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provocattve test fop hvpothalamt¢-pttuttarv holmone jun~ lion PHARMACOL BIOCHEM BEHAV 24(2) 309-313, 
1986--Naltrexone (50 mg) admmlstrauon to normal adult women during the early folhcular phase of the menstrual 
cycle (day 1 to day 4 following onset of menstruatmn) reduced a slgmficant elevation m plasma LH, prolactm ACTH and 
cortlsol levels Orally administered naltrexone appears to be a safe and effective compound for assessing function of the 
hypothalamlc-antenor pltmtary ax~s m women 

Naltrexone Hypothalamlc-anterlor-pltmtary hormone functmn Menstruation 

N A L T R E X O N E  as currently Utdlzed in conventmnal medt- 
cal pracuce as a pharmacologac adJunct for the treatment of 
opmad dependence However,  we have observed that nal- 
trexone also increases plasma LH levels m normal drug-free 
adult men [12,14] Subsequent studaes have shown that the 
opmad antagomst, naloxone, stimulates release of patmtary 
gonadotropms m normal men and women [15] Naltrexone 
has greater potency and a longer duratmn of actmn than 
naloxone Naltrexone has no opmte agomst propertaes, re- 
duces no slgmficant adverse s~de effects and can be safely 
admmastered orally to men and women 

Assessment of anterior patu,tary hormone functmn has 
been greatly faclhtated by the avadablhty of synthetic 
analogues of hypothalamac releasing hormones TRH and 
GnRH are routinely employed as specific provocatave tests 
for assessment of pituitary hormonal functmn [19] Recently 
synthetac ovane CRH has been employed for assessing 
ACTH release from the patmtary [4, 5, 18] Stmultaneous 
or sequentml admmlstratmn of hypothalamac releas- 
ing hormones has also been employed for determmatlon of 
patultary hormone functmn [3, 7, 11, 16] Very recently, 
Sheldon and has associates described a rapad sequentml in- 
travenous administration procedure utlhzlng four hypotha- 
lamtc releasing hormones Sheldon et al [20] beheve that 
thear combined anterior patmtary function test safely and ef- 
fectively measures p~tmtary ACTH, FSH, LH, TSH and 
PRL secretory function 

To date no provocatave tests for assessing anterior pitui- 
tary hormone functton have been possible wathout 
intramuscular and/or intravenous hypothalamtc releasing 
hormone admmlstratmn This report describes the use of 
orally admlmstered naltre×one as a provocative sttmulus for 
assessing multiple anteraor hormone functaon 

M E T H O D  

Four adult women between the ages of  22 and 28 provided 
informed consent for partlcapatton m these studies All 
women had a past hastory of normal menstrual cycle functmn 
None had been pregnant and none used contraceptave medi- 
cation or intrauterine devaces All had normal physical, 
mental status, blood chemastry, urmanalysls and blood 
hemogram studies No subJect had any past h,story of alco- 
hol or drug abuse and none were using any medlcatmns at 
the time of the study Urine screens for analgesic, stimulant, 
depressant and other psychoactave drugs were negatwe 

The study was camed  out during the follicular phase of 
the menstrual cycle SubJects reported to the laboratory at 9 
a m following a twelve hour fast An indwelling catheter 
was placed m the antecubatal vem and connected to a slow 
intravenous mfusaon of 5% dextrose and sahne SubJects 
were recumbent throughout the study, and were not permat- 
ted to eat sohd foods, smoke or drink beverages containing 
caffeine However,  they could drink noncarbonated fruit 
juice and they were also able to read or watch television 

1Requests for reprints should be addressed to Jack H Mendelson, M D , Alcohol and Drug Abuse Research Center McLean Hospital 115 
Mill Street, Belmont, MA 02178 
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Following collection of four consecutive blood samples at 
thirty minute intervals, subjects ingested one 50 mg tablet of 
naltrexone hydrochlorlde Blood samples were collected at 
consecutive thirty-minute intervals for 240 minutes following 
naltrexone administration 

Plasma samples were aliquoted and frozen (-70°C) for 
subsequent analysis of LH,  prolactln and cortlsol 

Plasma LH and prolactln levels were measured in dupli- 
cate by a double-antibody radioimmunoassay (RIA) proce- 
dure similar to that described by Midgley [13] Antlsera and 
reference preparations (LER-907 for LH,  hPRL-RP-l  for 
prolactln) were provided by the National Hormone and Pitui- 
tary Program (University of Maryland School of Medicine), 
supported by the National Institute of Arthritis, Dmbetes 
and Digestive and Kidney Diseases lodine-125-1abeled 
human LH and prolactin were purchased from Cambridge 
Medical Diagnostics (Billerica, MA) Results are expressed 
in terms of the LH and prolactin reference preparations 
Assay sensitivities were 3 4 and 3 1 ng/ml for the LH and 
prolactln assays, respecnvely Intra- and interassay coeffi- 
cients of variation (CVs) were 5 8 and 5 4 percent for the LH 
assay and 6 8 and 14 percent for the prolactin assay 

