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Moderate to severe functional bowel disease results in debilitating abdominal pain, nausea, 
intermittent vomiting, early satiety, bloating, abdominal distension, and~or altered bowel 
habits. Because it occurs -20-30 times more frequently in women than in men and its 
symptoms often coincide with the menstrual cycle, we hypothesized that reproductive steroids 
may antagonize diseased nerves o f  the gastrointestinal tract, enhancing the expression o f  
symptoms. No  effective or consistent therapy has existed for  these patients. We prospectively 
investigated the effect o f  a gonadotropin-releasing hormone analog, leuprolide acetate, in 30 
women with symptoms of moderate to severe functional bowel disease. The study wasp hase 
II, randomized, double blind, and placebo controlled. Lupron Depot 3. 75 mg (which delivers 
a continuous low dose of  drug for one month) orplacebo were given intramuscularly monthly 
for  three months. Symptom scores were assessed at each four-week visit. Follicle-stimulating 
hormone, luteinizing hormone, estradiol, and progesterone levels were assessed before and 
after therapy. Patients treated with low-dose leuprolide improved progressively and signifi- 
cantly in scores for  nausea, vomiting, bloating, abdominal pain, and early satiety, and for 
overall symptoms (P < 0.01-0.05). All hormone levels decreased significantly (P < 0.05) 
except luteinizing hormone (P = 0.054). 
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Chronic unexplained abdominal pain, nausea, inter- 
mittent vomiting, early satiety, abdominal disten- 
sion and bloating, and altered bowel habits are 
common gastrointestinal symptoms of functional 
bowel disease (neuromuscular disease of the gastro- 
intestinal tract, also called irritable bowel syn- 
drome) (1-3). Functional bowel disease has been 
estimated to affect -12-14% of the United States 
population (-31-33 million Americans) and consti- 
tutes almost one half of the practice of gastroenter- 
ology (4). These neuromuscular disorders have 
been termed "functional" because the patients of- 
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ten complain of disabling symptoms in the absence 
of objective evidence from conventional laboratory, 
radiographic, and endoscopic testing. Specialized 
manometric and radiographic testing and transit 
studies now allow better definition of these diseases 
as malfunctions of the motility of the gastrointesti- 
nal system (5-9). 

We have reported significant improvement in five 
women with severe and disabling symptoms sec- 
ondary to severe functional bowel disease who 
were treated with leuprolide acetate on an open- 
label basis for one year (10). Before initiating this 
therapy, we had hypothesized that ovarian sex hor- 
mones, especially progesterone (11, 12), which is 
produced and secreted in the postovulatory phase 
of the menstrual cycle, act as endogenous antago- 
nists of enteric nerve function. Thus, because the 
symptoms in these patients had been exacerbated 
during this phase of the reproductive cycle, we 
believed that they might benefit from therapy with a 
gonadotropin-releasing hormone (GnRH) analog 
such as leuprolide acetate. 

Leuprolide acetate is a nonapeptide GnRH ana- 
log agonist with mechanisms of action similar to 
those of native GnRH. Native GnRH is a decapep- 
tide (pGlul-His2-Try3-Ser4-TyrS-Gly6-LeuT-ArgS- 
Pro9-Gly~°-NH2) (13, 14) that is synthesized and 
stored in the neurosecretory cells of the medial 
basal eminence of the hypothalamus and then se- 
creted into the hypothalamic-pituitary portal circu- 
lation (15). GnRH binds to specific receptors (16) on 
the gonadotrophs in the anterior pituitary to initiate 
secretion of luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH) (15, 16). FSH stimu- 
lates ovarian follicle growth and maturation in fe- 
males and spermatogenesis in males, whereas LH 
stimulates ovulation and corpus luteum formation 
in females and testosterone secretion in males (16). 
In turn, these steroid hormones regulate GnRH 
secretion through closed-loop feedback mecha- 
nisms (17). 

In women, native GnRH is secreted in a pulsatile 
manner, its peak occurring in the middle of the 
menstrual cycle (18). However,  if GnRH is admin- 
istered in a continuous dose, as in a daily injection 
or depot form, there is an initial rise in L H  and FSH 
levels, followed about 7-10 days later by a gradual 
decrease in secretion of both hormones, which then 
remain at low levels thereafter (19, 20). This phe- 
nomenon, referred to as "down-modulation" or 
"desensitization," results in significant decrease or 
complete inhibition of sex hormones (19, 20). De- 
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sensitization has been applied clinically in various 
conditions (eg, hormone-dependent prostatic carci- 
noma in men, central precocious puberty, and en- 
dometriosis) and is currently being investigated for 
hypogonadism, uterine fibroid tumors, and polycys- 
tic ovary syndrome (21). 

