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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 Hghtly loaded packings are: glass
beads, Gas Chrom-P, and Chromesorb 'W-HMDS.
Thé other four supports cannot be used for lightly
Ioaded eolismn packing since their interaction with
the antibistamines causes excessive peak tailing.

The hydrogen Hame detector used in conjunction
with the 0.010-in, stainless capillary column would
aot respond to compounds with beiling points above
280%. “Thiz limitation prevented evaluation of this
column for the analysis of these antihistamines,

The 100-t. 0.085-in. copper open tubular colunm
was coated with F-1150 and evalusted using the
ahiove group of antihistarines, . The 8% fonization
detector was used with a column flow of 36 mi./
minute, The refention times obtained were com-
parable to the 6-H.-X 1150 packed coluran, but the

peatk base widths were considerably wider. Besanse

of this increase in base width, the 0.055-in. column
was less efficient than the 6-ft. packed column,

‘diameter mandrel has been reported to be more

efficient than a packed column (15), There are two
possible reasons why efficiency was Jess ‘than pre-
viously reported: () the column was shorter (100
), and (8) the winding configuration was markedly
diffevent. The colivan was wound on a 11/ X
Hin, bar which resulted in a definite flattening of
the fube around the edge of the bar,
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CONCLUSIONS

The antihistamines investigated, except for
meelizine, can be separated, identified, and concen~
{ration estimated usiog the Carbowaz 20M, PDEAS,
and XF-1150 colomns deseribed, The PDIEAS
column is the most efficient of the three for the
anglysis of antihistamines;

The usefulness of the 0.010-in, capillary and the
0.06B8-1n. open tubular columns cannot be properly
evaluated wntil 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, aod C. H. KEYSSER

Steroid hermones may be admipistered parenterally in high concentrations as oil
solutions, In this form they exhibit a prolonged action and reduce the number of
injections required. 'To accommodate the demand for increasingly greater concen-
“trations of hormones in solution, castor oil in combination with other suitable oil-
miscible selvents, has been found to fulfitl 3 need.. The development of several
formulations together with the results of animal testing, as well as clinical trials in
humans, actest to the acceptability of this oil fog the purposes intended.

Eep o are inchided in the “United States
Pharmacopeia XVI™ as nopagueons vehicles
for injection and are characterized as being of
vegetable origin, essentially odorless, and with-
ot suggestion of rancidity, They must-also
comply with certain measurable physical limits
Specified for the saponification, acid, aad fodine
values, '

M —_——————

Recsived September @, 1083, from the Pharmacology and
Pﬁnmamﬁcgﬁ Research & Development Sections, 5o
iustitute for Medics] Research, New Brunswick, IL I.

Accented for publicstion November 18, 1883,

The authors are indebted to the Chemical Control Laborss
lories for thelr assistance with the asssys: to D, N, Covand
H, Reaberts of the FPhysical and Aualytical Sectiog, for their
development of speciel nssays: to G, Lockwood of the
Phasmacology Section for the animal muscle ;rﬁuﬁm
and especinl ﬁa Dr. B €. Reifensteln, Jr.. of the medic
Badl, for the information concerning the clinical trials.
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After subcutaneous injection, Deanesly and
Parkes (1) observed the persistence of olive oil
and castor oil in animsl tissue. Comparing other
oils Brown, ¢ al, (2), reported that sesame and
corn oils were Superior to tottonsesd and peanut
oils becauss they were less irntating, less anti-
génie, more guickly released from Hssae, and
possessed sitperior physical properties.

