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definite bearing on the usefulness of any column
packing prepared. The performances of the seven
supports mentioned previously were examined under
the same operating conditions. The supports that
can be used for lightly loaded packings are: glass
beads, Gas Chrom-P, and Chromosorb W-HMDS.
The other four supports cannot be used for lightly
loaded column packing since their interaction with
the antihistamines causes excessive peak tailing.

The hydrogen flame detector used in conjunction
with the 0.010-in, stainless capillary column would
not respond to compounds with boiling points above
330°. This limitation prevented evaluation of this
column for the analysis of these antihistamines.

The 100-ft. 0.065-in. copper open tubular column
was coated with XF-1150 and evaluated using the
above group of antihistamines. The St jonization
detector was used with a column flow of 36 ml./
minute, The retention times obtained were com-
parable to the 6-ft.-XF-1150 packed column, but the
peak base widths were considerably wider. Because
of this increase in base width, the 0.065-in. column
was less efficient than the 6-ft. packed column.

A 250-ft. 0.065-in. column wound on a 13/cin.
diameter mandre]l has been reported to be more
efficient than a packed column (15). There are two
possible reasons why efficiency was less than pre-
viously reported: (g) the column was shorter (100
ft.), and (&) the winding configuration was markedly
different. The column was wotnd on a 13/; X
1/-in, bar which resulted in a definite flattening of
the tube around the edge of the bar,
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CONCLUSIONS

The antihistamines investigated, except for
meclizine, can be separated, identified, and concen-
tration estimated using the Carbowax 20M, PDEAS,
and XF-1150 columns described. The PDEAS
column is the most efficient of the three for the
analysis of antihistamines.

The usefulness of the 0.010-in, capillary and the
0.065-in. open tubular columns cannot be properly
evaluated until the mentioned limitations are re-
moved.
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Castor Oil as a Vehicle for Parenteral
Administration of Steroid Hormones

By C. RIFFKIN, R. HUBER, aad C. H. KEYSSER

Steroid hormones may be administered parenterally in high concentrations as oil
solutions. In this form they exhibit a prolonged action and reduce the oumber of
injections required. To accommodate the demand for increasingly t-E:m:'.;tez:' concen-

" trations of hormones in solution, castor oil in combination with o
miscible solvents, has been fouad to fulfill a ne

er suitable oil-
ed. The development of several

formnlations together with the results of animal testing, as well as clinical trials in
humans, attest to the acceptability of this oil for the purposes intended,

IXED O1LS are included in the “United States

Pharmacopeia XVI" as nonaqueous vehicles
for injection and are characterized as being of
vegetable origin, essentially odorless, and with-
out suggestion of rancidity. They must also
comply with certain measurable physical limits
specified for the saponification, acid, and iodine
values, :
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After subcutaneous injection, Deanesly and
Parkes (1) observed the persistence of olive oil
and castor oil in animal tissue. Comparing other
oils Brown, ef al, (2), reported that sesame and
corn oils were superior to cottonseed and peanut
oils because they were less irritating, less anti-
genic, more quickly released from tissue, and
passessed superior physical properties.

More recently the use of steroid hormone
medication has expanded considerably. Due to
limited water solubility, hormones have been
administered as agueous suspensions or solu-
tions in oil It has been claimed that the latter
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Tasre L—ANALYSIS o CoMMERCIAL OILs AND CoMparIsON TO U.S.P. X\_n: SPECIFICATIONS

