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procedure with its obvious attendant disadvantages by 
`theiudicious addition of certain antioxidants and the 
careful packaging of the _solution'insealed `ampoules 
undernitrogen gas. „for example,somesuccess has 

formaldehyde sulfoxylate .tos the antibiotic' solution. 
However, even with this 4valuable additive it has lnot been 
practical to package these solutions in multi-dose con 
tainers but has rather been necessary to provide individual 
single-dosage ampoules. 'Ihis inconvenientgand expen-> 

ï sive is required because the removal of indi 
vidual dosages fromv a multi-'dose package (for example, 
by piercing a _rubber bottle closure with a hypodermic 
needle, injecting and withdrawing an individual dosage 
intoa syringe) necessarily introduces air into the con 

`_ Now’ it has beenl discovered that these problema lare 
obviated by stabilizing solutions of the tetracycline anti 
bioties with a combination of an alkali-metal or alkaline 
earth-metal formaldehydev sulfoxylate and thioglycerol 

With this antio?dant combina 
tion it _is now possi-ble for the tirst timeto package already 
constituted solutions of> the tetracycline antibiotics in 
multi-dose containers with the assurance that even after 
a substantial proportionof air has been admitted to the 
container during partial withdrawal ofthe liquid contents, 
the >residual solution will remain stable and light in color 
for long» periods of storage. The savings in cost and 
space made possible ‘by thisv development are obvious. 
~ The tetracycline antibiotics comprise a group of >biolog 
ically active perhydronaphthacene-derivatives having the 
following essential structural features. The numbering 
system indicated is that lemployed by f‘Chemical Ab 
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I Among the biologically active ̀ members of this series _are 
those containing following substituent 
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tainer Abeyond the ability of thesulfoxylate to lstabilize - the. residual solution, which soon _darkensfand becomes 

anni for use. ' 
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‘ administration. Like many organic substances, however, sortons.. s-ou ......... ............ _. o-dsmszhyi- m -s’soxym- " 
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state for reconstitution with a solvent immediately before - ' v t ' . 
use. ln some cases it has been possible to eliminate this 25. some af thc aforementioned mrwycnne derivatives are 

well'known in the art, while others are described in co~ 
pending applications Serial No. '773.172, tiled'November 
l2.v 1958, and Serial No. 802.655, ñ‘led IMarch 30,1959. v, 
both 4assigned to the same al the preaen'tinven'- ` 

stione ‘ v ' 

- Forms ofthe tetracycline antibiotics which are particuf 
larly suitable for. solution administration are the coordi 
nation complexes ‘which »are «formed with metal salts. 
»For example, in copending application Serial jNo. 669,460, 
flied July 2, 1957, and` to the same assignee as 
the present invention, there are described compounds of 
oxytetracycline lcontaining magnesium, calcium, zinc, ` 
aluminum, or combinations thereof, and compounds of - 
tetracycline containing magnesium,v calcium, aluminum or 
combinations thereof. In particular there >are _disclosed 
magnesium, calcium, andfalum'inum ltetracyclines having 
a molar ratio of metal lion to tetracycline of about 3:1, 
and magnesium, calcium, and aluminum oxytetra 

' cyclines having amolarratio of metal ion to oxytetra 

satisfactory are the glycols, preferably those` generally 
recognized as pharmaceutlcally acceptable, such as pro 
pylene glycol, polyethylene glycol, and mixtures thereof. v 
Glycerine is another example of a polyol which is partic 
ularly useful. Up to about 25-30% -by volume of 'water 
may be incorporated in the vehicle if desired. 80% aque 
_ us propylene glycol has been found to be a particularly 
convenient solvent system. ̀ .  . _ 

According to one preferred method of preparing auch 
solutions,v the chosen ymetal salt of the antibiotic is pre- ‘ 

„ pared in situ by dissolving the freeJbase form of a tetra 
cycline antibiotic, or an acid salt thereof, in the selected ' 
pclyhydric alcohol _and adding a solution of _a salt of the 
desired metal in the polyol or in water. Of course it is 
necessary that a salt of a pharmaceutically acceptable 
anion be selected, that is, one which is free from obiec 
tional side elfectsatthe 1ley‘els of ordinary use. ’I‘he chlo 

~__~ ,_ ride and acetate salts, for example, are among those which 
'f are suitable. 'I‘he reâéti’oìi usually occurs readily at room 

temperature. vGenerally neutral to alkaline conditions 
are desirable, e.g. a pH range of from about 5.0,to about 