More recently the use of steroid hormons
medication has expanded considerably, - Due to
Inmited water solubility, hormones have been
administéred a8 agueous suspensions or Solws
tions inoil. Tt has been claimed that the latter
provided the slow release preferred in cyclical
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Tants L—Anatysrs or COMMERCIAL OIS AND Comrarmon 1o USP. XVI Seeovications

e e e

Bauiv. to Free
Fatly Acidin
il Lot He. 10-Coo. Bample Sapon. Valie Todine Valus
Castor U.S.P specs. 35.00 170-185 82-8%
o 23848 4.0 183.8 84,8
25580 4.6 179.8 BT.0
23463 7.8 1827 845
%ag;&% g ’% 1315‘&35 mg—ii%a
Besgme Ol .S.P, specs. .
235404 0.5 180.68 106.0
26953 1.4 184.0 1118
336468 0.75 189.6 104.7
20 1900108 100118
Cottonsend O U.8.P. specs. .
49684 ¥ 1059 i11.8
Adddl e 196.8 13.1
Corn Ol 1.8 P. specs. 2.0 187193 102-128
52148 1.0 194.5 118.1
36716 1.2 191.4 124.4
1.2 189.3 125.0
a  fhee 3 25 b
Peanut ok, . 25 B
22160 1.2 192.0 N%
20903 1.4 1017 93.2
33622 0.8 198.1 87.8
268147 1.2 180.4 093.9
& The VL8P specifie that the ttration of Tree fatly scids in oral v castor of shall not exceed 7 mi. of 0.1 ¥ NaOR
i e 0 05 N RO, ad el :

Tants IT--Sorospity of Sreroms m UEP;
Oms 47 25°

- i ol
Castor Peanit
Steoid it ot Ol
17-Hydroxyprogestesone
caproate §5.6 23.4 2709
Testosterone 38.6 8.4 8.1
Bateadiol valerite 60.6 16.1. 18.8
Progesterone 2.0 22,9 28:5
therapy (8). Using withdrawal bleeding in

hunan: fermales as the criterion; Master, et al.
{4}, compared the duration of action of an
aquenits siuspension of progesterone with an oil
solution, and confirmed the superiority of the
latter, The prolongation of activity was gen-
erally related to storape in the falty depots of
the body (5).

In 1952 Junkmann (6) determiced that a
tastosterone ester distolved in sesame ofl pro-
lomped the androgenic effects in castrated rats.

- Davis and Wied (7) demonstrated that pro-
fonged sctivity was also obtained in humans
when oil solutions of a progesterone denvative
were injected. There was still a Himiting 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 consist
of benzyl benzoats, beneyl sloohol, ethyl lactate,
ethyl oleate, etc. The U.SP. recognized the
need for such “other vehicles” with the re-
strictions that they must be safe in the volume
of injection administered, and that they should

i
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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 scarch for an acceptable
oil with greater solubilizing power per se. Bos
chann (8) in 1054, 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-
ruany* reported good tolerance to Proluton-Depot
containing a castor oil-benzyl benzoate vehicle.
Since then other hormones have been used 85
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 ohtained
from commercial sources were tested in sccordance
with the official method for free fatty acid contest,
saponification, and ledide values. The S are
Yisted in Table T along with the 17.8.P, X VI specifica-
tions for these oils. X .

Salubility of selected steroids in wanious wils wi;
determined in the following manper, An £xoEss
stevoid was stirred for 4 hours st room temp:ef&w‘:
(26°) in the test oil, after which the undissolved
sofids were removed by filtration, and the clear solu
tion assyed for steroid content. Table 11 shows the

Anattempt was made to reduce the free fatly méf
in eastor ol by treatment with alumina and auky

' Dr, Napp, Universitats-Krakenbaus, Hambeogl o

%ﬂé& Humbsldt-Univernsitat-Charite 'mqubuf% ja

¥ ik
%ﬁmm%%%m&. Yienns
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srpmen TIL~~ARSORPTION OF O PROM ANIMAL
MMuoscis®

e s
Diays mi 02 W . .
Al NaOH Residual Ol in

Tojesting ot Bquiv Muscle (estd.)
13 Castoroll 60 1day —560%

{aged) 3 days-—20
1-8 Castor ofl 13 1 day --30
o8P, 3 days-10%
1-8 Besame wil 1.4 1 day 30
USP. days—307
7-80 Al eils Ty Declining 10
2%

o] mi injected foto back musde of rabbit.

