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S U M M A R Y  

Cimetidine, an H2 receptor antagonist, was given for 6 weeks to six normal male 
volunteers to study the effects on pituitary, adrenal, thyroid, and testicular 
hormone secretion. Patients were studied before (day 1) and after (day 42) 
cimetidine (300 mg four times daily) therapy, and four of the six were restudied 
after discontinuing cimetidine for 1 month (day 72). Basal TSH concentrations 
and responses to TRH administration as well as T3 RIA and T4 resin uptakes 
did not change during or after cimetidine therapy. The diurnal rhythm of 
plasma cortisol and maximum cortisol response to insulin (0.15 u/kg) were 
similar on days 1 and 42, but urinary free cortisol excretion fell 31% ( P <  0.01). 
Response of GH to exercise, 100 g carbohydrate ingestion and insulin were 
unchanged, but mean nocturnal GH secretion decreased 33% ( P  < 0.025) on 
cimetidine, and returned to baseline on day 72. The 24-h plasma prolactin 
profile was unchanged as was the prolactin response to insulin and TRH 
stimulation. Plasma FSH was not altered, but mean LH concentrations 
decreased 20% on cimetidine and continued to decline (45% of day 1 levels) after 
discontinuation of cimetidine (P < 0.01). Spontaneous LH pulse amplitude 
declined slightly on day 42, but became significantly lower on day 72 ( P  < 0.0 1) 
while pulse frequency increased modestly on day 72 (P<O-O5). Peak LH 
responses to gonadotropin-releasing hormone were also reduced on cimetidine 
therapy ( P  < 0.02). Plasma testosterone concentrations did not change but 
plasma oestradiol concentrations were 38% lower (P < 0.025) after cimetidine 
was discontinued. 

Hz histamine receptors are involved in the control of multiple hormone 
secretory patterns and blockade of these receptors by cimetidine alters hormone 
profiles. These changed patterns have to be considered in the interpretation of 
hormone measurements in patients receiving cimetidine therapy. 
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Cimetidine is a H2 histamine receptor antagonist with a wide range of uses in states of 
gastric hyperacidity (Henn et al., 1975; Winship, 1978). Gynaecomastia (Hall, 1976; 
DelIefave et al., 1977) and impotence (Wolfe, 1979) have been reported in men on chronic 
cimetidine therapy, but the mechanisms involved in their development are unknown. 
Hyperprolactinaemia, both after oral (Dellfave et al., 1977; Bonnet et al., 1978) and 
intravenous (Delitala et a/ . ,  1978; Daubresse et a/., 1979; Carlson & Ippoliti, 1977) use has 
been implicated in these states. However, the hyperprolactinaemia appears to be transient 
after intravenous use and oral cimetidine induced hyperprolactinemia has not been 
confirmed (Hall, 1976; Carlson & Ippoliti, 1977; LaBrooy et ul., 1978). Furthermore, 
changes in plasma testosterone as well as altered LH responsiveness to gonadotrophin 
releasing hormone (GnRH) (Van Thiel el al., 1979) and elevated plasma FSH 
concentrations (White et  al., 1979) have been described. These changes have been 
suggested as mechanisms whereby cimetidine could alter pituitary-gonadal function but 
the effects have not been reproducible (Delitala et al., 1979; Valk et a/.. 1979). In many of 
the previous studies, single estimates of hormones were made and effects of HZ receptor 
antagonists on the biological rhythms involved in hormonal secretion have not been fully 
evaluated. The effects of cimetidine on the nocturnal secretion of prolactin and growth 
hormone, the early morning rise in cortisol secretion, and the intermittent pulsatile release 
of LH and FSH have not been investigated. As hormonal rhythms may be altered before 
abnormalities of daytime basal plasma concentrations (Weitzman et al., 1975), study of 
circadian rhythms may show altered hormonal secretory patterns. This study was 
performed to investigate the effect of cimetidine, administered in a manner which 
approximates to its common use in the treatment of peptic ulcer disease, on the biological 
rhythms of endocrine secretion and thereby determine the effects of H2 histamine receptor 
blockade. 

