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Several preJNmidomo ..,--....,..., 1111d i'" - are WnjJ 
investigated alooe or In combination with other gonadotn>
pin .. suppressinc aeents ... pomdble antilertility cents for 
men. We studied the effectlveneu ol 7a--m.thyi .. 19-nortutoe
tenme (MENT) as an an~ ... tin -o. MENT 
has beenohownto bemorepo-tlban-.......andtobe 
~llolia-ftduction.For..-.-deliveryolMENT,..., 
ased a ll)'1ltem oonsjsting ol eth3'lemt -riayl acetate lmplaa'" 
oontaining MENT -ae I.Ac), ......,...._ 8'lbdermally. 
Thirty-l'i""-i .. ~.- reeralted in 3 dinlco and 
wererando111l7assllll""" to l ora .i.-.c 1 (12 men},ll (ll men), 
or 4 (12 men) MENT Ac implaalL Tbe initial • ...,...., in vl1ro 
release rate ol llENT A.. from each implaal ..... 11ppn11d· 
matoly 400 p.rfdsy. lmplanu were insened ..mdemWly ia the 
medial uped ol the - ...... wider - ....-...,..;, Tbe 
duradou of trealmenl was illltially designed to be 8 monlha. 
However1 in 2 clinics the duration of treatment w-estended 
to 9 months for the 2-implant p-oup and to lZ months for tbe 
.. intplanl group. Dose-re--in - MEN'l'lev-

THE DEVEWPMENT OF highly effective, practical, and 
acceptable nontraditional male contraceptives has 

proven to be a daunting challenge lot more than 3 decades. 
Steroid hormones thal inhibit gonadotropin secrellon have 
been used in women for over 40 yr as contraceptives. Sim.ikl.i· 
approaches are being investigated in men. Methods of fer
tility control in men that depend on the sustained suppres
sion of gonadotropins will requin! the roncmrutant admin
istration of an androgen as an """"'1lial pan of the method 
Results of a 1979 Population Council study (I) and two WHO 
studies conducted in the 1980s and early 1990s (2. 3) sug
gested that hormonal induction Df azoospermia, but not oli
gowospermia, could achieve contraceptive efficacy. Fre
quent injections of testosterone enanthale fIE) were used in 
the latter studies. To improve efficacy, new lestosleume (I) 
fannulatioos requiring less frequent administration are be
ing tested alone or in combination with potent synthetic 
progestins or GnRH antagonists (4-14), 

7u-Melhyl-19-nortestosterone (MENI) is a synlhetic an-

Abl>reviations: Ac. Acetab!; BP, blood pressure; CV, coefficient of 
variatim,; MENT, 1~methyl-I~ PSA, pra;t>IE-spe<ific: 
atitigen; T, testustaone; TE. leStusb:n•me enanthale; TU, testois~ 
undecanoa.,. 

ela and elect ea••• in. tea 11111 z CllMf LB. aadl FSB ..... were 

oWerved. - OD - COUllW...,... aleo doae -
Nana al the ...,t,jeet• In the I-implant - ....tuNted on.,.. 
-1a!-caunt.<S~l.Foar8Ulijecblntbe 
2-lmplenllP"OUP-~:lof-.......
.._ia. Eilbt ll1lt,jecbi in Ille 4-implaal IP"OUP r hed 
azooopennia, with 1 eddbitiDJI ~ - ll 
were~Side-~-wlth
pn adminliitratiOD - .. - ..... in~ cmml, 
liematocril, - .._.__a de •la SHllG, -
- - ia W. sbldy- ..... _,.,,__la lipid 
parameleN wme m• d ate ...S tr•= ~ r ' U... __, u 
sl>owed -..II .... _ 'l'IWi sbldy t I - U...t MENT 
Ac, - ......... "'end in •• &hr' -&oldoa ·-
"-81 implan ... - Inhibit __._..... - • -........ period-•slallle----tential to be uaed u a male contraeepChe.. W Clia F d rl•ol 

""'"" 88: 6232-l!ZJll, Z0031 

drogen that is more potent than T for gonadotropin sup
pression and is resistant to s...eduction. with potential ad
vantages when used as a aintraceplive (15-17). MENT 
a<:etate (Ac) has diffusion chamctl'ristics that are well suited 
for delivery via subdermal implanls. MENT Ac is rapidly 
hydrolyud in vivo to Mm!", the biologically active molecule 
(18). Before undertaking this trial, the MENT implant 5JS!= 
was studied in a 4-wk trial in nonnal men (17) and in a 6-wk 
trild in hypogonadal men (19). No adverse toxicological ef
fucts were observed in either trial. permitting initiation of the 
d""""finding trial described here. 

