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(54) IMPROVEMENTS IN OR RELATING TO ANTIBIOTIC
COMPOSITIONS

(71) We, DiamoND SHAMROCK COR-
PORATION, of 300 Union Commerce Building,
Cleveland, Ohio, United States of America, a
corporation organised and existing under the
laws of the Statc of Delaware, United States
of America, do hereby declare the invention,
for which we pray that a patent may be
granted tc us, and the method by which it is
to be performed, to be particularly described
in and by the following statement: —

This invention relates to injectable oxytetra-
cycline compositions and more particularly to
improved compositions having low viscosities
at low temperatures and containing glycerol
fcrmal as a solvent.

Heretofore, preparations of oxytetracycline
compositions suitable for injection have suf-
fered from relatively high viscosities, poor
stability and limited concentration of anti-
biotic. Such preparations have empleyed scl-
vents such as propylene glycol, glycerol and
palyethylene glycols as well as their mixtures
with ethanol. High viscosities are particularly
ncticeable when injectable compositions con-
taining polyhydric alcchels as solvents are used
at low temperatures. Such high viscosities are
often encountered when the compositions are
used at the cool temperatures prevailing in
barns, open feedlots or pastures. High viscosity
compositions are cbjectionable bscause aspira-
ticn of a visccus composition into a hypo-
dermic syringe and subsequent injection of the
composition are both difficult and slow.
Further, high viscosities also increase the time
required tc inject a large ‘herd of animals.
Other solvents may cause tissue irritation which
is particularly undesirable in an animal, as this
may cause localized concentration cf the anti-
bictic in the tissue and render the affected
arca undesirable for human consumption.

It is known according to East German Patent

[Price 25p)

No. 50,731 to prepare stable injectable oxy-
tetracycline soluticns by utilizing tetronic acid
derivatives and/or their magnesium salts as
solubilizing agents. This patent also discloses
that the solubilizing power of the sclubiliziing
agent can be enhanced and the amount of
active ingredient increased when certain sol-
vents such as glycerol formal are used. On the
other hand, combinations containing glycerol
fermal without the solubilizing agents are un-
suitable for preparing optimally active solu-
ticns. The two examples in this patent dis-
close a mole ratio of magnesium to oxytetra-
cycline of approximately 3 to 1 and 4 to
1 respectively. It is also known that with a
mcle ratio ¢f magnesium salt to oxytetracycline
of 3 to 1, the antibictic will precipitate out of
solution. Hence, the addition of the solubilizer,
namely, the tetronic acid derivatives, enhances
solubility at these ratics. However, it has been
found that this combination suffers from the
disadvantage of high viscosity in the absence
of large quantities of water. This is shown by
a comparison of the viscosity data of Table II
and of Example I of East German Patent No.
50,731 appearing in Table VI. On the other

hand, where large quantities of water are -

utilized in order to obttain desirable low vis-
cosities, there is an accompanying sacrifice in
stability. That is, accelerated ageing tests
showed a decided detericration in appearance
and potency.

It has been discovered that a mole ratio cf
magnesium salt to oxytetracycline of 0.5 to 2
moles per mole of oxytetracycline cbviates the
need for the sclubilizers described in the afore-
mentioned East German patent. It is ncw pos-
sible to eliminate the use of solubilizers and
at the same time, reduce the viscosities of the
comgpositions while still benefiting from the
use of glycerol formal as a solvent. ‘Also, the
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position outside the scope of the present in-

was stored, that 40 venti on.

at 35.6[err]F or 72[err]F. These tenperatures
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Glycerol formal, a condensaticn product of

glycerol and formaldehyde prepared in accord-

Irrwanmomr@lmfnan yAnHUxigarE rled %I ass

35 “clarity. Further, animals injected with the ance with the equation shown below, is 100
ccmpositions are particularly free of irrita- cbrained as a mixture of 4-hydroxymethyl-1,3-
tion at the site of injection. dioxolane (I) and S-hydroxy-1,3-dioxane (II).

Liquid preparations of injectable oxy-
tetracycline compositions on long standing, )
40 especially at elevated temperatures, tend to H—C—0H o
.. form small amounts of precipitated matter. H—C—OH + H— o
This tendency appears tc vary with the scurce * Horme G OH
of the oxytetracycline hydrochloride. Particu- &
late matter in an injectable composition can

45 be very troublesome, as it can cause clogging
of hypodermic needles and lead to the ad- "
ministration of inaccurate dosages. This pre- N i
cipitated matter apparently arises from the HZC—H W
presence of minute seeds acting as centres cf R—f—0™" HO—CTH  H=C—H

50 nucleaticn. We have found that this tendency “—‘I"“’“ H—C—
to form sediment can be eliminated by filtering H "
the final preparation through an ultrafiltration @ (1)
device, preferably a membrane filter, said filter #*> = 1.4469 = 1.4527
passing particles no larger than 1.0 micron

55 and preferably removing all particles larger Tests show that glycerol fermal produces no
than 0.25 micron. toxic effects or macroscopic pathology when 105

In an injectable composition in accordance 1500mg/kg is administered intraperitoneally
with our invention, the relative propertions of to rats or 1000mg/kg is administered to mice
constituents can be varied widely. For instance, or guinea pigs. See Sanderscn, J. Pharmacy &

60 a composition cf oxytetracycline hydrochloride Pharmacology 11, 150—156 (1959). Glycerol
(oxytetracycline HCI) containing as much as formal can be used as a mixture ¢f 4-hydroxy- 110
15 parts by weight of antibiotic can be pre- methyl-1,3-dioxolane (I) and 5-hydroxy-1,3- .
pared. dioxane (II) or the individual components can -

