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GM-144, a Novel Lipophilic Vaginal Contraceptive Gel-Microemulsion
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ABSTRACT In a systematic effort to develop a
dua-function intravaginal spermicide as wel as a
drug delivery vehicle against sexudly transmitted
pathogens, a submicron particle size (30-80 nm),
lipophilic and spermicidal gel-microemulsion (viz
GM-144) containing the pharmaceutica excipients
propylene glycol, Captex 300, Cremophor EL,
Phospholipon 90G, Rhodigel, Pluronic F-68, and
sodium  benzoate was formulated. GM-144
completely immobilized sperm in human or rabbit
semen in less than 30 seconds. Therefore, the in vivo
contraceptive potency of intravaginaly applied GM-
144 was compared in the standard rabbit model to
those of the detergent spermicide, nonoxynol-9 (N-9)-
containing formulation. Eighty-four ovulated New
Zeadland White rabbits in subgroups of 28 were
artificidly inseminated with and without intravagina
adminigtration of GM-144 or 2% N-9 (Gynol 1)
formulation and alowed to compl ete term pregnancy.
GM-144 showed remarkable contraceptive activity in
the rigorous rabbit modd. When compared with
control, intravagina administration of GM-144 and
Gynol Il resulted in 75% and 70.8% inhibition of
fertility (P < .0001 versus control, Fisher's exact test),
repectively. Thus, GM-144 a a vagind
contraceptive was as effective as the commercialy
available N-9 gd. In the rabbit vagind irritation test,
none of the 6 rabbits given daly intravagina
application of spermicidd GM-144 for 10 days
developed epithelial ulceration, edema, leukocyte
influx, or vascular congestion characteristic of
inflammation (total score = 5). Therefore, GM-144
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has the potential to become a clinically useful safe
vagina contraceptive and a vehicle for formulating
lipophilic drugs used in reducing the risk of
heterosexua transmisson of sexualy tranmitted
diseases.
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INTRODUCTION

Presently avallable spermicidal  contraceptives
typically comprise detergent ingredients that disrupt
cel membranes, including the neutral surfactants
isononyl-phenyl-polyoxyethylene  (9) ether or
nonoxynol-9 (N-9), p-menthanyl-phenyl-
polyoxyethylene (8,8) ether or menfegol, and isooctyl-
phenyl-polyoxyethylene (9) ether or octoxynol-9 (O-
9) [1, 2]. N-9 is the most commonly used spermicida
contraceptive in the United Kingdom and the United
States [3, 4].Worldwide, the cationic surfactant
benzalkonium chloride and the anionic detergent
sodium docusate (dioctyl sodium sulfosuccinate) are
also used as vagina spermicides [5]. Detergent-type
spermicides have been used for more than 30 yearsin
creams, gels, foams, and sponges, suppositories, and
more recently in film and condom lubricants. N-9 is
being used a concentrations of 2% to 6% in creams
and ges, 12% in foams, and as high as 18% in
condom lubricants and 28% in vagina contraceptive
film.

The spermicidd activities of detergent-type
contraceptives are associated with their sructura
affinity to the membrane lipids [6, 7]; therefore, the
maor drawback of usng N-9 or other currently used
surfactants is their detergent-type effect on epithelial



cells and norma vagind flora [8-12]. N-9 displays
spermicida and antibacteria/antivira activity in vitro
against pathogens responsible for sexudly transmitted
diseases (STDs) only a cytotoxic doses [13].
Freqguent use of N9 a a vagnd
contraceptive/microbicide has been associated with an
incressed risk of vagina or cervica infection,
irritation, or ulceration [14-17]. In addition,
detergent-type spermicides dter vagina bacteria or
flora, and lead to an increased risk of opportunistic
infections [18-20]. Such opportunistic infections are
known to enhance the susceptibility of the
ectocervical epithelium and the endocervica mucosa
to sexudly transmitted pathogens including human
immunodeficiency virus, type 1 (HIV-1) infection
[21-22]. Since heterosexua transmission of HIV-1is
the predominant mode of the epidemic spread of
acquired immunodeficiency syndrome (AIDS), new,
effective, acceptable, and safe vagind spermicides
lacking detergent-type membrane toxicity may offer
ggnificant clinica advantage over the currently
available detergent spermicides.