This study examines the effect of one, IWO, ar four MENT 
Ac implants on serum gonadolropins. sex hormones, and 
spermatogenesis in normal men. 

s..iu-
A Iola! of 36 nonna1 .._ 20-45 yr <I ... _,,ID be ......a.d, 12 al ...t.<13dinicswilh4,,_,ldlnic/bd _____ _ 

and testing. vdun...,.gowo wri11mildm-...-1o-tim 
and ID lhe schedure o/ b:sls, euminaOO..., lllWI l<laled ~ 
Volun...,. judged as be;dlhy by ph,-Je•Oi i•.,lion,.me<licalllisl1ory, 
clinlal dlemislry, and hematology; - l - samples .._.. 
nonnalspe!l'mmunlS;andhavingc~• •' • rlatlut~COl\
<Eming "'°"" aexua1 history - eliglllle &pldicipalloR. v-

5282 
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with history of androgen ,,,. Df hormnnal lherapy within the past 6 
months, prmtatl!: disease, ~re cant:er in fim degree relatives. or 
abnormal findings on preenb)' laboratory screening or physical exam
ination were excluded from the study. 

Methods 

MENT Ac implants Wt'R manufactured at 'The Population Council 
(New Yock. NY). Each implant is an ethy..,_, vinyl aa:tate copolymer 
tube ronlaining a central rore that i5 a mixture of MENT Ac and silicone 
el""'°""" t>..e. The ends of ead> tuho are """""' with ethylene vinyl 
aa:ta,. polymer. Each implant was4.9 an long with a diameter of 2.66 
mm. MENT Ac<:a>b!ntrmgedlrom 136.2-140.2 mg/implanL TheW!W 
in vitro rdmse rate &om a single implant was approximately 400 p.g/ 
day, ~g over the cuurse of a ye.air to about 200 µ.g/d (our un
published ........ ). Levels of Ul. FSH, T, SHBG, and prostare-specific 
antigen {PSA) were derennino:d bero.. -enL Su<x.ssful <andidates 
we<e assigned subjed number.; in chronological ""!""""" of qualifica
!Wn for the trial and avail.ability for implant placemenl Contained in 
prenumbered. sealed envelopes. the randomly assigned implant sets 
were placed subdermally. VQ!unteers rec:eiwd onex tw"o, or fow im
plants. as detennino:d by randomi>.alioo lisls. lnsonion was through a 
trocar,afterinduction of local anesthesia with 2% lidocaine, in the medW 
aspect of the upper nondominant ann. All implants were inserted 
lhrough a single incision, one at a time, and fanned out in a manner to 
keep them separaled. For implant removal local ......- was ad
ministered, and a small incision was made at the placeJDenl site; each 
implant was maneuvered to the inrision sile, and its end was grasped 
and removed. The procedures were similar IO those used (CM" female 
implant rontrac.ption (20). 

Subje<tsor theU partners we<erequjred to use anestoblished method 
of <ontraception for p~ prevention. A"'"""" events ond medi· 
cations Llketi during the lrial were reron:led, Vital signs~ blood pl't"S5We 
(BP), body weight. and """'1al ~ """'A.'OOJdo:d, and ......., ....,_ 
pies we<e analyzed Volun""'r.; provided samples of ejaculaled"""""' 
monthly beginning an day 60 of treatmenL Semen analyses ...,,.. I""" 
lonned ao:mding 1o inslrudions in the WHO labootlol)I manual (21). 
Orchidometct or ultrasound was used IO measure resties vofu.me.. Ul
tr""""'1<1 was uxd ta measwe prostate volume in only..., clinic (22). 
Hematology, dirual chemistry, FSA. SHBG, MENT, T, LH, and F5H 
were monitored at regular ~ AU honnone .says were per
formed a!ldrally at the Sreroid - Labo<atory, Univ.,.;ty of Hel
sinki. RIA Im MEllIT and T used methods descnbe<I, respectively, by 
Kumar d "1. (23) and Sufi ti ol. (24). T~""'°lvo:d ftuoroimnumoassay, 
using kits (OELFIA) from Walla<E Oy (Twku. Finland) were uxd to 
"""""""PSHancl UL The limitsof det<c!ion for MENT, T, LH, and FSH 
assays wen> 111>5 nmal/lim-, 05 nmol/liter, 0.05 IU/lirer, and 0.05 IU/ 
liter-~ ~· nae lntraas.say ~ffidenlS or variation (CV) ~ 
7.03, 6.8%, 5.0%, and 3.4%, ond the lnterassay CVs wett 13.8'1., 13.YJO, 
7.03, and 4.9% for the """"' hormones. Local laboratories analyud 
clirUcal chemislry, lu:mal<llogy, and PSA. Lipids were measured in fresh 
serum samplos an the morning of blood collecdon. The subje<ts -.. 
advised lo last ovemigbL Data on sexual performance were obtained 
using a self-rating - questionnaire (25). 

JrrviuuMENT Acreleaseratewa:sestimatedfn:mt1eco1Watdbnplants.. 
loll owing the extraction pma>dure described by Noe" .i. (17). Monthly 
postremov.al visits continued until sperm cmw::a1bationsretumed lo 20 
million/ml CM" higher. PSA, SHBG~ MENT~ T, LH, .and FSH were mon
itored I month after removal. General physical and prostate .,....W,>
tions and testes volume mea.sW"emeRts weft' scheduled 2 months alter 
removal of implants. 

