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This invention relates to anti-hemorrhagic 
compositions and more particularly relates to par 
enteral Solutions of anti-hemorrhagic compounds 
in organic esters. 
A number of anti-hemorrhagic compounds of 

the vitainin K type have been found to be use 
ful in the prevention and treatment of hypopro 
thrombinemia and the hemorrhagic diathesis of 
the newly born and in the treatment of post 
operative bleeding in jaundice or persons having 
prothrombin deficiencies, 

In the past these substances have ibeer ad 
ministered orally or parenterally in solutions of 
fixed oils such as olive oil; or in some instances, 
water soluble salts of the compounds have been 
used for parenteral injection. The parenteral 
Solutions available heretofore have not been en 
tirely satisfactory. The oil solutions are not en 
tirely stable to light, the rate of absorption is re 
tarded somewhat, and frequently anatomical 
changes occur at the slite of injection. The aque 
ous pai'enteral solutions of the salts are somewhat 
more desirable than the oil solutions but have 
the disadvantages that the salts are not always 
equivalent in activity to that of the parent sub 
stance and some of the anti-hemorrhagic com 
pounds do not form water soluble salts which are 
Suitable for parenteral injection. 

In accordance with the present invention it has 
been found that certain organic esters may be 
used as solvents for anti-henorrhagic compounds 
and that the solutions are suitable for parenteral 

Suitable esters for preparing the solutions of 
the present invention include the ethyl and butyl 
esters of certain dicarboxylic acids; namely, suc 
cinic and pimelic. These sters have been found 
to be satisfactory solvents for pri)ducing paren 
teral solutions of any of the water insoluble sub 
stances possessing vitamin K activity. These 
anti-hemorrhagic compounds include those suchi 
as: 2-methyl-3-pinylyl-1,4-naphthoguinone. 2 
methyl - 3 - hydroxy - 1,4-naphthoquinone, 2 
methyl-1,4-naphthoguinone, 2-methyl-1,4-naph 
thohydroquinone, dimethoxynaphthalene, 2.3-di 
nethyl-1,4-naphthoguinone, 4- a mino-2-methyl 
i-naphthol, 2-methyl-1-naphthoi, and 2-methyl 
1-naphthilyamine. The first-mentioned com 
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pound above is the natural vitamin K and 
the remainder of the compounds for the most 
part are vitamin K analogs. One of the 
simplest members of this series of anti-hen 
orrhagic substances is 2-methyl-1,4-naphtho 
quinone, and it is the preferred substance for pre 
paring the parenteral solution of the present in 
vention because of its outstanding anti-hemor 
rhagic action. 
A number of tests have been Carried out using 

solutions of this anti-hemorrhagic substance in 
ethyl succinate, n-butyl succinate, ethylpinelate, 
and n-butyl pimelate, and the solutions were 
found to be suitable for parenteral administra 
tion. The solutions showed no toxic effects and 
produced no anatomical changes at the site of in 
jection. Absorption of the quinone from the 
esters was rapid and th anti-hemorrhagic effect 
was at least equivalent to that of the quinone when 
used by other methods. 
In carrying out the present invention it has 

been found that the esters of aliphatic alcohols 
having an even number of carbon atoms and the 
dicarboxylic acids, succinic and pimelic, produce 
satisfactory parenteral solutions, whereas the al 
cohols having an uneven number of carbon atoms 
such as methyl and propyl do not form esters 
which are suitable for parenteral administration 
even with succinic and pimelic acid. This would 
appear to indicate that certain esters produce 
unforeseen toxicities and that even chemically 
closely related esters behave differently. Toxicity 
tests, however, on ethyl succinate, n-butyl succi 
nate, ethyl pimelate, and n-butyl pimelate show 
the specificity of these applicable esters. These 
esters may likewise be used for preparing paren 
teral solutions of water insoluble therapeutic con 
pounds other than those specifically claimed in 
this invention. 