The proportion of a water-soluble mag- be separated and used per se. The two com-

65 nesium salt, such as magnesium chloride hexa- ponents in the mixture are not easily separated



60 The vials were stored at 25[err]C (room tem cel"-Regd. Tradenark)
and stored in a glass perature), 37[err]C and 45[err]C for 7 weeks.
(Four vial. After 90 days of storage at 45[err]C, the weeks storage at
45[err] is regarded as the equiva- conposition which was filtered through
t he | ent of one year of storage at 25[err]C). At the sintered gl ass
filter contained a snall pre- 85 ~end of the seven week period, there
was no cipitate observable by swirling the vial, while 65 significant
differenge in potency, no apparentjspb® conposition which had bgen
fI|tered——“_7ﬂﬁTEW_CﬁHﬂgE_Hﬂd7ﬂTfTWﬂHTTUWjﬁ;TRHTTCUTHTE——rﬁFUUgh t he
menbr ane fﬁy é igtijla SH?% n be estFF% IThe solvent, glycerol formal as noted is a

St an est en_separate mixture of two entities, eth
clear, thusg w?éf f}&ov%ie‘iheq@cyd@?‘ 0wt i I BRG] ters are
manuf act U rdayadul coﬁlﬁﬂemwl t rafilter in marhet iative NGopeiidiisi difythe two isomers90

8 5 Glycerol formal, the mixture obtained as the vary spmovj@t @ootding to the exact condi- 20

product of the reaction, e by tions of pweparatxon and may y
8 fortifying the. product. OW@?& one, reference to the 1 olf g % o@g%ch Resul ts of
these testss i Gonflones, biMthe individual adml S il h O pSloR COHE lapiliGablify €Ct abl e
Table 111 mmadtsshow dsed inl the pitse@ripvemioan g thenrefractxvecmdqsas idéterauine phepad ed as in

CD

Exanpl el0 |%ampﬁataf jecgible pwesf aﬁ%lcqgwom_h of &l Barisomer s S
oot undie T R L L PR BB o

Se
i ndi cat i NGpréph ﬁloﬁ‘sm@esismnersmthoﬁ A% vi kS taen 1a66) @bpoftlon bESRARS k@] Y. Each
sanpl e wasmy inptigrable Ridfsrenast 81t wabiding pepot endyund amdh cloglygelated to thasvsletyed and its
col our etf@Mii%ed at regul ar st abi | j t §prermined by the refractive index:

TABLE 111 St orage of an Ckytetracycllne Conposi tion at

25C., 37C. and 45C. % BY W[ er rjpdly Wt

37[err]C. 45[err]C RIEPE o oA¥E® ol our[err]
Assay[err] Refhchve! ih@k Mmjethod Assay{saesr] 36 2Col our[err]
Assay[err] 0 . G 5.8 G 5.4
G 5. @ Ester separation method 59.2 37.2

Table I shows a number of physical pro- (I) and S5-hydroxy-1,3-dioxane (II) based on
perties of six glycerol formal preparations. the refractive index are shown as well as re-
Physical properties such as boiling point range, sults cbtained by the benzoate ester separation

35 refractive index and the calculated percentages of one preparation. 40
by weight of 4-hydrcxymethyl-1,3-dioxolane

TABLE 1

Physical Properties of Six Glycerol Formal Preparations

Refractive Calculated Composition
Preparation Boiling-Point Index
No. °C/MM 7,D% %I %Il
1 75°/5 | 1.4498 50.0%, 50.0%,
2 90°/8 1.4500 46.6%, 53.4%,
3 95°/13 1.4496 53.6%, 46.4%,
4 98°/15 1.4490 63.8% 36.2%
5 80°/11—88°/9 1.4497 51.7% 48.3%,
6 80°—90°/10 1.4496 53.6% 46.4%,

1Separation of Preparation No. 4 via the benzoate esters gave:
59.2%, of 1 benzoate, b.p. 172—5°C/15 mm, or same as reported, and

37.7Y%, of II benzoate in two crops of crystals melting at 75.5°—77° and 71 °—73°C
respectively reported: m.p. 72°C.



14 G 5.6
5.5 27 G

G 5.7 [err]Gis the original
of two determinations (A O A C. Method).
EXAMPLE VIl 15
except for Conposition N which
con- formed a hazy suspension,
(Composition K) diluted with water
wei ght an
sati sfactory Rr
|V b