Enrollnumt and modi{irotitm o(trwtment and 
e:mmUuuion sdreduh 

The treatment phase of the sWdy was Wtially designed to be 6 
months. However, enmllment time dilfm!d nwbdly at ihe om.. pal' 
tkipallng c:tinic;, with clinic A (Munster, Germany) completing much of 
the study, while dirucs B (Santiago. Qille) and C (Santo Domingo, 
Dominican Ropublic) were still recruiting subjorls. Attainment of 
a.zoospennia in three of four men in the fow-implant gn>Up at clinic A 
and the "'pocity or lhe mu!liple implant regimens.., maintain ... .,. ..... 
tial serum MENT loveb at 6 months were very encouraging ond led to 

: 

moclilication of the p-With lhe aim of obtaining as DW<h inlm
'""tion as possible from this small .wdy, lhe - period was 
incre4sed in the two-impi<lnt resimen to 9 - and in lhe four. 
implant "'llimen to 12 months at clinics B and C. This pmurol -
menl took etf.ct. however, altrr """°""I of all Unplants at clinic: A. 
Enrollment was capped at • 1otal of 35 individuals due IO lime eo&

str.Unts in recruitment. Heott~ thfte WEtt Mly 11 ~ in the two
implant group. 

Ethiail """ regulator:y ~ 
The trial <Ol1formed lo good dinial pnicli<e guidolWs ond lhe 0.0-

laRtion of lidsinki and had lnvesliptiona! New Drug status &om the 
US. FDA. lnstihltiunal ethic:s _._ of the pamapoting institu
tions aJ'Pf'J"'d the pmlorol ond amendments. AD subje<1s gaY< in
focmo:d"""""' to pol1icipa~ In the-,. ond""""""' -
•gain in clinics when! the >ludy was...-o:d. The Populatiun Council 
rondu<ted monitori"lj of the clinioo! studi<5. 

SU.tioticol anal,..U 

The followin& stalistical anaiysos w .... performed: desaipti"" -
tistics (Tabios I and 2~ two-way ANOVA including "'l""'ted........,.. 
ANOVA (Tabios 3 and 4~ ANOVA (Table I and Figs. I ond l), and 
ICru<kall-Wallis ANOVA and medion test (Fig. 2). McNemar tests wwe 
..... to .......me the significance of dumg"5 in f"'tuencios of obnonnal 
dinical d\emislry values. 

Results 
s.uum c~ at baaeJW 

The characteristics of the subjects are presented in Table 1. 
At baseline no significant differences by dose group in phys
ical indexes, sperm. oc hormonal ronceotrations were found 
by tw<>-way ANOV A. Several stalistically significant difE.. 
ences among the clinics were detected by two-way analysis 
(fable 1). 

Drv(l "-Jlle leoelo 

Sequentially scheduled !ZIWI\ assays ol MENT and am... 
extractions of MENT from used implanls permitted inde
pendent estimates of the amount of drug rettived by the 
s..bjects. Serum MENT levels ano presented in Fig. 1. Pre. 
trealJJlent values registered above zero because of cross
reactions with T and other molecules. Jnaeases in measured 
MENT levels above baseline values were significant for each 
dooe throughout the treatment period {P < 0.001), as were 
differences by dose (P < 0.001) in the first 6 months. At 6 
months of treatmenl the mean increment over baseline in 
assayed MENT levels for the four·iDlplant regimen was 115% 
higher than that of the two-implant regimen {P < 0.001); 
however, at 6 months MENT levels for the two lower doses 

TAHU! I. Seleded c:hancteri8tial of autijeds at admission - - .., Bet•- di.nit fhc 4 -,. ,. 
,.. (yr) 29.11 6.5 0.044 NS 
Height (CID) 174.7 6.8 0.003 NS 
Wtiaht!q) 73.3 9.3 0.023 NS 
BM! {kffm'J 24.0 15 NS NS 
s,.tolic BP (mm Hg) 116.0 7.5 0.003 NS 
Diastolic BP !mm Ilg) 72.7 7.0 0.001 NS 
Sperm count !million/mil 100.4 75.6 NS NS 
Testes (2) .otume (mil '6.5 ILi NS NS 
Moruinir erectiona (olwk) 3.9 2.2 NS NS 

Probabilitiao......, .w.mJned by --ANOVA. 



did not differ statisticaUy. At termination of treatment, the 
amount of drug remaining in the recovered implants was 
extracted, and the results were fitted to a nonlinear CUrvt' in 
the square root of lime. The estimated average in moo daily 
release rates of MENT Ac from each implant during 6, 9, and 
12 months of use were 339, 271, and 240 1&g/day, 
respectively. 

&~n paromeurs 

Sperm counts during the fim 6 mon tlrs of the study. Baseline 
sperm concentrations averaged 100.4 millioo/ml and did not 
differ by dose {fable 1). Mean sperm concentrations for all 
doses are shown in Fig. 2- During 6 treatment months, none 
of the 12 men in the I-implant group ever reached oligozo
ospermia, defined as spenn counts less than 3 million/ ml; 

4 
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0 • • 12 P1 -FIG. 1. Serum MENT levels in sul:Uecta recei,ing one, two, or four 

MEN'!' At implanla. The study was ameoded to ntend the duntion 
ollre81.mentto 9 monthsforthet.w<>-implmitgroups and to 12months 
for the four-implant groups in two clinics. Pl denote& lhe 1 month 
poattrea.t.ment time point. Values are the me311 :!:: SU. 