In general, the parenteral solutions of this in 
vention are prepared by dissolving, for example, 2 
methyl-1,4-naphthoquinone in one of the esters 
mentioned above in such a proportion that 0.5 
cc. of solution will contain about 2 mg. of the 
quinone. These proportions, of course, may be 
varied to suit the individual case and solutions 
may contain from 0.6 to 4 mg. per each 0.5 cc. 
of Solution or the same quantity may be con 
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tained in 1 cc. of the solution. In practice it has 
been found that 0.5 to 2 cc. of the solution may be 
safely injected parenterally and the amount of 
anti-hemorrhagic substance may be increasid or 
decreased depending upon the dosage desired, 
The invention is not restricted to the proportions 
set forth herein 
The invention will be further illustrated in con 

unction with the following specific tests. It is to 
be understood, however, that the tests are for the 
purpose of illustration only and the invention 
is not to be linited to the details set forth therein. 
The procedure used in the vitamin K tests was 

as follows: Day-old chicks were placed on a vita 
artin K-frce diet of the following composition: 
fish meal, 17.5%; yeast, 7.5% (both the fish meal 
and the yeast were ether extracted); ground pol 
ished rice, 74%; NaCl (plus "traces' of Cu and 
Fe), 1%; A and D concentrate, 3 drops per week. 
Usually after seven days on this dict, the blood 
clotting time of the chicks exceeded .30 minutes 
and the chicks were then used for the test. In 
the positive control groups each chick received 
0.1 cc. of a solution of 10 micrograms of the 
naphthoguinone in 1 cc. of cottonseed oil, intro 
duced into the crop by means of a pipette. In 
jections (0.1 cc. of test solution) were made into 
the muscle of the leg and, in all except the early 
test, an eighteen-hour period elapsed between 
administration of the supplement and clf'ting 
time determinations. 
The clotting times were determined as follows. 

The underside of the wing was trimmed clear of 
feathers with a scissors, extreme care being exer 
cised to avoid abrasion of the skin. The large 
wing vein was then pricked with a hypodermic 
needle in such a way as to allow a large drop of 
blood to form rapidly. Three capillary tubes 
filled by suction were broken periodically until 
clotting was indicated by the "stringing" of the 
blood. 
The response of the chicks in the assay group 

was compared with that given by the quinone and 
the results are expressed in terms of the per 
centage of chicks showing a given response. On 
the average, 1 microgram of 2-methyl-1,4-naph 
thoquinone is expected to bring 50% of the chicks 
to a clotting time of 10 minutes or less and the 
substance under test was fed at a level to give 
this response. Typical results of the eighteen 
hour test conducted on different days are tabu 
lated in Table 1. 
In the three day test, three daily doses of 0.6 

microgram of the quinone or 1.5 micrograms of 
vitamin K were given and the blood clotting 
time determined on the fourth day in the usual 
way. Typical results for such a determination 
appear in Table 2. 

Contro: 
Chick number 
Clotting tine 

ly quinone in oil: 

2,354,788 
Table 1-Eighteen hour test 

A-group or Tests 
Control: 

s Chick ninber........... 32,3539 2,253 234 
Cleting time ?coutes...D3)> 3 >303>30 )30 quinn neia oil: 
thr nurner.......... 3S23;6:23,1235,259 23.2354:25 ('litting time minutes... 7 3 253 64 9 7 9 quinone in ethyl pines 

rth: 
O hirk number.......... 23f423:23,2373.236. 237,232.23 (?itting tine minutes. u to 14 3 - 4: 9 

y ?uinone in butyl Fucci 
At 

("hick it inter. ...... 232239:23'23S-5S2 2387.28.238 
Cutting tine iii. s s 3 s 

s 3-(RO OF TESTs. 

Contro: 
(hick nunner.... . . . . . . . . . . ... . . . .35231f.31633,3337 
Ciotting time ............ minutes...3->3> 3 >300 r rinone in oil: 
("hick number.............. ....... 
(litting title. . . . . . . . . . . minutes.. 