5.5

pRicpssluble magnesmm salt whxch

Parts by Wei ghhe composition and physiofBETRQP 4 dpBiBle, Regarding th selection f the antibiotic, K
L ¥l can be used nNthe compositions. Mag@hsiptnet cr‘{alcgga;ychmtefrdel(bjhee or an acidded@idon 70
15. 16 4. 7hleride and ?ulmochlor gg:‘ ahlydratc. alt " sa lsDc'{ytetraﬁyclme hydro-
e partic 1seful. Ot salts i ride, cxy etrac ihe p s ate o yte ra-
3.90 12. gzgludc magrB acetate, m sulfa%S gﬁme sulfate or cxytetra fcﬁ nal
87.74 59. 7hagnesium8 Fludchate, mdptlesida vluco-45be d. Where a light colo@ecﬁﬁﬁa]’lﬁlﬁdublano
1.93 &0 O@ptonate and gm@@ium phosphdte. 89 is Hes@@l, a light coloured antifiidt [sbqu]cd] B
Anticxidants in additi anu- boqus
Herr]O age g@ﬁ o1 847 1.4
Sodi f | turl g and storin e compos:tlo S ff tlnsI Ror a fuller undﬂrstandmg of ure and 1
odl um 1 or ma in an inert atmosphered Aluficrs of this invention, rofemdnd %may be :
0. 48 0. 4081dants assist Or téSstabilization of the colour made to the fol]owmg examp]es These ex-
15 and potency of the compositions. Any anti- amples arc merely to illustrate the invention 80
oxidant which is physiologically acceptable for and are not tc be construed in a limiting
use in a patenteral drug composition and which  sense. All parts, proportions and quantities are
is compatible with oxytetracydline can bec used by weight unless otherwise indicated. The
in the present inventicn. Suitable antioxidants teims g, %, W/V, ml, °C, °F, y are used to
20 include sodium bisulfite, scdium metabisulfite  indicate grams, percent wexght per volume, 85
and sodium formaldehydesulfoxylate, Gener; milliliters, dcgrees Centigrade, degrees Fahren-
ally from 0.05 tc 5 parts by weight of anti- heit and microns, respectively, in these ex-
oxidant are used. . amples. Examples I and XIII are explanatory,
An inert atmospherc such as nitrogen, Fxample I dealing with the preparation of
25 helium or the like is not necessary for main-  glycerol formal and Examgple XIII repeating 90
tenance cf potency, but aids considerably in the examples from the above-menticned East
the retention of a light coloured composition German Patent No. 50,731.
on long storage.
The cemopositions of the present invention ExamrLE 1
30 are prepared by mixing an oxytetracycline Preparation of Glycercl Formal
antibiotic, in its frce base form (oxytetracycline 2,250g {24.45 moles) of glycerol was added 95
base) cr as an acid addition salt, with a water to a flask equipped with a stirrer, thermo-
soluble magnesium salt in water or the glycerol meter, nitrogen inlet and reflux condenser.
fcrmal so'vent. When water is employed, the Then 750g (25.0 mcles) of paraformaldehyde
35 glycercl formal solvent is then added to the was added portionwise with stirring. When
aqueous solution in appropriate quantity. the solids were wetted with glycerol, 13.6g 100
The pH of the composition is then adjusted (C.07 mole) cf p-toluenc-sulfonic acid mono-
to 6.0 to 9.5 with a buffering agent, e.g. hydrate was gdded as a catalyst the mixture
physiologically acceptable bases such as sodium  heated and stirred at 100°C in a gentle stream
40 hydroxide, potassium carbonate, ammenia or ©f nitrogen for 2 hours.
physiolegically acceptable lower aliphatic The heat source was then removed and the 105
amines. These amines include ethanolamine water formed during reaction was distilled off
(2-aminoethanol), diethylamine, ethylamine, in vacuc as the mixture cooled to rcom tem-
triethanclamine, dicthanolamine, arginine and perature. The aqueous distillate was reserved
45 glucosamine. The final pH of the composition  for subsequent processing. The green liquid
is ordinarily not critical, however, best stability reacticn product remaining in the flask was 110
appears to reside with moderate pH values, heated tc 100°C and stirred overnight at this
ie, from 6.0 to 9.5. Lower pH values cause temperature under a nitrogen atmosphere.
tco rapid decomposition ¢f the antioxidant The heat source was then removed and once
50 while too high a pH increases colour forma- mcre the water formed durinig reaction was
tion. ‘Also when the final pH is above about distilled off in vacuo. The second aqueous 115
9.5, physiclogical ccmpatibility of the com- distillate was also reserved for subsequent pro-
position with the muscle tissue is decreased. cessing. The liquid remaining in thé flask was
A final pH clightly on the alkaline side is distilled through a Claisen head, yielding a
55 preferred in order to minimize lccal tissue forerun, boiling at 32°C/21mm to 85°C/
irritation on rarenteral administraticn. The 13mm Hg and a main fraction of crude 120
most satisfactory range is frem 6.0 to 9.5, glycerol formal distilling at 85°C/13mm to
preferably from 7.5 to 8.5. Lower aliphatic 85°C/9mm Hg. Only a negligible amount
primary, secondary and tertiary amines having of brown liquid remained in the flask.
60 up to 6 carbon atoms per group attached to The combined aqueous distillates and fore-
the amino nitrcgen atom can be used as buffer- run were concentrated atmospherically, using 125

ing agents.
For injection, the finished composition must
be sterile. That is, sterile ccmponents and

65 sterile conditions of manufacture must be em-

The conpositions shown in Table IV were
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a small column. Concentration was continued
until the distillate came over at 120°C. The
residual colourless concentrate was added to
the crude glycerol formal distillate obtained
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Mole ratio of My salt to 0.76 0. 80 0.75 0.75 0.76

oxytetracycline HCL 9

1, 250, 304 9

EXAMPLE 1 X Case History (4): Approximtely 250 head

The follow ng case histories denonstrate of cattle were given

i ntramuscul ar injections treatnents of aninmals with injectable oxy- of

an injectabl e oxytetracycline corrplos@pi on, 55 tetracycline conpositions
wi t hi n the _scope of prepared as |r%5 ﬁrmlt3 l1l and filtered 5 the pr esent

i nvent i onabove. The resulting mixture was then friddI @dIgRte@achdlihd HOOWR 0f7R hd BIrSodidhe 25
i njecti onslormﬂy d;stlllcd in vacuo using a small column. fcrmaldehydesulfoxylate was added as an ysed to

treat Shl aqditio t"egg‘aé focgl‘?‘i‘éh a““""‘d@%é‘? 38 §"c1‘6’t°g/m f‘" sqtpfion was a case

cer ’ma é‘lﬂg . diluted nﬁ-l wn:l—:1 3h téd quanti-
of acutg sm? g Ot 0 1881 Qs GVGE bhrtidur sdldent. After compRSL i 11 S
i nvol vi ng cagl cexi)biaﬁnaqwarqsslyﬁofaﬁe theordti- C GdluBA opthamigtementi, ouficlRreLimisd-| 38l |