Because vagina spermicides will likely be used for
decades to come, an ided spermicide should be
nontoxic to genita tract epithelia cels, should be
inexpensve and be produced from commonly
avallable resources, and should have a broad
specificity for solubilizing the drugs for prevention of
sexud transmission of several STDs including HIV-
1. Microemulsion-based formulations that offer rapid
disperson and enhanced drug absorption profile can
be exploited for the development of dua-function
contraceptives. Microemulsions ae
thermodynamicaly  stable, isotropicaly  clear
dispersions of water, oil, and surfactants with potential
as drug-ddivery vehicles [23, 24]. Microemulsions
appear to have the ability to ddliver larger amounts of
topicaly applied agents into the mucosa than do
traditiona lotions and creams because they provide a
better reservoir for a poorly soluble drug through their
capacity for enhanced solubilization. A drug that is
dissolved rather than suspended in a vehicle isin a
form immediately available for absorption and is
therefore generaly more rapidly and more effectively
absorbed [24].

In a systematic effort to develop a spermicidd gel-
microemulsion with good solubility for lipophilic
drugs, severa components of microemulsion
formulations were evaluated for their spermicida
property, drug solubility, particle size, stability, and
responses to in vivo and in vitro biological models. A
novel submicron (30-80 nm) particle ge-
microemulsion (GM) formulation (viz GM-144),
prepared from 7 nontoxic pharmaceutical excipients
commonly used in topical, ord, and injectable
medications, was found to have rapid sperm-
immobilizing activity in human semen. In the
standard rabbit modd, GM-144, when tested as a
vagina contraceptive, was as effective as the
commercialy avalable N-9 gel formulation (Gynol
I1). No toxic effect on the vagina mucosa of rabbits
was observed after daly exposure for 10 days.
Therefore, GM-144 has the potential to become a
clinically useful safe vagina contraceptive and as a
vehicle for formulating lipophilic drugs used in
reducing the risk of heterosexua transmisson of
STDs.

MATERIALS AND METHODS

Materials

Propylene glycol was obtained from Spectrum Quadity
Products Inc, New Brunswick, NJ. Captex 300 was
from ABITEC Corp, Janesville, WI. Cremophor EL
was purchased from BASF Corp, Mount Olive, NJ.
Phospholipon 90G was purchased from American
Lecithin Co, Danbury, CT. Rhodigel was from R.T.
Vanderbilt Co, Norwalk, CT; Pluronic F-68 was
obtained from JRH Biosciences, Inc, Lenexa, KS. N-
9 (IGEPAL CO-630) was a generous gift from Rhone
Poulenc, Cranbury, NJ.

GM-144 Formulations

A lipophilic submicron (30-80 nm) particle size
microemulsion, GM-144, was developed using
commonly used pharmaceutical excipients through
systemic mapping of ternary-phase diagrams [23, 24].
The components of GM-144 formulation are listed in
Table 1. The ingredients selected included drug
solubilizers and stabilizers (propylene glycol, Captex
300, Cremophor EL, Phospholipon 90G, Pluronic F-
68), and a preservative (sodium benzoate). A polymer



suspension of xanthan gum (Rhodigel) was selected as
an additive to the microemulsion-based system to
obtain a gl with desirable viscosity (1000 centipoise)
with high thickening capability and compatibility with
vagind mucosa The polymer did not cause
precipitation or ater the microemulsion particle size.
The GM-144 was found to be stable at ambient
temperature. Particle sze was determined using
Nicomp Mode 380 laser diode source (Particle Sizing
Systems, Santa Barbaray, CA).  Viscosity
measurements were made using the Brookfield Digital
Viscometer (Model DV-11+; Brookfield Engineering
Laboratories, Spoughton, MA).