Plasma ACTH concentrations were measured in duplicate 
using a direct, double antibody radloimmunoassay kit pur- 
chased from Nichols lnsmute  Diagnostics (San Juan Capis- 
trano, CA) Assay sensitivity was 10 pg/ml Intra- and ln- 
terassay coefficients of variation were 8 1 and 22 4 percent,  
respectively 

Cortlsol was determined In duplicate plasma samples by a 
direct double-anttbody RIA method that did not require 
solvent extraction, using a kit purchased from Cllmcal As- 
says (Cambridge, MA) The assay sensitivity was less than 2 
ng/dl Intra- and lnterassay CVs were 3 4 and 9 4 percent 

RESULTS 

Figure 1 shows LH values for two subjects (1 and 2) 
studied during the early follicular phase of the menstrual 
cycle (top panel) and two subjects (3 and 4) studied during 
the mid and late folhcular phase (bottom panel) Baseline LH 
levels prior to naltrexone admlmstration for subjects (1 and 
2) studied during the early follicular phase ranged between 8 
to 18 ng/ml Peak LH values were detected 210 minutes fol- 
lowing naltrexone intake Peak LH Increments above mean 
baseline levels were 63 ng/ml for subject 1 and 72 ng/ml for 
subject 2 (500% and 1300% increments, respectively) 

Subject 3 was studied dunng the mid folhcular phase and 
had baseline LH values averaging 30 ng/ml Peak LH values 
were detected 180 minutes following naltrexone admmlstra- 
t~on The peak increment in LH values for this subject was 
33 ng/ml (95% increase above baseline values) 

Subject 4 studied during the late follicular phase of the 
menstrual cycle had baseline LH levels averaging 90 ng/ml 
Peak LH levels following naltrexone administration were de- 
tected at 210 minutes L H  levels increased by 55 ng/ml (50% 
increase above baseline values) 

Prolactm levels prior to and following naltrexone adminis- 
tration for subjects studied during the early, mid and late 
follicular phase of the menstrual cycle are shown in Fig 2 
Baseline prolactin levels for the subjects studied during the 
early folhcular phase (top panel Fig 2) ranged between 3 and 
17 ng/ml Following naltrexone administration, peak 
prolactin levels were detected at 120 to 210 minutes The 
peak increment in prolactln levels was 18 to 20 ng/ml or 250 
to 600% above baseline values 
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FIG 1 Lutemlzmg hormone levels prior to and following nal- 
trexone admmlstranon at 0 time Top panel shows LH values for 
two subjects (S-l, S-2) studied during the early folhcular phase of the 
menstrual cycle Bottom panel shows LH values for two subjects 
(S-3, S-4) studied during the mid and late follicular phase of the 
menstrual cycle 

Subjects studied dunng the mid and late folhcular phase 
of  the menstrual cycle (bottom panel Fig 2) had higher 
baseline prolactln levels than those women studied dunng 
the early folhcular phase N aitrexone administration Induced 
an increase in prolactln levels 180 to 210 minutes following 
drug Intake Prolactln levels increased 16-18 ng/ml or ap- 
proximately 100% above basehne values 

Figure 3 shows plasma ACTH levels for subjects studied 
during the early, mid and late follicular phases of the 
menstrual cycle Durmg the early folhcular phase (top panel 
Fig 3), ACTH values ranged between 5 and 22 pg/ml Peak 
ACTH levels following naltrexone administration were de- 
tected 120 to 140 minutes following drug intake Plasma 
ACTH levels increased by an average of 15 pg/ml or 100 to 
20W/b over baseline values During the mid and late follicular 
phase of the menstrual cycle (bottom panel Fig 3), baseline 
ACTH levels ranged between 10-48 pg/ml Subject 3 had an 
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FIG 2 Prolactm levels prior to and following naltrexone admmls- 
trahon at 0 t~me Top panel shows prolactln values for two subjects 
IS-I, S-2) studied during the early folhcular phase of the menstrual 
cycle Bottom panel shows prolactm values for two subjects (S-3, 
S-4) studied during the mid and late folhcular phase of the menstrual 
cycle 

FIG 3 ACTH levels prior to and following naltrexone administra- 
tion at 0 Ume Top panel shows ACTH values for two subjects (S-l, 
S-2) studmd dunng the early folhcular phase of the menstruM cycle 
Bottom panel shows ACTH values for two subjects (S-3, S-4) 
studied dunng the mid and late folhcular phase of the menstrual 
cycle 

increase in ACTH levels which peaked at +60 minutes Sub- 
ject 4 had an ACTH increment at +210 minutes There was 
considerable vanatlon in ACTH levels for both subjects 
studied during the mid and late folhcular phase of the 
menstrual cycle 