Several synthetic analogs/agonists of native 
GnRH have been made, most with changes at three 
positions of the molecule: at position 6, substitution 
of a D-amino acid (22), which decreases the analog's 
susceptibility to enzymatic degradation by pepti- 
dases in the hypothalamus (23, 24) and pituitary (25, 
26); at position 10, a desgly-NH 2 deletion; and at 
position 9, addition of an ethylamide to the proline, 
which increases the binding affinity to gonadotropin 
receptors (27). Because these analogs are more po- 
tent than native GnRH, they are employed in vari- 
ous clinical situations (21, 28). Leuprolide acetate is 
one such analog agonist, with a substitution of 
D-leucine at position 6 and of an ethylamide at 
position 9 (29, 30); it is 15 times more potent than 
native GnRH and causes down-modulation of pitu- 
itary gonadotropins with inhibition of sex hormone 
production in humans and laboratory animals (16). 

We report here the results of the first double- 
blind, placebo-controlled study using low-dose leu- 
prolide acetate in depot form in 30 patients with 
moderate to severe functional bowel disease. 

MATERIALS AND METHODS 

Subjects. Thirty women between the ages of 20 and 52 
were enrolled into the study; all had an intact reproduc- 
tive system (one patient had had a unilateral oophorec- 
tomy with hysterectomy) and symptoms of chronic nau- 
sea, intermittent vomiting, chronic abdominal pain, 
and/or altered bowel habits. Informed consent was ob- 
tained from all subjects, and the study protocol was 
approved by the Institutional Human Research Review 
Committee of The University of Texas Medical Branch at 
Galveston on July 31, 1989. The patients were recruited 
from the Gastroenterology Clinic at the university, where 
they had been referred for evaluation of irritable bowel 
syndrome or functional bowel disease that was unrespon- 
sive to conventional medications; none had been previ- 
ously treated with leuprolide. Each patient in the pre- 
treatment phase was examined with a detailed history and 
physical examination; she was also examined by a board- 
certified gynecologist and found to lack any indication of 
endometriosis. 

Study Design. The study was a phase-II, randomized, 
double-blind, placebo-controlled study of leuprolide ace- 
tate (Lcgron Depot 3.75 mg, TAP Pharmaceuticals, Deer- 
field, Illinois) versus placebo in 30 patients with moderate 
to severe functional bowel disease. That each patient had 
a motility disorder was documented by duodenal-jejunal 
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TABLE 1. CLINICAL CHARACTERISTICS OF STUDY PATIENTS* 

Total patients Leuprolide Placebo 
(N = 29) (N = 14) (N = 15) 

Sex, female 29 14 15 
Race 

White 28 14 14 
Black 1 0 1 

Age (yr), mean ± so  34.5 +_. 7.4 33.0 ± 7.7 35.9 ± 7.0 
Height (m), mean 1.63 ± 0.06 1.63 ± 0.05 1.62 -+ 0.06 
Weight (kg), mean 64.0 ± 18.3 57.9 ± 8.7 70.1 _+ 23.2 

*No differences between leuprolide-treated and placebo-treated patients were sig- 
nificant (P = 0.1-0.9). 

manometry with an ultraminiature force-transducer probe 
(Millar Instruments, Houston, Texas) (31). The study 
began with a two-week, no-treatment lead-in period, dur- 
ing which the patient's gastrointestinal symptoms were 
evaluated. All patients were required to have had, for ---6 
months, symptoms of unexplained nausea, intermittent 
vomiting, early satiety or anorexia or both, bloating and 
distension, and (especially) unexplained abdominal pain 
before and after eating. On the entrance questionnaire, 
the patients had to have a total symptom score of ->15 
when each of the six symptoms was scored on a scale of 
0 (no symptoms) to 10 (serious symptoms) and summed. 
The patients also assessed their own overall symptoms on 
the same scale at entrance and each subsequent visit. At 
entrance, each patient was required to have either esoph- 
agogastroduodenoscopy or an upper gastrointestinal 
x-ray series performed within six months before the first 
study visit, and either test must have been negative for 
active peptic ulcer disease, anatomical obstruction, 
esophageal stricture, or other gastrointestinal disease 
such as gastric or esophageal cancer or inflammatory 
bowel disease (Crohn's disease). Because we realized 
that leuprolide acetate would suppress a patient's gonadal 
hormones and thus affect her menstrual cycle, in order to 
keep the investigators "blinded," each patient was in- 
structed from the beginning never to comment to us (the 
symptom assessors--J.R.M., P.H.R., and L.L.S.) about 
the status of her menstrual cycle. If a problem arose, she 
was to consult the gynecologist (N.J.S.), who was not 
involved in the assessment of patient symptoms. At no 
time during the study period was a patient's menstrual 
cycle discussed with or by us until the study was un- 
blinded. 