D 3 • t 12P1PI -FIG. 2. Sperm - (median and uppor and - quar-
tiJ..,) during lreatment with one, two. ar r ..... MENT /\J: implants. Pl 
and P2 f'l!'pre&ent l and 2 months ~tment piiDU. For months 
S-6 the dillilrence between doses was signiflcontatP < 0.001, and al 
months 7-9 the dilf"""1Ce between the two- and fonr-Pnplent doses 
w'-.s significant al P < 0.01. No&.e Lhat the mnceutratioas ahawD as 
0.001 were. in ran, -mi<. 

--.. .i. • MI!ln' c...._... hDoloma .... _ 

meanspermconcentrationsduringtreatmenlwereneverless 
than 60 million/ml in the I-implant group. 

Four subjects in the two-implant group achieved ~ 
ospermia (36%), with two of them (111%) exhibitingazoosper
mia during the first 6 treatment months {fable 2). 

One subject in the four-implant group was discontinued 
from the study soon after initiation due to hypertmsion; 
hence, semen parameter.; were available from only 11 sub
jects in this group. Nine subjects (82%) exhibited oligozo
ospermia in the first 6 lreabnent months. All oligozoosper
mic men had counts of 100.000/ml or less for at least 2 
months of treatment Six months after treatment initiation 8 
of these 9 had sperm concentrations less than 100,oxl/ml; the 
ninth subject's count was less than 300.000/ml. Seven men 
(64%) at the highest dooe achieved azoospermia at least once 
within the 6-month period. One other subject had multiple 
counts bel<>w 100.000/ml, including 1 roun1 of 5,000/ ml. 

Findings of azoospermia or..,..,..., oligozoospennia in this 
gioup were not attributable to very rea!l1I sexual activity. 
During the first 6 treatment months only two subjects al this 
dose ever reported abstention of less than 3 days. and both 
men were repeatedly azoospermic al subsequent measure
ments with J or more days of abstention_ 

Spmn C011nts during atmde4 lrndrnt11I. Fmdings during the 
extended treatment period are presented in Table 2 and Hg. 
2 No subjects in the single implant group cuntinued treat
ment beyond the original 6-month sdtedule. Seven in<!n with 
two implants received extended trea- tluuugh 9 
months. ar... of Ihe two subjects who had reached azoosper
mia continued lo be azoospermic until month 7. None was 
oligozoospennic al month 9. In the four-implant group, six 
subjects continued through 12 months; live who were 
azoospermic maintained azoospermia lDllil month l2 The 
other had acount I""" than 1 million/ml, which inaused ID 
3.65 million/ ml by the 12th month. 

Over the entire study coune, 2 (JR) of the 11 men with 
2 implants became azoospennic, as had 8 (73%) of the 11 men 
with 4 implanlS. Median time ID azoospernlia was estimated 
to be Jess than 4 months in this group. Men with 4 implants 
were azoospermic an estimated 22'1. of lreabnenl lime in the 
fust 6 months, but were az.oospemtic 79% of the lime in the 
second 6 months. 

~ of sperm counts. All subjects with one MENf At: 
implant had sperm counts at or above 20 million/ml at 30 
days posttreatmenL Recovery time increased al the higher 
doses. Median time lo recovery (2'20 million/ml) was about 
3 months in the four.implant group. One subject at this dose,, 
who had attained marked oligozoospeznlia, but not 

tmploalo (ll) .. .. A' Mi mic 'll<3milliaG 

Fint 6 m""tbs or-
l 12 0 0 
2 11 I8 36 
4 11 6' 82 

Mootho7-12 
2 7 14 14 
4 6 83 100 
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azoospennia, required 16 months to achieve a sperm count 
of 20 million/ ml. No significant change in semen volume 
was noted during the study course. 

Sexual per{ormaru:e 

Little change during or after treabnent was noted in four 
measures of sexual performance. The numbers of morning 
erections, W\Sustained erections, total erections, and ejacu
lations reported for the week preceding the clinic visit did not 
significantly differ from baseline means for any or all doses. 
The mean number of morning erections reported was 3.9 
before treabnent and 4.2 during the first 6 treabnent months; 
reported total erections were 8.4/wk before treabnent and 
8.8 during treabnenl Unsustained erections averaged 
0.1/wk both before and during the initial 6 months of treat
ment for all subjects. 

Physical chonges during treat""'nt and adve,... events 

Testes and prostate. Testicular volume was unaffected in the 
one-implant group during treabnent. In the two- and four
implant groups, paired t tests indicated volume decreases at 
6 months of treabnent to 75% and 61 %, respectively, of base
line means (P < 0.005 in each group). In men using four 
MENT Ac implants for a full year, testicular size decreased 
to 56% of the baseline volume. Two months after implant 
removal, testicular volume in the two- and four-implant 
groups had returned, respectively, to 88% and 86% of the 
mean pretreabnent volume. 

Prostate volumes by ultrasonography were measured only 
in clinic A. The volumes (mean :':: SE) before treabnent and 
at 180 days (end of treatment) were 21.7 :':: 3.4 vs. 19.6 :':: 2.0 
for the one-implant group; 17.3 :':: 1.2 vs. 16.1 :':: 1.9 for the 
two-implant group, and 21.4 :':: 1.0 vs. 18.4 :':: 1.9 for the 
four-implant group. Although there w» a decrease in pros
tate volume in all groups, the differences were not statisti
caUy significant (ANOV A). The prost,.te volumes showed 
some recovery at 240 days in all groups. 