ml. 0.02 N NaOH
uiv, to Free

Fatty Addin

oil Lot No. 10-Cm. Sample Sapon. Value Todine Value
Castor U.S.P. specs. 35.0° 179-185 83-88
o 23946 14.0 183.3 8.8
25589 4.6 179.8 87.0
23463 7.9 182.7 84.5
Bl Ten 80 188-195 103116
U.S.P. specs. .
e 23549Asp 0.5 189.6 106.9
26953 1.4 104.0 111.8
33646 0.756 189.6 104.7
Cotto op 20 190-198 100118
il U.S.P. specs, &
L 40684 = wae 185.9 111.8
Corn .0 187193 100128
il U.S.P. specs. 2.0 e
- 52148 - 1.0 104.5 119.1
36716 1.2 101.4 124.4
33436 1.2 189.3 1256.0
33715 1.0 189.3 123.0
Peanut Oil U.S.P. specs. 2.0 185-195 84-100
22160 1.3 192.0 o4 4
20993 1.4 101.7 93.2
33622 0.8 103.1 87.8
28147 1.2 180.4 93.9
@ The U.S.P, specifies that the titration of free fatty acids in oral grade castor oil shall not exceed 7 ml. of 0.1 ¥ NaOH

which is equal to 35.0 ml. of 0.02 N NaOH.
Tasre IL—SorovBnrary OF Steroms IN USP.

Oms AT 25°
—————mg./ml.
Steroid 0il 0il 0il

17-Hydroxyprogesterone

caproate 55.6 23.4 27.9
Testosterone 38.6 5.4 8.1
Estradiol valerate 60.6 16.1 18.8
Progesterone 52.0 22.9 23.5

therapy (8). Using withdrawal bleeding in
human females as the criterion, Master, ef al.
(4), compared the duration of action of an
aqueous suspension of progesterone with an oil
solution, and confirmed the superority of the
latter. The prolongation of activity was gen-
erally related to storage in the fatty depots of
the body (5).

In 1952 Junkmann (6) determined that a
testosterone ester dissolved in sesame oil pro-
longed the androgenic-effects in castrated rats.

. Davis and Wied (7) demonstrated that pro-

longed activity was also obtained in humans
when oil solutions of a progesterone derivative
were injected. There was still a limiting factor,
however, in that only a relatively small amount
of hormone could be dissolved in the traditional
oils, To increase the solvent power of the oil

it was necessary to add compatible and non-

irritating cosolvents, Such additions consisted
of benzyl benzoate, benzyl alcohol, ethyl lactate,
ethyl oleate, etc. The U.S.P. recognized the

‘need for such ‘“‘other vehicles,” with the re-

stnctmns thatithies‘r mus’g be safe in the volume
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not interfere with the therapeutic efficacy of the
preparation or its testing.

Demand for increased hormone concentrations
per dose, furthered the search for an acceptable
oil with greater solubilizing power per se. Bos-
chann (8) in 1954, observed that 17-hydroxypro-
gesterone caproate in a castor oil-ethyl lactate
vehicle was well tolerated. In addition, private
communications from clinicians in West Ger-
many* reported good tolerance to Proluton-Depot
containing a castor oil-benzyl benzoate vehicle.
Since then other hormones have been used as
solutions in ricinoleic acid esters, as well as in
castor oil (9~11). Accordingly, an investiga-
tion was undertaken into the suitability of cas-
tor oil as a vehicle for parenteral administration
of steroid hormones.

METHODS AND RESULTS

Representative samples of U.S.P. oils obtained
from commercial sources were tested in mdﬁﬂﬁe
with the official method for free fatt%h wm&::-e
saponification, and iodine values. e 1 S
listed in Table I along with the U.S.P. X VI specifica-
tions for these oils. ) .

Solubility of selected stercids in various oils wﬂ-"of
determined in the following manner. An exXcess
steroid was stirred for 4 hours at room tunlgmﬁ;-
(26°) in the test oil, after which the un 11 x
solids were removed by filtration, and the clear soitt
tion assayed for steroid content. Table IIshows the
results obtained. .