METHODS 
Srudy protocol 

Six normal male volunteers, aged 26-35 years, were investigated on a 6-week protocol. 
None were taking other medications during the study period. They were admitted to the 
Clinical Research Center on day 1 at 0730 h, and informed consent obtained after detailed 
explanation of the protocol. An intravenous heparin lock was placed in the forearm and 
at  0800 h a venous sample drawn for full blood count, biochemical profile, T4 by 
radioimmunoassay (T4 RIA), T3 resin uptake, and a 24-h urine collection for creatinine 
and free cortisol was begun. Blood for G H  assay was drawn 60,30, and 0 min before, and 
at 20-min intervals after a 100 g carbohydrate meal. Venous samples were taken every 20 
min from 1300 to 1700 h for GH, prolactin, LH and FSH. At 2000 h each volunteer was 
exercised to 80°, of calculated maximum heart rate (Fortuin & Weiss, 1977) on a 
stationary bicycle for 15 min with measurement of G H  before and after. At 2300 h the 
volunteers began fasting and were placed in a room at rest. At 2330 h the lights were 
turned out and the volunteers allowed to sleep. Samples from the forearm catheter were 
taken every 20 min from 2400 to 0400 h in a manner designed for minimal patient 
disturbance. Prolactin, GH, FSH, and LH were determined on each sample, and cortisol 
on the 2400 h sample. At 0800 h the following morning, after completion of the urine 
collection, a combined pituitary reserve test (Harsoulis et al.. 1973) was performed. 
Soluble insulin (0.15 u/kg). TRH (200 pg), and GnRH (100 pg) were given by i.v. bolus at 
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0830 h and samples for GH, prolactin, TSH, LH, FSH, cortisol, and glucose were 
obtained at 0,30,45,60, and 90 min after injection. The volunteers were then discharged 
on oral cimetidine at a dose of 300 mg every 6 h for 42 days. On days 21 and 42, plasma 
cimetidine levels were drawn to assess compliance with the drug regimen. All volunteers 
were readmitted on day 42 (still taking cimetidine) and the day 1 protocol repeated. 
Cimetidine was discontinued after day 42 and four of the men were readmitted 30 days 
later for repeat studies. On day 72 the protocol was the same as day 1, except that plasma 
cortisol and FSH were not measured and the urinary collection and pituitary reserve test 
omitted. Plasma testosterone and oestradiol were determined at 1200 and 2400 h on each 
day of study. 

Assays 
Radioimmunoassays for GH, LH, FSH, prolactin, TSH, cortisol, testosterone and 

oestradiol were performed as previously described (Schalch & Parker, 1964; Midgley, 
1966; Midgley, 1967; Sinha et al., 1973; Payne et al., 1977; England et al., 1974; Pekary et 
al., 1977; Dash et al., 1975). Gonadotrophin results are expressed as miu of the second 
IRP of HMG (normal adult male range of 5-30 miu/ml). Urinary free cortisol (UFC) was 
measured using the modified method of Dash et al. (1975) with cortisol binding globulin 
heat inactivated at 90'C for 10 min to eliminate solvent extraction. Normal adult levels of 
urinary free cortisol range between 30-150 &24 h, and cimetidine (10 pglml) did not 
interfere with the assay. 

All samples for testosterone, oestradiol and UFC were performed in single assays. For 
the other hormones, samples on days 1 and 42 were measured in a single assay and day 72 
samples in a separate assay. The interassay coefficient of variation (CV) for the GH assay 
was 13;; and for LH the intra and interassay CVs were similar at 12.5, 10.9, and 8.97; for 
values of 5-10, 10-20, and 20-30 miu/ml respectively. Plasma cimetidine was determined 
by high pressure liquid chromatography with therapeutic concentrations ranging from 
0.5 to 2.0 pg/ml during oral therapy (Griffiths et al., 1977). 