BP. BP measurements were taken for a maximum of 3 days 
in the month before treabnent initiahon. Randomization 
achieved statistically similar baseline systolic and diastolic 
BP for the three treabnent groups, although baseline BP 
differed significantly by clinic (Table 1). During the first 6 
treabnent months, mean systolic BP increased by 4.8 (P < 
0.05), as determined by repeated measure ANOV A A 
smaller apparent increase in diastolic BP was not statistically 
significant. Neither systolic nor diastolic BP differed by dose 
during treatment. 

Two men exhibited elevations of systolic and diastolic BP 
beyond the normal range. Each had levels of 140/90 mm Hg 
on the day of implant placement, but lower levels during 
screening. Subject A, who received a single implant, had a 
systolic BP of 150 mm Hg on days 30, 60, 90, and 180, but had 
levels of 120 and 140 mm Hg at the other two scheduled 
visits. In addition, the systolic level at 30 days postremoval 
was 160 mm Hg, but returned to normal at 60 days. This 
subject's diastolic BP was 100 mm Hg on day 90, but was 70 
or 80 mm Hg at all other times. Subject B received four 
implants. On day 30 his BP was recorded at 160/100 mm Hg. 
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One week later it was 160/90 mm Hg. A follow-up visit next 
showed a BP of 140/100 mm Hg. A cardiologist recom
mended implant removal after a diagnosis of stage 1-D hy
pertension. One month after implant removal, with dieting 
and cessation of smoking, the subject's BP was 130/80 
mm Hg. 

Several other subjects who showed elevated BP sporadi
caUy had baseline readings below 135/85 mm Hg. Subject C 
had a single elevated systolic reading of 150 mm Hg on day 
60. Subject D had systolic readings of 150, 160, and 150 mm 
Hg on days 90, 120, and 180, respectively. The 150-day visit 
was missed. Although his diastolic BP at baseline was 65, two 
readings of 90 mm Hg were recorded on days 60 and 120. 
Subject E showed a single high reading of 170/90 mm Hg on 
day 150. Subject F with a baseline diastolic reading of 75 mm 
Hg had readings of 95 mm Hg on days 30 and 90, and 
readings of 90 mm Hg on days 60 and 150. He had no 
abnormal systolic reading during treatment, but had a sys
tolic reading of 140 mm Hg at the 30 day visit compared with 
a baseline of 115 mm Hg. At 30 and 60 days posttreatment, 
aU subjects had normal diastolic BP. Two men had elevated 
systolic BP 30 days after removal, but both were normoten
sive 60 days postremoval. 

Other adverse eoents. The most commonly reported adverse 
events were upper respiratory conditions, headache, and 
minor injuries. Several complaints related to the implants 
included pain and other reactions at the site, bruising at 
removal, long removal time, and multiple or long incisions 
for removal. Five men, at least one per clinic and one per 
dose, reported instances of impotence. There were also single 
reports of decreased libido, ejaculation failure, and prema
ture ejaculation. 

Discontinuation from the trial 

Two men had implants removed before the scheduled 
date. One removal was the case of hypertension. discussed 
above. The second occurred early in the sixth month for 
personal reasons in a subject scheduled for removal at the 
end of 6 months; the subject returned for poslbt11tment 
evaluations. 

Hormone levels 
Serum MENT levels during treatment (Fig. 1) exlubited 

dose-related increases. Peak levels were seen at the initial 
30-day postinsertion measurements. Mean MENT levels de
clined gradually thereafter until the end of treatment Mean 
baseline levels of serum FSH, LH, and T did not differ ammg 
clinics or implant groups (Fig. 3). During treatment, signif
icant dose-dependent decreases in FSH, LH, and T occurred 
with or without suppression of spermatogenesis. Men 
treated with four MENT Ac implants exhibited rapid and 
continued suppression of FSH, LH, and T and relatively 
rapid posttreatment recovery (Fig. 3). One of the two indi
viduals in the high dose group who did not achieve oligo
zoospermia exhibited markedly less suppression of Ui and 
FSH than the group as a whole, whereas the other subject's 
hormone levels were similar to those of the group as whole. 



Hematology, lipids, clinit:al blood dwmistry, SHBG, 
<Lnd PSA 

Hemoglobin and hemalocrit showed small overall in
creases during treatment. Increased levels were largely con
fined to the highest treatment dose, which exhibited mean 
increases of 6-8% in hewoglobin and 6-10% in hemalocrit 
levels (Table 3). Red blood cells increased significantly in the 
first 4 treatment monlhs, rising HI% in men receiving four 
implants. By 1 month after removal, levels of these param
eters fell back to or below pretreatment values. Other than a 
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l month ~' tii1I<! point. 

transient decrease in high density lipoprotein. !here were no 
remarkable changes in serum lipid levels during lreatment 

Mmt clinical chemistry parameters showed no remarbble 
changes during MENT use (Table 4). Signifi<ant deo es in 
the SHBC levels were seen in the tw~implant group, whose 
starting levels were considerably higher than those in the 
other groups. PSA did not change signifi<antly in any treat
ment group, mnaining at the initial low levfts in all subjects 
throughout the study (Table 4). 