An attempt was made to reduce the freefatty Wdf
in castor oil by treatment with alumina and anhy

y + Dr.
1 Dr, Napp, Universitats-Krankeénhaus, Hambur &} artin:
Pots, Humboldt-Universitat Charite Frateokliaik, Betly
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TaBLE II1,—ABSORPTION OF OIL FROM ANIMAL
Muscre®

e e
Days ml 002N
alter NaOH Residual Oil in
Injection oil Equiv. Mauscle (estd.)
1-3 Castor oil 50 1 day —50
(aged) 3 days—20
1-3 Castor oil 13 1 day —30
U.S.P. 3 days—10%
1-3 Sesame oil 1.4 1 day —30
US.P. 3 days—30%
7-60 All oils 0
to 2%,

4 1 ml, injected into back muscle of rabbit.

drous sodium sulfate. Three grams of dried, pow-
dered, amorphous aluminum oxide (Merck No, 1097)
and 6 Gm. of anhydrous sodium sulfate, reagent
grade, were suspended in 120 ml. of oil and heated
at 80° under a blanket of nitrogen for 1.5 hours.
After allowing the oil to cool to room temperature,
the solids were filtered off and the acids titrated in
the usual manner. A significant redoction in free
fatty acid was not obtained.

The absorption characteristics of oils with varying
fatty acid content were examined and compared on a
biological basis. Aged castor oil with a high free
fatty acid content was compared to fresh U.S.P.
castor oil with a low acid content and U.S.P. sesame
oil by injecting 1 ml of oil into the back muscles of
rabbits, approximately 2 in. from the iliac crest. A
rotational pattern of injection was used and the oil
samples were stained to aid visibility in the tissues.
The animals were sacrificed and the muscles excised
and examined grossly. The results were averaged
and appear in Table III.

The test disclosed that oil migrated or was carried
to the fascia, and very small amounts remained for
60 days. Localized degeneration produced by the
high acid value castor oil was essentially healed in 7
days, and the low acid value castor oil appeared to
be no more irritating than sesame oil.2

. Inaspecifie test for irritation 0.25 ml. of the above
oil samples were also injected into the vastus lateralis
muscles of rabbits. After 2 days the animals were
sacrificed and the injected muscles examined grossly
for evidence of irritation. It was found that the
castor oil containing a high level of free fatty acid
produced a lesion size measuring approximately 121
mm.?, - The lesion itself was characterized mainly by
degeneration of local tissue without necrosis. Cas-
- tor oil with low free fatty acid and sesame oil, on
the other hand, produced no measurable lesion at the
injection site.

Combinations of benzyl aleohol and benzyl benzo-
ate with both castor oil and sesame oil were also
injected into the vastus laferalis muscles of rabbits
and Table IV lists the lesion sizes produced.

Solutions which were formulated for clinical trials
in humans were prepared by dissolving the steroid
hormones in appropriate vehicles at 60° under
nitrogen. The solutions were then filtered through
a coarse sintered-glass filter with the aid of nitrogen
pressure, filled into vials, and sterilized by autoclav-
ing for 2 hours at 121° (15 1b. steam pressure), The
products were then submitted for assay, safety, and

'D
ue to the npmtinmlnheefattymdswith
adns. !uhsequmtpwm-k utilized fresh oils which requi
tralization lecethan A ml Af 01 N NaOH (1A ml af 02 N
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animal musecle irritation testing prior to release for
clinical investigation.

DISCUSSION

Throughout the investigation it was desirable to
have a reference oil to serve as a basis for comparison.
Since sesame oil is universally accepted as a paren-
teral oil vehicle, it was chosen as the “‘standard”
vegetable' oil to be compared to castor oil, with and
without other cosolvents. The physical, chemical,
and biological properties of sesame oil are well
documented and require no comments here,

Chemically, castor oil consists of the triglycerides
of ricinoleic acid, together with small quantities of
glycerides of other acids. The quantitative com-
position is given by Eckey (12) as follows: ricinoleic
acid 87%, oleic acid 7.4%, linoleic acid 3.1%, dihy-
droxyricinoleic acid 0.6%, and miscellaneous acids
2.4%. Two grades are commonly recognized in this
country—U.S. No. 1 which is cold pressed oil, and
U.S. No. 8 which is oil extracted from the pressed
cake. Only the former is used for medicinal purposes.

