tetradecyl, heptadecyl, and the like. 
The lubricating agent is employed in a coagu 

lating bath of the type composed of inorganic 
salt coagulants and may not be used in coagu 
lating or spinning baths which rely for their ef 
fectiveness upon the presence of organic mate 
rials such as ethyl alcohol, acetone, ethylene gly 
col mono ethyl ether, diacetone alcohol and the 
like in which the softening agent would have a 
greater tendency to dissolve. Examples of inor 
ganic salts commonly used in spinning baths em 
ployed in the preparation of protein ?laments 
and threads are Na2SO4, A12(SO4) 3, (NH4)2SO4 
and the like, and these are employed in the high 
est feasible concentration, (NH4)2SO4 being pre 
ferred because of its greater solubility (about 
42%). 
The phosphatides are generally employed in a 

concentration of about 5-20 g. per liter with re 
spect to the spinning bath, preferably being em 
ployed in an amount of 10 g. per liter. The tem 
perature employed in spinning - collagen ?la-' 
ments and threads is maintained low, preferably 
of the order of 20° C. 



awaeve 

The advantages resulting from the present in 
vention reside in the provision of lubricated col 
lagen ?laments from which multi-?lament 
thread may be prepared without danger of coa 
lescence and that such multi-?lament thread 
may be employed as a suture thread without the 
problem of irritation of tissue. In addition, the 
successful lubrication of the collagen ?laments 
also enhances the ?exibility of the multi-?la 
ment threads prepared therefrom. to such a de 
gre that they may be used in preparing a twisted 
mu ti-filament thread, said twisting greatly en 
hancing the physical‘ properties of the thread, 
particularly with respect to the elimination of 
fraying and the increase in, tensile strength. 
Moreover, the degree of?exibility imparted per 
mits the use of the twisted multi-?lament threads 
‘in the preparation "of braided or ply twisted 
threads of still greater tensile strength and of 
much greater preferability as a suture material. 
Still further, the phosphatide lubricant is more 
strongly adherent to the collagen ?laments so 
that the lubricant is not removed during sub 
sequent liquid treatment to the extent that fatty 
oils are removed, possibly due to an amnity be 
tween the carboxyl groups of the collagen and 
the basic nitrogen of the phosphatides. ' In addi 
tion, the above described succinamate emulsi 
tying agent which is preferred for emulsifying 
the lubricant in the spinning bath, while not 
present to any very appreciable extent on the 
?nished lubricated ?lament is nevertheless ren 

. dered still less av source of concern by its being 
nonirritating to tissue.v 
A detailed example of the preferred embodi 

ment of the present invention follows: A colla 
gen solution is prepared by treating the cleaned 
corium of hide or skin material with a solution 
of organic acid at a pH in the range of 2-4 for 
about 16-24 hours at 10-30° C‘. Following the 
swelling, the material is mechanically subdivided 
in various types of apparatus ranging in type 
from a meat grinder to a colloid mill, frequent 
?ltration being employed after the various op 
erations. Final solution is obtained by adjust 
ing the pH to 2-4 by the addition of organic acid. 
Such a solution is substantially free from ?bers 
or ?brous material and may be extruded through 
small ori?ces and formed into very ?ne ?laments 
of exceptional uniformity and purity to render 
them especially adaptable for use as sutures. An 
amount of lecithin sui?cient to give a concentra— _ 
tion of 10 g. per liter is emulsified in an ammoni 
um sulfate bath containing at least 35% am 
monium sulfate using 10 g. per liter of the above 
succinamate. This spinning bath is employed in 
the coagulation of collagen ?laments which re 
sult from the extrusion ofa collagen solution 
containing from 5-15% collagen through a spin 
nerette having ori?ces of the order of 120 mi 
crons. The coagulated, lubricated collagen ?la 
ments are thereafter spooled and subjected to 
suitable processing steps such as stretching, 
hardening and ?nal drying whereafter they may 
be twisted to form a multi-?lament twisted 
thread which may be used as such or if desired 
may be used in the preparation of the stronger, 
preferred braided suture. 
In addition to the aforementioned twisted 

multi-?lament threads there are, of course, the 
twisted plied strands resulting from the twisting 

4 . 
together of two or more twisted multi-?lament 
threads. 

' twist is employed in preparing such twisted plied 
strands, as, for example, where the ?laments 
have been twisted counter-clockwise to form a 
midti-?lginent thread, two or more of the latter 
are then twisted clockwise to form a twisted plied 

' strand. \ 
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The collagen ?laments to which the process of 
the present invention may be applied may result 
from the regeneration of any extrudable col 
lagenous material which includes swollen and 
pulped collagen of a pasty consistency as well as 
the collagen solution employed in the preferred 
embodiment so long as the diameter of the re 
sulting ?lament is not so excessive as to exclude 
its use in the preparation of a multi-?lament 
thread of conventional size and ?lament num 
ber. While for suture purposes the preferred 
?lament diameter is of the order of 10 microns 
and such ?laments are employed in, for example, 
a 40 ?lament thread, a diameter as high as about 
150 microns may be lubricated in accordance with 
the process of the present vinvention and used 
in the preparation of twisted multi-?lament 
threads, which in turn may be used in the prep 
aration of braided threads or strands. ' 
While the invention has been described with’ 

reference to a particular embodiment, it is nev 
ertheless to be construed broadly and limited 
solely by the scope of the appended claims. 
What is claimed is: 
1. A non-irritating collagen suture carrying a 

lubricating ?lm of a phosphatide. - 
2. The product of claim 1 in which the phos 

phatide is a lecithin. - ~ 

3. A multi-?lament collagen suture in which 
the ?laments carry a lubricating ?lm of a phos-' 
phatide, which suture is non-irritating to animal 
tissue. a 

4. The product of claim 3 in which the phos 
phatide is lecithin. 

5. A braided collagen suture prepared from 
multi-?lament threads composed of ?laments 
carrying a lubricating ?lm of a phosphatide, 
which suture is non-irritating to human tissue. 

6. The product of claim 5 in which the phos 
phatide is lecithin. 

7. A twisted and plied collagen suture prepared 
from multi-?lament threads composed of‘ ?la 
ments carrying a lubricating ?lm of a phos 
phatide, which suture is non-irritating to human 
tissue. ' 

8. The product of claim 7 in which the phos 
phatide is lecithin. . 
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