Table 1. Components of GM-144 formulation

Final

concentration
(%, by weight)
Propylene glycol  [Humectant 17.0

Captex 300 Lipid 4.5
Cremophor EL Surfactant 3.8
Phospholipon 90G [Phospholipid (3.0
Rhodigel Natural polymer|1.0
Pluronic F-68 Surfactant 0.4
Sodium benzoate |Preservative  |0.2
\Water Diluent 70.1

Computer-Assisted Spermicidal Assay

All donor semen specimens were obtained after
informed consent and in compliance with the
guidelines of the Parker Hughes Ingtitute Ingtitutional
Review Board. The kinetics of spermicida activity of
individua components of GM-144 were quantitated
using a computer-assisted sperm anayzer (Hamilton
Thorne Research [Danvers, MA] Integrated Visud
Optical System, version 10.9i instrument) [8, 10, 11].
The ingredients evaluated were propylene glycol
(17.0%), Captex 300 (4.5%), Cremophor EL (3.8%),
Phospholipon 90G (3.0%), Rhodigel (1.0%), Pluronic
F-68 (0.4%), and sodium benzoate (0.2%). The effect
of incubation duration on sperm-head, centroid-
derived sperm motility parameters was tested by
mixing an aiquot of semen with an equa volume of
each of the 7 pharmaceutica excipients or GM-144
formulation in Biggers, Whitten, and Whittingam’s
medium (BWW) containing 25 mM HEPES (Irvine
Scientific, Santa Ana, CA) and 0.3% BSA (BWW-

0.3% BSA) to yield the final concentrations contained
in GM-144. At timed intervals of 1, 15, 30, 45 and 60
minutes, 5-mL samples were transferred to 2 20-mm
Microcell (Conception Technologies) chambers;
sperm motility was assessed by computer-assisted
gperm anadysis (CASA). Sperm motility in viscous
samples (Phospholipon 90G and Rhodigd) was
determined by manua phase-contrast microscopy
(Olympus BX40; Olympus Corporation, Lake
Success, NY), and the number of motile sperm per
treatment were enumerated for 200 sperm. The time
course test was performed in 3 separate trids, with
semen obtained from 5 different donors.

Sperm Kinematic Parameters

For CASA, 5-pLs each of sperm suspension was
loaded into 2, 20-um Microcell chambers placed
onto a counting chamber at 37°C; 5 to 8 fields per
chamber were scanned for analysis. Each field was
recorded for 30 seconds. The Hamilton Thorne
computer calibrations were set at 30 frames a a
frame rate of 30 images/second. Other settings were
as follows: minimum contrast, 8; minimum size, 6;
low-size gate, 1.0; high-size gate, 2.9; low-intensity
gate, 0.6; high-intensity gate, 1.4; phase-contrast
illumination; low path velocity, 10 pm/sec and
threshold straightness, 80%; and magnification
factor, 1.95. The performance of the analyzer was
periodically checked using the playback function.

The sperm kinematic parameters evaluated included
numbers of motile (MOT) and progressively (PRG)
motile sperm; curvilinear velocity (VCL); average
path velocity (VAP); straight-line velocity (VSL);
beat-cross frequency (BCF); and the amplitude of
laterd head displacement (ALH) and the
derivativesstraightness (STR = VSL/VAP X 100)
and linearity (LIN = VSL/VCL X 100). Data from
each individua cdl track were recorded and
analyzed. For each diquot sampled, more than 200
sperm were andyzed. The percentage motilities
were compared with those of sham-treated control
suspensions of motile sperm. The spermicida
activity of the test compound was expressed as ty,
values (the time taken to decrease the proportion of
motile sperm by 50%).



Modified Sander-Cramer Assay

The spermicida activity of GM-144 formulation with
and without Rhodige as well as the oleaginous
nonisotropic mixture of GM-144 components was
teted by a modified Sander-Cramer assay [8,
25].Briefly, diquots (0.1 pLs) of freshly liquefied
semen were rapidly mixed with an equa volume of
freshly prepared GM-144 formulation. A 5-uL sample
was transferred to a 20 pum Microcdl chamber
(Conception Technologies) and examined immediately
under a phase contrast microscope attached to a charge
coupled device (CCD) camera (Hitachi Deneshi Ltd,
Tokyo, Japan) and avideo monitor. A commercia 2%
N-9 formulation (Gynoal 11; Ortho Pharmaceutica Corp,
Raritan, NJ) was used as a poditive control. The time
required for sperm immobilization was recorded in
seconds. This test was performed in 9 separate trids,
with fresh semen obtained from 5 different donors.

To assess the effect of decreasing concentrations of
GM-144 and Gynol 1l on sperm immoabilization,
diquots of liquefied semen (1:1) were mixed with
serid 2-fold dilutions (50%-0.78%) of GM-144 or
Gynol Il in phosphate-buffered sdine. We then
recorded the dilution that induced more than 90%
sperm immobilization following a 2-minute incubation.

