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Abstract

Studies were conducted to develop oral leuprolide microemulsions using oleic acid as an absorption enhancer and to evaluate its absor,
and pharmacological responses in rats. Oral administration of leuprolide microemulsion at a dose of 3 mg/kg showed a greater in vivo expos
level (Cmax @and AUC) than its saline solution. When male rats were orally given a microemulsion formulation of leuprolide acetate at 0.25, O.!
and 1 mg/day for 14 consecutive days, a significant decrease in testis, prostate and seminal vesicle weights was observed. In a 35-day stud
reduction of the male genital organ weights by once a day treatment (2 mg/rat, qd) was similar to that by twice a day treatment (1 mg/rat, bid) at
same dose level. From both 14- and 35-day studies, plasma testosterone levels were sharply increased at the beginning of the treatment, an
significantly decreased to below normal control level which was also maintained during the treatment. In female rats, similar reduction of utet
and ovary weights was obtained following oral administration of leuprolide microemulsion for 35 days. These antagonistic activities from or.
leuprolide microemulsion were similar to a single subcutaneous injection of Leglepot (3.75 mg/rat), a commercial leuprolide product. The
results indicated that leuprolide absorbed into systemic blood circulation from the oral microemulsion containing oleic acid reached the plas
level which can exert its pharmacological effects. Increasing oral absorption of leuprolide observed in this study could be mediated by impro
membrane permeation from oleic acid and reduced enzymatic degradation from microemulsions. These findings suggest that systemic absor
of highly water-soluble protein or peptide drugs could be enhanced by oral microemulsions containing oleic acid.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction are thus used in treatment of metastatic prostate cancer and
endometriosisharifi and Soloway, 1990; Okada et al., 1988
Leuprolide acetate is a synthetic nonapeptide and an analdgeuprolide acetate is presented in a number of injectable dosage
of naturally occurring luteinizing hormone releasing hormoneforms including Luproff sterile solution for subcutaneous
(LHRH) (Fujino et al., 197% which is chemically defined as:  administration (1 and 5mg/ml) and Lupf®mlepot controlled
) release formulation for intramuscular injection (3.75 and
5-OxoPro-His-Trp-Ser-Typ-Leu-Leu-Arg-ProNHEt 7.5mg). To obtain a convenient and reliable method for non-
x CH3COOH parenteral self-administration of leuprolide, numerous studies
have been performed over the years including: oral, rectal,
It stimulates pituitary gonadotropin secretion at acuteyaginal, sublingual, nasal, transdermal, and pulmonary route
doses, while inhibiting pituitary gonadotropin secretion and(Okada etal., 1982; Zheng et al., 1999; Zheng and FuLu, 1999;
suppressing testicular and ovarian steroidogenesis (chemicAUjei etal., 1992, 1993; FuLu et al., 199However, none of
castration) when administered chronically in therapeutichonparenteral leuprolide product is commercially available due
doses. These antagonistic effects on the pituitary and gonags very low bioavailability, cost of goods, manufacturability,
and marketing concerns on patient compliance.
. , _ _ The oral dosage form for pharmaceutical products is for
* quresp(_)nc_jlng author. Pharmact_autlcal $C|ences R&D, Lilly Research Labfnany reasons the most common route of administration in
oratories, Eli Lilly and Company, Indianapolis, IN 46285, USA. b o
Tel.: +1 317 651 2837: fax: +1 317 277 2126. humans. Several reports in literature have indicated that water-
E-mail address: zhengjy@lilly.com (J.Y. Zheng). in-oil emulsion and microemulsion formulations can enhance

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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the oral bioavailability of drugs, including proteins and peptidesTable 1
(Ritschel 1991: Constantinides et al.. 1994 ])996is also Formulation composition of oral leuprolide microemulsion preconcentrate

reported that oleic acid and certain fatty acids could improvangredients Unit formula
insulin enteral absorption from rat ileum and colon using emuI-L -