cattle L. The preg % ﬁ m n?;areézmouwm@étd torpgiuptettie ﬁ@bﬂ?ﬁn‘{j fromthe
=dj d 50%
farmto f g{ﬁr?ﬁyg h;giﬁ? é{)d was store: mﬁﬁ&n&%imﬂ& ofa%% gJ“ony el evat ed
tem  specidetireyad. | DI Ofi C suc s OXytudtelde@ el BESCC] Scandre. The
ani mal was inj ect ed i ntranuscu- the &b&em@exsl@fVisqnexatwreanbratbrasmd dﬁ
experience,. . .|a ﬁ FgEthﬂc ZQC N ;‘?ﬂ@"@ ‘E@%‘qdab‘»yéhel Netiongiprtal ity
| osses canet ity Il Ahbecice ARoene g,é &ﬂowsnﬁa@ms&u% in Exanpl e
111 and @fy gk edumanadcss;actctnp&nidhse &hovwrmgn, ehd WRBE Yhe sbope of thef i | tered
t hr ought3a BMopthip glr;cerbﬁ fotneal prefdhial yothe wfesmhevecmplusq the dmredewm@@ﬁdel tion
exhi b| t ed method oftTe nletm %V@Pweredﬁ@apyga% '5’5’1 5o Fe Whickage
08 EE Cl sent 1 tl
o U el 5 whilIRN e subMADAD her f'hh H8Burs. 1n the

vi scosi ti grsﬁﬁich 2Wara
absence oboyyarraidliee H@nm mistadhssweﬂdhlctv&oaﬁd fracpartiularly no@ble tat elak neNt , the

rapi d d?@vg j)[ﬁf;fﬁs Y‘t?fshfa@f §lledp’r' 'Bvivztsnar‘i DeREIepr 0 rt| e masti t4fs
termnate lis ofidé tﬁe!w ihe” solu- . % sxty of %&fﬁgﬁfﬂngam SIe
(nost ti6r0 BD{he G@\bl BlutiGCAH Bre RS L | bn% tration of oxytetracyclme HCl was

EXAMPLE XpH of 7.5. The mole ratio of magng@m salt 4.37% by weight or 5.24% W/V.

Each of three dairy cows received a single 20 Case History (2): This was a
case of acute 30cc injection of the injectable oxytetracycline

mastitis conplicated by a teat injury in a conposition of Exanple |11
filtered through a Hol stein cow, showi ng marked manmary Ml pore
filter. The total anount of anti- swel ling, rapid onset, and
superficial lacera- biotic injected was about 1.5g oxytetracycline 75




tions on teats of RF (right front) and LF (left hydrochloride per cow.
Approximately 35cc 25 front) quarters due to faulty m | king equip-
sanples of blood were taken from each cow ment. The animal was
injected intranmuscularly at 0, 1.5, 2, 4, 6, 8, 12, 24, 48 and 72 hour s
wi th 20cc of injectable oxytetracycllne com after |nject|on and
approxi mately 35cc sanpl es position, prepared as in Exanple Il and
of mlk were taken fromeach cow after 8, 12, 80 filtered through a
MIlipore filter. Noticeable 24, 482¥@ 72 hours after injection #&nd 30
i nprovenent was recorded after 24 hours analyzed for oxytetracycline
hydr ochl ori de when a second simlar 20cc injection of the (ganma/m).
Oxytetracycl i nehydrochl oride in sanme formul ati on was nmade. There was
com the bl ood sanplle iﬁs anal yzed by the pro- pllete recojvery after
[

t he second treatngnt. & cBduke Bi wen | n "l nfexmatl Qr &ram assay and 85
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10 1, 250, 304 10

[err] 11 1, 250, 304

11 EXAMPLE Xl the literature.
(Reichert and Schafter, Archiv In this exanple,

4- hydroxynet hyl -1, 3-di - der Pharmazie 291, 100 (1958) mp. 167.5[err]C).

oxol ane (Hi bbert and Carter, J. Am Chem The magnesium salt of
3-benzyltetronic acid Soc. 50; 3120 [1928]) was used in the pre- was
prepar ed7 by heating the 3-benzyl t gesegod ¢ 5 paration of the oxyté@tracycline

conposi tion.

di oxol ane qu&gker? 1Iab

filtered

hydro-

m of di STSllltll n@d'l

5- hydro
oxane. ﬁy

15

20

50

XAMP

aci d 2de Mol ar
SIBIm

eqU|éalent 0

ne§

e e

Thi s

c‘lcias%" fgo?vcgtl ng the

Mo,

pared msﬁgl f,di‘ () &ormal and whxch is outside tBeDdcble] @A ( %
f ound 5 7 by malblumf avtne@r?@clol e HCI (NF), 344 1®f 263 l?cp@m,twcmntogﬁ at IOyFetddacycl i ne
comp ve
thc ame @dggc&reécﬁr l-gf%h gf'ﬁ éfgﬁ ? fter 24 hon ?st* % je and 38. 3
n €had é'hs: ornsiof adll 0x0- 10
charged i ﬂnmatauomtarv&garpe cbriteg ) €5Ck. 75 drﬂearﬁ Iea.Srkre alspamed a sy BROadisgpyablaeisght
£1W8V chercentagg) of 5.7 ofy R¢/ (gmt?mbd %g qaewnrges %f‘ggmh tmeoam f or
e
r wffgg?lg n%xﬁmﬁffﬁg Xﬁa 35 :ﬁfi g‘Wnt &F er capped Vacu-
tainer vacuum tubes withcut touching the
ExamreLE IV plungers. That is, the syringes were allowed 35