0 ion, preferably from s pH so te actor optimum stability.l _pH may be by addition _of base r_sa 

cycline of'from about 1:3 to about 3:1. As disclosed in Y 
that copending application,'useful solvents are the poly- , 

‘ hydric aliphatic alcohols and thereof. Especially , 



required, and-a particularly vconvenient base 
purposes is monoethanolamine. 
Among the formaldehyde sulfoxylates which are suita 

ble are the pharmaceutically acceptable alkali-metal and 
alkaline-earth-metal derivatives, including, for example, 

_ the potassium, lithium, calcium, magnesium and stronti 
um salts.. Particularly preferred is the readily available 
sodium formaldehyde sulfoxylate. (The barium deriva 
tive is toxic, and will, ofl course, notbe employed.) 
With as little as 0.05% (w./v.) or evenfless of these anti 
oxidants useful stabilization is achieved,'but it is normally 
preferred to employ at least about 0.1% and ordinarily 
it will not be necessary y_to employ more than about 0.5% 
to achieve the desired results. Similarly, concentrations 
of thioglycerol yof labout 0.1% (w./v.) or even less are 
beneficial but for optimum results at least about 0.2% 
will’be preferred and normally no more than about 2% 
will be required. l 

'I‘hese new therapeutic combinations are particularly 
`suitable for parenteral administration and especial 
ly for intramuscular use. For such application, it 
will often be desirable to-incorporate a local anaesthetic 
such as those which are well known to those skilled inthe 
an. For example, lidocaine (a-diethylamino2,6aceto~ 
xylidide, available from the Astra Chemical Co.), may 
be employed at a level of about 20 mg./cc. For in 
tramuscular use the‘preparations will be formulated with 
pyrogen-free water and filtered aseptically before packag 
ing. Antibiotic concentrations which are particularly 
suitable for this mode of administration are those ranging 
from about S0 to about 125 nig/cc. ' 

In addition to the parenteral applications, these sta~ 
bilized solutions are also eminently suitable for oral and 
topical use, and may be employed, for example, in the 
treatment of bovine mastitis. - 
With the newly discovered stabilizing system, solutions 

‘A . of tetracycline antibiotics are found to retain their voriginal 
color and potency substantially unimpaired _over long 
periods of storagev at room temperature, and also in'ao» 
celerated high-temperature experiments. Por optimum 
results it isv desirable to saturate the vehicle with nitrogen 
and to package these dosage forms under an inert atmos 
phere. However, single doses may be. withdrawn from 
multi-dose containers with attendant admission of air into 
the 'container without seriously impairing the stability of 
the remaining solution. vFor example, in accelerated tests 
at l50" C. for 12 days containers from which 80% of the 

' solution has been withdrawn by hypodermic syringe re 
tain the residual solution with little change in color or 
biological activity, so that itis still completely suitable 
for use. ` ' 

yfor present ` 
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Thesenew formulations are suitable for administration . 
topman and animals` at conventional ,dosage levels for 
treatment of infections due to microorganisms sensitive 
to the contained antibiotic. For example, in the ease 
of oxytetracycline solutions, intramuscular administration . 
of 200-»300 mg. of antibiotic daily is usually satisfactory 
in the case of mild o_r moderately severe infections. For 
more severe infections 300-500 mg. daily may be re 
quired. Administration individed doses 2-3 times daily 
is often desirable. It has been found that no luntoward 
side effects or impairment of potency attributable to the 
formaldehyde ysulfoxylate or the thioglycerol are en 
countered. 'l " , ` ' 

The following examples are given byway of illustra 
tion and should not be interpreted as limiting the inven 
tion, the scope of which is deiìned by the appended claims. 

EXAMPLE l 
Oxytetraeycline base (910 mcg/mg. potency),` 
gm. ` 30.22 

Magnesium chloride hexahydrate, gm. _______ _- 12.36 
Monoethanolamine, ce. __... ________________ -_ 8.85 

Propylene glycol, gm. ...................... -_ 376 
Water, cc. - » -94 
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The glycol is agitated for one hour while saturating 
with nitrogengas, and the antibiotic ls then addedand 
the mixture stirred for 30 minutes more. Next, a solu- Y 
tion of the magnesium chloride in the nitrogen-saturated 
water is slowly added. After 5 minutes’ further stirring 
the amine is added. Throughout the addition of ingredi 
ents the tempertaure is maintained below 30°. C. by cool 
ing as required. Solution is completed by stirring under 
nitrogen. The resulting 500_cc. of clear, light-colored 
solution contains approximately 50 nag/cc. of oxytetra-v 
cycline activity and has a pH of about'8.6. It is sub 
divided and to each portion an antioxidant is added,'fol. 
lowed by stirring under lnitrogen for 20 minutes. Sam 
ples are filled into ampoules under nitrogen and sealed. » v 
The antioxidant concentrations are as follows:  