1 nuinone in othyl succinate: 
Chick number............ . . . . . . . . ..333.331313):3132,334.3129 Clotting time. ----ninutes.. s s 4. 

--in------------------ 
C-GROUP of tests 

1. 

>3 - 22 23 
3.34.312,322 20 

25 
Control: 

Shick number.......... 1741941ss;4 is 41?n4144 Clintting time... minutes. 

Chick number............ 41654 52.468 anacao 4794181 
Clotting tine...minutes-->30>30 5 9 29 O 5 y quinone in ethylsuccinate; 
Chick number............ 1474.1404394.43414541461. 

30 

Clotting time... minutes. 7 4 3 8 27 3 24 ly quinone in ethylsuccinate: 
Chick n in ber............ 4453.455,415,49448450 
Clotting time. minutes. 5 4 3 3 5, 17 30. ly in on in ?tylsuccinate: 

35 Chick number-----....... 1316,4624f.4457459 
Clotting time... ruinutes. 3 0 4 6 8 15 ly quinone in ethylsuccinate: 
Chick number........... 416-1734.175,4174,4166412,4179 (lotting time...minutes. 5 4 4 2, 18 y quinone incthylsuccinate: 
Chick number-........... 41.8341R54.17?;4 is 4 180482 
Clotting time. minutes. 141933 814 1 y quinone in ethylsuccinate: ... 
Click nuinber............ 4R949),491492,544 1949 Clutting time...minutes... 3 * | s f o 

40 

D-GROUP OF TEST8 
5 -- 

Control: 
Chick number... 45364537453S4539.454454454245.434544.4546 Clotting time - 

minutes...)40>40x4040) 40x40s. 4x4040) 40 y quinone in nil: 
Chick number... 455.6557453.8455945056,4562456.3 50 Clotting time 

minutes. 2 9 28 25. 30 > 40 
Chick number...4564450545984G006.46034604 Clotting time 

noutes. 1. 17 5 9. 35. 16 y quinone in butyl 
succinate: 

55 Chick number 4576.457745784579,580,458.4582.45834584 Cetting time 
minutes. 27 14 8 34 30 2 18, 7 

Chick number...4606.460346(94.61464 Clotting time 
Initutes. 9. 14 13 15 

60 memaman-mamma 

E-GROUP OF TESTs 

4702 also 478 698 allon 
314 

Chicaliser- 4762. 4763,4764785 476647674768 470 
Clotting time------------ ninutes. 934 12. 21 1124 8 13 85 s 
Chick number. 477 472.4773,4774 
Cotting time------------ minutes. 9, 10 6 9. 18 

ly quinone n n-butyl succinate: : 
Chick number.-- 4731 4732 473,34734.4735 4736,473.4738 4739 Clotting tine-...---------minutes-. l. 16 . 17 12, 26 12 7 : 
Chick numbes -------------------- 4740 474 4742-7434 4745 Clotting line -- - - - - - -minutes-- 4. 36 4 30 0 9 

  



2,354,78s 
able 2-Three day test 
F.GROUP OF TESTS 

Control: 
9hick number----------------------------- 0. 102 03 106 08 109 10 Cottingtime--------------------------- >30 >30 825" >30 >30 28 257 in 20 i.5YK. in ethylsuccinate: 
9hiek number---------------------------- 4. 42 145 146. 48, 150 Clotting time-...------------------------- 30 350 20 26' 5" 810 855 

Table 3-7hree day test 

suMMARY 
Num- Per- Pero Clotting time-minutes Gop Supplement Level ber cent cent 

chicks << 0-5 6-1011-1516-2021-2526-3oD30 
F------ Control.------- - - - - - - - - - - - - - - - - - - - - 7 14 4 - 1 ----- 1 ..... 1 4 

Ki in ethyl succinate------------ i. 5-y 6 30 67 ----- 3. ---------- 2---- 

Table 4-Eighteen hour test summary 

Num- Per-Per- Clotting time-minutes Group Supplement Level ber cent cent 
chick <0 < 0-5 6-1011-1516-2021-252-3030 