The following experiments compare ease of to empty by vacuum suction into the tubes.
hypodermic springe delivery cf an injectable Times required to empty the syringes were re-
oxytetracycline composition within the scope corded by stop watch. Both aspirations and
of the present invention with commercial com- injecticns were made at the temperature at
position cutside the scope of the present in- which the particular sample was stored, that 40
vention. is, at 35.6°F or 72°F. These temperatures

50cc samples of the injectable oxytetra- simulate use conditions, that is, 35.6°F would
cycline composition of Example III, which is be ccmparable to a cold drafty barn and 72°F
within the scope of this invention, and a com- would bc comparable to room temperature.
mercial composition of comparable activity, Results of these tests are shown below. 45

Time in Seconds to
Source of Temperature of Empty a Filled
Composition Test 10cc Syringe
Example III 72°F. 7
35.6°F 11
Commercial 72°F 12
35.6°F 28*
*Aspiration of the Commercial Composition from sample bottle
at this temperature was very difficult due to high viscosity. It
was difficult to fill the syringe from the ampule containing
the preparation.

These experiments further demonstrate the Millipore Corpsration, Bedford, Massachusetts.
advantages of the injectable oxytetracycline Similar filters are produced by the Sartorius 70
ccmposition of Example III, which is within Division of Brinkmann Instrument Company,
the scope of this invention and the disadvan- Westbury, New York.
tages of a typical commercial composition cut-
side the scope of this invention. ExAMPLE VI

: An oxytetracycline composition prepared as
ExamrLE V in Example III was filtered through a mem- 75

55

60

65

An oxytetracycline composition prepared
as in Example III was filered through a
membrane filter passing only particles smatller
than 0 22 microns—{Millipore GS 22—*“Miili-
pore” is a Regd. Trademark) and vialed in
100ml glass injection vials under nitrogen.
The vials were stored at 25°C (room tem-
perature), 37°C and 45°C for 7 weeks. (Four
weeks storage at 45° is regarded as the equiva-
lent of one year of storage at 25°C). At the
end of the seven week period, there was no
significant difference in potency, no apparent
colour change and no formation of particulate
matter.

Millipore filters are manufactured by the

brane ultrafilter passing cnly particles smaller
than 0.22 microns (“Mxllxporc” GS 22). An
identical composition containing oxytetra-
cycline of the same manufacture was filtered
instead through an ordinary sintered glass
filter covered with a layer of filter aid (“Super-
cel”—Regd. Trademark) and stored in a glass
vial. After 90 days of storage at 45°C, the
composition which was filtered through the
sintered glass filter contained a small pre-
cipitate observable by swirling the vial, while
the composition which had been filtered
through the membrane filter was perfectly
clear, thus demonstrating the efficacy of an
tltrafilter in maintaining clarity.

80

85

90



tion. 4-Hydroxynethyl -1, 3-di oxol ane (38.3 g) EXAMPLE 1 OF EAST GERVAN

PATENT No. was added and stirring continued for 1/4 hour.

50,731 15 Then 3.01 g (0.75 nolar equivalent) of re- Ei ght grans of
3-benzyltetronic acid were agent-grade MyCl[err]6H err] O was added and
dis- dissolved in 60 mM of glycerol formal with 75 solved with
stirring for 1/4 hour. The nole heating and stirring. The sol ution was
treated rati o of magnesium to oxytetracycline HCL wth 0.8 g of

sodi um f or mag dehydesul foxyl at e vvasszsi&?_ to 1. The soI ution was adj ust ed

to and 8.0 0

addi ng dr opwi S 8an Ieg o8 ﬁh' lf?lé(yl}l%arbgcyl!bie FH oy g‘lo Eiﬁ: tﬁ&l g%hg;;e
2- am noet hanodompddibd ﬂgpawelas \fiBle 211 VR t dc@UAp8End\eHatbe 1 bdldut Mebe st
ratio of 80 vnaled trdern sitreget adarstoreyalrlzsm sdt uliceytempegatir@rindicling tha gmessi-Uuniot 0
oxytetracy® i eg*a’s? pegively. Each Sa’éﬂawgéng Basaﬂ““é‘ﬁ*ﬂ’é&? REPEN i2eh. colaprt er
stirring to % S BT CREReg £ FEY LdPust ed to for 1/4 hour,
1.13 g of phar rraceutl cal grade 7.2 1t.IhanoI am ne. Total solution

vol une 25 sodi um formal dehydesul f ox fmé’f was added was adjusted to 100

m with glycerol foS®ke of an OFRthacstlins Chigeiiond 4clpsxd.j s7°C.n@dfeerc. 1/ 4 hour .

6

After filtration, the solution was drawn off 85 Fi naIIy 139.0 g of
4- hydr oxy[fethyl -1, 3-di = 5 ‘;énaer anm fnert g: ,,C?orﬂi)m of—the ggmrrorf '
oxol ane wasyaddad, _and { mxturel stirred Vere vialed undef nitrogen |and
stored at| 4bsge r|] CColour overAkbaght Wi t(hvlotnhe accaeiyenal adddutll o ofassyral |
for 26 wepks—Affter—thtrs—pertod—ofrtire—the—SO0—7pori{tons—of—F=antnoethanol

for maintknafce [of %ol ut)i ong-$er e| exaffi ned| vi sl | y Thé&t e vvqis -6 pH.| The
final, clparjgamjer s@lutijon hggl a | no gpparent ggl ouJL change. 5.5
90 Vo] une 05 198 nml. Jand a density of 11189 at EXAMPLE 2|OF GERVAN
PATENT No| 5%,731 G 25[lerr]5& 5.6 G 5.7

