
Patented Sept. 7, 1954 2,688,586 
UNITED STATES PATENT OFFICE 

2,688,586 
REPROWED EEMOSTATIC ALGNIC SURG 
CAL EDRESSENGS AND METHOD OF IMAK 
NG 

James J. Eberl, Chester, Pa., and William L. 
George, Bould Brook, N.J., assignors to John 
son & Johnson, a corporation of New Jersey 
No Drawing. Application March 17, 1950, 

Serial No. 150,339 
(C. 167-84) 9 Claims. 

1. 
This invention relates to surgical dressings 

having improved hemostatic properties. 
Surgical dressings of the type used for topi 

cal application have loig been prepared by se 
curing absorbent material such as cotton gauze 
to adhesive plaster, such that the gauze can be 
placed over a wound and the adhesive arranged 
to hold it in place. More recently the gauze has 
been treated with antiseptic or antibacterial ma 
terials, such as mercurochrome and sulfa, drugs. 

It has been the ordinary practice to use a band 
age to cover a wound to aid the Stoppage of 
bleeding and for the Smaller lesions this has 
usually comprised simply placing a piece of 
gauze or similar material against the Wound and 
then removing it; some time after bleeding has 
stopped. in this case the only hemostatic agent 
is in the blood itself. In our co-pending appli 
cation, Serial Number 640,988, filed January 12, 
1946, now U. S. Patent No. 2,512,616, of which 
the present application is a continuation-in-part, 
We haye disclosed an active absorbable heino 
static agent which is capable of stopping bleed 
ing very much faster and which is absorbable 
in the blood stream and in our co-pending ap 
plication, Serial Number 714,174, filed December 
5, 1946, now abandoned, of which the present 
application is a continuation in part, we dis 
closed an improved surgical dressing which com 
prises in combination a fibrous material and a 
water insoluble alginic material. 

Alginic acid is a complex organic chemical 
which can be extracted from certain seaweeds by 
processes which have long been known. Aginic 
acid and various alginates exist in several physi 
cal forms including fibers which can be spun into 
yarns and woven into cloth. It has also been 
known that alginic acid could be converted or 
partially converted into various inetallic algi 
nates by ejecting a Solution of alginic acid into 
solutions of the appropriate metallic salts and 
that these metallic alginates can be re-con 
verted into aiginic acid without changing their 
physical form by treatment with hydrochloric 
acid under controlled conditions. See for ex 
ample the British patent to Saranson, 21,586, of 
1912; the article by Speakman and Chamberlain 
in the (British) Journal of the Society of Dyers 
and Colorists, October 1944, page 264; and the 
article by Chamberlain, Johnson, and Speakman 
in the same journal, January 1945, page 137. 
We Show in our earlier applications that al 

ginic acid in the gel, granular and fibrous forms 
has the property of coagulating blood and thus 
stopping bleeding when pressed into contact with 
wounds. The cause of this hemostatic action 
and the mechanism by which it takes place is 
not completely understood, but it is believed that 
the henoglobin of the blood when in contact 
with the alginic acid froms a complex which may 
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be either a fibrous mass or a gelatinous or sticky 
structure, and that when this structure is formed 
in contact with the surface of a wound, it me 
chanically prevents the flow of blood from the 
Wound. Whatever the action, we have discovered 
that when alginic acid is pressed into contact 
With a wound, even one which is profusely bleed 
ing due to severed arteries, the bleeding is 
stopped readily and the aginic acid can be clean 
ly removed leaving a clean red surface. The he 
mostatic action is quite fast and the material is 
much cheaper and easier to use than known 
hemostatic agents. 
This invention is based on the surprising dis 

covery that the hemostatic action of alginic acid 
dressings may be materially accelerated and sub 
Stantially enhanced by addition to the alginic 
acid or alginate salt of from one-half to ten per 
cent by weight of another acid. The preferred 
acid is nitric acid, although good results may be 
obtained using one or more of the other mineral 
and organic acids. For the sake of clarity, in the 
Specification and clairns, the expression 'agi 
nate material' has been employed to include al 
ginic acid, metal Salts of alginic acid, and alginic 
acid-metal aginate complexes. Also for the sake 
of clarity, in the claim, the expression “admix 
ture' is employed in the Sense of physical inter 
mingling (to distinguish from chemical combi 
nation) and is intended to include Such inter 
mingling resulting from coating by solutions as 
Well as literal mixing. 
The acid may be mixed into the alginate ma 

