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ThlS invention relates to alkali metal salts ef
adenylic acid.

The so-called adenyhe acid system includes
series of rather complicated cempounds which
are combinations of the base adenine (6-amino
purine),
acid, among others. The cembmatmn of adenine
with ribose linked in glycosidic union at the 9-
position of the base constitutes the- substance
known as adencsiné, which has the followmg for-
mula:
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The meno-—phesphene derwatwe of a,dene.sme
(adenesme-f)-mone-phespherle acm)
nated herein as adenylic acid. It has the fol-
lowing formula:
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It may be p-repared’ ﬂ_from yeast or muscle and
for the purpose of describing this invention, the
adenyvlic acid referred to is that of the above for-

mula irrespective of its origin.
- Adenylic acid is one of three rela,ted coen-

zyme-active substances censtltutmg the adenyhe

acid system, and the other members. are more

highly phosphorylated derwatwes namely the di-
and tri-phosphoric acid compounds.

ample adenosine trl—phesphorlc acid (or adeno- |

sine pyrophosphoric acid or aden:sflpyrophes-
phoric acid, as it is sometimes termed) has been

assigned the following formula:
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Some references give other formula,s but the

formation on the structure of the cempound

is desig- :
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the pentose d-rlbese and phospherlc |
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essential to carbohydrate metabelwm The lower
phosphate esters of adenosine act as phosphoric

acid acceptors, and the more hlghly phesphoryl-_

ated derivatives act as donators of the acid. =
It is known that muscle contains adenesine'

trl-phesphorlc acid. Adenyhe acid as such is rot

contained in animal tissue. T am aware that

'the alkali metal salts of adenosme tri-phosphoric

acid have been proposed for therapeutical pur- |
poses (U. S. Patent No. 1,978,881), and that

~ adenylie acid as such, both from yeast and musecle

- sources, has been prepared, as well as adenosiiie

tn—-phesphonc acid and the alkali metal salts of

the latter as referred to above

I have discovered that an alkali metal salt

of adenylic acid is advantageous for therapeutic
administrationn. Although the body does not con--

tain adenylic acid, it is believed to use this as
a source for the formation of the muscle com-

‘ponent, namely adenosine tri-phosphoric acid.

When administered as the alkali metal adenylate .
the adenylic acid is utilized in a slow and steady

way and therefore is capable of giving a more
sustained effect than is possible with the admin-

2 istration of adenosine tr1-phesphorlc acid or 1ts

alkali metal salts.
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. Furthermore, the alkah metal saﬂts of adenylie
acid are exceptionally stable as contrasted with
the adenosine tri-phosphoric acid and its salts.
The sodium salts of the latter decompose in time
even when maintained in a normally dry state.
In contrast, the alkali metal salts of adenylic acid
are remarkably stable, not only in a dry state

“but even in solution. The latter property permits
‘the ‘alkali meta,l salts of adenylic acid to be pack-
aged in aqueous solution in sterilized ampule

i'. form for intra-museular administration, with the

For ex-

knowledge that the activity will not detenemte |

- upon storage of the solution."
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dry form,

The alkali metal salts of adenylic acld in the o
in addition to being stable, are ex-

tremely soluble as compared with the salts here-

tofore known, and may be administered orally |

~~  during which time they can be ebsorbed threugh R
- 45 T

the mucous membrane.
The alkali metal salts of adenylic acid may,

_be prepared from the adenosine tri-phosphoric
. acid naturally occurring in muscle or from yeast

The adenylic acid system in the body appears

to constitute a mobile equilibrium which func-
is 55

tions as a carrier for phosphoric acid, and 1s

 in accordance with known hydrolysis and separa-
50 -
above formula represents the best current in-

tien techniques
" For example; adenosine in a buﬁered phos-

phate solution may be reacted with yeast or a
-yeast plasmolysate to produce adenosine tri-

- phosphoric acid and cozymase in addition to

adenylic acid. In order to convert the higher
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phosphoric acid compounds into the adenylic acid
they may be subjected to hydrolysis as described
in U. S. patent No. 2,174,470.

Another method for the preparation of
adenylic acid from adenosine tri-phosphoric acid
obtained from yeast is described in U. S. Patent
No. 1,976,175. Preparation of adenylic acid from
adenosine tri-phosphoric acid from mauscle is de-
scribed in U. S. Patent No. 1,977,529.