drous sodium sulfate. Three grams of dried, pow-
dered, amorphous aluminum oxide (Merck No, 1087)
and B Gra, of axbydrous sodium sulfate, reagent

were suspended in 180 ml of oil and heated

grade,
gt 80° wnder g blanket of nitrogen for 1.5 hotrs,

After alivwing the oil 1o cool to room temperature,
the solids were filtered off and the acids titrated in
the: usual mznaer:. A gignificant reduction in free

fatty acid was not obtained.
The absorption mhwwtm%ﬁw of oils with varying
futty acid content were and corgpared ona

biologieal basis. Aged castor ol with a high freé

Hatty acid content was compared to fresh USF

castor ofl with 2 low acid content and 11.8.P. sesame
nﬂWMwﬁmgl mLﬁfuiImtn the back muscles of
proximnte] y 2 in. from the iliac crest. A

‘mta 1 pattern of injection was used asnd the oil

mmplw were stained to aid visibility in the tissies,
The animals were sarrificed and the muscles excised
and examined grossly. The results were averaged
and appear in Table 111,

The test disclosed that oll migrated or was carvied:
o the fescia, and very small amounts remained for
60 days. Localized degeneration produced by the
high acid value castor il was essentially healed in 7
days, and the low acid value castor oil appeared to
be no miore feritating than sesame oil2

e specific test forirritation 0.25 ml of the above
oil samples were also tnjected tnto the vestus loferalis
wmuscles of rabbits, After 2 days the animals were
sisrificed and the injected pitiscles examined grossly
for evidesice of frritation. It was found that the
castor ofl containing & high level of free fatty acid
proditced 2 Tesion size mieastiring approximately 121
min?, - The lesion itself was characterized mainly by
degensration of local Hissue without necrogiz,  Cas-

: for ofl with low fres fatty acid and sesame oil, on

the other hand, produced no reasurable lesion at the
injection site,

Combinations of bensyl aleskel and benoyl benzo-
ate with both castor off and sesame ofl were also
injected into the vosfis laferalis muscles of rabbits
and Table IV lists the lesion aizes produged,

Bulutions which were formulated for elinical trials
in humans were prepared by dissolving the steroid
hormones in appropriate vehicles at 80° under
sitrogen. The solutions were then fHered through
& coarse sintered-gloss flter with the aid of nitrogen
Pressuire, filled dnto vialy, and sterilized by autoclav-
ing for 2 hours at 121° (15 1b. steam pressure). The
products products were then submitted for assay, safety, and

“iDue to D 4o ¢
Seing, et ek e e ol it epiired for

cita which required for
tenlessthan d X N Hiéﬁiaiﬁ,ii
Kagmy mﬂﬁ}%}sfn. of sm?;md o N sOH{
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animal musele Irritation testing prior to release for

DISCUSSION

Throughout the lnvestigation it was desirable 1o
have a reference oil to serve as a basis for comparison.
Since sesame oil is universally accepted as a patens
feral oil wehicle, 1t was choses ag the “standard"
vegetable oil to be compured to castor oil, with and
without other cosolvents. The physical, chemical,
and biologieal :pmpemea of sesame oil are wuﬂ
documented and reguire no comments here,

Chemically, castor ofl consists of thie triglveerides
of ricinolsic acid, together with small quantities of
glycerides of other acids. The guantitative coms
paosition 1s giver: by Eckay (12) as follows:  ricinoleie
acid 87%, oleic md 7.49%, linoleic acid 8.1%, dihy-
droxyricipoleic acid 0.6%, sod miscellaneous acids
2.4%, Two grades are commonly recognized iu this
country—1.5, No. 1 which is cold pressed oil, and
U.S. No. 3 whick is oil extracted from the pressed
cake. Ouly the former is used for medicinal purposes.