Randomized patients received either: (1) Lupron Depot 
3.75 mg (a depot formulation that would continuously 
release a low dose of leuprolide acetate suspended in 1 ml 
of diluent over a period of one month) or (2) placebo- 
matching Lupron Depot (in 1 mi of diluent) by intramus- 
cular injection monthly. An injection was given during 
treatment visit 1 and at weeks 4 and 8 of the study period. 
All subjects were required to use a barrier method for 
birth control during the 12-week study. 

Biochemical Measurements. Clinical laboratory tests in- 
cluded a complete blood count, biochemical profile, and 
urinalysis (SmithKline Laboratory, Van Nuys, Califor- 
nia). Gonadotropins (FSH and LH) and sex hormones 
(estradioi and progesterone) were measured by Endo- 
crine Sciences (Calabasas Hills, California). The blood 

and urine tests were repeated at each treatment period 
(initial, 4, 8, and 12 weeks). During each visit, patient and 
investigator assessments of the patient's symptoms dur- 
ing the previous four weeks were made. A beta-human 
chorionic gonadotropin level for pregnancy, was per- 
formed at the pretreatment visit and at the end of the 
12-week study. A hydrogen breath test (Quintron, Mil- 
waukee, Wisconsin) was also performed to assess oral- 
to-cecal transit time and a Sitzmarks test (Lafayette Phar- 
macal, Fort Worth, Texas) was conducted to asses~ 
colonic transit time before starting the treatment phase 
and at the end of the 12 weeks. In the Sitzmarks test, a 
subject ingested a capsule containing radiopaque markers 
and then was given an abdominal x-ray every other day 
until all the markers had passed (or until day 9). 

Statistical Analysis. Statistical analysis of the data was 
conducted by a professional statistician (P.H.H.) at Ab- 
bott Laboratories. Data from the symptom scores were 
analyzed with nonparametric techniques, using the 
Wilcoxon two-sample test and Wilcoxon signed-rank test. 
Data from the hydrogen breath test and Sitzmarks test 
were analyzed with ANOVA using the Kruskal-Wallis 
test. The global assessments of the patient and investiga- 
tor symptom evaluations were analyzed by chi-square. 
For all tests, values of P < 0.05 were considered as 
statistically significant. 

RESULTS 

Clinical Characteristics. The clinical character is-  
tics of  the pat ient  populat ion are shown in Table  1. 
Thir ty  women  were  randomized to ei ther leuprolide 
acetate  therapy  (N = 15) or  p lacebo (N = 15); the 
two groups were  not statistically significantly differ- 
ent in any  of  their characteris t ics .  Data  f rom one 
patient  in the leuprolide group were  excluded due to 
noncompl iance .  Another  pat ient  (placebo group),  in 
w h o m  cervical  dysplasia  was  later found on pelvic 
examinat ion,  was  also excluded f rom efficacy anal- 
ysis .  The age range of  subjects  was  be tween  20 and 
52 years ;  the mean  ages,  heights,  and weights  in 
both  groups were  similar. " 

Duodenal-Jejunal Manometry. Table  2 summa-  
rizes the results  of  the duodenal- je junal  m a n o m e t r y  
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TABLE 2. RESULTS OF DUODENAL-JEJUNAL MANOMETRY 

MMC characteristics 
Dysfunction 

Period Duration 
Patient Antral Duodenal (rain) (rain) 

Propagation velocity Fed-state Peristaltic rush 
(cm/min) conversion frequency (0-3) 

1 yes yes 58 4.5 
2 yes yes 0 * 
3 yes yes 107 5.3 
4 yes yes 108 8.1 
5 yes yes 95 4.0 
6 yes yes 133 5.4 
7 yes yes 240 4.3 
8 yes yes 81 7.9 
9 yes yes 126 7.4 

10 yes yes 127 4.7 
11 yes yes 78 8.0 
12 yes yes 95 2.7 
13 yes yes 75 4.2 
14 no yes 185 5.6 
15 yes yes 69 3.3 
16 yes yes 100 3.6 
17 yes yes 112 6.5 
18 yes yes 778 3.5 
19 yes yes 155 5.9 
20 yes yes 128 5.7 
21 yes yes 134 8.6 
22 yes yes 89 5.9 
23 yes yes 157 5.9 
24 yes yes 91 4.3 
25 yes yes 249 6.5 
26 yes yes 135 8.2 
27 ~ yes yes 0 * 
28 yes yes 162 7.5 
29 yes yes 58 4.0 