Dlsewlllion 

As in the case of the 4-wk study (17), MENT Ac implanls 
were well tolerated. In the present study 4 MENT Ac im
planls administered once were able to suppress spermak>
genesis to a degree romparable to that tepm h!d in studies 
with multiple injections of TE or -one undecanoale 
[IU) or with T implanls in normal men (2-5, 10-12). With I, 
2,.and 4 MEl'IT Ac implanls,0%, 111%,and 82%of the subjects, 
respectively, achieved awospamia, concomitant with a 
cleac dose-dependent suppression of serum LH and FSH 
levels. In 1 WHO multicenter study (2), weekly im TE in
jections (200 mg) indw:ed azoospermia in 65'!1. of 271 men by 
6 months. In a subsequent WHO study (3) weekly im injec
tions of 200 mg TE indw:ed severe oligozoospermia ( <3 
million/ml) or azoospermia in 98% of men. In a study by 
Handelsman et al. (4), 6 long-acting. biodegradable, T im
planls (I BOO mg) elicited azoospermia in 5 of 9 (56%) mm. 
whereas weelcly TE injections (200 mg) inducwl azoosperntia 
in 25 of 38 (66%) men. Severe oligozoospermia of less than 
1 million/ml ocrurred in 100% of the implant group and in 
97% of the TE group. Both lreatmenls s:.q>p1wscd LH and 
f'5H to undetectable levels.. lU, a new depot preparation of 
a Tester that has more favorable phannarokinelic than TE. 
is currently being investigated in many studies. In a study in 
Chinese men, 92% of 12 subjects receiving 500 mg ru, im. in 
tea seed oil and 100% of 12 subjects receiving 1000 mg TU. 
im. every 4 wk became azoospermk over a 16-wk lreatment 
period (5). I<amischke et al. {10) showed that 1000 mg TU 
given im in castm: oil every 6 wk. with OI' without levonorg
estrel daily (250 11g. orally), .-r a 24-wk period induced 
awospetmia in .-rly half of the subjects. Other studies by 
Kamischke d al. (11, 12) achieved greater sperm S1Appl ie .. 

with im TU (1000 mg.. every 6 wk) plus either im norethi
sterone enanthale (every 6 wk) or daily oral norelhisterone 
acelilte (86-93% azoospermia). These results support find
ings in a large number of studies, suggesting grealer sup
pression of spermatogenesis with a combination of prog& 
tins and androgens (9, 13, 14, 26, Z7) • 

The median time to recovery to 20 million/ml (3 months 
in the current study) was similar to that observed in the 
WHO 1990 study. 

After placement of the implants, serum MENT levels were 
highest at 1 month when the first measuremenls _.., made 
and then de,-lined steadily. Serumgonadotropin levels,..,.., 
lowest at l month and remained well supp;uscd £ar up to 
6 months. This was particularly evident in the high dose 
group despite the steady decline in serwnMENT levels. This 
suggests that in the early months the subjecls might have 
beenexposedtosup"'JlhysiologicallevdsofMENT.Rdali..., 
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TABLE 3. Mean values for hematology and lipids (all clinics) 

Parameter (normal nmge) 

RBC (3.9-6.0 x 10"/µJ) 

Hemoglobin (12-17.5 g/dl) 

Hematocrit (35-50%) 

Tota] cholesterol ( <200: 
<240 mg/di) 

HDL (35-80 mg/di) 

No. of 
implanle 

I 
2 
4 

All groups 

I 
2 
4 

All groups 

I 
2 
4 

All groups 

I 
2 
4 

All groups 

I 
2 
4 

All groups 

Mean~ so 
baseline 

5.30 ± 0.39 
5.24 ± 0.58 
5.15 = 0.31 
5.23 = 0.43 

15.89 ± 0.89 
16.24 = 1.35 
15.12 ± 0.84 
15.73 = 1.11 

46.68 = 2.54 
48.23 = 4.51 
45.11=1.78 
46.63 = 3.27 

184.2 ± 36.8 
185.0: 32.l 
175.0 = 32.9 
181.3 = 33.4 

45.5 = 9.8 
45.8 = 11.7 

45.67 :!: 9.90 
45.66 :!: 10.16 

60d 

5.46 
5.21 
5.48" 
5.39" 

16.06 
16.20 
16.12 
16.12 

47.83 
48.42 
48.41° 
48.2111 

183.0 
183.2 
180.4 
182.2 

41.8 
43.5 
38.50" 
41.23" 
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120d 180 d 270d 360d 30d-

5.43 5.23 NIA NIA 5.29 
5.43 5.20 5.07 NIA 4.96 
5.66" 5.48" 5.47 5.55 5.05 
5.5111 5.30 5.25 5.55 5.10 

15.98 15.66 NIA NIA 15.83 
16.50 15.9'l 15.89 NIA 15..24 
16.42" 16.05 16.28 16.38 14.85" 
16.29" 15.87 16.07 16.38 15.34. 