The high viscosity of castor oil compared to other
vegetable oils i uudw‘htaﬂly 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
eastor oil appear to be slightly lower than the T1.8P.
X VI limits for oils used for injection. On the other
hand, the content of free fatty acids even in fresh oil,
varies considerably and excesds the traditional
limits for injectable oils. ‘The significance of this is
samewhat obseire, although “Remington’s Practice
of Pharmacy, 12th edition,” page 387, states "a low
fres fatty acid content is essential sines it indicates a
fresh and pure product aad not one that is likely to
have become old and beavily contaminated with bace
terial products.”

Despite hietter solubility of steroids in castor wil,
other cosolvents were necessary to dissolve the

Taprg IV.~locar Izmitation PrRODUCED IN
Ragetr Muscig vy Inyscrion oy Vigrops O

Vrmicres®
Teslon sen,
Tdentifieation Composition o ¥
SHV-47-2 Sesume oll 98% 81
Beneylaleohol 29,
SHY - 47-4 Castor oil 98% Too small 1o
 Renzyl alcohol 2% measure
SEV-47-3 Besame oil 959 508
)  ‘Benzylaleohol 5%
BHAVAES Castoroi 95% 108
'Benzﬂ alcohol 5%,
SHY-IL2 Sesame ol 85% 281
L Be;:tzyl benzeate 35%
SHY-145 Castor oil 65% 184
) ) Benzyl benzoate 85%
SHV-47-0 Sesamecil B3% 207
Benzyl benzoate 35%
Benz:ﬁ aleshol 295
SHTALT Castorol 63% 262
g Benzyl benmte 8%
. Beozylalkohol 29
SEY-143 Sesameoll B0% 281
Benzyl benzoate 509,
BHY-146. Castor oil 50% 158
Benzyl benzoate 50%:

& A 0.25-m. quantity of the ol vehicle was injected into the
vasius loferalis muscle of the rabbit. Two dag }ute:: the
muscle was excised and the ledion size mensnrnd
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increasingly higher comcentrations required by
therapeutic regimens, Olten these miaterials con-
tributed additional advantages, For example, the
addition of benzyl alcohcl or benzyl benzoate to
castor oil resulted o a lower end more favorable
viscosity, making it easier to inject. Also, benzyl
aloohiol was an effective preservative and local
anesthetie.

The nature of the irritative response depended on
the ‘particular hormone, its concentration in the
formulations, and/or the eomposition of the vehicle,
Although mabbit muscles are more sensitive than
hiian museles, they were selected primarily because

Yoeal changes in the muscle were observed easily.

It was not always possible, however, to correlate
muscle irritation in animals to that of humans,

A nurnerical assignment to lesion size was used
solely as a convenience for grading response. The
sumbers alone do not adeguately describe ‘the
nature of the resposse, however.  More completely
it is characterized by the amount of hemorchage and
edema and the incidence, degree, and extent of local
degeneration produced by the injection. A slight,
reversible irritative response may cover a large arca
and @ severe irreversible one may be comparetively
snall, A decrease in the size of the degenerated
miea indicates a réversible condition: The presence
of necrosis, which is the most damaging situation,
mieans that the cellalar structure was destroyed and
repair taust take place. The debris must be re«
moved and the original cellidar mass in the area re-
placed with fibrous connestive tissue. The extent
of this fibrosis or formation of scar 4issue gives an
index of the amount of irreversible damage. For-
tunately necrosis was not encountered, indicating the
lack of permanent muscle damage. Sinece 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 fonown method of animal testing,  The animal
usually does pot respond unless the painful stovilus
iz marked: Furthermore, the pain caused by injec-

tion into human muscle is not usually proportionate

to the trritation produced either in animal muscle
ordn buman musele.  Realizing that these limita-
tions ‘are inherent in animal test methads, it re«
mained for final aceepiability 1o be determined in
man,