The high viscosity of castor oil compared to other
vegetable oils is undoubtedly related to hydrogen
bonding and it is probably the hydroxy groups
which contribute to the greater polarity and superior
solvent power of the oil. As indicated in Table I,
the saponification and iodine values of commercial
castor oil appear to be slightly lower than the U.S.P.
X V1 limits for oils used for injection. On the other
hand, the content of free fatty acids even in fresh oil,
varies considerably and exceeds the traditional
limits for injectable oils. The significance of this is
somewhat obscure, although “Remington’s Practice
of Pharmacy, 12th edition,”” page 387, states “‘a low
free fatty acid content is essential since it indicates a
fresh and pure product and not one that is likely to
have become old and heavily conta.m.mated with bac-
terial cts.”

Despite better solubility of steroids in castor oil,
other cosolvents were necessary to dissolve the

IRRITATION PRODUCED IN
or Varrous O

TasLe IV.—LocaL
Raperr MuscLe BY

VEmICcLES?
Lesion size,
Identification Composition mm.3
SHY-47-2 Sesame oil 98% 61
Bengzyl alcohol 2%,
SHVY-47-4 Castor oil 98% Too small to
Benzyl alcohol 2% measure
SHV-47-3 Sesame oil 95%, 508
Benzyl alcohol 5%
SHY-47-5 Castor oil 95% 106
Benzyl alcohol 5%
SHV-14-2 Sesame oil 5% 291
Benzyl benzcate 359,
SHY-14-5 Castor oil 65% 184
Benzyl benzoate 35%,
SHVY-47-86 Sesame oil 639 207
Benzyl benzoate 35%
Benzyl aleohol 2%,
SHYVY-47-7 Castor ol 63%, 262
' Benzyl hmzoate 35%
Benzyl aleohol 2%
SHY-14.3 Sesame oil 201
Denzyl btnzaoate 50%
SHY-14-6 Castor oil 50% 158
Benzyl benzoate 50%

2 A 0.25-ml, qmﬂtyoftheoﬂveudemlﬂgemd into the
anstie laferalis _musele of the rmhhit. Twa davs later the
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increasingly higher concentrations reqn:ire:l by
therapeutic regimens, Often these materials con-
tributed additional advantages. For example, the
addition of benzyl alcohol or benzyl benzoate to
castor oil resulted in a lower and more favorable
viscosity, maling it easier to inject. Also, benzyl
alcohol was an effective preservative and local
anesthetic.

The nature of the irritative response depended on
the particular hormone, its concentration in the
formulations, and/or the composition of the vehicle.
Although rebbit muscles are more sensitive than
human musecles, they were selected primarily because
local changes in the muscle were observed easily.
It was not always possible, however, to correlate
muscle irritation in animals to that of humane.

A numerical assignment to lesion size was used
solely as a convenience for grading response. The
numbers alone do not adequately describe the
nature of the response, however. More completely
it is characterized by the amount of hemorrhage and
edema and the incidence, degree, and extent of local
degeneration produced by the injection. A slight,
reversible irritative response may cover a large area
and a severe irreversible one may be comparatively
small, A decrease in the size of the degenerated
area indicates a reversible condition. The presence
of necrosis, which is the most damaging situation,
means that the cellular structure was destroyed and
repair must take place. The debris must be re-
moved and the original cellular mass in the area re-
placed with fibrous connective tissue. The extent
of this fibrosis or formation of scar tissue gives an
index of the amount of irreversible damage. For-
tunately necrosis was not encountered, indicating the
lack of permanent muscle damage. Since these
changes take time, final assessment of the effects of
an injection in the muscle frequently required
observation for 7 days or longer,

It is unfortunate that pain cannot be measured by
any known method of animal testing. The animal
usually does not respond unless the painful sHmulus
is marked. Furthermore, the pain caused by injec-

‘tion into human muscle is not usually propertionate

to the irritation produced either in animal muscle
or in human musele. Realizing that these limita-
tions are inherent in animal test methods, it re-
mained for final acceptability to be determined in
man.