Rabbits

Ninety femde and 12 mae, sexudly mature (> 6
months old; > 4 kg), specific-pathogen-free, New
Zedland White rabbits were obtained from Charles
River Laboratories (Wilmington, DE). For each
fertility trid, 14 does and 12 bucks were used. All
rabbits were identified with specific meta ear tags.
Tap water and rabbit food pellets (Teklad Hi-Fiber Diet
#7012; Harlan Teklad, Madison, WI) were available ad
libitum. The does and bucks were mantaned in
Separate rooms that were kept a 22°C + 2°C with
relative humidity of 50% + 20% and a 12-hour
light:dark cycle. The rabbits were isolated for a
minimum of 4 weeks before the fertility trids. All
procedures were approved by the Parker Hughes
Ingtitute  Inditutiond Anima Use and Care
Committee.  All animal husbandry operations were
conducted under current US Department of Agriculture
Guiddines.

In Vivo Contraceptive Efficacy in the
Rabbit Model

For each contraceptive test, the does were divided into
3 subgroups of 14: control does, GM-144 group, and
N-9 group. Semen was obtained from bucks (n = 12)
of proven fertility via a prewarmed (45°C) artificia
vagina immediately before use. Sperm count and
motility were assessed to ensure that the males were
gaculating good-quality semen. Before artificid
insemination, semen samples  without the
contamination of urine or gel were pooled and 0.5 mL
(> 30 X 10" spermy/mL) aliquots were transferred to 1
mL tuberculin syringes. Two mL of a GM-144
formulation (1000 centipoise) or Gynol 11 (120 000
centipoise) was applied intravaginadly via a plastic
tubing to a depth of 8 cm. The doe was held in a
supine position during the application of 2 mL of the
test agent followed by the application of 0.5 mL
semen dose, which was deposited within 1 minute by
inserting the tuberculin syringe into the vagina to a
depth of 6 cm. At the time of artificid insemination,
ovulation was induced by an intravenous injection of
100 IU of human chorionic gonadotropin (hCG)
(Sigma Chemicd Co, St Louis, MO) into the marginal
ear vein. After ovulation and artificia insemination,
the does were dlowed to complete their pregnancy
(31 £ 2 days). Pregnant does were transferred to
cages containing nest boxes (16 X 12 X 6 inches).

The litter Sze and the weight and condition of each
offspring a birth were recorded. The in vivo
spermicidal effect of GM-144 formulation versus 2%
N-9 formulation was assessed based on the leve of
pregnancy reduction achieved in comparison to
controls and the consistency of this response. The
vaginal ddivery/artificia insemination and pregnancy
cycle was repeated a second time.

Vaginal Irritation Test in Rabbits

For the vagina irritation study, 6 female rabbits were
treated intravagindly with 1 mL of GM-144
formulation, once per day for 10 consecutive days.
Animas were killed on day 11 and the reproductive
tract was examined grossly and microscopically [26].
The vagina tissues were rapidly removed and parts of
the upper (cervico-vaging), middle, and lower (uro-
vaginad) regions of each vagina were fixed in 10%



neutral-buffered formalin. Tissues were embedded
in paraffin, sectioned at 4 to 6 mm and stained with
hematoxylin and eosin and examined under X200
and X400 magnification using a Leica light
microscope (Milton Keynes, Buckinghamshire,
United Kingdom) interfaced with an image analysis
system (Media Cybernetics, Silver Spring, MD) in
conjunction with a 3-CCD camera (DAGE-MTI
Inc, Michigan City, IN) for observation and
analysis. Each of the 3 regions of vagina was
examined for epithelial ulceration, edema,
leukocyte infiltration, and vascular congestion. The
irritation scores were assigned based on the scoring
system of Eckstein et al, [26], which classifies
levels of vagina irritation as follows. Individual
score: 0 = none, 1 = minimal, 2 = mild, 3 =
moderate, 4 = intense. The total scoring system
correlates to human irritation potentia as follows:
total scores of O to 8 are acceptable, scores of 9 to
11 indicate borderline irritation potential, and scores
greater than 12 are potentially irritating. Results
were expressed as the mean + standard deviation
values.

