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The effects of copper, sulfhydryl and disulfide reagents on gonadotropin releasing 
hormone (GnRH) binding to pituitary membrane preparations and on luteinizing hormone 

(LH) re1ease fi-m pituitarlb’I-label~ the specific binding of 
lin) to pituitary membranes in a dose res 
the specific binding was 
8-fold decrease in the apparent affinity of Wlserelin. in the presence of copper ions. 
Cupric sulfate was examined for its ability to affect basal and GnRH-$timulated_5LH re- 
lease. Copper stimulated basal JJi release l&+pld and 8-fold at 10 M ar.d 10 M. re- 
spe tively. 
cu+s 

lhe LH release ir. response to Cu was calciun de ndent. The effect of 
on GnRH stimula+tpd LH release was a combined effect of Cu 

+!F on GnRH binding, GnRH 
on LH release and Cu on LH release. N-ethylmaleimide. hy~~~~e~a~e~~i~s~:“,l”,~i~~ 
reitol did r.ot alter sigr.ificantly the specific bindir.g of - . 
thylmalefmide and hydrogen peroxide did not affect GnRH stimulated LH release, whereas 
dithiothreitol (1 mM) significantly inhibited GnRH stimulated LH release. Ihe present 
findings may explain the induction of ovulation by copper and the reduction in serun LH 
after injection of reducing agents. 

Gor.adotropin releasing hormone (CnRH) is a hypothalamic decapeptide. which affects 

gotiadotropin release by interacting with specific receptors on gonadotrope cells. Ca- 

tions play ar; important role ir. the stimulation of pituitary luteinizing hormone (LH) 

release. Recent studies have indicated that calciun ions may actually perform the role 

of an intracellular mediator in this system (reviewed it-. ref. 1). In addition, LH re- 

lease in response to cell depolarization by K+ is Ca+*-dependent (211). 

Several groups of investigators have observed that systemic administration of copper 

salts to female rabbits induces ovulation. (5). probably by stimulating the release of 

GnRH from the hypothalamus (6.7). Recently, it has been show that copper stimulates 

the release of GnRH from isolated hypothalamic granules (8). In contrast to the effects 

of copper, subcutaneous injection of cysteamine reduces serun IH concentrations in adult 

male rats without altering the hypothalamic GnRH content (9). In view of these find- 

ings, we investigated the effects of copper, dithiothreitol at?d other sulfhydryl rea- 
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ger.ts on the bicding of Cr.RH to rat pituitary membranes and LH release from pituitaries 

of inunature female rats. 

MATERIALS AND METHODS -- 

Iodicatiol: ar.d pituitary membrane preparations. -- 

ED-Ser~:t-Bu)6,detily10 ,ethylanidelCnRH (Buserelin), kindly supplied by R. J. San- 
dow, Hoechst, Frar.kfurt) was iodir.ated by the lactoperoxidase method as described previ- 
OU!ilY (10). lhe specific activity of the labeled peptide was approximately 1000 pCi/pg. 

Pituitary membranes were prepared from Wistar-derived female rats as previously de- 
scribed (10). Briefly, the glands were homogenized gently with a bunce homogenizer at 
4’1: in assay buffer (10 mM nis.HCl, pH-7.4, 0.1% BSA) cor.taining 1.0 mM dithiothreitol 
and centrifuged for 10 min at 1000 x g. lhe supernatant was then centriflrged for 20 min 
at 20,000 x g. ‘Ihe pellet was resuspended in the same buffer, centrifiged at 3,000 x g 
for 20 min and finally suspended ifi assay buffer. 

assays Binding 

The labeled peptide (40,000 cpn) was incubated with 20 to 30 ug p-otein of pituitary 
membranes in a total volune of 0.5 ml of assay buffer for 90 min at 4’C. The homogenate 
was then filtered under vacuum through Wbatman GF/C filters presoaked in 0.1% of BSA, 
washed with 10 ml of ice-cold buffer and the filters counted ir? a gamma cour.ter. Spe- 
cific binding (80% of total bindit8) represents the b0Lb.d radioactivity which can be 
displaced by prior addition of 10 M unlabeled Wlserelin. Each value is the mean of 
triplicate incubations, which diverged by less thar. 7%. 

Bioassay 
Pituitaries deriv e$ from 12-day-old female rats we’d incubated in Krebs Ringer Bicar- 

bar.ate containing 10 Y CnRH or a combination of 10 Y GnRH and the tested compounds. 
Tne ir?cubation procedure has been described ir. detail elsetiere (11). At the end of the 
iccubatior. period, aliquots of the mediun were ar.alyzed by radioimnunoassay (RIA) for LH 
cc’ntect using the kit kindly supplied by the Natior:al Institute of Arthritis, Metabolism 
ar.d Digestive Diseases (NIAMDD). Rat Pituitary Program. Results are exp-essed in terms 
of the RI’-1 reference preparation. 