‘When it was discovered that 17-hydroxyprogester-
one caproate possessed high progestational activity,
potencies of the order of 65 mg./ml, were used. By
increasing the dose, additional prolongation of ac-
tion was obtained, and eventunally concentrations of
the order of 250 mg./ml. were required. Such a
solution in sesame oil produced acceptable animal
muscle tolerance, but the pain and local reaction in
humans was so great as to prohibit the adoption of
the formulation as a commercial product (see Table
V, Lot Pr. 142-53/15-10).% Solutions were also
prepared using castor oil as the vehicle, and Table V
lists the formulations tested and the results ob-
tained. Information obtained from the clinical
trials (14-21) attested to the acceptability and
safety of the adopted formulations,

- Inherent in the development of an acceptable
formulation of 17-hydroxyprogesterone caproate was

! Reactinne in savracs nf AR coore meometdaead coomo o
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TaBLe V.—EvALUATION OF 250 mg./ml 17-Hy-
DROXYPROGESTERONE ROATE SOLUTIONS 1IN
Various O VEHICLES

Animal
Muscle Lot Number and

Vehicle Lesion Remarks on Clinjeal
Composition Size, mm,¥ Testing
Sesame oil 50% 1049  Pr.142-53/15-7—238

Benzyl benzoate injections, 20.8%
reactons, rejected

50%,
Castor oil 58% 691  Pr.142-53/15-8—270

Benzyl benzoate injections, 23.2%
409, reactions, rejected

Benzyl aleohol 2%

Sesame oil 60%, 697 Pr.142-53/15-10—

Benzyl benzoate 189 injections,
35% 10.7%, reactions,

Benzyl aleohol 5% rej

Castor oil 54% 258 Pr.142-53/15-11—

B 1 benzoate 503 injections,
4»6;.«; 4.29%, reactions,

accepted

Castor oil 529, 633  Pr.142-53/15-13—

Benzyl benzoate 924 injections,
469, 1.39, reactions,

Benzyl alcohol 2% accepted

¢ Injection of 0.25 ml. into vastus laleralis muscle of rabbits
and lesion size determined 2 days after injecHon,

Tasre VIL.—EVALUATION OF ESTRADIOL VALERATE
N Varrovs O VEEICLES

Animal
lfe‘;%: Lot Number and
Composition Size, mm. ¥ ) g.;mﬁk;
20 mg./ml. in Cas- 197 Es.31-563/ B
e/ Commerciall.

tar oil 78%, y
Benzyl benzoate available
20%, Benzyl al-

cohol 2%,

30 mg./ml. in Ses- 306 DEK—QS-z—'lfTot
ame oil 60%, tested clinically;
Benzyl benzoate . dosage increas
40% to 40 mg./mL

80 mg./ml in Cas- 194  Es.31-53-V—Not
tor oil 809, :.!es’ced c_]mcallﬁ
Benzyl benzoate osage increas
20%, to 40 mg./mL

40 mg./ml. in Ses- 803  SHX-944—Too

ame oil 65 jrritating; mnot
Benzyl e st tested clinically
Sotey s &
coho 3 .

40 mg./ml, in Ses- 496  Es.31-53-8—201 i
ame oil 58%, jections, 2-3_2t:/"3
Benzyl benzoate reactions, rejec
401‘170i éB;nzyl al-

. _coho o

40 mg./ml. in Cas- 250  Es.31-53-A—826
tor oil 68%, injections, 2.67%
Benzyl beazoate reactions (all
40%, Benzyl al- mild), accepted
cohol 2%,

scle of
o Injection of 0.256 ml into vasfus loferalis muscle ©
rabbits and lesion size determined 2 days after injection. ;

the required development of a suitable assay methog
This was accomplished by Roberts and Florey (13)
using paper-strip chromatography.