47.79 45.93 NIA NIA 46.11 
49.97" 47.24 46.77 NIA 45.37 
49.80" 47.93 48.12 49.10 44.10 
49.1511 47.00 47.39 49.10 45.25 

186.3 177.9 NIA NIA 189.8 
203.5 .. 196.3 203.0 NIA 189.5 
182.8 188.7 195.8 186.3 182.6 
190.7 187.4 199.7 186.3 187.5 

46.8 46.8 NIA NIA 44.6 
45.0 46.5 38.0 NIA 43.6 
43.09 45.00 39.33 38.00 47.10 
45.03 46.15 38.62 38.00 45.03 

LDL (60-130 mg/di) I 117.4 :!: 36.3 116.4 115.8 109.4 NIA NIA 118.0 
2 116.1: 32.3 117.7 128.6 123.0 131.6 NIA 118.2 
4 108.7 :!: 32.0 114.2 116.5 120.2 132.0 131.2 109.7 

All groups 114.0 :!: 32.9 116.1 120.2 117.3 131.8 131.2 115.5 

Triglycerides (10-190 mg/di) I 106.8 : 23.6 124.0 115.3 107.5 NIA NIA 135.3 
2 115.0 :!: 50.7 109.5 149.4 134.3 161.3 NIA 137.9 
4 103.3 = 50.0 138.5 108.5 122.7 122.8 127.5 130.2 

All groups 108.2 :!: 42.0 124.4 124.l 121.1 143.5 127.5 134.&6 

RBC, Red blood cells; HDL, high density lipoprotein; LDL, low density lipoprotein; NIA, - applicable. PYBlues are calculated uaing..._...i 
measures ANOVA (main effects; dose and time). • P < 0.01. 6 P < 0.05. 

to T, MENT has been shown to be 10 times more potent in 
suppressing gonadotropin levels in rats and monkeys (15, 
28). It has been suggested that in men estradiol and T may 
be more important than dihydrotestosterone in the feedback 
inhibition of gonadotropins (29). As MENT does not undergo 
Sa-reduction, it may maintain a greater ability to suppress 
gonadotropin secretion. A study with T implants in combi
nation with a Sa-reductase inhibitor (finasteride) showed no 
significant enhanrement of spermatogenic suppression pro
duced by T implants alone (30). In vitro studies with human 
placental microsomes have shown that MENT is aromatiz
able to 7 a-methyl-<5tradiol, a compound with higher affinity 
for estrogen receptois than estradiol (31). The extent of in vitJo 
metabolism of MENT to an estrogenic compound and its role 
in the suppression of gonadotropins are not known at 
present. 

In the current study there were some treatment-related 
increases" in hemoglobin, hematocrit, and erythrocytes, 
which remained within the normal range. The hemopoietic 
effect of testosterone is well established and has been ob
served in other studies (4, 5, 11, 12, 32). This effect most liltely 
results from a direct effect of androgens on the bone marrow. 
An increase in hemopoiesis has been reported with trans
dermal dihydrotestosterone gel also (33). It has been reported 
that T replarement in older men leads to increases in he
matocrit and hemoglobin greater than those seen in younger 
hypogonadal men (34). In older hypogonadal men receiving 
T supplementation, the increase in hematocrit and hemo-

globin was sufficiently high to be mnsidered an adver.;e 
finding (35, 36). The long-term consequences of androgen 
treatment on hematological parameteIS in '-lthy men re
main to be determined. At present. MENT is being investi
gated for use in young hypogonadal men for replacement 
therapy and in normal men for contraceptive purposes. 

The clinical significance of elevated BP seen in some sub
jects in the current study remains unclear and will be further 
evaluated in ongoing studies. Elevations in BP have no1 been 
reported in studies with other androgens. 

The higher than normal liver enzyme values noted spo
radically were within the 1efetence range and did nol appear 
to be clinically relevanL No remarkable changes in lipid 
parameteis were seen in the current study. A significant 
decrease in high density lipoprotein was noted only on day 
60 in the high dose group. Some studies of androgens alone 
or in combination with progestins have reported some un
favorable changes in lipid parameters (3, 4. 11, 32). In con
trast, a transdermal T replacement study in 65-yr-old men 
and a study in hypogonadal men did not indicate a delete
rious effect on serum lipids (:rl, 38). A comprehensive review 
of the available literature suggests that the effects of &Nb& 
gens on atheMgenic risk factors are unclear at present (39). 

In the current study a significant decrease in mean testic
ular volume was observed in both the two-and four-implant 
groups. Significant reversible deceases in Iola) testicular 
volume during treatment were also seen in other studies (5, 
10-12). There was no significant change from baseline in 
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TABLE 4. Mean values fur clinical che!Diotry (all cliDical 

l'lmuoeter (oormaJ ~} No. of Mea.a ~SD &Od J20d 180d ..,., d ::lliO d 30d-bnplanta -ALT U--05 Ulliter) I 19.67 ± 10.1 21.60 21.08 17.58 NIA NIA 18.75 
2 17.00 :!: 7,44 Ul.18 19.82 26.27" 39,14 NIA 28.W 
4 23.26 ± 16.6 23.213 22."5 22.M 41.00 44.67 33.ll'A" 

Alldoseo 20.06 ± 12.1 21.()9 2Ll5 22.00 40.00 44.67 26.37" 