terial, or, in preferred forms of the invention, 
the alginate material or alginate coated mate 
rial may be paSSed through a dilute Solution of 
the acid, preferably a five to ten percent solution 
thereof. In either case the non-alginic acid con 
tent of the aiginate material is best checked by 
titration after completion of the treatment. 
The following table shows a list of alginic acid 

or alginate Salt compositions which proved at 
least twice as effective in hemostasis as the cor 
responding pure aginic naterials using repre 
sentative non-alginic acids: 

Non-Alginic Acid Used in Alginic Acid Percent of Non-Algiric 
Compositions and Aiso Used in Cal- s 
cium Alginate Compositions Acid Used: 

Citric------------------------------------, 1-10 (52 preferred). Maleic----------------------------------- 1-10 (6% preferred). 
Malic------------------------------------ 1-10 (5% preferred). 
Nitric-------- 1-3 (2% preferred). 
Phospho - 0.5-2 (1% preferred). 
Tartario. ------------------ i-10 (5% preferred). 

Where desired aluminum, beryllium, chromi 
un, iron, strontium, and zinc alginates may be 
Substituted in the above examples for the cal 
cium alginate or alginic acid. The action of the 
added acids accelerates hennostasis in all cases 
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by at least twenty-five per cent. In the case of 
the Salts the action of the acids is much more 
pronounced and produces pronounced hemosta 
sis even in cases where the alginate salt (for in 
stance calcium alginate) itself produces little 
hemostasis. 
The preferred alginates are those Of the type 

disclosed in our co-pending application, Serial 
No. 640,988, filed January 12, 1946. This applica 
tion discloses alginic materials best suited for the 
steam sterilization commonly applied to Surgical 
dressings. 

Eacample I 

For instance it shows that gauze woven from 
calcium alginate is Washed with dilute hydro 
chloric acid, of pH about 1.6 until the desired 
proportion of conversion to aginic acid has 
occurred, after which the gauze is washed in 
Water to remove the acid. Thereafter the gauze 
is buffered to a pH of about 4 to stabilize the 
unconverted portion of the alginic acid, and dried. 
The buffering may be accomplished by dipping 
in potassium acid phthalate and then washing. 
This results in a long chain molecule in which 
calcium has replaced the hydrogen ion in some 
of the carboxyl groups and potassium has re 
placed the hydrogenion in other carboxyl groups. 
This complex is insoluble in water, there being 
insufficient potassium present in the molecule to 
produce Solubility. The result is a gauze which 
has not changed its physical form or absorbency, 
but is composed of the material described above, 
a combination of alginic acid and calcium 
alginate, 
We have found that the proportion of conver 

Sion depends on the concentration of the acid. 
Equilibrium of the conversion appears to occur 
in about five minutes. The amount of proportion 
of conversion is determined by measuring the cal 
cium content of the converted product. Pure 
calcium alginate contains about 10.38% calcium. 
We have found that when the calcium content 
of the converted alginic acid-alginate combina 
tion is greater than about 6%, the hemostatic 
action of the material is undesirably slow. The 
hemostatic quality increases with decreasing cal 
cium content, until at zero calcium content, or 
pure alginic acid, the hemostatic action is great 
est. However, material having a calcium content 
below about 2% begins to lose strength in a steam 
sterilizer, and materials with calcium contents 
materially below this are degraded, weak and 
easily friable after such treatment. Accordingly 
We prefer to immerse the calcium alginate gauze 
in hydrochloric acid for a time sufficient to give 
a calcium content between about 2% and about 
6%, and even between about 3% and about 4.5%, 
Since the hemostatic quality of the material hav. 
ing a calcium content higher than 4.5% may not 
be adequate for Some uses. 
Thus when the Surgical dressings according to 

our invention are to be sterilized by methods other 
than exposure to steam, we may use either pure 
alginic acid, or alginic acid which has been only 
slightly converted into an alginate (for example, 
containing about 2% calcium). This is prefer 
ably buffered to a pH of about 4 to stabilize the 
material. But when steam sterilizable dressings 
are required, we prefer to form them of alginic 
acid-alginate combination which contains suffi 
cient metal to stabilize the material to exposure 
to steam. 
This product works particularly well when 

treated in accordance with the preferred form 
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4 
of the phosphoric acid example of the table, and 
hemostasis is then accelerated by at least fifty 
per cent. 
In another form of the invention alginate mate 

rials may be coated onto the surface of an absorb 
ent base, such as gauze. An antibacterial mate 
rial may or may not be used with the alginate 
coating, depending upon the particular purpose 
Of the product and its proposed manner of use. 
A typical example of such a coating is disclosed 
in our co-pending application, Serial No. 714,174, 
filed December 5, 1946: 