Controls no no 94 6.4 

* yes t 
* n o  3 

16.4 yes 1 
8.7 yes 2 

18.0 yes 1 
* n o  2 

* nO 0 

14.2 yes 2 
34.8 yes 3 
10.5 yes 1 
6.5 yes 1 

22.2 yes 3 
15.7 yes 3 
11.8 yes 3 

* n o  3 

14.3 yes 2 
27.1 yes 3 

* 130 3 
37.3 no 1 
I1.0 no 1 
11.1 yes 3 
6.5 yes 1 
* yes 3 

67.5 yes 1 
17.9 yes 3 
14.5 yes 2 

* n o  0 

31.1 yes 2 
11.2 yes 3 
8.2 yes 0 

*Notmeasurable. 

that was conducted for all subjects before the study 
began. Recordings were performed for 12 hr while 
patients were fasting (5, 31); a 3-hr recording then 
followed immediately after the patients had been 
fed a liquid meal (Ensure). The 15-hr records were 
assessed for dysfunctional motility patterns, the 
characteristics and numbers of migrating motor 
complexes (MMCs), whether or not the patient con- 
verted to a fed-state motility pattern after the meal, 
and the frequency of peristaltic rushes (rapidly 
propagating ring contractions). All patients showed 
signs of duodenal dysfunction, such as irregular 
contraction rhythms during the activity front of the 
MMC and contractions of >100 mm Hg in ampli- 
tude. Antral dysfunction [contractions <100 mm 
Hg and irregular (not 3/min) contractions at the 
beginning of an MMC activity front] was apparent 
in 28 of 29 patients. There was a wide difference 
from patient to patient in the number of MMC 
cycles that occurred per 12 hr, ranging from two 
subjects who had no MMCs to two who had 12 
MMCs (period = 58 min); the mean for normal 

controls is 7.6 MMCs/12 hr. Eight of 29 subjects 
failed to convert to the fed state after the test meal. 
Gastrointestinal motor disease was diagnosed in all 
patients. 

Symptom and Global Assessment Scores. Table 3 
shows the symptom scores derived from the ques- 
tionnaire at baseline and at weeks 4, 8, and 12. In 
contrast to the minimal change in the placebo- 
treated group, reductions in individual symptom 
scores for nausea, vomiting, bloating, abdominal 
pain, and early satiety were all statistically signifi- 
cant in the leuprolide-treated group (P < 0.05), as 
were the total symptom scores (P < 0.01). Even 
though the between-group difference was not statis- 
tically significant, the reductions in symptom sever- 
ity showed progressive improvement with length of 
treatment (median change of -3 .5 ,  -12.0,  and 
-14.5, respectively, at weeks 4, 8, and 12) in the 
leuprolide group. The placebo group showed no 
such increase in effectiveness (median changes of 
-2.0,  -4.0,  and -4.0,  respectively, at weeks 4, 8, 
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TABLE 3. MEDIAN SCORES IN INDIVIDUAL CLINICAL SYMPTOMS AND TOTAL SYMPTOM SCORES 

Week 

Baseline 4 8 12 

Individual symptom scores (0-10) 
Nausea Placebo 6 5 4.5 5 

Leuprolide 8 6 4.5a* 3b 
Vomiting Placebo 3 0 0 0 

Leuprolide 3 0 0 0* 
Bloating Placebo 7 8 7 7 

Leuprolide 7 6 4.5b 4.5a 
Pain Placebo 7 7 7 6 

Leuprolide 10 7a 7.5a 6b 
Anorexia Placebo 5 5 5 6 

Leuprolide 7 6.5 5.5 5 
Early satiety Placebo 7 7 6 5a 

Leuprolide 6.5 5 5 4.5a 
Overall visit score Placebo 8 7a 7 7 

Leuprolide 9 7b 6.5a 5b 
Total symptom score (0-60): 

Placebo 34 36 31.5 31 
Leuprolide 40 32 28b 21.5b 

*a, P < 0.05, b, P < 0.01; Wilcoxon signed-rank test for absolute change from baseline equal 
to zero. 

and 12) with length of treatment. The level of an- 
orexia did not change significantly in either group. 

At the end of the study each patient was asked to 
make an overall (global) evaluation about whether 
she thought she had improved, had deteriorated, or 
was unchanged (Table 4). Thirteen of the 14 evalu- 
able patients (93%) treated with leuprolide im- 
proved (P = 0.005), compared with only five of 12 
evaluable patients (42%) treated with placebo. The 
global evaluation independently assessed by the 
investigator was almost identical to the patient's 
evaluation (also yielded P = 0.005 for differences 
between treatments). Similar analysis of all 28 in- 

tent-to-treat subjects yielded virtually the same re- 
sults (Table 4). 