Stat istics 
Mean nocturnal growth hormone and prolactin were calculated using all samples 

between 2400 and 0400 h and an analysis of variance was performed using individual 
timed samples on each day of study. Mean nocturnal peak GH and prolactin were the 
maximum levels achieved between 2400 and 0400 h. Mean day-time prolactin concentra- 
tions were calculated from the 1300-1700 h samples and mean LH and FSH from all the 
1300-1 700 and 2400-0400 h values. LH pulse frequency and amplitude were calculated 
using a 20g: or greater increment from nadir to peak over 40 min as the definition of a 
spontaneous LH pulse (Santen & Bardin, 1973). All other analyses were done using paired 
Student's t tests and and all results are expressed as mean and standard error of the mean. 

RESULTS 
Plasma cimetidine concentrations 

All six men had therapeutic plasma levels of cimetidine on days 21 and 42. 
Concentrations ranged from 0.7 to 1.5 pg/ml on samples taken 2-6 h after the previous 
dose of cimetidine. 
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Table I .  Basal and peak plasma hormone and glucose concentrations in 
response to combined pituitary reserve testing before (day 1) and during (day 

42) crmetidine administration 

Day I Day 42 

Basal Peak Basal Peak 

Cortisol (pgldl) 19.Sk0.6t 21.1 k 1.6t 17,8+ 1.3-i 21.3k I . l t  
TSH (puiml) 2.2+0.4 9 .9k  1.2 2.3k0.4 10.6+ 1.8 
LH (miu ml) 10.4+6.0 72.8k 18.0* I1.2k3.6 63.6k 12.0* 
FSII (miu'ml) 2,920.4 4.050.7 3.2k0.5 4.4k0.8 
G H  (ng'ml) 0.7kO.l 27.8k11.9 0.7k0.1 23.2k8.8 
Prolactin (ng,ml) 23.3k3.5  113.1 k71.3 18.4+4-2 116.1 k2S.8 
Glucose (mg:dl) 99.0k3.6 34.3k 3.7 103.3k 1.8 34.8k2.9 

* P < 0.02. 
t Mean*SEM. 

Pituitarjy-thjmid asis 

Plasma T4 RIA and T3 resin uptake levels were 7.7k0.4 pg/dl (meanf SEM) and 
103.6 & 3.4% on day 1, respectively. On day 42, levels were unchanged being 8.0 +_ 0.7 
pg;dl and 98.7 f 1 .?"A. respectively. TSH concentrations before and after TRH administ- 
ration were similar on days 1 and 42 (Table 1). 

Pituitarj)-adrenal u.Yis 

Plasma cortisol levels at 2400 h on days 1 and 42 were not different at 2.8k0.5 and 
2.7 1 0 . 5  pg/dl, respectively. Basal cortisol levels at 0830 h were similar and peak insulin 
hypoglycaemia-induced levels were unchanged by cimetidine,therapy (Table 1). 

Urinary free cortisol (UFC) excretion was significantly altered by cimetidine therapy. 
Free cortisol excretion per 24 h decreased by 45q, ( P  < 0.005) after 6 weeks of cimetidine 
(Table 2) and UFC expressed per gramme of creatinine excreted decreased by 36"( 

Table 2. Urinary free cortisol excretion and creatinine 
clearance before (day I )  and during (day 42) cimetidine 

administration 

Day 1 Day 42 

Urinary free cortisol ( p g )  
per 24 h 56-8k 3.7* 31.0 & 3.l§ 
per g creatinine excreted 28.4k2.1 18.2 + 1.5: 
per 100 ml estimated GFR 41.9k5.7 28,9+3,8t 