Statistical Analysis

Nonlinear regression analysis was used to find the
ty, vaues from the time-dependent motility loss
curves using Graphpad Prism (version 3.0) software
(San Diego, CA). The gtatistical significance of
differences in fertility among the groups was
analyzed by Fisher's exact test. Differences were
considered statistically significant if P < .05.

RESULTS

Rapid Spermicidal Activity of GM-144
in Human Semen

The effect of individua components of GM-144 on
the motility of sperm in human semen was
evaluated by CASA. As shown in Figure 1, at the
final concentrations used for GM-144 formulation,
Captex 300, Cremophor EL, Phospholipon 90G,
Pluronic F-68, and sodium benzoate demonstrated
little or no inhibitory effects on human sperm
motility (t,, = > 60 min). Further, sperm motion
kinematics using CASA confirmed that these
excipients did not significantly alter the sperm

motion parameters, such as the progressive velocity,
straightness of the swimming pattern, linearity of
the sperm tracks, beat-cross frequency, and the
amplitude of lateral sperm head displacement (data
not shown), whereas treatment of human semen
with propylene glycol and Rhodigel at the
concentration used for GM-144 formulation
induced only partial spermicidal activity with slow
kinetics (t, = > 24 min). Progressive sperm
motility (> 30%) was evident even after 60 minutes
of exposure to these components. Similarly, the
microemulsion without the Rhodigel polymer was
partially spermicidal with slow kinetics (t, = > 15
min). The oleaginous nonisotropic mixture of
microemulsion components lacked spermicidal
activity in semen. By contrast, the submicron
particle size gel-microemulsion  (GM-144)
containing Rhodigel as the polymer completely
immobilized sperm in human semen in less than 30
seconds (mean 27 + 4 sec; n = 9) in the modified
Sander-Cramer assay. Even a 1:16 dilution of GM-
144 induced more than 50% inhibition of sperm
motility in semen after a 2-minute exposure. Thus,
the combination of commonly used pharmaceutical
excipients as a gel-microemulsion formulation was
highly spermicidal in human semen.
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Figure 1. Effect of GM-144 and individual components of
GM-144 on the motility of human sperm in semen.
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In Vivo Contraceptive Activity of GM-144
versus N-9 Formulation in the Rabbit Model

Because of the rapid spermicidd activity of GM-144,
in vivo contraceptive efficacy studies of GM-144 in
the standard rabbit model were performed. Gynal I,
a commercia contraceptive ge containing 2% N-9,
was tested in the same way for comparison. In the
modified Sander-Cramer assay, Gynol 1l completely
immobilized &l sperm in human or rabbit semen in
less than 20 seconds (mean 13 + 2 seconds). A 1:32
dilution of Gynol Il induced > 90% inhibition of
sperm motility in semen after a 2-minute exposure and
> 60% of sperm were immobilized at a1:128 dilution.

For in vivo contraceptive efficacy studies, 84 ovulated
New Zedand White rabbits in subgroups of 28 were
artificialy inseminated with fresh, pooled semen with
and without intravagina application of GM-144
formulation or N-9 and alowed to complete term
pregnancy. The efficacy of GM-144 formulation
versus Gynol 11 for preventing pregnancy in the rabbit
modd is summarized in Table 2. In the control
group, 24 of 28 (85.7%) rabbits artificialy
inseminated became pregnant and ddlivered a tota of
185 newborn rabbits. By contrast, only 6 of 28
(21.4%) rabbits given GM-144 formulation before
artificid insemination became pregnant (P < .0001,
Fisher’s exact test) with atotal of 34 newborn pups.
Similarly, only 7 of 28 (25%) rabbits given Gynal 11
became pregnant (P < .0001, Fisher’'s exact test) and
delivered a tota of 47 newborn rabbits. Thus, the
GM-144 formulation was as effective as Gynal |l asa
vagind spermicida  contraceptive.  Rabbits  that
ddivered litters following single intravagind
application of GM-144 or Gynol Il before artificia
insemination had healthy offsprings with no perinatal
or postnatal repercussons.

Lack of Vaginal Irritation from GM-144 in
the Rabbit Model

Histological evauation of 3 different regions of the
vagina tissues of 6 rabbits given daily intravaginal
application of GM-144 for 10 consecutive days
showed lack of significant vagind irritation (mean
individual scores 0-2; tota score 5) (Table 3). None
of the 6 rabbits treated with GM-144 reveded
epithelial ulceration, edema, leukocyte influx, and

vascular congestion characteristic of inflammation as
quantitated by histologica scoring according to the
method of Eckstein et a [26].