Adverse Effects. Table 5 shows the adverse side 
effects experienced by patients during the study. In 
general, the side effects were relatively few and 
similar for the two groups. 

Gonadotropin, Estradiol, and Progesterone Lev- 
els. Table 6 shows the hormonal evaluation for the 
treatment groups at baseline and at the end of the 
12th week. Serum FSH, estradiol, and progesterone 
levels significantly decreased (P < 0.05) in the leu- 
prolide-treated group. L H  also decreased and 
neared significance (P = 0.054). There were no 

TABLE 4. GLOBAL EVALUATIONS 

Improvement 

Deteriorated Unchanged Minimal Moderate Marked 
Percent 

improved 

Analysis of evaluable patients 
By patient 

Leuprolide 1 0 4 4 5 93* 
Placebo 2 5 3 1 1 42 

By investigator 
Leuprolide 0 1 4 4 5 93 
Placebo 1 5 2 2 1 45 

Intent-to-treat analysis 
By patient 

Leuprolide 1 0 4 4 5 93* 
Placebo 2 6 3 2 1 43 

By investigator 
Leuprolide 0 1 4 4 5 93* 
Placebo 1 7 2 3 1 43 

*P = 0.005, leuprolide-treated compared with placebo-treated; chi-square with df  = 1. 
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TABLE 5. NUMBER OF PATIENTS WITH ADVERSE EFFECTS 

Event Placebo Leuprolide 

Backpain/headache 1 1 
Migraine/hot flashes 2 3 
Edema I 0 
Bone pain/tenosynovitis  2 0 
Emotional lability 1 0 
Insomnia/nervousness  2 0 
Respiratory symptoms  1 3 
Cystitis/hematuria/menorrhagia 1 2 
No. patients with any signs or symptoms 7/15 7/14 

significant changes in the placebo-treated group. 
Only the change in estradiol level was significantly 
different between the two treatment groups. 

Hydrogen Breath and Sitzmarks Tests. The results 
of the hydrogen breath tests, in general, showed no 
statistically significant changes in oral-to-cecal tran- 
sit in either group. The value for the leuprolide- 
treated group before therapy was 121.0 --- 6.8 min 
(mean --- SEM), which was reduced to 108.0 _ 7.8 
min at the end of the 12th week; in the placebo- 
treated group the baseline value was 93.0 +_ 7.2 min 
and increased to 103.0 -+ 7.6 minutes at the end of 
the study. However ,  in the leuprolide-treated 
group, 38% became faster, 38% remained un- 
changed, and 23% became prolonged. These values 
were in contrast to the placebo-treated group where 
54% remained unchanged, 38% became prolonged, 
and 8% became faster. Among those with values 
out of the normal range (90 -+ 15 min), 50% con- 
verted to normal in the leuprolide-treated group and 
29% converted to normal in the placebo-treated 
group. 

The Sitzmarks tests showed shortened transit 
time among the leuprolide-treated patients com- 
pared with the placebo-treated subjects (64% vs 
31%, P < 0.107). The test proved to be an unsatis- 
factory way to compare colon transit because mul- 

TABLE 6. HORMONE EVALUATION BEFORE AND AFTER 12 
WEEKS OF THERAPY 

Hormone Treatment Week 0 Week 12 

Basal FSH Leuprolide 6.8 +-- 2.2 4.9 - 1.4" 
(mlU/ml) Placebo 8.9 _+ 1.9 6.6 -+ 1.2 

Basal LH Leuprolide 8.6 -+ 1.9 5.6 -+ 1.3t 
(mlU/ml) Placebo 7.9 -+ 1.7 7.9 -+ 1.2 

Estradiol Leuprolide 5.3 +_ 1.2 2.1 --- 1.4" 
(ng/dl) Placebo 4.8 - 1.2 7.2 -+ 1.3 

Progesterone Leuprolide 377.3 _.+ 145.9 28.0 +- 89.5* 
(ng/dl) Placebo 130.8 - 132.0 243.0 - 80.7 

*P < 0.05. 
tP = 0.054. 
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tiple x-rays were required over a period of nine 
days. 

Although not formally assessed by symptom 
score, bowel habits changed toward normal. 