Urinary creatinine (g,'24 h)  2.0+0.10 1.7 k0.07 
Serum creatinine (mg:dl) 1 .O k 0.07 1.1 k 0.08: 
Creatinine clearance (ml!min) 138.9 i 8-2 107.3 k 6.09 

* MeanfSEM. t P 10.01. $ P<0.005. 5 P  <0,0025. 
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(P<0-005).  This was accompanied by an increased plasma creatinine and a lowered 
creatinine clearance. However, a 31% decrease in free cortisol excretion was still present 
(P < 0-0 1) when UFC was corrected for the decline in creatinine clearance (expressed as pg 
UFC per 100 ml GFR). 

Growth hormone secretion 
Basal GH concentrations before a 100 g carbohydrate meal were similar (2.1 f 1.0 and 

3.0 f 2.5 ng/ml) on days 1 and 42, respectively. Plasma GH fell to the lower limit of assay 
sensitivity after the meals on both days 1 and 42, and remained low (0.7 f 0.01 ng/ml) for 
up to 3 i  h. Plasma glucose was not different on either occasion and peak levels were 
reached at 40 min (143 f 6 and 152 k 7 mg/dl on days 1 and 42) and returned to baseline by 
80 min. Exercise produced a similar response in serum GH (4.4 f 2.7 and 3.0 1.7 ng/ml 
on days 1 and 42, respectively) and GH responses to insulin hypoglycemia were 
unchanged (Table 1). GH and glucose responses to the 100 g carbohydrate meal and 
exercise were unchanged on day 72. 
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Table 3. Mean and peak nocturnal plasma GH 
concentration 

- 

- 

Mean nocturnal GH Peak nocturnal GH 
(ngiml) (nsiml) 

Day 1 5.7+0.8? 16.1 1 4 . 6  
Day 42 3.9+0.5* 12.2 k 2.9 
Day 12 5.5 2 0.8 16.8 k 4.8 
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2400 0200 0400 

* P i  0.025. 
t Mean f SEM. 
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Fig. 1. Nocturnal GH concentrations in an individual before (a, day l), during (b, day 42). and 
after (c, day 72) cimetidine therapy 
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Fig. 2. Mean day time (a), night-time (0). and peak (0)  nocturnal prolactin concentrations on  days 
1,42, and 12 (mean+SEM). 
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Fig. 3 .  Mean LH (0 ) .  LH pulse amplitude ( 0 ) .  and LH pulsc frequency (a) on days I ,  42. and 72 
(Mean i SEM) ( *  P < 0.05. t P < 0.03). 

Nocturnal GH secretion was altered by cimetidine therapy and the mean nocturnal GH 
level was decreased in five of the six men. A 33"" decrease (P<O.O25) was present after 6 
weeks of cimetidine, which returned to baseline on day 72 (Table 3). Peak nocturnal G H  
levels were also lower on day 42 compared with day 1 and day 72, but were not statistically 
different as in two men peaks were of similar height but shorter duration. Nocturnal G H  
levels in one man before, during and after cimetidine are shown in Fig. I .  

Proluctin secretion 

Plasma prolactin concentrations during the day and night are shown in Fig. 2. The 
mean day-time and nocturnal prolactin levels, and time and magnitude of peak nocturnal 
prolactin levels were not different before (day I) ,  during (day 42), or after (day 72) 
cimetidine therapy. Basal prolactin and peak responses to insulin and TRH on days 1 and 
42 were not altered by cimetidine (Table I ) .  
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Day I D a y 4 2  D a y 7 2  

Fig. 4. Plasma testosterone (0). and oestradiol ( 0 )  concentrations on days I ,  42, and 72. 
(Mean & SEM)(* P<0.025) (Conversion to SI units: testosterone x 3.5 to nmol/l, oestradiol x 3.7 
to pmol/l). 