A. 0.3% w./v. sodium formaldehyde sulfoxylate plus 
1.0% w./v. thioglycerol v , 

B. 0.5% w./v. sodium formaldehyde sulfoxylate : 
C. 1.0% w./v. thiomalic acid í 

EXAMPLE n ` f 

Samples of the solutions of Example I are subjected 
to a temperature of 75 ’ C..for varying periods of time up 
to 24 hours. After heating, each sample is diluted. 1:1 
with the aqueous glycol vehicle and the light absorbance 
is determined at 500 ma on a Beckman spectrophotometer 
with a tungsten light source and a slit width setting of 
0.04, employing water as the blank. i' 
marized in the table below. . 

Light Absorbunoel 

Results are sum 

î nour's'rit' iisi‘ò'fffi::1122212112111222112212 
s1.. y 
s... ' .est 

The relatively high com stability of ¿elution ̀ A is 
apparent. 

EXAMPLE m 
Solutions A and B whose preparation is described in 

Example I are filled under nitrogen into l0 ce. multi-dose 
vials sealed with butyl rubber stoppers. Solution A, 
initially lighter in color than solution B, maintains this 
color even after heating at 50° C. for l2 days. 

Two-cc. doses are withdrawn from fresh (unheated) 
vials of ̀ each solution in the standard manner, by piercing 
the stopper with a hypodermic needle, injecting vair and 
withdrawing the solution into the syringe. In this man 
ner, four such doses are withdrawn from each vial, leav 
ing one 2-cc. dose in the stoppered vial. The residual 

' solution A contained in the vial under a partial atmos 
phere of air darkens only slightly even after heating for 
12 days at 50° C. In contrast, the residual solution Bv 
begins darkening within two days at room temperature, 
and after 12 days at room temperature is dark brown in 
color. ' y 

EXAMPLE IV 

A stabilized preparation containing approximately 125 
nig/cc. of oxytetracycline activity and suitable for intra 
muscular administration is prepared according to the 
following formulation and packaged under nitrogen: 

Oxytetracycline base, gm _____________________ __ 75.6 
Magnesium chloride hexahydrate, gm. ..... -....-_.. 30.9 
Monoethanolamine, cc. ........... _-` ........ _.. 22.1 

Lidocaine, gm ___________ _n....a .............. ..._ 10 

Thioglycerol, gm. __________________________ ..._ 5 

Sodium formaldehyde sulfoxylate, gm. ........ _.. 1.5 
Propyleneïglycol, gm. ______________________ _.. 2‘75 

Water, cc. . 1 13 

........ . , 



spasms 
Similar formulations are prepared substituting other 

tetracycline antibiotics, as hereinbefore described, in place 
of oxytetracycline, and enhanced stability attributable 
to the thioglycerol and sodium formaldehyde sulfoxylate 

EXAMPLE V 

'I‘he following‘pharmaceutical solutions are prepared 
and found to exhibit enhanced stability attributable to 
their content of thioglyce'rol and a formaldehyde sulfox 
ylate: ‘ y 

yis observed. 

. (A) 

Glycerine, U.S.P., liter _____________ __'. _____ _... 1 

Calcium ̀ acetate monohydrate, gm ____________ __ 20.66 
Oxytetr'acycline hydrochloride, gm. ______ ____ __ 60.2 
Potassium formaldehyde sulfoxylate, gm. ..... __ 2 
Thioglycerol, gm. __________________ _.. ..... __ 4 

10% sodium hydroxide in glycerine, to pH 9, cc. 
approx. 150 

Glycerine, U.S.P., to make 2 liters. 