ASr ( 1-50 U/literl l 17.58 ± 6.33 20.83" 18.92 16.75 NIA NIA 16.17 
2 17,73 .r 7.04 19.82 20.46 23.111" 29.71 NIA 20.8'.! 
4 18.25 ± 6.33 20.50 21.55 20.46 33.17 28.67 22.36 

Alldoaes 17.66 ± 6.37 20.40' 20.26 20.03 31.31 28.67 19.611° 

LDH (110-250 U/literl l 163.9 ± 31.5 169.9 162.2 172.4 NIA NIA 1611.4 
2 171.5 ± 26.0 189.2 186.2 189.2 202.9 NIA 181.0 

• 157.2 ± 32.3 166.1 177.7 178.4 208.7 255 165.9 
Alldoeea 164.0 ± 30.4 174.7 176.4 17911" 205.5 255 168.9 

Creatinine (> l.3 mgld!J I 0.97 ± 0.16 0.96 0.97 0.97 NIA NIA 0.916 
2 0.96 ± 0.16 1.oa 1.09' 1.03 0.96 NIA 1.05' 
4 0.96 :!; 0.16 1.06 1.12" 1.13" l.113 Ul6 1.06 

All 0.117 :!: 0.16 1.02 1.06" 1.04· 0.99 ).(16 1.02" 

SHBG (10--05 umollliter) 1 32.&1 :!:: 12.0 27.78 27.76 28.61 NIA NIA 21.83 
2 41.39 :t 12,9 321KI" 32.95" 32.'12" llll.39 NIA 31.45" 
4 31.95 ± 15.l 21.35 1!2.70 26.00 18.2:1 20.62 28.44 

All doses 35.11±13.7 27.16" 27.PH 29J)5" 22.62 l!0.62 28.52" 

PSA (0.5-4.0 µglliter) I 0.550 ±37 0.580 0.569 0.598 NIA NIA 0.667 
2 0.613 :!: 2S 0.628 0.616 0.611 D.393 NIA 0.556 
4 0.908 Z: 60 1.025 0,94() 0.843 D.872 0.795 0.583 

Alldoaes 0.697 :!: 46 0.753 0.708 0.681. 0.632 0.795 O.&Ot 

ALT, Alkaline lntnlferaoe; ASr, aspartine traosferase; LDH, lai:tlW! deh~ NIA, - applio!Je 
P values are calcul•led usiDg npeated measures ANOVA hn.U. offio<ta; dme and time~ • P < D.01. • P < D.06. 

semen volume, corresponding ID the results of other studies 
using im 1U with or without geotagens (10, 11). Prostate 
volumes measured by ult.asound al only one clinic were 
10-1?% lower on day 180 compared with the pretreatment 
values. The prosta~ effect of MENT has previously 
been shown in a sludy in castrated c:ynomolgus monkeys, 
where the effect of MENf was directly cmnpared with that 
ofT (28). In that study it was shown that a dose of MENT Iha! 
was 10 times as potent as T in suppressing gonadotropins 
and maintaining body weight was only l:wia! "" potent in 
stimulalingprostatevolume. Tnotherwords,adaseofMENT 
that will completely replace T for its anabolic and anligona
dotropic actions will be less stimulatory lo the prostate. 
Hence, the use of MENf in men over the long term is ex
pected to have heallh benefits. Serum PSA levels did not 
change in this sludy. Most studies of various preparations of 
T have not reported significant increases in PSA levels. How
ever, in older men T supplementation led to sustained in
creases in PSA (38). In hypogonadal men T gel led to small 
increases in PSA in most subjects, wilh persistent elevated 
levels in a few subjects ~). The significance of the increase 
in PSA levels in olde< men and in young hypogonadal men 
on long-term androgen use for male rontraception is not 
ckar (40). 

Maintenance of sexual behavior or functioning in this 
slud y, as determined from questionnaires. suggests that 
MENf As:. provided adequate androgen repbu:emenl while 
suppressing spennatogenesis and gonadotropins. Likewise, 
in studies by Kamischke et al. (10, 11) that included behav
ioral evaluation, ...Xuai behavior during treatment was not 
altered. In a group of Y"Wl8 hypogonadal men, the effect of 
MENf Ac implants on sexual behavior and mood was com· 

pared with that of standard TE injection replacement lherapy 
over a 6-wk period using a ~verstudydesign. llased Im 

standard questionnaires of mood, sexual inleresl, and spon
lan<'Ous erections, ii was ooncluded !hat MENT had efRcts 
similar lo those of T (19) In a study in hypogonadal men. 
transdennal administration of T by gel and pab:hes im
proved sexual function and mood (38). 

In ronclusion, these results indicate that MENT .As:.. when 
administered Yiasubdennalimplants,canprovidesustained 
levels of MENf. leading to a pJOfound ""W' · ., of go
nadotropins and inhibition of spennalogeill!Sis. The findings 
also show !hat such implants P'°"* dfeclive levels of the 
compound for up to l yr. Most observed changes were siJn
ilar to findings in earlier studies with other androgens. These 
mwll!I warrant further investigation of the use of MENT /1£ 
implants with or without other agents for 1nale contra
ception. 
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