El even and esium 3- Using the nethod of Exanpl e
[1, the ki rﬁ’felzévBletb %‘Iap?tkfeyti onat e, FI1 6 g sodium fornmal dehyde- 35 nmatic

vi scosit | e@vcrrargeombldsermkwnam QA& Meod)l5[ err] C sul foxylate, 12.0 g
magnesi um chl ori de hexa- and 25[err] C (average of two neasurenents)
were hydrate and 10.0 oxytetracycl Enerfxa¥Bl were 95 13.1, 9.8 and 7.1
respectiveld. The composmons shownSitl CTa®is SV wetey sdug@olcvest ok t Conpbsitiof | Mgwhich 60
of a 50% by Vﬁﬁ% %mg‘g_, @gle [y esefrem h;fcqgngfp%rgﬁffn: Bgrzgasuspensmn, indicating t@s‘gqm E20X] |
solution. Th

5- hydr oxy-1, 3-di” ?(eane oggetr cyc ?‘ﬁe E?ase %v?te hav§ Sf:fﬂj;i’ﬁ sol ution 40
(H bbert and Carter, J. Am Chem Soc 0y Was adj usted to pH 7.2 with
aqueous et hanol - 100 3120 [1928]) was used as the solvent in the
amne, diluted with 50% by weyethkyctguipjactsble Comppsidgpar at i on of t he
oxytetracycline conposition. glycerol for sgl W n to 100 m, filtered
and The di oxane had a boiling point of 8t %% Y% of f under an inert
gas. Portions of dofagosiion 82[err] C/ 13mm an(k[err]Ll 4524 N

solution were v ion was

ratet—ufter—hart+rogen—and—storet—45——Fheftortulat
prepared in the ExgtracgdinesBClor (] C. 4Yr 285 Weks. 4 Kf t er 47hi s fefd od of 105
manner as Exanpl gl , except that L7gh 3 gy 9hi me,g {ihe spleiti opsgyner e

exam ned visually for of 5-hydroxy-1, 3-di oxane was enpl oyed as the
col our change. TH8ycerol fatmabns had t87kHed BY.d¢k 83.31 58.95  45.63
2-aminoethanol 1.93 6.00 1.88 1.89 1.88
MgCl,.6 H,0 1.40 4.64 1.46 1.46 1.46

Sodium formaldehyde
sulfoxylate 0.46 1.52 0.48 0.48 0.48

Mole ratio of Mg salt to 0.76 0.80 0.75 0.75 0.76
oxytetracycline HCIl




wi th evidence of formation of
gl obul es.
Usi ng the method of Exanple I

non- aqueous sol vent. The final density was
oily insoluble 1.208 at 25[err]C
These sol utions were not acceptable 50

the kine- for veterinary applications, i.e., solutions that 110 mati c
viscosities of the finished product in subsequently discol our and produce
I nsol ubl es centistokes at 5[err]C, 15[err]C and 25[err]C (average are
not acceptable to veterinary practitioners. of two nmeasurenents) were
21.8, 14.2 and Further, by m crobiB56ddcal assay, agi ng was 10. 4

r espect rvety: Exauris 1X Cat RSO AR RIS el @
subst anti al Th€-following case histories demonstrate of cattle were given intramuscular injections _ duction

of acti Vi tijeatments of animals with injectable oxy- ldfSanSijectable oxytetracycline conipisihdRl E55XI | |

The ki n&maeirasydificsempisttignsofitithée sonpefsi prepgrpd s in Examprie il e, the two

exanpl es of¢ BSEH "S5P¥3uced accor di ng t@ 1ﬁﬁ
T

Pat ent No. c&0 Hlstly WY Ehis QREBIRE of acurdabni @ ttgdirialNebreritlQ) 134 WA

det er -

1
mastitisT frgrolding) @l 7 folut efusrersi of aci @ conasonppr

met hod desE#idedoy @h%krgirgg ind
poi nt by BRI T HE AL AED s
conpar abl elafyo with @bccl @ Cinjedii bxiretrabdihee

id onset, magked,
it em:
sch

Hioied

1, 250, 304 composition, prepared as in Example III and

TABLE VI

filtered through a Millipore filter. ?est;fow
completely reccvered (disappearance of abov

Centi st Qges?’mptoms) within 24 hours. In the absence

Ge
e

Jeer @dinj

: B 1tf@dmn§:w:§ct§f ?yls Wacycl
gg bs nQacF if reb-tﬁxent,ilzztd% ﬁ:@é
Mbrial&1 16Ws can run as high as .. None
of th treated cattle dji@l showing the efficacy

65

re,fil E-Ilﬂlngenzc_ogls were
%ﬁﬁ}ntg &r,%aézrial pneu- Ger nman
&P all ek dattds i 68y t he

HePraidirel ti n
L1700 e

g
rr]C

f the-composii ition exhibit . .
fo&f?iﬁ] vi?é:ggit?és at’[igg\“étlegﬁg eﬁ%@ %lgg)SI ty In
comparable commercial g\%ﬁﬁ had im-