RESULTS 

The effect of cupric ions on the binding of 125 I-labeled Buserelin to pituitary membrane 

preparations is shorn in Fig. 1. Incubations of the membrane with cupric sulfate re- 

sulted in a dose-dependent decrease of the specific bindir.g. Fifty percer.t inhibition 

01. the sjpecific binding was obtained at 3 x 10% CU+~. ‘lhis decrease is only a loss of 

specific binding, because there was no significant char.ge in nor.-specific binding. 

Preincubation of pituitary membranes with 10m4M Cu 
+2 ar.d subsequent extensive washir.g 

resulted in the restoration of GnRH binding suggesting that the Cu +2 effect is reversi- 

ble (data not showi). The inhibitory effects with CLI+~ are not specific for this ion 

because inhibition of receptor bir.ding is also seen with Na+. K+, Mg +2, Ca+2, Mn+2, CO+2 

a?d La +3 (1,10,12,13), although higher concentrations are required. 
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CONCENTRATION (MI 

Effect of Cu +2 on the birding of 125 I-labeled &serelin to pituitary membrane 
preparations. lhe radioa$i ve Bxserelin (40,000 cpn) was incubated with diffe- 
rent concentrations of Cu for 90 min at 4OC in a final volume of 0.5 ml con- 
taining pituitary membranes 120 to 30 pg of protein/ml) and the bicding was 
measured as described ir. Materials and Methods. 

Fig. 2 shows the effect of 5 x 10-5M CLI+~ on the competition of binding of 

125 
I-labeled Eaxrerelin by uclabeled Puserelin. Incubation of the membrane with cupric 

sulfate resulted in a decrease of the specific binding. Scatchard analysis (Fig. 2, in- 

set) of receptor binding in the presence of CU 
+2 

revealed a decrease in receptor affini- 

ty (1.2 nM) compared to binding without added CUDS (0.15 tw. ‘lhus, there was a B-fold 

decrease IL receptor afficity without a significant change in receptor nunber. 

Q. 2. Competition of bicdlng of 1251-labeled B.rserelin bir.di g by ynlabeled Rxaerelin 
ir. the presence (-) and absence CM) of 5 x 10 -54 cu+ : inset, Scatchard 
plot. specific binding was measured as described in Materials and Methods. 
Values are the mean of triplicate tubes of four separate experimer.ts. 
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Q. .j. Effect of Cu+* on basal and GnRH (1 r&ml) stimulated LJi release from pituitar- 
ies of inmature female rats. The pituitaries were incubated as described in 
Materials end Methods. Each bar represents mear. + S.E. of 12 determinations in 
tM separate experiments. 

Cupric sulfate was examined for its ability to affect basal and GnRH stimulated LH 

release. As shoun in Fig. 3. basal LH release was 0.3 2 0.05 pg/ml whereas Cu +2 at con- 

centrations of 10% and 10m5N elicited 4.75 5 0.5 ar.d 2.5 e 0.11 pg/ml of Ui, respec- 

tively, lhus, cu+2 stimulated basal LH release eighteenfold and eightfold at 10~%l and 

10e5M, respectively. Ihe effect of QI+~ on GnRH stimulated LJi release was a combined 

effect of Cu +2 on GnRH bir.ding (Fig. 1). CnRH on IH release and CIJ+~ on LH release (Fig. 

3). thus. a combination of 1 rig/ml Gr.RH and 10-s CU+~ elicited only 1.75 z 0.25 ug/ml 

of IJi, because at this concentration Cu +2 abolished all the specific binding of GnRH 

(Fig. 1) and had very low releasing activity by itself (Fig. 4). At 10d4M and 10% 

c”+2, $01 ar.d 102 of the specific binding of GnRH was inhibited respectively (Fig. 1). 

Thus, the combined effect of GnRH and CIJ+~ at 10m4H or 10-5w on W release was the addi- 

tive effect of CU+~ and the residual activity of GnRH. Cupric ions at the concentra- 

tions examined did not affect at all the binding of rat Ul to the antibodies against rat 

LH. 
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Basal 

FiJ$. u. Effect of Cuc2 and Q)RH (0.5 r.g/ml) cc LH release in the sesence ( q ) ar.d 
absence ( 0 1 of Ca+ (Krebs Ringer Bicarbonate without Ca 1. For expet-imen- 
tal details see the legend to Fig. 3. 

The effect of extracellular calcium on Cu 
+2 

and GnRH stimulated LH release is shown 

in Fig. 4. Pituitaries of inxnature female rats incubated in mediun containing Ca +2 were 

responsive to stimulation by both GnRH and Cu +2 , whereas in Ca +2 
-free medim they were 

unresponsive. This suggests that LH release in response to both CnRH and Cu 
+2 1.3 Ca +2 

dependent. 