Figure 4 shows plasma cortlsol levels for subjects studied 
during the early, mid and late follicular phase of the 
menstrual cycle Durmg the early follicular phase (top panel 
Fig 4), cortlsol values ranged between 6 and 13 ng/dl. Peak 
cortlsol levels following naltrexone administration were de- 
tected 120 to 180 minutes following drug intake Plasma cor- 
tIsol levels increased by an average of 8 ng/dl or 100% over 
baseline values During the mid and late follicular phase of 
the menstrual cycle (bottom panel Fig 4), baseline cortlsol 
levels ranged between 9 and 13 ng/dl Peak cortlsol levels 
following naitrexone administration were detected 60 to 180 
minutes following drug intake Increments In plasma cortlsol 

levels ranged between 4 to 5 ng/dl over basehne values (45% 
increment) 

D I S C U S S I O N  

Naltrexone-mduced LH stimulation observed in women 
studied during the early follicular phase of the menstrual 
cycle was of greater magnitude than LH increments reported 
following administration of the standard dose of syntheDc 
lutelnlzlng hormone releasmg hormone (Factrel 100 m IM) 
[2] Administration of synthetic lutelnizing hormone releas- 
ing hormone (Factrel 100 m IM) induces a peak increment in 
LH levels In women ranging between 100 and 500% above 
baseline values [2] The magnitude of the LH and prolactln 
response for women studied during the early follicular phase 
of the menstrual cycle was greater than the magnitude of LH 
and prolactin responses induced by the combined anterior 
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FIG 4 Cortlsol levels prior to and follow,ng naltrexone admmls- 
tratton at 0 t~me Top panel shows cornsol values for two subJects 
(S-l, S-2) studmd dunng the early follicular phase of the menstrual 
cycle Bottom panel shows cortlsol values for two subJects (S-3, S-4) 
studmd during the mid and late follicular phase of the menstrual 
cycle 

pituitary function test described by Sheldon and his col- 
leagues [20] 

The Increase in ACTH levels following naltrexone admin- 
istration to subjects studied during the early follicular phase 
of  the menstrual cycle was concordant with the increase in 

plasma cortisol levels Wide variations in baseline plasma 
cortlsol ACTH levels were found in subjects studied during 
the mid and late follicular phases of the menstrual cycle 

Data obtained in this study differ from the observations of 
Snowden et al [21] that oplold antagonists have maximal 
stlmulatory effects on gonadotropln and prolactln secretion 
during the luteal phase of the menstrual cycle However,  
Snowden et al [21] used naloxone Instead of naltrexone and 
they also did not study women during the very early follicu- 
lar phase of the menstrual cycle 

There has been continuing controversy about varmtlons 
in sensitivity to LHRH at different phases of the menstrual 
cycle LHRH IS usually administered during the early follicu- 
lar phase for clinical diagnostic evaluations But it has been 
reported that sensitivity to LHRH increases during the mid 
to late follicular phase and is maximal dunng the mid-cycle 
surge [9] Ferln and co-workers [6] reported a significantly 
enhanced LH response to LHRH (0 2-100 rag) at mid-cycle 
in rhesus females in comparison to the early, middle or late 
follicular phase LHRH (20-100 mg) also stimulated higher 
LH responses during the luteal phase than during the folhcu- 
lar phase [6] Relative insensitivity to LHRH (10-80 mg) 
during the follicular phase was also observed in rhesus 
females by Hobson and Fuller [8] However,  other inves- 
tigators have reported no difference in response to LHRH 
stimulation during the follicular and luteal phase in women 
[17] and rhesus females [1,10] Many procedural differences 
including the type of LHRH preparation employed, the 
LHRH dose and mode of administration (bolus vs continu- 
ous infusion) as well as frequency of sample collection pre- 
clude any simple resolution of these conflicting observa- 
tions 

Our observations that naltrexone administration induces 
a large mcrement in plasma LH, prolactlon, ACTH and cor- 
tlsol levels during the early follicular phase of the menstrual 
cycle suggests that naltrexone may be employed as a 
provocative test for assessing hypothalamlc-pltuxtary func- 
tion Currently available combined pituitary tests require 
parenteral administration of a combination of synthetic hy- 
pothalamlc releasing hormones These tests permit determi- 
nation of pituitary response to hypothalamlc releasing hor- 
mones but do not directly evaluate hypothalamlc releasing 
hormone function plus pituitary response Naltrexone ad- 
ministration on the other hand, stimulates pituitary hormone 
secretion as a consequence of the drug's effect on neuronal 
modulation of endogenous hypothalamlc releasing hor- 
mones Since maximal hormonal responses were observed 
during the early follicular phase {days 1 to 3 of menstruation) 
accurate scheduling of naltrexone provocative tests would 
be possible for optimal clinical feasibility Thus orally ad- 
ministered naltrexone may be a safe and effective drug for 
assessing function of the hypothalamlc-antellor-pltultary 
axis in women 
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