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The present invention relates to improved ther 
apeutic agents and more particularly to stabilized 
and solubilized ribo?avin complexes. 
Ribo?avin de?ciency is very widespread and 

in certain parts of the United States it is consid 
ered to be the most widespread single vitamin 
de?ciency, particularly among children. Clinical 
symptoms of ribo?avin de?ciency include kera 
titis, cheilosis, mydriasis, photophobia, lassitude 
and anorexia. 
Ribo?avin is only very slightly soluble in water 

and for this reason has not been found satisfac 
tory for administration by hypodermic injection. 
The natural solubility of ribo?avin in pure water, 
for example, is only about 0.012 per cent. Hypo 
dermic administration or a good therapeutic dose 
in this form necessitates an injection of a very 
large volume of liquid. The administration of 10 
mg. of ribo?avin. for example, requires an injec 
tion of about 80 cc. of solution. 
The need for a form of ribo?avin satisfactory 

for hypodermic administration has long been rec 
ognized by the medical art. Prior attempts, how 
ever, to solve the problem, have been unsuccess 
ful. Some prior suggestions have been found un 
satisfactory because the proposed ribo?avin com_ 
position precipitated or deteriorated on standing, 
while other suggestions have been found unsatis 
factory because e?orts to improve solubility had 
deleteriously affected the desired therapeutic 
properties of the ribo?avin. As far as is known, 
up to the time or the discovery upon which the 
present invention is based, no satisfactory form 
of ribo?avin was available for hypodermic ad 
ministration. 
One of the principal objects of the present in 

vention is to provide a solubilized ribo?avin com 
position adaptable for hypodermic administra 
tion. 
Another object of the present invention is to 

provide a stabilized ribo?avin composition sub 
stantially free from deterioration. 
A further object of the present invention is to 

provide an improved stabilized and solubilized 
ribo?avin composition characterized by high 
therapeutic value. 
Other objects will be apparent as the descrip 

tion proceeds in detail hereinafter. 
I have discovered that boron compounds such 

as the acids and salts may be combined with ribo 
?avin to form the desired complexes. Examples 
of boron compounds include: boric acid, boric an 
hydride, boron oxides, peroxides, etc, and salts 
including the alkali metal borates, sodium per 
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borates, etc. The following examples will serve 
to illustrate the present invention. 

Example I 

About .03-0.1 percent pure crystalline ribo?avin 
is suspended in water and about 0.1-2.0 per cent 
pure crystalline boric acid added. The percent 
ages used are dependent on the concentrations 
desired—the optimum amounts being ascertain 
able by preliminary experiment.- The ribo?avin 
boric acid mixture is then heated at about 80° 
100° C. until the ribo?avin goes into solution and 
the desired stable boron complex is formed. An 
example of a heating period is 4 hours at 80°-90° 
C.—the optimum times and temperature varying 
with the concentrations of ribo?avin and boric 
acid employed. 

If considerable boric acid is used the pH may 
be adjusted to pH 3 to 7 by addition of an alkalin 
izer such as tri- or di-sodium phosphate. Ordi 
narily for hypodermic administration a pH range 
of 4-6.6 is preferred. 
The riboflavin may be solubilized in the pres 

ence of other therapeutic agents, such as vitamin 
C or in B-complex factor solutions with thiamin, 
nicotinic acid, nicotinamide, pyridoxine, calcium 
pantothenate, choline, inositol, p-amino benzoic 
acid or any combination of the same, or in combi 
nation with amino acids. 

Example II 

About 1 part of ribo?avin and 25 parts of borax 
are ground together and dissolved in 1000 parts of 
water. When solution is complete about 7.1 parts 
of concentrated hydrochloric acid are added to 
produce a pH of about 6.3-6.6. The resulting so 
lution is next heated for about 2 hours at 85°-90" 
C. and then cooled to room temperature. 