. .. . . L. euprolide acetate 5mg/ml
sions containing oleic acidNang et al., 1994; Morishita et al., ginanol 10% (vv)
1998. Oleic acid has been known to increase the percutaneougater 2% (vIv)
and transmucosal absorption ratesd etal., 1991; Niazy, 1991 Oleic acid 38% (vIv)
and is commonly used as a permeation enhancer for transdernfllysorbate (Tween 80) 40% (viv)

delivery. However, less attention has been paid to oral absorptiod 2™ & g-s-

enhancement for protein or peptide drugs using microemul-

sions containing oleic acid. In the present study, we investigated

the feasibility of using microemulsion preconcentrate, i.e., selfloaded onto 1 cihcuvette. Light scattering was monitored at 90
microemulsifying drug delivery system (SMEDDS) containing angle and 28C. The data were expressed as a mean of triplicate
oleic acid as an alternative to daily or monthly injections ofdeterminations. Typically, the relative standard deviation of the
leuprolide acetate. A leuprolide microemulsion preconcentratassay was less than 5%.

formulation was developed and assessed in rats by determining

inhibitory effects on the genital organs and plasma testosteroriz4. Animal studies

profiles following chronic oral administration. The results from

the leuprolide microemulsion formulation were compared with  Sprague—Dawley rats weighing between 300 and 320 g were
thatfrom both untreated animals and animals treated by L&pronpurchased from Charles River Labs (Wilmington, MA). Prior to
depot. Also, plasma profiles of leuprolide acetate followingdosing to animals, the microemulsion preconcentrate was dis-
single oral administration of both saline solution and microemulpersed into appropriate amount of water and vortexed for 1 min

sion were determined. to form a w/o/w microemulsion with a leuprolide concentration
of 0.25-2mg/ml. The resultant clear microemulsion (w/o/w)

2. Experimental was then given to rats (1 ml/rat) through gavage into the stomach
once a day (qd) or twice a day (bid). Lupfodepot (3.75mg)

2.1. Materials was given as a single subcutaneous injection (1.5 ml/rat). Dur-

ing the study, the animals were given free access to food and
Leuprolide acetate was obtained from Abbott Labs (Lotwater and maintained in a controlled temperaturef2A1C)
94-822-AL). Luprof® depot (leuprolide acetate, 3.75mg) was and (12-h light/24-h dark) environment.
from TAP Holdings, Inc. (Lot 14-126-S2). Other chemicals and The following four experiments were executed: (I) Single
reagents used in the investigation were: ethanol (McCormicklose study (3 mg/kg)—leuprolide saline solution (1 mg leupro-
Distilling Co., Lot 108416), oleic acid (Abbott Labs, Lot 17- lide in 1 ml of 0.9% NacCl) or microemulsion was given orally to
289-AL), polysorbate (Abbott Labs, Lot 03-268-KA), and  conscious male rats, respectively. Blood samples were taken at
tocopherol (Vitamin E) (Sigma Chemical Co., Lot 44H0121). predetermined time intervals and analyzed for plasma leuprolide
level. (Il) Effective dose study—the leuprolide microemulsion
2.2. Microemulsion preconcentrate preparation was given to male rats (three groups) for 14 days at doses of 0.25,
0.50, and 1.0 mg/rat/day (qd), respectively. (lll) Gender effect
Leuprolide acetate was formulated in a water-in-oil (w/0) study—the leuprolide microemulsion was given to female rats
microemulsion preconcentrate, and dispersed into an aqueo(svo groups) for 35 days at doses of 1.0 and 2.0 mg/rat/day (qd),
phase to form a water-in-oil-in-water (w/o/w) microemulsion respectively. (IV) Dose regime—the oral leuprolide microemul-
prior to administration. Briefly, leuprolide acetate was weighedsion was given to male rats (three groups) for 35 days at
and dissolved in water, and then mixed with ethanol. Intol mg/rat/day (qd), 2 mg/rat/day (qd), and 1 mg/rat, bid (a total
the mixture, oleic acid and Vitamin E were added and mixedof 2 mg/rat/day). Each experiment also included additional two
well. Finally, Tween 80 was added and mixed to form a w/ogroups of rats as controls: a untreated group which was given the
microemulsion preconcentrate. The preconcentrate is practicalfylacebo microemulsion and another group treated with a single
clear and yellowish, and stable at room temperature. The formulose of Luproff depot, 3.75 mg/rat, by subcutaneous injection.
lation composition is listed ifable 1 A placebo formulation Pharmacological responses for studies II-1V were evaluated
was prepared using similar method without leuprolide acetateincluding animal weight changes in body and genital organ
weights (testis, prostate, seminal vesicle, uterus, and ovary) at
2.3. Particle size measurement the end of the treatment, and also plasma testosterone concen-
trations of male rats at specified time intervals were determined.
Photon correlation spectrometer using laser light scatterfo assay testosterone levels in plasma, blood was collected peri-
ing technology (Malvern model 4700, Southborough, MA) wasodically from the tail veins of the rats. On the first day, the rats
employed to determine patrticle size of leuprolide and placebavere bled before the first dose, and then 15min, 1 h, 2h, 4h,
microemulsions. The microemulsion preconcentrate was dilutednd 8 h after the dose was given. On subsequent days, the blood
approximately 100-fold with water and the diluted samples weresamples were taken 30 min before dosing.
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—&— Saline Solution
—#— Microemulsion