15[ err] C of treatment, thS[aid deklopment of acute proved handling prhpeaiepl e 1 191. 68
101. 72 mastitis Ag@rmiygtes in severe irreversible Exanpl e 2 22 64
15. 34 toxemia ;ﬂ,ﬁf gd? coliform organisms (most
: common Tause~df acute mastitis). ExAMPLE X 70
Each of three dairy cows received a single
20 Case History (2): This was a case of acute 30cc injection of the injectable oxytetracycline
mastitis complicated by a teat injury in a composition of Example III filtered through a
Holstein cow, showing marked mammary Millipore filter. The total amount of anti-
swelling, rapid onset, and superficial lacera- biotic injected was absut 1.5g oxytetracycline 75
tions on teats of RF (right front) and LF (left hydrochloride per cow. Approximately 35cc
25 front) quarters due to faulty milking equip- samples of blood were taken from each cow
ment. The animal was injected intramuscularly at 0, 1.5, 2, 4, 6, 8, 12, 24, 48 and 72 hours
with 20cc of injectable oxytetracycline com- after injection and approximately 35cc samples
position, prepared as in Example III and of milk were taken from each cow after 8, 12, 80
filtered through a Millipore filter. Noticeable 24, 48 and 72 hours after injection and
30 imprcvement was recorded after 24 hours analyzed for oxytetracycline hydrochloride
when a second similar 20cc injection of the (gamma/ml). Oxytetracycline hydrachloride in
same formulation was made. There was com- the blocd sample was analyzed by the pro-
plete recovery after the second treatment. In  cedure given in “Information From Assay and 85
the absence of treatment, the superficial Reporting of Data Pertaining to Antibiotic
- 35 wounds can become severely infected thus com- Residues in Milk, Dairy Products and Animal
© plicating an already established acute mam- Tissues”, Dept. of HEW, FDA, Bureau of
' mary infection. Science, Rev. of 1/67 and oxytetracycline
hydrochloride in the milk sample was analyzed 90
Case History (3): This case involved an acute by the procedure given in the same manual.
respiratory infection in a Holstein cow, mani- Results of the analyses of these samples in
40 fested by congestion of the visible mucous Table V demonstrate that the cocmposition
membrane, anorexia, diminished milk flow and provided satisfactory oxytetracycline hydro-
a dry, painful cough. Temperature was 102°F. chloride levels in the blood and milk of the 95
The animal was intramuscularly injected with three cows after a single intramuscular injec-
20cc of injectable oxytetracycline prepared as tion. Levels of oxytetracycline in the blood
45 in Example III and filtered through a Milli- and milk were comparable to those obtained
pore filter. The cow completely recovered with a commercial oxytetracycline parenteral
within 24 heurs (return to normal appetite and composition of the same activity. No unusual 100
disappearance of visible nasal mucous mem- clinical reactions were observed in the three
brane symptoms). In the absence of treatment, lactating cows after intramuscular injection of
50 this bacterial infection can lead to serious viral the composition.

pneumonia with fatal or uneconomic termina-
tion.



As can be seen by a conparison of the
sufficient above data with the viscosity data appearing
pH of 6 to 9.5 to the com 35 Tabl e |

(f) a buffering agent
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invention are
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191. 68

whi ch copi es nmay be obtai ned. 12

1, 250, 304 12

TABLE VI East German 50, 731 Kinematic Viscosity in
Centi st okes 5[err]C

15[err]C 25[err] C Exanmple 1

101. 72 72.43 Exanpl e 2 22. 64
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tiofB . 4-JAydraxmmesisyt
was added and stirring continued for 1/4 ho

Then 3.01 g (0.75 molar equivalent) of re-
agent—grade MgCl..6H.O was added and dis-
solved with stirring for 1/4 hour. The mole
ratio of magnesium to oxytetracycline HCl
was 0.72 to 1. The solution was adjusted to
pH 8.5 from pH 1.3 by adding dropwise 4.05
ml of 2-aminoethanol, during which time a
transient dark yellow slurry was formed,
changing to an amber solution. After stirring
for 1/4 hour, 1.13 g of pharmaceutical grade
sodium formaldehydesulfoxylate was added
and dissolved with stirring for 1/4 hour.
Finally, 139.0 g of 4-hydroxymethyl-1,3-di-
oxolane was added, and the mixture stirred
overnight with the occasional addition of small
portions of 2-aminoethanol for maintenance of
pH. The final, clear amber solution had a
volume of 198 ml. and a density of 1.189 at
25°C.

Using the method of Example II, the kine-
matic viscosities in centistokes at 5°C, 15°C
and 25°C (average of two measurements) were
13.1, 9.8 and 7.1 respectively.

ExamrrE XII

In this example, 5-hydroxy-1,3-dioxane
(Hibbert and Carter, J. Am, Chem. Soc. 50;
3120 [1928]) was used as the solvent in the
preparation of the oxytetracycline composition.
The dioxane had a boiling point of 8$1.5—
82°C/11mm and nn** 1.4527,

The formulation was prepared in the same
manner as Example XI, except that 177.3 g
of S-hydroxy-1, 3-d10xane was employed as the
non-aqueous solvent. The final density was
1.208 at 25°C. .

Using the method of Example II, the kine-
matic viscosities of the finished ptoduct in
centistokes at 5°C, 15°C and 25°C (average
of two measurements) were 21.8, 14.2 and
10.4 respectively.

ExaMPLE XIII
In this Example, the two examples of East
German Patent No. 50,731 were repeated.
The 3-benzyltetron1c acid was prepared by
standard procedures and had a melting point
(169—170°C) comparable to that recorded in

731

Fight grams of 3-benzyltetronic acid were
dissolved in 60 ml of glycerol formal with
heating and stirring. The solution was treated
with 0.8 g of sodium formaldehydesulfoxylate
and 8.0 g of magnesium chloride hexahydrate.
6.0 g of oxytetracycline base was added
portionwise with stirring. The mole ratio of
magnesium tc oxytetracycline base was 3.01
to 1. The pH of the mixture was adjusted to
7.2 with ethanolamine. Total solution volume
was adjusted to 100 ml with glycercl formal.
After filtration, the solution was drawn off
under an inert gas. Portions of the sclution
were vialed under nitrogen and stored at 45°C.
for 26 weeks. After this period of time, the
solutions were examined visually. There was
no apparent colour change.
EXAMPLE 2 OF GERMAN PATENT NO. 50,731