DISCUSSION 

We originally postulated that the reason for these 
motility disorders being expressed 20-30 times 
more commonly in women than in men (10) was 
most likely their differences in reproductive physi- 
ology. Women produce substances in their ovaries, 
especially during the postovulatory state, that men 
do not. These substances, such as progesterone and 
perhaps others like relax=ins and LH, antagonize the 
gastrointestinal tract (11, 12) and perhaps other 
hollow viscera. If the bowel and other hollow vis- 
cera are diseased from a unknown cause, or from 
such known causes as diabetes or connective tissue 
disease, symptoms of gastrointestinal and urinary 
dysfunction, for example, are expressed early in the 
disease process. Studies assessing intestinal transit 
by using a hydrogen breath test in women showed 
prolonged transit in the postovulatory phase of the 
reproductive cycle compared with the preovulatory 
period (11). In addition, prolonged transit was also 
present in women taking oral contraceptives and 
during pregnancy (12). Recently, Heitkemper and 
Jarrett (32) demonstrated that the symptoms in 
women with functional bowel disease occur after 
ovulation (midluteal phase) and increase up to the 
onset of the menses and then quickly decrease. In 
our clinical experience with functional bowel dis- 
ease, the onset of symptoms or the worsening of 
symptoms almost always develops in the postovu- 
latory phase of the reproductive cycle. These con- 
ditions always occur when progesterone and per- 
haps other ovarian hormones are at their highest 
levels of secretion. Ovaries, however, are impor- 
tant endocrine organs, producing substances that 
interact with other systems and contribute to their 
normal function or perhaps dysfunction. We believe 
these endocrine organs should not be removed 
without very specific reasons. 

Progesterone is a potent provocative hormone. 
When we periodically give it to women on open- 
label leuprolide therapy to induce shedding of the 
endometrium, which we routinely do every four to 
six months, the patients' gastrointestinal symptoms 
quickly return and continue for the duration of 
progesterone treatment. In contrast, when we ad- 
minister estrogen to similar patients to protect 
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against os teoporos is ,  their s y m p t o m s  do not recur 
as a result  of  replacing estrogen inhibition. Est rogen 
is not an antagonist .  Thus  some,  but not all, repro- 
ductive hormones  in the woman  can be potent  an- 
tagonists of  enteric nerve function. 

We have also shown in a female rat model  that 
leuprolide aceta te  res tores  normal  moto r  function 
to the gastrointestinal tract  through unknown neu- 
romechan isms  (33). We appreciate ,  however ,  that 
this mechan i sm of  action is most  likely a direct 
effect on enteric  nerves  because  intraventr icular  
administrat ion of  leuprolide in rats had little if any  
effect (34). Thus far, we have also reported leupro- 
lide to restore  normal  motor  function in a single 
human pat ient  (35). H o w  leuprolide affects the 
nerves  at the cellular level is unknown,  but in go- 
nadot rophs  the G n R H  analogs are potent  modula-  
tors of  calcium metabol ism.  

This s tudy is the initial double-blind, placebo- 
controlled s tudy of  the effect of  Lupron  Depot  3.75 
mg on gastrointestinal  disease.  This  formulat ion 
delivers a continuous,  but low dosage of the drug. 
In our  wide exper ience  with w o m e n  patients  using 
leuprolide aceta te  on an open-label  basis,  1.0-1.5 
mg is needed daily to achieve therapeut ic  effect. 
This dosage is considerably greater  than that re- 
leased by  Depot  3.75 mg. We therefore  limited the 
part icipants  to women  with at least one functional 
ovary ,  recognizing f rom exper ience  with other  pa- 
tients that women  without  ovar ies ,  pos tmenopausa l  
women ,  and men all may  require two to three t imes 
the 1.0-1.5 mg/day dosage for therapeut ic  effective- 
ness. Higher  dosages  of  leuprolide acetate  are also 
needed in male  and ovar iec tomized  female rats to 
affect their intestinal motil i ty (33). The populat ion 
of patients  selected for the double-blind s tudy was  
therefore  fairly homogeneous  in age and sympto-  
mat ic  complaints .  All patients showed abnormal  
gastrointest inal  motil i ty through duodenal- jejunal  
manomet ry .  They  all had s y m p t o m  levels that were  
disabling, and 13 of 14 subjects  responded to leu- 
prolide therapy with significant and progress ive  im- 
p rovemen t  in their s y m p t o m  scores .  

In summary ,  low dosages  of  the G n R H  analog 
leuprolide acetate  significantly and progress ively  
improved  debilitating s ym p t om s  in patients with 
modera te  to severe  functional bowel  disease.  Leu-  
prolide acetate  seems  not only  to inhibit ovar ian 
ho rmones  that act  as antagonists  on the gastrointes- 
tinal t ract  and ur inary bladder,  but m a y  also restore  
n o r m a l  cyc l ing  m o t o r  a c t i v i t y  b y  an a s - y e t -  
undefined neural mechanism.  