Table 2. Fertility of Female Rabbits after Artificial
Insemination/Ovulation Induction with and without
Intravaginal Application of GM-144 Formulation or
Gynol Il Containing 2% N-9

Treatment” No. of does No. of doesMean Total

inseminated/fertile (%) litter size litter
(median) size

None 28 24 (85.7%) [7.7+ 3.3 |185
GM-144 |28 6(21.4%)" [5.6+3.1 [34
Gynol Il |28 7(25.0%) [6.7+1.0 |47
(2% N-9)

"Aliquots (0.5 mL) of fresh, pooled semen obtained from
fertile bucks (n = 12) were used to artificially inseminate
the does within 1 minute after intravaginal application of 2
mL of GM-144 formulation or Gynol Il (2% N-9 gel). Does
were induced to ovulate by an intravenous injection of
100 IU of hCG and allowed to complete term pregnancy.
tSignificantly different from control by Fisher's exact test
(P <.0001).

Table 3. Scoring of Histological Changes in the
Rabbit Vaginal Tissue after 10 Days of Intravaginal
Application of GM-144 Formulation

Cervico- Mid- Uro-
vagina vagina vagina

=6) (n=16) (n=6)
Epithelial ulceration |0 0 0
Lamina propria 1+1™ 1+1 1+1
thickness
Leukocyteinfiltration |2+ 1 211 211
Vascular congestion  [2+1 211 211
Total score 5+1 5+1 5+1

*Six rabbits were administered 1 mL of GM-144 daily for
10 days intravaginally.

Mean + SD values representing the upper (cervico-
vagina), middle, and lower (uro-vagina) regions of vagina
from 6 rabbits.

*Semiquantitative scoring criterion adapted from Eckstein
et al [26]. Individual score: 0 = none, 1 = minimal, 2 =
mild, 3 = moderate, 4 = intense. Correlation to human
irritation  potential: total score < 8 acceptable, 9-10
marginal, and >11 unacceptable.



DISCUSSION

The individual components of GM-144 formulation as
well as its oleaginous nonisotropic mixture lacked
rapid spermicida activity in semen, whereas the gel-
microemulsion, GM-144, contaning dl 7
pharmaceutica excipients rapidly inactivated spermin
human semen. The kinetics of thein vitro spermicidal
activity of oil/water microemulson in semen was
dramaticaly enhanced by the addition of the gd
polymer, Rhodigd, clearly demondrating the
synergistic effect of gel-microemulsion. The rapid
spermicida  property of the lipophilic gel-
microemulsion, GM-144, has potentid to provide
improved methods of vagina contraceptives in
addition to being a drug-delivery vehicle for
formulating lipophilic drugs used in reducing the risk
of heterosexua transmission of STDs.

Since the rabbit provides a standard anima model for
testing vagina agents for antifertility activity [27], the
ability of intravaginaly applied GM-144 to prevent
pregnancy in ovulated rabbits was tested. Vagina
ddivery of GM-144 formulation before artificid
insemination was found to drasticdly reduce
pregnancy rates in the rigorous rabbit model through
in vivo contraceptive efficacy studies which included
term pregnancy as well as the anaysis of normalcy of
the resulting pregnancies. Intravagina application of
GM-144 before artificial insemination resulted in a
75% contraceptive effect despite the fact that the
rabbit gaculate used in our fertility trids was in the
order of severa hundred human egaculates [28].
Under identica conditions, Gynol 1l showed 71%
inhibition of fertility. In addition to the spermicida
property, the potent contraceptive effect of GM-144
may also be in part because of the known ability of
microemulsions to dter membrane ionization
potentials or oxidation-reduction properties, which are
important for sperm-egg interactions.

Despite the rapid in vitro spermicida property of N-9,
the in vivo contraceptive activity of 2% N-9 in the
rabbit model has been shown to be highly dependent
on the time interva between ddivering the agent to
the vagina and artificial insemination or coitus [27].
In addition, a large excess of N-9 is required in the
vagina to achieve effective in vivo contraception as

compared to the dose of N-9 needed to kill al sperm
invitro [27]. In the present study, the rabbit gaculate
used to inseminate the does was more than 1000-fold
larger than that of humans [28]. Therefore, under the
experimenta conditions used, a partia contraceptive
activity in rabbits observed with GM-144 and Gynol
[, respectively, can be considered essentidly 100%
contraceptive in humans [27, 28].