Eacample II 

0.7570 part of tyrothricin was mixed with 40 
parts of propylene glycol and 160 parts of Water. 
A mechanical agitator was used to get the tyro 
thricin in Solution. Separately 50 parts of alginic 
acid was dissolved in 412 parts of water by the 
addition of 18 parts of 28% ammonium hydrox 
ide. After all the alginic acid was in solution, 
it was filtered through a gauze filter to take out 
any siliceous impurities. To this solution was 
added 20 parts of tyrothricin solution prepared 
above. The combined Solution was allowed to 
Stand for Several hours and then a strip of cotton 
gauze WaS innersed in the combined Solution for 
a few minutes, put through a squeeze roller, and 
dried in an oven at 70° C. After drying, the gauze 
Was again immersed in the combined solution, 
Squeezed, and dried a second, third and fourth 
time, until the material picked up by the gauze 
constituted 61.2 per cent by weight on a dry basis 
Of the total material. 
A small Strip of the gauze thus treated was 

then Secured to a strip of adhesive tape and two 
layers of untreated gauze placed between the 
outer layer of treated gauze and the adhesive tape 
backing. This bandage was placed upon a bleed 
ing Surface cut and found to give excellent hemo 
Static results. 
This product works particularly well when 

treated in accordance with the preferred form of 
the nitric acid example of the table, and hemo 
Stasis is then accelerated by at least fifty percent. 
Substantial improvement and acceleration of 

hemostasis results from addition to the alginate 
materials of the above examples of amounts of 
any acid in accordance with the invention, and 
particularly of the amounts and types of acid of 
the table shown earlier in this specification. 
The invention is, however, not limited to the 

examples shown herein, but is broad and many 
modifications, obvious to those skilled in the art, 
are included within its spirit. 
What is claimed is: 
1. The method of making a surgical dressing 

having improved Stability and hemostatic prop 
erties which comprises adding to a surgical 
dressing containing alginate material, a minor 
amount, between about 0.5% and about 10% by 
Weight dry basis, based on said alginate ma 
terial, of an acid of the group consisting of citric, 
maleic, malic, nitric, phosphoric and tartaric 
acids in Solution, the amount of said acid being 
in excess of that required to convert the alginate 
material to alginate Salt content below a value 
Corresponding With 3.0% calcium, and thereafter 
drying Said dressing without removing unreacted 
acid nor reaction products. 

2. The method according to claim 1 wherein 
the Solution is an aqueous solution. 

3. The method according to claim 1 where 
in Said acid comprises nitric acid. 
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4. The method according to claim 1 wherein 
Said acid comprises phOSphoric acid, 

5. A Surgical dressing having improved stabil 
ity and hemostatic activity prepared by adding 
to a Surgical dressing containing alginate ma 
terial, a minor amount, between about 0.5% 
and about 10% by Weight dry basis, based on said 
alginate material of an acid of the group con 
Sisting of citric, maleic, malic, nitric, phosphoric 
and tartaric acids in solution, the amount of 10 Number 
Said acid being in excess of that required to con 
Wert the alginate material to alginate salt con 
tent below a value corresponding with 3.0% cal 
cium, and thereafter drying said dressing with 
Out removing unreacted acid nor reaction lis 
products. 

6. A Surgical dressing according to claim 5 
Wherein the alginate material is present in fibrous 
form. 

7. A Surgical dressing according to claim 5 20 
Wherein the alginate material is present as a 
Coating on absorbent material. 

8. A Surgical dressing according to claim 5 
Wherein Said acid comprises nitric acid. 

6 
9. A Surgical dressing according to claim 5 

Wherein Said acid comprises phosphoric acid. 
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