‘When it was discovered that V-hvdroxyprogester=
one caproate possessed high progestational activity,
potencies of the order of 65 mg,/ml. were used. By
inereasitig the dose, additional prolongation of ac~
tion was obtained, and eventuslly concentrations of
the order of 250 meg./ml were required. Such &
solution in sesame oil produced acceptable animal
muscle toleranee, but the pain and local reaction in
Durnans was so great as to prohibit the adoption of
the formulation as s commercial product (see Table
Vi Lot Pr. 142-53/15-10).% Solutions were alko
prepared using castor ofl as the vehicle, and Table V
lists the formulations tested and +he results obe
taingd.ﬂﬁg;maﬁm obiained from “the tlinieal
tria attested 1o the aeceptability and
safety of the adopted formulations,

- Inkerent in the development of an acesptable
formulation of 17-hydroxyprogesterone caproate was

Bb;f.wcﬁm in ‘exeess of 5-8% were considerad unaccepte
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Tasry V—Bvarvarion of 250 me/ml 17-Hy
DROXYPROGESTERONE ROATE. SOLUTIONS Dy
Varyous On Vemicies

Animal
Mupscle Lot Number and

Vebicle Lesion Remarks on Clinies)
Compaosition Sire, mm9 Testing
Sesame ofl 580% 1049  Pr.142-53/15-7--238
Benoyl benzoate injections, 20.8%

50% reactions, rejected
Castor oil 58% 691  Pr.142-53/15-8—270
Benzy! benzoate injections; 23.205

409, reactions, rejected
Be_nzyq aleohol 2%,
Sesarue ofl 60% 697 Pr.142-53/15-10-~
Beneyl benzoate 189 injections,
35%, 10.7% reactions,
Benzyl aleohol 5% rejected
Castor oil 54% 2568  Pr.142-53/15-11~
B 1 benzoate 603 injections,
469, 4.2% reactions,
accepted.
Castor oil 52%, 633  Pr.142-53/15-18—
Benzyl benzoate 924 injections,
46%, 1.3% reactions,
Benzyl alcohol 2% accepted

% Tojection of 0,25 wl. inte sasius lalerolis muscle of rabbits
e e e iees & days atie it

Tasrs VI—EvALUATION OF ESTRADIOL VALERATE

i Vartovs O VEmiouss
Sgioad
Lesion Lot Number und
Compositien Size, mun 1 Pemarks

20 mg /ml in Ces- 197  Bs.31-53/15-B—
mgégx 789, Commercially

Benzyl benzonte available
20%, Benzyl al-
cohiol 2% :

30 mg./md. in Ses- 806  DEK-98-2—Not
ame oil 60%, tested ?mlb;
Benzyl benzoate . dosage imcreased

3040% mlin Case 194 E tﬁfgﬁg et

me. /ol in < 31.53.V—

tor oil 809G, tested clinically;
Benzyl benzoate dosage increased
20% 1o 40 mg./ml

40 mg /ol in Ses- 803  SHX-94-4—Too
ame oil 85%, irritating; not
Henzyl benzoate . tested clinically
300 Fepew el

40 mg /mi in Ses- 406  Es31-538—201 in-
ame oil 58%, jections, 282%

17yl benzoate reactions, re)
iﬁggi EBEDW] al-

L ‘

40mg fml in Cas- 250  BsB8l-53-A—820
tor oil 58%, injections, 2.67%
Beneyl beazoate reactions {all
40%, Benzyl al- mild), accepted
cohol 2%

: sele: of
© Injection of 0.25 mlL isto vasius [sieralis muscie o
rabbite and letion size determined 2 days after in ;

the required development of 2 suitable asaarmetk"g‘
‘This was accomplished by Rﬂhirts and Florey {1 )
using paper-strip chromatography.