2.5. Assay methods for plasma testosterone and leuprolide
levels

55

45
Plasmatestosterone concentrations were determined in dupli-

cate by a radioimmunoassay (RIA) method. The reagent and
protocol were supplied by Diagnostic Products Corporation (Los
Angeles, CA). Fifty microliters of plasma was used for assay.

The lower limit of detection was 0.2 ng/ml.

The plasma concentration of leuprolide acetate was deter-
mined using a RIA method described previoushdijei et al.,
1993. Briefly, leuprolide was labeled witt3l via Chloramine-

T oxidation and purified by ion-exchange chromatography.
Approximately 1200 Ci/mmole of22I-[Tyr°]-leuprolide was
used as a tracer. An antibody capable of recognizing the tripeprig. 1. Plasma concentrations of leuprolide acetate following single oral admin-
tide antigenic determinant-Leu-Arg-Pro-NHEt was utilized. istration of leuprolide saline solution and microemulsion at a dose of 3 mg/kg
The EGyo and limit of detection for the assay were approxi- in rats. Each data point represents the me&hD. of five rats.

mately 150 and 10 pg/sample. A standard curve with sample

concentrations within 5-25,000 pg/tube was used in the assay.
rats at a dose of 3mg/kg. Absorption of leuprolide from the

e
(4]
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3. Results and discussion saline solution was poor with the maximum plasma le@g|{x)
of 3.0+ 2.3 ng/ml at 71.3 minKig. 1). However,Cmax value of
3.1. Microemulsion preconcentrate and particle size leuprolide following oral administration of the microemulsion