ACKNOWLEDGMENTS 

We are grateful to Barbara Howell for administrative 
help with the study; Johnelle May-Zarutskie, RN, and 
Janis D. Baldwin of TAP Pharmaceuticals for assisting in 
its completion; and Alice W. Cullu for editorial advice on 
the manuscript. 

REFERENCES 

1. Mathias JR, Finelli DS: Functional diseases of the small 
intestine. In Functional Disorders of the Gastrointestinal 
Tract, Contemporary Issues in Gastroenterology, Vol. 6. S 
Cohen, RD Soloway (eds). New York, Churchill Living- 
stone, 1987, pp 39-58 

2. Reeves-Darby VG, Mathias JR: Motility disorders of the 
small intestine: Pseudo-obstruction syndromes. Contemp In- 
tern Med 3:92-113, 1991 

3. Chokhavatia S, Anuras S: Neuromuscular disease of the 
gastrointestinal tract. Am J Med Sci 301:201-214, 1991 

4. Mitchell CM, Drossman DA: Survey of the AGA member- 
ship relating to patients with functional gastrointestinal dis- 
orders. Gastroenterology 92:t282-1284, 1987 

5. Davis RH, Clench MH, Mathias JR: Effects of domperidone 
in patients with chronic unexplained upper gastrointestina4 
symptoms: A double-blind, placebo-controlled study. Dig 
Dis Sci 33:1501-1511, 1988 

6. Camillari M, Malagelada JR, Abell TL, Brown ML, Henck 
V, Zinsmeister AR: Effect of six weeks of treatment with 
cisapride in gastroparesis and intestinal pseudo-obstruction. 
Gastroenterology 96:704-712, 1989 

7. Schuffler MD, Pope CE II: Studies of idiopathic intestinal 
pseudo-obstruction II. Hereditary hollow visceral myopa- 
thy: Familial studies. Gastroenterology 73:339-344, 1977 

8. Smout AJPM, De Wilde K, Kooyman CD, Ten Thije O J: 
Chronic idiopathic intestinal pseudo-obstruction: Coexist- 
ence of smooth muscle and neuronal abnormalities. Dig Dis 
Sci 30:282-287, 1985 

9. Krishnamurthy S, Schuffler MD, Rohrmann CA, Pope CE 
II: Severe idiopathic constipation is associated with a dis- 
tinctive abnormality of the colonic myenteric plexus. Gas- 
troenterology 88:26-34, 1985 

10. Mathias JR, Ferguson KL, Clench MH: Debilitating "func- 
tional" bowel disease controlled by leuprolide acetate, go- 
nadotropin-releasing hormone (GnRH) analog. Dig Dis Sci 
34:761-766, 1989 

11. Wald A, Van Thiel DH, Hoechstetter L, Gavaler JS, Egler 
KM, Verm R, Scott L, Lester R: Intestinal transit: The 
effect of the menstrual cycle. Gastroenterology 80:1497- 
1500, 1981 

12. Wald A, Van Thiel DH, Hoechstetter L, Gavaler JS, Egler 
KM, Verm R, Scott L, Lester R: Effect of pregnancy on 
gastrointestinal transit. Dig Dis Sci 27:1015-1018, 1982 

13. Amoss M, Burgus R, Blackwell R, Vale W, Fellows R, 
Guillemin R: Purification, amino acid composition, and 
N-terminus of the hypotbalamic luteinizing hormone releas- 
ing factor (LRF) of bovine origin. Biochem Biophys Res 
Commun 44:205-210, 1971 

14. Schally AV, Arimura A, Kastin A.l, Matsuo H, Baba Y, 
Redding TW, Nair RM, Debeljuk L, White WF: Gonado- 
tropin-releasing hormone: One polypeptide regulates secre- 

Digestive Diseases and Sciences, Vol. 39, No. 6 (June 1994) 1161 



MATHIAS ET AL 

tion of luteinizing and follicle-stimulating hormones. Science 
173:1036-1038, 1971 

15. Hazum E, Conn PM: Molecular mechanism of gonadotropin 
releasing hormone (GnRH) action. I. The GnRH receptor. 
Endocrinol Rev 9:379-386, 1988 

16. Clayton RN, Catt KJ: Regulation of pituitary gonadotropin 
releasing hormone receptors by gonadal hormones. Endocri- 
nology 108:887-895, 1981 