Gonadotrophins and gonadal steroids 
Plasma LH concentrations are shown in Fig. 3. Mean plasma LH declined by 20% on 

day 42 of cimetidine treatment (P < 0.05) and was 55% lower on day 72 (P < 0.02). The 
frequency of spontaneous LH pulses was similar on days 1 and 42, but was increased on 
day 72 (P<O.O5). Concomitantly, LH pulse amplitude decreased slightly by day 42 but 
was not significantly lower than day 1 levels until day 72 (P< 0-02). All four men studied 
on day 72 showed these changes. Furthermore, maximum LH responses to GnRH in the 
six men were decreased on day 42 compared with day 1 (P<O-O2) (Table I). 

Mean plasma FSH concentrations (2.3f0.2 miu/ml on days 1 and 42) and FSH 
responsiveness to GnRH were unaffected by 6 weeks of cimetidine treatment (Table 1). 

Plasma testosterone and oestradiol concentrations are noted in Fig. 4. Plasma 
testosterone was not different before, during, or after cimetidine therapy. Plasma 
oestradiol concentrations remained unchanged on days 1 and 42, but were 38% lower 
(P< 0.025) 1 month after discontinuation of cimetidine. This delayed fall in oestradiol 
occurred in all four men studied on day 72. 

DISCUSSION 

Conflicting reports of altered hormone secretion have been noted in patients taking 
cimetidine (Hall 1976; Dellefave et al., 1977; Bonnet et a/ . ,  1978; Delitalia et a/., 1979; Van 
Thiel e f  al., 1979; White et al., 1979). Some of the differences observed may have resulted 
from the use of infrequent sampling schedules and thus we have used frequent sampling 
for prolonged periods to improve accuracy (Santen & Bardin, 1973), and also to examine 
possible changes in the biological rhythms of hormone secretion. 

Prolactin has been a primary candidate as the cause of impotence and gynaecomastia in 
men taking cimetidine (Dellefave et al., 1977; Wolfe, 1979; Bonnet et al., 1978). Many 
investigators found a transient effect of i.v. cimetidine on plasma prolactin (Delitala et al., 
1979; Daubresse et al., 1979; Carlson & Ippoliti, 1977), but the effect of oral cimetidine on 
prolactin secretion is debatable (Hall, 1976; Dellefave et al., 1977; Bonnet e f  al., 1978). In 
the present study, oral cimetidine produced no changes in basal or stimulated plasma 
prolactin concentrations. The difference between the effects of oral and intravenous 
cimetidine on prolactin may relate to the differences in plasma cimetidine concentrations. 
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A threshold of prolactin release is seen after an intravenous boIus of 200 mg of cimetidine 
(Delitala et al., 1979). An i.v. injection of 100 mg produces peak cimetidine levels 4- to 
5-fold higher than seen in this study, and thus oral cimetidine in doses required for ulcer 
disease would be unlikely to affect prolactin levels. Many of the original reports referred 
to gynaecomastia in patients with the Zollinger-Ellison syndrome (DelleFave et al., 1977) 
which is treated with larger doses of cimetidine (McCarthy, 1978). In these circumstances 
the higher plasma cimetidine levels could have caused increased prolactin secretion. 

Nocturnal growth hormone secretion was reduced by cimetidine and while documen- 
tation of sleep stage by electroencephalography was not performed, indirect evidence 
suggests that sleep was not affected. First, prolactin is also secreted in a sleep-related 
manner (Weitzman et al., 1975; Nokin et al., 1972), and the lack of any changes in the 
nocturnal prolactin rise suggests that sleep patterns were not altered. Secondly, the 
decline in nocturnal GH reversed after stopping cimetidine suggesting that this is a 
transient effect of cimetidine therapy. However, further investigation with electroence- 
phalographic monitoring would be needed to accurately delineate any effects of 
cimetidine on the patterns of sleep. 