&mﬁ&&og&nﬂ are more potent than progestogens
and reqaire less per dose, an neceptable fannul&’%?:
of ‘estradiol valerate was sasier fo prepart has
sides use in estrogen therapy, estradiol valerate o
found utility in the treatment of carcizome, ﬁﬁdce‘;;‘
that purpose high dosages were required. Con 4
trations were increased from 10 to 40 mg./ml. a0

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Vol. 53, No. 8, Augpust 1964

azain formilations containing castor oil in the ve-
hicle proved to be less irritatiog than stmilar preparas
Hons contadning sesame oil,. Physically and cheme.
fcally both ofl solutions were stable. Based os
arceptable pmhmmmy datz, formulations such as
those Heted in Table VIwere prepared and tested,
Acceptability in humans was confirmed by clinicians
and deseribed in the literature (22, 23) and in case
reports.t
SUMMARY

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

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

3. Bxamples of commercially available products
‘are the estrogen, estradiol valerate® at 20 mg. /mi
and 40 mg./ml, and the progestogen, 17-hydroxy~
mummmm caproats® at 250 mg, f

me wmm* M’:rkdwi valm xn eastor oil
L]
ph e et o e

.. Wr w&il &E ben ! bmmte 40
J&m’i‘ﬁ 51 patients, %umbe.:y of injections 22{

l&a;?mtd amgfn'%ﬁ,”m &%uibh & Bons, New

‘ Mﬁiﬂ%&ﬁ s Delalutin by B. R. Squibb & Sons, New
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Isolation of Marrubiin, a Sterol, and 2

Sesquiterpene from

Marrubium vulgare

By HAROLD J. NICHOLAS*

A simple column chromatographic method for isolating the bicyelic: ditesrpene
marrubiin from acetone and ethanol extzms of Marrubium vulgare L. is described.

An unsaturated ste:ol of the sd

series, present in estecified form, and a

gmastanol
sesquiterpene (CFlO:) have been isolated from the extracts.

" prersraTioN for radioactive tracer work on

the b:osyntheas of marrubiin it was necessary -

to examine extracts of the plant for associated
terpenoid substapess, A -convenient -column
chromatographic method was therefore devised
for separating relatively pure marrubiin from
crude acefone extracts. Two new ferpenoid
substances were detected in the extracts,

EXPERIMENTAL

Materials and Methods.~Cround M. vulgore L.
was obiained from the Wunderlich-Diez Corp.,

Received Angist 15, 1083, from the Department of
Obstetrics and Gynecology, University of Kanses Medical

Cester,
tad for pu cation November 5, 1953*
investipat pported by fﬂzg 1h
T
The mthm i indebted to Puasd Jarviours and Sherog
‘gﬂfﬁ' o their techunical gssistoncs, .
Bisger Lootut address: Tustitute of Medical Bducation ond
tsmm:l; St ans. Mo, and Depnrintent of Bicthemistry,
t. Lowis U Uslvenity School of Medicine; St. Louis, Mo,

DOCKET

_ ARM

Hashrouck Heights, N, 1.! This material was
exhaustively extracted with bot acetone or hot
ethanol. Either solution on removal of solvent
by distillation (the last stages ¢n vacue} vielded
b’iark, viscous material which was used for further
examination. Melting points were determined ona
Fisher-Yohns ‘melting point apparatus; Optical
rotations (in CHCL) and C—H analytes were
determinsd by Drs, G, Weller and P, B, Strauss,
Microanalytcal Laboratory, Oxford, Englaad. An
infrared spectrum of the unidentified diterpene was
determined on & Perkin-Elmer spectrophotometer
by the KBr disk-method.® An infrared spectrum
of the sterol was determined in chloroform solution
in & 0.3-mm. sealed cell, compensated with CHCL,
on 2. Beckman TR-4 recording infrared spectro-
photometer, ¥ and by the KBr disk method, The

17his e Bas plves sosurames that the mateds] Tovesids

%ﬁeé ‘was M/ miffw or white horehound, not Ballola hirsule
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