17. Yen SSC, Lein A: Mammals: Man. In Reproductive Cycles 
of Vertebrates, Vol. 1 of Marshall's Physiology of Repro- 
duction, 4th ed., GE Lamming (ed). Edinburgh, Churchill 
Livingstone, 1984, pp 713-788 

18. Corm PM, Hsueh AJW, Crowley WF Jr: Gonadotropin- 
releasing hormone: Molecular and cell biology, physiology, 
and clinical applications. Fed Proc 43:2351-2361, 1984 

19. Belchetz PE, Plant TM, Nakai Y, Keogh F_,J, Knobil E: 
Hypophysial responses to continuous and intermittent deliv- 
ery of hypothalamic gonadotropin-releasing hormone. Sci- 
ence 202:631-633, 1978 

20. Dowsett M, Cantwell B, Anshumala L, Jeffcoate SL, Harris 
AL: Suppression of postmenopausal ovarian steroidogenesis 
with the luteinizing hormone-releasing hormone agonist gos- 
erelin. J Clin Endocrinol Metab 66:672-677, 1988 

21. Cutler GB Jr, Hoffman AR, Swerdloff RS, Santen RJ, Mel- 
drum DR, Comite F: Therapeutic applications of luteinizing- 
hormone-releasing hormone and its analogs (N.I.H. Confer- 
ence). Ann Intern Med 102:643-657, 1985 

22. Coy DH, Vilchez-Martinez JA, Coy E J, Schally AV: Ana- 
logs of luteinizing hormone-releasing hormone with in- 
creased biological activity produced by D-amino acid substi- 
tutions in position 6. J Med Chem 19:423-425, 1976 

23. Hersh LB, McKelvy JF: Enzymes involved in the degrada- 
tion of thyrotropin releasing hormone (TRH) and luteinizing 
hormone releasing hormone (LH-RH) in bovine brain. Brain 
Res 68:553-564, 1979 

24. Wilk S, Benuck M, Orlowski M, Marks N: Degradation of 
luteinizing hormone-releasing hormone (LH RH) by brain 
prolyl endopeptidase with release of des-glycinamide LH 
RH and glycinamide. Neurosci Lett 14:275-279, 1979 

25. Hazum E, Fridkin M, Baram T, Koch Y: Degradation of 
gonadotropin-releasing hormone by anterior pituitary en- 
zymes. FEBS Lett 127:273-276, 1981 

26. Kochman K, Kerdelhu6 B, Zor U, Jutisz M: Studies of 
enzymatic degradation of luteinizing hormone-releasing hor- 
mone by different tissues. FEBS Lett 50:190-194, 1975 

27. Loumaye E, Naor Z, Catt KJ: Binding affinity and biological 
activity of gonadotropin releasing hormone agonists in iso- 
lated pituitary cells. Endocrinology 111:730-736, 1982 

28. Yen SSC: Clinical applications of gonadotropin-releasing 
hormone and gonadotropin-releasing hormone analogs. Fer- 
til Steril 39:257-266, 1983 

29. Vickery BH: Comparison of the potential for therapeutic 
utilities with gonadotropin-releasing hormone agonists and 
antagonists. Endocrinol Rev 7:115-124, 1986 

30. Conn PM, Crowley WF Jr: Gonadotropin-releasing hormone 
and its analogues. N Engl J Med 324:93-103, 1090 

31. Mathias JR, Sninsky CA, Millar HD, Clench MH, Davis 
RH: Development of an improved multi-pressure-sensor 
probe for recording muscle contraction in human intestine. 
Dig Dis Sci 30:119-123, 1985 

32. Heitkemper MM, Jarrett M: Pattern of gastrointestinal and 
somatic symptoms across the menstrual cycle. Gastroenter- 
ology 102:505-513, 1992 

33. Khanna R, Browne RM, Heiner AD, Clench MH, Mathias 
JR: Leuprolide acetate affects intestinal motility in female 
rats before and after ovariectomy. Am J Physiol 262:GI85- 
G190, 1992 

34. Heiner AM, Browne RM, Khanna R, Shinnick-Gallagher P, 
Callahan P, Clench MH, Mathias JR: Effect of centrally 
administered leuprolide acetate on myoelectric activity of 
the small intestine in rats. Gastroenterology 96:A202, 1989 
(abstract) 

35. Mathias JR, Baskin GS, Reeves-Darby VG, Clench MH, 
Smith LL, Calhoon JH: Chronic intestinal pseudoobstruc- 
tion in a patient with heart-lung transplant: therapeutic effect 
of leuprolide acetate. Dig Dis Sci 37:1761-1768, 1992 

1162 Digestive Diseases and Sciences, Vol. 39, No. 6 (June 1994) 