Control------------------------------ 6 O - 0 Quinone in oil------------------- 1y 8 63 63 
Quinone in ethylpinelate- 1. 8 75 88 
Quinone in butyl succinate ly 8 100 100 
Control------------------------------- 5 O O 
Quinone in oil-------- 1y 4. 25 25 
3. in ethyl succinate- ly 6 100 100 
Control------------------------- - - - - - - 6 0 ------------------------------------ Quinone in oil-------------- ly 8 25 50 

- - - - - - Quinone in ethyl succinate 7 57 71. 

7 7. 7. 
6 83 100 
7 57 57 
6 50 83 
7 86 100 
10 0 0------------------------------ 15 13 40 ----. 
14 21 57 

E 9 0 1 0------------------------------ E.----- Quinone in oil------------------ 1. 14 60 80 
E------ Quinone in butyl succinate------ ly 5 20 67 ----- 

ty=microgram (gamma). 
K=less than. 
>=more than. 

An examination of the results in the above 
tables reveal that the activity of vitamin K1 and 
2-methyl-1,4-napthoquinone when administered 
in the organic esters of the present invention are 
in every instance at least the equivalent of simi 
lar quantities of vitamin K1 or the quinone ad 
ministered by the ordinary methods. Further, 
there were no toxic effects obtained by use of 
these parenteral solutions and there were no 
anatomical changes at the site of the injection. 

It is an advantage of the present invention 
that the parenteral solutions are not photo-sensi 
tive and the solutions of the quinone in the esters 
may be sterilized by heating without change. It 
is a further advantage that the parenteral solu 
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55 tions of this invention are rapidly absorbed and 
produce no anatomical change at the site of in jection. 

It has been known in the past that in some 
cases of prothrombin deficiency it is desirable to 
administer bile salts along with the antihemor 
rhagic substances and the present invention does 
not therefore preclude the use of bile salts and 
may be used in conjunction therewith. Simi 
larly the use of surface active substances, such as 
di-octyl sodium sulfo-succinate is not precluded. 

60 

65 

What we claim is: 
1. A parenteral solution comprising a water in 

soluble anti-hemorrhagic substance and an ester 
included in the group consisting of ethyl suc 
cinate, n-butyl succinate, ethyl pimelate and n butyl pimelate. 

2. A parenteral solution comprising a water in 
soluble anti-hemorrhagic substance in ethyl suc 
cinate. 

'3. A parenteral solution comprising a water 
insoluble anti-hemorrhagic substance in n-butyl 
succinate. 

4. A parenteral solution comprising a water in 
soluble anti-hemorrhagic substance in ethyl pimelate. 

5. A composition Suitable for parental admin 
istration comprising a solution of 2-methyl-1,4- 
naphthoquinone in ethyl succinate. 

6. A composition suitable for parenteral admin 
istration comprising a solution of 2-methyl-1,4- 
naphthoguinone in n-butyl succinate. 

7: A composition suitable for parenteral admin 
istration comprising a solution of 2-methyl-1,4- 
naphthoquinone in ethyl succinate. 

GUSTAE HARRY CARLSON. 
DILWORTH THOMAS ROGERS, 
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CERTLFICATE OF CORRECTLON. 
Patent No. 2,354,738. August 1, 1941. 

GUSTAF HARRY CARLSON, ET AL. 
It is hereby certified that error appears in the printed specification 

of the above numbered patent requiring correction as follows: Page l, first 
column, line l;8, for "l-naphthilyamine" read --1-naphthylamine--; page 3, 
second column, line 56, claim 5, for "parental" read --parenteral--; line 
64, claim 7, for "succinate" read --pimelate--; and that the said Letters 
Patent should be read with this correction there in that the same may con 
form to the record of the case in the Patent Office. 

Signed and sealed this 26th day of September, A. D. 1914. 

Leslie Frazer 

(Seal) Acting Commissioner of Patents. 