Our data suggest that a HZ histamine receptor may be involved in control of nocturnal 
GH secretion. Previous studies have shown histamine to be present in the brain with high 
concentrations in the median eminence (Taylor e f  al., 1972; Brownstein et al., 1974). Both 
H I  and Hz histamine receptors are present in that area (Brimble & Wallis, 1973; Baudryet 
al., 1975) and H I  antihistamines have been shown to inhibit arginine induced GH 
secretion (Pontiroli et al., 1976). The significance of the changes in growth hormone 
secretion remain unknown. However, the prolonged use of an oral dose of cimetidine at  
bedtime to decrease nocturnal gastric acid secretion (Gray et a/., 1978) should be 
undertaken with caution in growing children and adolescents. 

Urinary free cortisol excretion was decreased markedly by cimetidine treatment. The 
mechanism by which this occurs is uncertain but an alteration in adrenal cortisol 
production seems unlikely as the diurnal cortisol rhythm and cortisol responses to insulin 
hypoglycemia were not changed. Two other possibilities may be involved. First, 
cimetidine alters warfarin-induced anticoagulation (Flind, 1978), presumably by altering 
binding to plasma proteins. Altered cortisol binding to binding globulins could alter the 
rate of free cortisol clearance. A second mechanism may involve alteration of cortisol 
metabolism or clearance by the kidney itself. The reduced creatinine clearance, an effect 
noted by others (McElligott, 1978; Kruss & Littman, 1978) may be evidence of this. 
However, correcting the excretion of free cortisol for the reduced glomerular filtration 
does not fully explain the reduced cortisol excretion. Recent evidence has shown that 
histamine receptors are present in both the glomerulus and tubule and are blocked by H2 
but not H I  antagonists (Torres et at., 1978). As cortisol is filtered by the glomerulus and 
then reabsorbed in the tubule (Beisel et al., 1964) cimetidine could directly reduce cortisol 
excretion by effects at either site. A tubular effect is supported by the fact that calculation 
of UFC secretion per 100 ml of GFR did not correct the decrease in UFC concentrations. 
As other urinary steroids may be similarly affected, their measurements should be 
interpreted with caution in patients on cimetidine therapy. 

Interesting findings were noted in the effect of the Hz receptor antagonist on 
gonadotrophin and gonadal steroid secretion. The mechanisms involved in the gonado- 
trophin and gonadal steroid changes and the persistence of the changes after therapy has 
been stopped are unclear. The decline in mean LH concentrations probably results from 
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the decrease in LH pulse amplitude which is not fully compensated by the small increase in 
pulse frequency. This effect would appear to be mediated via hypothalamic H2 receptors 
as spontaneous LH pulsations probably reflect endogenous GnRH secretion (Root et al., 
1972; Yen et al., 1972). As a result of decreased endogenous GnRH secretion, LH stores in 
the pituitary decrease more rapidly than FSH (Santen & Ruby, 1979), and less LH is 
released in response to exogenous GnRH. The decrease in LH pulse amplitude and the 
decreased LH responsiveness to GnRH are similar changes to those noted in men given 
oestradiol infusions (Santen, 1975). A reduction in oestradiol binding to sex hormone 
binding globulin (SHBG) induced by cimetidine could produce an increase in free 
oestradiol which would not be evident when total serum oestradiol is measured. 
Cimetidine impairs the binding of androgen to its peripheral receptors (Winters et al., 
1979; Funder & Mercer, 1979) and this could also result in an increase in the effective 
oestradiol to testosterone (E/T) ratio. Such changes could explain the alterations in 
gonadotrophin secretion as well as the reported increased incidence of gynaecomastia 
after cimetidine, but further investigation is necessary to clarify these effects. 

In conclusion, Hz receptors appear to be involved in the control of rhythms of 
hormonal secretion. The exact mechanisms of the effects on LH and oestradiol as well as 
changes in GH and UFC remains to be elucidated. However, the alterations should be 
taken into account in the interpretation of hormone measurements in patients receiving 
cimetidine therapy. 
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