In general all of these processes precipitate
the adenosine tri-phosphoric acid with an alka-
line earth metal base such as barium hydroxide
which is hydrolyzed in an appropriate basic solu-
tion. The second or third phosphate radicals
split off during hydrolysis and are precipitated as
barium phosphate leaving the barium salt of
adenylic acid in solution. The latter is then pre-

4

of the sodium hydroxide solution added was such
that the pH of the solution was 6.5 This re-
quired 0.05 grams of sodium hydroxide. A por-
tion of the agueous solution was placed in am-
pules of 1 cc. each and sterilized. When the
salt is to be packed in an aqueous solution, it
is preferred that the pH be between 6 and 7 as
this range is hest suited for intra-muscular in-

- jection. Within this range the solution will con-

10

15

cipitated as the lead salt and the lead removed

as a sulfide or sulfate to leave the adenylic acid
in solution.

In accordance with my invention, the adenylic
acid is then neutralized with sodium hydroxide,
potassium hvdroxide or an equivalent base. The
solution may be placed in ampules and sterilized
since the adenylate alkali metal salt is stable at
the high temperatures used in sterilization. Al-
ternatively the solution may be evaporated to
dryness and sodium adenylate separated as a
white crystalline material. Reference to the
salt contemplates it in solution or crystalline
form. | |

It will be appreciated that the adenylate salt
can exist as either a mono~- or di- salt form de-
pending upon the replacement by the metal of
one or both of the hydrogens of the hydroxyl
croups present in the terminal phosphoric acid

radical.
Example I

1 millimol (0.347 grams) of adenylic acid
(adenosine-5-monophosphoric acid) was sus-
pended in 10 cc. of distilled water and 1 millimol
(0.04 gsrams) of sodium hydroxide was added in
the form of a 4% solution. The mixture imme-
diately becomes a clear solution. 35 cc. of ace-
tone was added to the solution and a granular
white solid precipitated which was filtered and
washed with acetone. Upon drying the product
was found to be mono-sodium adenylate. It was
a white crystalline solid which decomposed at
a high temperature before it melted. A solu-
tion of 20 mg. per cc. of water had a pH of 5.55.

Example II

1 millimol (0.347 grams) of adenjrlic acid
(adenosine-5-monophosphoric acid) was sus-
pended in 10 cc. of distilled water and 2 millimols

(0.08 grams of sodium hyvdroxide was added in the

form of a 4% solution. The mixture immediate-
ly hecomes a clear solution. 35 cc. of acetone
was added to the solution and a granular white
solid precipitated which was filtered and washed
with acetone. Upon drying the product was
found to be di~sodium adenylate. It was a white
crystalline solid which decomposed at a high
temperature before it melted. A solution of 20
mg. per cc. of water had a pH of 11.0.

Example III

The procedure described in the previous'two
examples was repeated except that the amount
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tain both salts, the major portion being the
mono-sodium salt.

Another portion of the aqueous solution was
treated with acetone as in the previous exambples
to yield a white crystalline solid the major por-
tion of which was the mono-sodium adenylate
and the minor portion of which was the di-so-
dium adenylate.

The new compounds of my invention are suit-
able for treatment where blood analysis indicates
an insufficient amount of the nucleic phosphorus
compounds. Notable results have been obtained
in the treatment of pruritis.

I claim:
1. A stable sterile aqueous solution of a major

proportion of monosodium adenylate and a minor
proportion of disodium adenylate derived from
an adenylic acid having the formula:

([)H" C—N
i N H H | H
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said solution having a pH of between 5.55 and 7.

2. A sterile aqueous solution of a major propor-
tion of monosodium adenylate and a minor pro-
portion of disodium adenylate derived from an
adenylic acid having the formula:

N=—C-—NH;3 o
CH C—N
X | O H H
/CH O O EII O
N—IOC—N C—C—C ('J (|3 O—1=0
H H H H H O
po iy A

sald solution having a pH of between 6 and 7.
-~ EDWARD XK. HARVILL.

References Cited in the file of this patent
- UNITED STATES PATENTS ,
Date

Number Name
1,976,175 Lautenschlager et al. __ Oct. 9, 1934
1,978,881 Lautenschlager et al. _ Oct. 30, 1934
2,082,395 Hartmann et al. ____ June 1, 1937
2,101,099 Ruskin ____________ Dec. 7, 1937
2,215,233 Ruskin . . ____ Sept. 17, 1940
2,379914 Laufer et al. _______ July 10, 1945
2,417,841 Ruskin ... _____ Mar. 25, 1947

OTHER REFERENCES
E. Lehnartz—Chemical Abstracts, volume 23,

~ page 3692, (1929).

70

Lutwak—Mann Biochemical Journal, Cam-

bridge 1936, pages 1405 to 1412,
Frankel Die Arzneimittel Synthese, J, Springer,
1927, Berlin, page 222,



	Front Page
	Specification
	Claims