Eleven and two-tenths grams magnesium 3-
benzyltetronate, 1.6 g sodium formaldehyde-
sulfoxylate, 12.0 g magnesium chloride hexa-
hydrate and 10.0 oxytetracycline base were
successively dissolved with stirring in 60 ml
of a 50% by weight aqueous glycerol formal
solution. The mole ratio of magnesium to
tetracycline base was 5.48 to 1. The solution
was adjusted to pH 7.2 with aqueous ethanol-
amine, diluted with 50%, by weight aqueous
glycerol formal solution to 100 ml, filtered and
drawn off under an inert gas. Portions of the
solution were vialed under nitrogen and stored
at 45°C. for 26 weeks. After this period of
time, the solutions were examined visually for

- colour change. The solutions had turned black

with evidence of formation of oily insoluble
globules. These solutions were not acceptable
for veterinary applications, i.e., solutions that
subsequently discolour and produce insclubles
are not acceptable to veterinary practitioners.
Further, by microbiclogical assay, aging was
apparently accompanied by a substantial re-
duction of activity.

The kinematic viscosity of the compositions
produced according to Examples 1 and 2 of
East German Patent No. 50,731 was deter-
mined using the method described in Example
II above. The data obtained is set forth in
Table VI below.
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WHAT WE CLAIM IS:—

1. A stable, injectable antibiotic composmon

for parenteral administration, comprising

(a) 0.1 1o 15 parts by weight of an anti-
biotic selected from oxytetracycline base
and its acid addition salts

(b) a water-soluble magnesium salt present
in a molar ratio of 0.5 to 2 moles per
mole of the antibiotic,

(<) 50 to 95 parts by weight of a glycerol
formal selected from 4-hydroxymethyl-
1,3-dioxolane, 5-hydroxy-1,3-dioxane or
a mixture thereof,

(d) O to 45 parts by weight of water,

(e) an antioxidant in an amount sufficient

to stabilize the composition, and

Spes

20
25

30
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tOcmthe antibiotic is 05 to 1.5 molcs per
mole of the antibiotic.

4. A composition according to any preced-
ing claim, wherein the antioxidant is sodium
formaldehydesulfoxylate.

5. A composition according to any preced-
ing claim, wherein the buffering agent is 2-
aminoethanol.

6. A composition according to any preced-
ing claim, which has been passed through an
ultrafilter.

7. A sealed ampoule, vial or other container,
containing a composition according to any pre-
ceding claim, in an inert atmosphere.

8. A compsasition according to claim 1, sub-
stantially as hereinbefore described.

POLLAK, MERCER & TENCH,
Chartered Patent Agents,
Audrey House, Ely Place,

London, E.C.1.
Agents for the Applicants.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1971.
Published by the Patent Office, 2/ Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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ERRATA SPECI FI CATI ON No. 1, 250, 304

12 1,250,304

[err]

12

TasLE VI

East German 50,731 Kinematic Viscosity in Centistokes

5¢C 15°C 25°C
Example 1 191.68 101.72 72.43
Example 2 22.64 15.34 10.52

As can be seen by a comparison of the
above data with the viscosity data appearing in
Table II and in Example XI, the viscosites of

5 the compositions of the present invention are
considerably lower than those of East German
Patent No. 50,731. Where the viscosity of
compositions of East German Patent No.
50,731 is low (see viscosity of Example 2 of

10 this patent as reported in Table VI above),
this is achieved by dilution with large quanti-
ties of water, but is accompanied by a sub-
stantial sacrifice in appearance. That is, on
accelerated aging the solution turned black and

15 oily insoluble globules were present. Also,
aging was apparently accompanied by a sub-
stantial reduction of activity.

WHAT WE CLAIM 1S:—

1. A stable, injectable antibiotic composition

20 for parenteral administration, comprising

(a) 0.1 1o 15 parts by weight of an anti-
biotic selected from oxytetracycline base
and its acid addition salts

(b) a water-scluble magnesium salt present

25 in a molar ratio of 0.5 to 2 moles per

mole of the antibiotic,

(c) 50 to 95 parts by weight of a glycerol
formal selected from 4-hydroxymethyl-
1,3-dioxclane, S-hydroxy-1,3-dioxane or

30 a mixture therecf,

(d) O to 45 parts by weight of water,

(e) an antioxidant in an amount sufficient
tc stabilize the composition, and

(f) a buffering agent in an amount suificient
to impart a pH of 6 to 9.5 to the com-
position.

2. A composition according to claim 1,
wherein the antibiotic is oxytetracycline hydro-
chloride, the magnesium salt is magnesium
chloride hexahydrate and the glycerol formal
is a mixture of 4-hydroxymethyl-1,3-dioxo-
lane and 5-hydroxy-1,3-dioxane.

3. A composition according to claim 1 or
2, wherein the molar ratio of the magnesium
salt to the antibiotic is 0.5 to 1.5 moles per
mole of the antibiotic.

4, A composition according to any preced-
ing claim, wherein the antioxidant is sodium
formaldehydesulfoxylate.

5. A composition according to any preced-
ing claim, wherein the buffering agent is 2-
aminoethanol.

6. A composition according to any preced-
ing claim, which has been passed through an
ultrafilter.

7. A sealed ampoule, vial or other container,
containing a composition according to any pre-
ceding claim, in an inert atmosphere.

8. A compuasition according to claim 1, sub-
stantially as hereinbefore described.

POLLAK, MERCER & TENCH,
Chartered Patent Agents,
Audrey House, Ely Place,

London, E.C.1.
Agents for the Applicants.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1971.
Published by the Patent Office, 2% Southampton Buildings, London, WC2A 1AY, from
whirh copies may be obtained.
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