formulation increased significantly to 3H&7.8ng/ml at

Microemulsion preconcentrate, also known as self-microl0min. The mean area under the leuprolide plasma level
emulsifying drug delivery system, is a mixture consisting ofversus time curve (AUC) from the microemulsion was
active pharmaceutical ingredient, oils, and surfactant. Upo#1.3+ 16.2ng h/ml, which is significantly higher than that from
dilution with aqueous medium, the preconcentrate spontathe saline solution (5.F4.3ngh/ml, p<0.01). The results
neou5|y forms clear isotropic solution, e.g., microemulsion jusfﬂdiCate that oral administration of Ieuprolide microemulsion
by gentle agitation. For long-term physical stability reasoncontaining oleic acid provided better absorption compared
microemulsion preconcentrate is preferred over ready-to-useith the saline solution. Absorption improvement by emul-
microemulsion and can be directly filled into soft or hard gelatinsion/microemulsions has also been reported for other protein
capsules for commercialization. As listedTiable 1, the leupro- ~ and peptide drugsRjtschel, 1991; Constantinides et al., 1296
lide microemulsion preconcentrate employed Tween 80 as However, itis not well understood about the biochemical mech-
surfactant and oleic acid as oil as well as an absorption enhanc@hism by which permeability of hydrophilic protein/peptide
Due to the poor oil solubility, water was needed to dissolvedrugs crossing mucosal membranes from microemulsions has
leuprolide into the lipid system and ethanol, a cosolvent, wa®een enhanced. Possible mechanisms by microemulsions may
added to reduce surface tension by stabilizing film formatiorinclude prevention of enzymatic degradation in the gastroin-
between the two phaseisaivrence and Rees, 2000Vhen the  testinal tractand increase of membrane permeability due to oleic
preconcentrate was diluted with water, a fine w/o/w microemulacid-induced structure and fluidity change. This hypothesis is
sion formulation was spontaneously formed. The particle sizeSupported by several in vitro studies that have shown oleic acid
of the microemulsion immediately after their formation were altered intercellular lipid fluidity and disrupted lipid bilayers
determined. The mean particle size upon 100-fold dilution wagWalker and Hadgraft, 1991; Aungst, 199%nd that in vitro
22.5nm for leuprolide microemulsion and 19.8 nm for placebadegradation of leuprolide in intestinal mucosa was significantly
microemulsion, respectively. Both visual observation and partiteéduced with microemulsion&leng and FulLu, 1999
cle size measurement indicated that w/o/w the microemulsions
formed were stable at room temperature for at least a week (dasa3. Effect on testis, prostate, and seminal vesicle of male
not shown). The microemulsion used in animal studies was preuts
pared fresh and dosed to the animals within a day after dilution.

Leuprolide is a hormone analog and very potent. As a result,
3.2. Oral absorption of leuprolide in conscious rats the amount of the drug existing in the blood to produce a phar-
macological response can be very low. Usually, determination

Oral bioavailability of leuprolide is very low. A mixed of the pharmacological response might be easier than assay-
micellar solution with bile salts and monoolein was found toing trace amounts of drug concentrations in the blood because
have 0.05% oral bioavailability compared to an appropriateanalyses of very low drug concentrations in biological samples
intravenously injected dose of leuprolidadjei et al., 1993. are often challenging and sometimes highly variable. Thus, the
Fig. 1 shows the plasma profiles following oral administration pharmacological effects become useful in this situation to evalu-
of leuprolide saline solution and microemulsion in consciousate potent drug formulations with low bioavailability, especially
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for peptide and protein drugs. For example, the vaginal absorp-
tion of leuprolide was assessed by determining its ovulation-
inducing activity in rats Qkada et al., 1982 When Luprof?

depot (10Qug/kg/day) was subcutaneously injected into rats,
the significant change in the genital organ weight was observed
after 2 weeks of treatmerDkada et al., 1989As seen irFig. 1,
plasma concentrations of leuprolide following oral administra-
tion of microemulsion were very low and also highly variable.
Thus, pharmacological responses of leuprolide, such as changes
in genital organ weight and plasma testosterone levels, could be N R - S—
another way to evaluate the absorption of leuprolide from the 10123456789 101112131415
microemulsion. Time after Administration (Day)

Table 2summarizes changes in genital organ weights in mal@ig. 2. Plasma testosterone levels in rats after oral administration of leupro-
rats after leuprolide microemulsion was orally administeredide for 14 days. @) Untreated control group, placebo microemulsioll) (
once a day for 14 days at doses of 0.25, 0.5, and 1.0 mg/rat/dé;HprOf zepot ?oSiznsgle i/”jetC“i’j”f Off’jj mg/raik) Lel_‘apro”_de micrcl’e_m“"t