The effects of sulfhydryl and disulfide reagent on 125 I-labeled IXrserelir. binding and 

Gr.RH stimulated IJi release are summarized in Table 1. N-ethylmaleimide, hydrogen perox- 

ide and dithiothreitol did not alter significantly the binding. N-ethylmaleimide and 

hydrogen peroxide did not affect CnRH stimulated LH release, whereas dithiothreitol at a 

concentration of 1 mM significantly inhibited GnRH stimulated LH release (Table 1). 

DISCUSSION 

The present study demonstrates that: (i) Cupric ions redwe, in a dose related man- 

ner, the binding of CnRH to its receptor by decreasing the apparent affinity: (ii) 

cu+z stimulates basal LH release through a calcilan dependent mechanism, and (iii) di- 

thiothreithol inhibits CnRH stimulated LH release without altering receptor binding. 

Similar to these findings, studies with opiate receptors have indicated that cupric ions 

cause naloxone-reversible analgesia when in jetted intracerebroventicularly in mice, 

whereas dithiothreitol, reverses the analgesia induced by cupric ions and antagonizes 
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Table 1. Effect of sulfbydryl and disulfide reagents on 1251-labeled 
Buserelir. binding and GnRH stimulated LH release. 

Reagenta 
m-l) 

N-Ethylmaleimide 
0.01 
0.1 
1 

Hydrogen peroxide 
0.01 
0.1 
1 

Dithiothreitol 
0.01 
0.1 
1 

Specific 1251-Busereli\ 
binding (I of control) 

103 
95 
99 

95 
92 
93 

101 
94 
92 

E-t releaseC 
pg/ml 

3.e.6 
4.34J.5 
4. Go.4 

3.240.5 
3.5s.4 
3.63.7 

3.7s.3 
3.24.4 
1.9.2 

i All reagents were dissolved immediately before use. 
Specific binding was determined as described in Materials and Methods. Each value is 
the mean of triplicate iwubations, which varied by less than 71. 

’ Gr.RH at 1 rig/ml elicited 3.75s.3 pg/ml LH release. lhe values indicated are the com- 
bined effects of 1 rig/nil CnRH and the tested compounds. The pituitaries were incubat- 
ed as described in Materials and P&hods. Each value represents mean + S.E. of 12 
determinations in tw separate experiments. 

analgesia induced by morphine (14). Cu In vitro, 
+2 

abolishes opiate receptor binding 

(15) and dithiothreitol does not significantly affect the binding of enkeealin to neu- 

roblastoma cells (16). 

Cupric ions play an importar.t role ir. mammalian reproduction. It has beer, observed 

that copper deficiency leads to infertility in guir.ea pigs and rats (17), whereas admin- 

istratiol: of copper to female rabbits induces ovulatior. (5). These effects have been 

at.tributed to the release of GnRH from the hypothalamus (6.7). and recently it has been 

shown thet CuATP stimulates the release of GnRH from isolated hypothalamic grarwles (8). 

The findings presented ir: this study strongly ir.dicate that cupric ions have a direct 

erfect op. the pituitary which results in an enormous release of LH. lhis release may 

explain the induction of ovulation. by copper. Nevertheless, it is possible that Cu 
+2 

rn,ay affect both Ui release from the pituitary ar.d GnRH release from the hypothalamus. 

Recently, it has been reported (9) that cysteamine injections reduce concentratior.s 

of pituitary and serun gmadotropin in adult male rats, with no significant reductions 

it: radioimnunoassayable hypothalamic GnRH. In addition, the results of employicg cys- 

&amine and GnRH icdicate that the pituitaries of such rats are less responsive to 

G?RH. In the preser.t study another reducing reagent, dithiothreitol. was tested in vi- -- 

tro. using pituitaries from ifmnature female rats. lhe results indicate that dithioth- -- 
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reitol inhibits GnRH stimulated H release without altering binding capacity. Other 

sulfhydryl blocking-reagents such as N-ethylmaleimide and hydrogen peroxide have no ef- 

fect 01: GnRH binding and have a small effect on Gr.RH stimulated LH release. This sug- 

gests that a mechanism of oxidation-reduction of thiols (14) is probably not ir.volved in 

modu1atir.g GnRH receptor function. 

Calciun filfils the requirements of an intracellular mediator for CX,RH-stimulated LH 

release from the pituitary (reviewed in ref. 1). As suggested by Cow, et al. (11, GnRH -- 

action may be divided into three sequential step: 1) interaction of Cr.RH with the re- 

ceptors; 2) mobilization of ionic calciun, and 3) expulsion of the contents of the g+ 

nadotropin secretory grar.ule to the extracellular space. Moreover, the requirement for 

Ca +2 in GnRH-stimulated W release is not mediated through a specific action of this ion 

at the level of receptor binding, but occurs at a post-receptor locus. Tne fir.ding that 

LH release in response to Cu +2 1s calciun dependent (no release in the absence of extra- 

cellular calciun) suggests that cupric ions act by increasing, or mobilizing, intracel- 

lular calciun iot-s that evoke Ui release. 
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