If solutions are desired comprising ribo?avin 
and other compounds such as the various vita 
mins, amino-acids, or other physiologically valu 
able materials, such compounds may be added 
after the formation of the ribo?avin-boron com 
plex. 
In the compositions of the present invention, 

as will be noted by the above examples, the pH 
is adjusted to 3-7, and preferably 4-6.6. If an 
acid boron compound is used the pH may be raised 
by addition of an alkalinizer such as in Example 
I, while if an alkaline boron compound is used 
the pH may be lowered by addition of an acidic 
agent such as in Example II. The reason for 
maintaining the compositions within the speci?ed 
pH range is stability. I have discovered, for ex 
ample. that ribo?avin solutions lack the desired 



2 
stability it maintained at pH values above 7. 
Ordinarily an acid pH is preferred (e. g. 6.6-4) 
although stability does not decrease appreciably 
until the pH is alkaline, i. e. above pH '1 the neu 
tral point. 
The boron complexes oi‘ the present invention 

are soluble in water, e. g. at least 10 mg. oil ribo 
?avin per 10 cc. solution, and form stable iso 
tonic solutions adaptable for hypodermic admin 
istration. Tests have shown the solutions to re 
tain their therapeutic‘ potency and to be tree from 
deterioration and precipitate formation under 
varying conditions, e. g. at 0° to 40° C. for several 
months. Although particularly adaptable for hy 
podermic use the riboflavin complexes are also 
satisfactory for oral administration. 
The e?‘ect of the boron compounds in solubil 

izing ribo?avin is not clearly understood at pres 
ent. Investigations, however, indicate that a rel 
atively loose complex is formed and tests have 
shown the same to be chemically and physiologi 
cally stable when maintained within the specified 
pH range. 
While various boron compounds, such as the 

oxides, may be substituted for the acid 0! Exam 
ple I or other salts for the sodium tetraborate of 
Example 11, it will be understood that the boron 
compounds employed should be substantially non 
toxic. It will also be understood that the pres 
ent invention is not limited to the above illus 
trative examples. All modi?cations oi the pres 
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out invention are intended to be covered by the ‘ 
following claims. 

I claim: 
1. The method oi’ preparing a stable aqueous 

therapeutic solution containing not less than 
0.03% of ribo?avin and suitable for hypodermic 
administration, which comprises: Preparing a 
water solution containing from 0.1% to 2.0% of 
boric acid in solution, and from 0.03% to 0.10% 
of ribo?avin; adjusting the pH 01' the solution to 
from 3.0 to 6.6; heating the solution until the 

35 

40 

CERTIFICATE OF 

Patent No. 2,588,261. 

ribo?avin dissolves; and thereafter continuing 
the heating at temperatures above about 80° C. 
for a period of time of about two to four hours, to 
secure a liquid product from which material will 
not crystallize out even after standing for months 
or years. 

2. The method 01’ preparing a stable aqueous 
therapeutic solution containing not less than 
0.03% o! ribo?avin and suitable for hypodermic 
administration, which comprises: preparing a wa 
ter solution having a pH not exceeding 7.0 and 
containing from 0.1% to 2.0% boric acid and from 
0.03% to 0.10% o! ribo?avin; heating the solution 
until the ribo?avin dissolves; and thereafter con 
tinuing the heating at temperatures above about 
80° C. until samples of the product show no pre 
cipitation on prolonged standing. 

3. A stable aqueous therapeutic solution con 
taining from 0.1% to 2.0% of boric acid and more 
than 0.03% of ribo?avin, said solution having a 
pH i'rom 4.0 to 6.6; the ribo?avin and boric acid 
being in that state of combination resulting from 
prolonged heating for about two hours above 80° 
C.; said solution remaining stable inde?nitely at 
room temperatures, without the precipitation of 
the therapeutic in crystalline form, and without 
deleterious decomposition of the therapeutic. 

4. The method of preparing a stable aqueous 
therapeutic solution containing not less than 
0.33% of ribo?avin and suitable for hypodermic 
administration which comprises: preparing a wa 
ter solution having a pH not exceeding 7 and con 
taining the negative radical of boric acid up to 
an amount corresponding to from 0.1% to 2.0% 
of boric acid, together with from 0.03% to 0.1% 
of ribo?avin; heating the solution until the ‘ribo 
?avin dissolves; and thereafter continuing the 
heating at temperatures above about 00° C. until 
samples of the product show no precipitation on 
prolonged standing. 
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