. . . . e sion at a dose of U. mag/rat, or a euprolide microemulsion al
respectlvely. The W(.:.'Ight of testis was Slgnlflcantly lower bya dose of 0.5 mg/rat, qd ?or 14Cgiay§)(Leup)rA§I)ic(i_e rr?icroemulsion at a dose of
treatment at leuprolide doses of 0.25, 0.5, and 1.0 mg/rat/dai/mg/rat, qd for 14 days. Each data point represents the t&b. of five rats.
compared with the placebo control groyp<(0.05, Table 9.  *;<0.05 indicates significant differences compared to the untreated control by
The weights of seminal vesicle were reduced strikingly by treatStudent's-test.
ment at doses of 0.5 and 1.0 mg/rat/day 0.05). However,
the weight of prostate was significantly decreased only by treadministration of oral microemulsion or injection of Lupfn
ment at a dose of 1.0 mg/rat/dgy<0.05). Thus, the degree of depot, the plasmatestosterone levels for all groups were elevated
inhibition on the genital organ weight in rats increased doseat the first day of treatment, and then were obviously reduced
dependently. As seen fable 2 all three genital organ weights during 3—-14 days of treatmerfig. 2). The increase of plasma
were significantly reduced only at a dose of 1.0 mg/rat/day, inditestosterone levels is consistent with the pharmacological activ-
cating that an efficacious dose using leuprolide microemulsioity of leuprolide Johnson et al., 19F6From the treatment day
could be greater than 1 mg/day/rat. A single injection of Luffron 6, the plasma testosterone levels of treated groups were signifi-
depot at a dose of 3.75 mg/rat significantly reduced the weightsantly lower than the untreated groyp<0.05). However, there
of the genital organs (testis, prostate, and seminal vesicle) comvas no significant difference in the plasma testosterone levels
pared with untreated controp € 0.01, Table 2. Interestingly, —between the Luprdh depot-treated group and microemulsion-
except the testis weight, no significant differences in the weighttreated groups at doses of 0.25, 0.5, and 1 mg. Therefore, the
of the prostate and seminal vesicle were found between Lproneffect of plasma testosterone concentrations by daily administra-
depot and oral leuprolide microemulsion at doses of 0.5 antion of oral leuprolide microemulsion in rats appears comparable
1.0 mg/rat/dayTable 9. The results suggest that a higher dosewith a single injection of Luprofi depot during the 14-day study.
of leuprolide microemulsion could lead to comparable pharma- Oleic acid used as an absorption enhancer in the formula-
cological effects as observed in Lupfodepot. tion is generally recognized as safe (GRAS) for food. It is also

The animal body weight increase was retarded in allincluded in the FDA Inactive Ingredients Guide for inhalation,
groups after treatment of leuprolide acetael{le 9. However, tablets and topical preparationd/€ller, 1994. The effects of
ANOVA testing among all groups did not show a significant oleic acid on endocrine activity are widespread, especially in the
difference p >0.05). hypothalamic—pituitary—adrenocortical axi&ifimaier, 1977.

Fig. 2 shows plasma testosterone profiles in male rats folHowever, no in vivo evidence from literature suggests that oleic
lowing 14-day administration of leuprolide formulations or its acid exert direct effects on genital organs and sex hormones
placebo. When the placebo was given orally to rats (untreateith mammalian species. Thus, the pharmacological activities
control) for 14 days, the plasma testosterone levels were relabserved after oral administration of leuprolide microemulsion
tively constant with a mean of 2.340.94 ng/ml Fig. 2). After  should be resulted from absorption of leuprolide in rats.

—

—&— Untreated Control
——Depot 3.75mg
—&—ME 0.25mg

ME 0.5 mg B
—8—ME 1 mg

-
~

-
N

-
=

@

Plasma Testosterone (ng/mL)