(B) , 

. Gylcerine, U.S.P., cc. ..... _`_ _____ _.. ________ __ 500 

Aluminum chloride hexahydrate, gm. ________ _- 40.7 
Tetracycline hydrochloride, gm. _____________ _- 27.55 
Thioglycerol, gm. ________ _.. _____________ -___ 20 

Lithium formaldehyde sulfoxylate, gm. _______ __ 5 
10% sodium hydroxide in glycerine, to pH 9 ___-- »__ 
Glycerine, U.S.P., to make 1 liter. > ' 

> (C) 

Glycerine, U.S.P., cc. ______________________ _.. 500 

Sorbitol, gm'. ' v , 50 

Zinc chloride, gm. ...'.__________`__.._________.__ 5.94 
lOxytetracycline hydrochloride, gm. ___-'_ ____ __ 33.5 
Thioglycerol, gm. _________________________ __ 10 

Sodium formaldehyde sulfoxylate, gm. ....... __ 3 
10% sodium hydroxide in glycerine, to pH 8.5, 
» cc. approx. 72 

Glycerine, U.S.P.„to 'make l liter. 

` `(D) 
jPolyethylene glycol 300, cc. ________________ _.. 500 
Magnesium chloride tetrahydrate, gm. ........ __ 28.19 
Tetracycline hydrochloride, gm. ____ _.. _______ _.. 27.55 

Thioglycerol, gm. 10 
Sodium formaldehyde sulfoxylate, gm. _.. ..... __ 3 . 

Triethanolamine, cc. ______________________ __ 25 

10% sodium hydroxide in glycerine, to pH 8.5, ' 
cc. approx. 125 

Polyethylene glycol 300, to make 1 liter. 

, , (E) 

Propylene glycol, cc. ___________ __ _________ __ 800 

Benzocaine, gm. 51 
Calcium chloride, anhydrous, gm. ___________ -_ ' 3.46 
Tetracycline hydrochloride, gm. ____________ _.- 5.1 

Thioglycerol, gm. 2 

Calcium formaldehyde sulfoxylate, gm ________ __ l 
10% sodium hydroxide in propylene glycol, to pH 

8.5, cc. approx. l5 
Propylene glycol, to make l liter. 

5 s (P) 

Glycerine, U.S.P., cc. _________ -___ _________ __ 500 

70% aqueous sorbitol, gm. _________________ __ 100 
Aluminum chloride hexahydrate, gm. ...... ____ 24 

10 Oxytetracycline base, gm. __________________ -_ 46 
Ethanol, cc. 80 
Thioglycerol, gm. ______ __ _________________ __ 5 

Strontium formaldehyde sulfoxylate, gm. _____ __ 2 
10% sodium hydroxide in glycerine, to pHf8 ____ __ 

15 Glycerine, U.S.P., to make 1 liter. 

,4 (G)  

Glycerine, U.S.P., cc. ____________ __ ________ _.. 500 
Calcium acetate monohydrate, gm. __________ __ 20.66 

20 Oxytetracycline hydrochloride, gm. __________ ..- 30.1 
Thioglycerol, gm. ________________________ __ 10 
Magnesium formaldehyde sulfoxylate, gm ____ ___ 3 
10% sodium hydroxide in glycerine, to pH 9 -___ 
Glycerine, U.S.P., to make l liter. - 

What is claimed is: . . 
1. A pharmaceutical composition comprising a tetracy 

cline antibiotic dissolved in a pharmaceutically acceptable 
polyhydric alcohol solvent, and as stabilizer for said tetra 
cycline antibiotic, a mixture of thioglycerol and a phar 
maceutically acceptable formaldehyde sulfoxylate select 
ed from the group consisting of the alkali-metal and alka 
line-earth-metal salts, the weight ratio of sulfoxylate salt 
to thioglycerol being from‘about 5:2 to about 1:20. , 

`2. A composition as in claim 1 wherein said antibiotic 
is selected from the group consisting of magnesium, cal 
cium and aluminum tetracyclines having a >molar ratio 
of metal ion to tetracycline of about 3:1 and magnesium, 
calcium, aluminum and zinc oxytetracyclines having a 
molar ratio of metal ion to oxytetracycline of from about 
1:3 to about 3:1. 

3. A composition as in claim l wherein said solvent 
contains up to about 30% by volume of water. v 

4. A composition as in claim 1 wherein said formalde 
hyde sulfoxylate is present in a weight/volume concentra 
tion ranging from about 0.1 to about 0.5% and said 
thioglycerol is present in a weight/volume concentration 
ranging from about 0.2 to about 2%. 
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5. A pharmaceutical composition suitable for intra.-k 
muscular administration comprising a solution containing 
magnesium oxytetracycline having a molar ratio of mag 
nesium to oxytetracycline of about l, about 0.3% w./v. 
sodium formaldehyde sulfoxylate and about 1% w./v. 
thioglycerol in about 80% aqueous propylene glycol. 
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