Smé:: ;Jsﬁvge_tfs are more potent than progestogens
and require less per dosc, an acceptable farmulst;m
of estradiol valerate was easier to preparé h;
sides use in estrogen therapy, estradiol valerate e
found utility in the treatment of carcinoma, and for
that purnose high dosages were required. CoBeer;
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again formulations containing castor oil in the ve-
hicle proved to be lessirritating than similar prepara-~
tions containing sesame oil. Physically and chem-
ically both oil solutions were stable. Based on
acceptable preliminary data, formulations such as
those listed in Table VI were prepared and tested.
Acceptability in humans was confirmed by clinicians
and deseribed in the literature (22, 23) and in case
reports. 4
SUMMARY

1. The development and testing of parenteral
steroid hormone formulations has been described,
using castor oil as a vehicle.

2. After ascertaining stability and animal muscle
irritation, selected formulations were evaluated in
humans. They exhibited a prolonged action, were
effective and well tolerated.

3. Examples of commercially available products
are the estrogen, estradiol valerate® at 20 mg./ml,
and 40 mg./ml, and the progestogen, 17-hydroxy-
progesterone caproate® at 250 mg./ml.

repurts- estradiol valerate, 20 mg./ml., in castor oil
benzoate 20%, henzyi a:lmhél 2% —00 injec~
patients. Two mild local reactions. Estradiol
valerate 40 mq ./ml in castor oil 58%, benzyl benzoate 40%,
benzyl alcoho 2%—51 patients, Number of injections not
mmpler.dy tabulated. One report isin

Markejéed as Delestrogen by E. R. gquihb & Sons, New

78%, b
tions in 4

ka
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Isolation of Marrubiin, a Sterol, and a
Sesquiterpene from Marrubium vulgare

By HAROLD J. NICHOLAS*

imple column chromatographic method for isolating the bicyclic diterpene
iin from acetone and ethanol extracts of Marrubium vulgare L. is described.

An unsaturated sterol of the sti

ol series, present in esterified form, and a

sesquiterpene (C;H:202) have been isolated from the extracts.

N PREPARATION for radioactive tracer work on

the biosynthesis of marrubiin it was necessary
to examine extracts of the plant for associated
terpenoid substances. A convenient column
chromatographic method was therefore devised
for separating relatively pure marrubiin from
crude acetome extracts. Two new terpenoid
substances were detected in the extracts.

EXPERIMENTAL

Materials and Methods.—CGround M. vulgare L.
was obtained from the Wunderlich-Diez Corp.,

Received Aunpust 15, 1863, from the Departmzat of

g&stee:nm and Gy ecology. University of Kansas Medical
%m:pted for pnb tion Nwember B 1953.

N investipation was t from the

B:ttlix;nzl&hmmm of Ilcalt.h, . B. Pubhe %ealth Service,

The author is indebted to Fuad Jarjoura and Sharom

l-anty ior thur tachmcal assistance,
St Lo M t'l-;ltle.l'.‘::‘f artm mg. ?%uc:ﬁmn :‘1:‘
unis, Me,, end Dep ent of Biochemis
o Losts University School of Medicine, St. Louis, Mo,
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Hasbrouck Heights, N. J.! This material was
exhaustively extracted with hot acetome or hot
ethanol. Either solution on removal of solvent
by distillation (the last stages im vacuo) yielded
black, viscous material which was used for further
examination. Melting points were determined on a
Fisher-Johns melting point apparatus. Optical
rotations (in CHCL) and C—H analyses were
determined by Drs. G. Weiler and F. B, Strauss,
Microanalytical Laboratory, Oxford, England. An
infrared spectrum of the unidentified diterpene was
determined on a Perkin-Elmer spectrophotometer
by the KBr disk method.? An infrared spectrum
of the sterol was determined in chloroform solution
in a 0.1-mm, sealed cell, compensated with CHCl,,
on & Beckman IR-4 recording infrared spectro-
photometer,? and by the KBr disk method. The

1 This firm bas given investi-
ted was M. nulgarc or white hurr_hound, not Ballola hirsuta
%glm:k horehound)
2 We are u'.dnbt.cd to the Department of Pathology,
Umvarsity of Eansas, for this determination,
3 Determined by Sadtler Research Laboratories, Phila-
delphia, Pa.
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