2 M}—Vl‘l/‘\l\‘

Table 2
Effect of dose levels on genital organs and body weight of male rats after oral administration of leuprolide microemulsion for/ii4 Slayeént S.D.)
Formula Dose (per rat) Testis Organ weight (g) prostate Seminal vesicle Body weight increase (%)
Placebo control Untreated 3.590.30 0.44+ 0.08 1.15+ 0.28 9.5+ 1.8
Lupror® depot 3.75mg/35 days, s.c. 1.7460.272 0.26+ 0.0F 0.64+ 0.16 42+5.0
Oral leuprolide microemulsion 0.25mg, p.o., qd 28%.3%° 0.36+ 0.08 0.87+ 0.10 5.8+ 5.6
0.5mg, p.o., qd 2.2%# 0.86*°  0.32+ 0.10 0.68+ 0.1% 185+ 7.5
1.0mg, p.o., qd 2.23 0384 0.26+ 0.09 0.76+ 0.18 6.6+ 8.1

2 Student's-test compared with the placebo contpek 0.05 indicate significant differences at the 5% level.
b Student's-test compared with Lupréhdepot;p < 0.05 indicates significant differences at the 5% level.
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Table 3
Effect of dose levels on genital organs and body weight of female rats after oral administration of leuprolide microemulsion for:35Slapeént S.D.)
Formula Dose (per rat) Organ weight (g) uterus Ovary Body weight increase (%)
Placebo control Untreated 0.560.10 0.089+ 0.032 25.9+ 12.2
Lupror® depot 3.75mg/35 days, s.cC. 0.190.02 0.047+ 0.012 1794+ 8.6
Oral leuprolide microemulsion 1.0mg, p.o., qd 0470.02b 0.043+ 0.019*° 225+ 10.2
2.0mg, p.o., qd 0.26 0.03P 0.041+ 0.009° 20.6+ 8.2

a Student's-test compared with the placebo contpek 0.05 indicate significant differences at the 5% level.
b Student's-test compared with Lupréhdepot:p > 0.05 indicates no significant differences at the 5% level.

3.4. Effect on uterus and ovary weigh of female rats been demonstrated. Further investigation on pharmacological
activities of oral leuprolide microemulsion was conducted
Leuprolide microemulsion was orally administered to twousing a 35-day chronic study in male rats so that long-term
groups of female rats once a day for 35 days at doses of 1.0 amffectiveness can be established. Pharmacological responses
2.0 mg/rat/day, respectively, and the uterus and ovary weightsy once a day administration were also compared with twice
were determined at the end of the treatment. The weights af day administration. It was expected that the twice a day
uterus and ovary were significantly reduced by treatmentadministration of leuprolide microemulsion could be more
at both dose levels in comparison to untreated ratsQ.05, effective than the once a day dosing regime.
Table 3. After 35-day oral administration of leuprolide A single injection of Lupro® depot resulted in a significant
microemulsion, the weight of the uterus was 31% at the dosdecrease in weights of testis, prostate and seminal vesicle on the
of 1mg and 36% at the dose of 2mg, when compared witlday 35 compared to the placebo control grotiahle 4. After
untreated control rats. Also, the ovary weight following oral leuprolide microemulsion formulation was orally administered
administration of leuprolide microemulsion for 35 days wasto male rats once aday (qd) for 35 days at doses of 1.0 mg/rat/day,
68% of the control rats at a dose of 1 mg and 64% of the contrdhe testis and prostate weights were significantly reduced in com-
rats at a dose of 2mg, respectively. Similar pharmacologicabarison to the untreated contrpl€ 0.05,Table 4. However, the
responses in weights of uterus and ovary were observed whemowth of seminal vesicle was not significantly suppressed when
female rats were treated by a single injection of Lufftdlepot  compared to the control group¥ 0.05), which is different from
at a dose of 3.75 mg/raTéble 3. The reduction of the female the result from the 14-day study. When increasing the dose to
genital weight by the leuprolide microemulsion is comparable t® mg/rat/day (qd), a significant weight decrease in testis, prostate
Lupror® depot injection. These results suggest that the genitaind seminal vesicle was obtainge<(0.05, Table 4. Similar
organ weights can be reduced by oral leuprolide microemulsioresults of genital growth suppression were obtained when the

formulation not only in male rats but also in female rats. leuprolide microemulsion was orally given to rats at a dose of