The second objective of these studies was to
determine the toxic effects, if any, resulting from
repested intravaginal application of spermicidd GM-
144. Because of the potent in vitro and in vivo
spermicida activity of GM-144 formulation, it was
necessary to evauate the toxicity to vagina mucosa
particularly in the rabbit vaginal irritation test. A
correlation exists between rabbits and humans with
repect to the irritation potentiad of vagina
contraceptive compositions. Because the congtituents
of GM-144 are nontoxic drug solubilizers and
polymers in the rabbit vagina tolerance test, GM-144
lacked mucosd toxicity after daily application for 10
days. The histopathologicd evaluation clearly
demongtrated that the GM-144 is not damaging to
vaginal mucosa of the rabbit despite it being a potent
spermicida agent when added to human or rabbit
semen. Because the spermicidd activity of GM-144
is not the result of a detergent-type mechanism, when
used as a contraceptive it is unlikely to significantly
affect or inhibit the growth characteristics of vagina
flora. Thus, the data suggest that unlike the currently
used nonionic and cationic detergent spermicides, the
submicron particle-based GM-144 formulation is not
likely to cause harmful side effects after repetitive
intravaginal application. Experiments to formally test
the safety of the intravaginaly applied spermicida
gd-microemulson on the long-term hedth and
reproductive performance of test anima species are
currently in progress.

The components used for GM-144 formulation are
nontoxic solubilizers for lipophilic drugs used in the
preparation of a variety of topical, ora, and injectable
medications. Propylene glycol (propane-1,2-diol),
Captex 300 (medium chain triglyceride), Cremophor
EL (polyethoxylated castor ail), Phospholipon 90G
(purified soya lecithin), and Puronic F-68
(poly[oxyethylene]-poly[oxypropylene]) are widely



used parenteral vehicles as nontoxic solubilizers for
lipophilic drugs and vitamins [29-32]. Cremophor
EL, when used up to 10% wt/vol, did not cause any
apparent membrane damage to cell monolayers and
did not cause lysis of human leukemic cdls [33].
Pluronic F-68 is a nonionic polyol that does not have
any intrinsic antibacteria activity. It is commonly
used to protect cultured anima cels from the
detrimental  effects of sparging [34]. Pluronic
poloxamers are being used to enhance absorption of
drugs through the mucus membranes. Long-term
toxicity studies and clinica trias suggest that these
pharmaceutical excipients are safe for human use
[35]. Rhodigd (xanthan gum) was preferred as a gdl
base because of its safety and wide acceptability as a
pharmacologica excipient for topical application [36].

The microemulsion-based lipophilic and vagina
spermicide, GM-144, appears to offer severa benefits
for vagina delivery, including increased absorption,
potent contraceptive activity, and decreased toxicity.
As a potent contraceptive agent, which is inexpensive
and devoid of mucosa toxicity, the lipophilic GM-
144 formulation meets the criteria for a vagina
spermicide  and warrants  further  preclinica
evaluation. In addition, this nontoxic lipophilic gel-
microemulsion may aso be useful for intravaginal
application of antimicrobia agents to prevent the
sexud transmission of diseases such as AIDS, genitd
herpes, gonorrhea, and chlamydia

CONCLUSIONS

A novel, lipophilic, submicron (30-80 nm)-particle-
sze gd-microemulson, GM-144, prepared from
pharmaceutica excipients commonly used in topicdl,
oral, and injectable medications, was found to exhibit
potent spermicida activity, athough these excipients
by themselves exhibit little or no spermicidd activity
in human semen. In the rabbit modd, GM-144 as a
vaginal contraceptive was as effective as the
commercialy available detergent-type spermicide,
nonoxynol-9 (N-9) ge. Repeated intravagina
application of GM-144 in the rabbit vagina irritation
test was not associated with loca inflammation or
damage of the vagind mucosa or epitheium.
Therefore, GM-144 shows potential to become a
clinically useful safe vagina contraceptive and a

potential  drug-delivery vehicle for formulating
lipophilic drugs used in reducing the risk of
heterosexud transmission of STDs.
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