1 mg/rat, bid (a total of 2 mg/rat/day € 0.05,Table 4). Statis-
3.5. Effect of dose regime on pharmacological activity in tically, no significant difference in the genital weight changes
rats was observed between qd and bid treatment at the same dose

level (Table 4. The data suggested that similar pharmacological
Lupror® depot is a controlled release dosage form and i@ctivity has been obtained from either qd or bid at a same dose
is intramuscularly injected once a month in humagsdrifi  level.
and Soloway, 1990 However, leuprolide microemulsion Plasma testosterone levels after administration of leuprolide
should be an immediate release formulation, and thus dailin rats are given iffable 5 The plasma testosterone concen-
administration is needed for its pharmacological activity. Fronirations increased greatly just after the first dose treatment with
the 14-day studies, inhibition of rat genital growth by oral leuprolide microemulsion, and then decreased sharply to below
administration of leuprolide microemulsion once a day haghe normal control level after treatments for 2 days. This pattern

Table 4
Effect of oral leuprolide microemulsion on genital organ weights of male rats after administration for 3w dagafeant S.D.)
Formula Dose (per rat) Organ weight (g)
Testis Prostate Seminal vesicle
Placebo control Untreated 3.470.22 0.509+ 0.118 1.48+ 0.17
Lupror® depot 3.75mg/35 days, s.c. 1.800.3¢ 0.225+ 0.032 0.26 + 0.07
Oral leuprolide microemulsion 1mg, p.o., qd 2.F40.2F 0.464+ 0.07¢ 1.124+ 0.30
2mg, p.o., qd 2.5% 0.3 0.437+ 0.107 0.87+ 0.17
1mg, p.o., bid (2 mg/day) 2.48 0.3&P 0.395+ 0.095° 0.87+ 0.28P

a t-Test compared with the placebo control gropg:0.05 indicate significant differences at the 5% level.
b +Test compared with once a day 2 mg gropp:0.05 indicate no significant differences at the 5% level.
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Table 5

Changes of rat plasma testosterone levels during oral administration of leuprolide microemulsion for 35-dayadant S.D.)

Time (days) Plasma testosterone levels (ng/ml)

Placebo control Luprdhdepot Oral 1mg qd Oral 2mg qd Oral 1 mg bid

0 1.66+ 0.66 246+ 1.31 1.71+ 1.02 0.95+ 0.67 2.25+ 0.80
0.01 - 5.82+ 3.69 2.82+ 1.32 2.62+ 1.24 3.24+ 0.90
0.04 - - 5.28+ 1.35 7.63+ 2.58 7.34+ 1.34
0.33 - - 6.74+ 1.53 553+ 1.18 6.87+ 1.82
1 2,95+ 0.88 10.3+ 3.77 1.26+ 0.64 1.25+ 0.41 1.66+ 0.64
2 3.83+ 3.27 432+ 1.35 0.59+ 0.21 0.46+ 0.13 0.52+ 0.15
5 2.25+ 1.40 0.66+ 0.272 0.39+ 0.16 0.30+ 0.08 0.21+ 0.13
7 1.93+ 0.70 0.66+ 0.28 0.40+ 0.23 0.32+ 0.16 0.35+ 0.2¢%

11 3.21+ 219 0.38+ 0.16 0.40+ 0.2 0.37+ 0.14 0.19+ 0.13

15 2.03+ 0.83 0.28+ 0.1 0.36+ 0.1% 0.38+ 0.12 0.12+ 0.0

18 1.54+ 0.67 0.38+ 0.28 0.40+ 0.1% 0.03+ 0.06% 0.48+ 0.46

28 1.76+ 0.55 0.26+ 0.08 0.24+ 0.1¢ 0.26+ 0.12 0.06 + 0.06*

35 3.60+ 1.80 0.32+ 0.172 0.29+ 0.22 0.16 + 0.08 0.15+ 0.02

2 t-Test compared with the placebo control gropg:0.05 indicate significant differences at the 5% level.
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