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The objective of this study was to determine whether
prodynorphin-derived opioid peptides could block the
spontaneous luteinizing hormone (LH) surge and ovu-
lation, and if so, whether this inhibitory action was
mediated through �����-opioid receptors. Various doses of
dynorphin peptides (dynorphin A1–17, dynorphin A1–8,
dynorphin B, �����- and �����-neoendorphin) were infused
into the brain through third-ventricle cannulae in rats
between 1330–1800 h on proestrus. Each dynorphin
peptide blocked the LH surge and ovulation in a dose-
dependent manner. Dynorphin A1–17 and A1–8 were
equally effective in producing these actions, and more
potent than either dynorphin B or �����- or �����-neoendor-
phin. U50,488H, a specific �����-opioid receptor agonist,
also blocked the LH surge and ovulation. When a mix-
ture of five dynorphin peptides was infused intraven-
tricularly, each at a dose that inhibited the LH surge,
both the surge and ovulation were blocked. However,
when norbinaltorphimine, a specific �����-opioid receptor
antagonist, was coinfused with the mixture of dynor-
phin peptides, the LH surge and ovulation were fully
restored. These results demonstrate that prodynorphin-
derived opioid peptides, acting through �����-opioid recep-
tors, can block the LH surge and ovulation. Dynorphin
A1–17 and A1–8 are the most potent in this regard.

Key Words: Dynorphin; luteinizing hormone surge;
�-opioid receptors; norbinaltorphimine.

Introduction

Endogenous opioid peptides exert an inhibitory influ-

ence on luteinizing hormone (LH) secretion (1). Evidence

in the literature has shown a role for �-endorphin acting via

µ-opioid receptors in mediating a suppressive effect on the

ovulatory LH surge on proestrus (2–6). However, work in

our laboratory demonstrated that �-opioid receptors in the

medial preoptic area (MPOA) may also be involved in

suppression of the proestrous LH surge (7).

Dynorphin is a neuropeptide ligand with high binding

affinity for the brain �-opioid receptor (8,9). Brain neu-

ropeptides are first cleaved from large precursors and then

processed to yield biologically active peptides. The pro-

dynorphin precursor is proteolytically cleaved within neu-

rons of the rat hypothalamus and other brain regions to

yield a series of smaller opioid peptides, including dynor-

phin A
1–17

, dynorphin A
1–8

, dynorphin B, as well as �- and

�-neoendorphin (10–13). All of these peptides derived from

prodynorphin are active at �-opioid receptors (14,15). Some

studies have found no change in LH secretion in response

to activation or blockade of �-opioid receptors (16–19).

LH secretion has also been shown to be decreased by activa-

tion of �-receptors (16,20–23), and increased by blockade

of these receptors (7,16,24–29). With respect to dynorphin

ligands, although intraventricular injection of dynorphin

A
1–13

 decreased LH secretion in gonadectomized rats (20,

21), the effect of the end products of prodynorphin cleav-

age on LH release has been largely unexplored. The goal

of the present study was to determine which of these dynor-

phin peptides could affect the proestrous LH surge, and

whether this effect was mediated through �-opioid receptors.

Results

Dynorphin Peptides

In control rats infused intraventricularly with artificial

cerebrospinal fluid (aCSF) between 1330–1800 h on pro-

estrus, 89% (eight of nine) exhibited LH surges (mean plasma

LH level = 13.1 ± 2.9 ng/mL) and ovulated by the next morn-

ing (15.5 ± 0.9 ova/rat). By contrast, infusion of each of the

five dynorphin peptides blocked the LH surge and ovula-

tion (Fig. 1 and Table 1). On a molar basis, dynorphin A
1–17

and A
1–8 

were equally effective in producing these actions,

and more potent than either �-neoendorphin, �-neoendor-

phin, or dynorphin B. Significant decreases in mean plasma

LH levels as well as the percentage of rats ovulating occurred

in animals treated with dynorphin A
1–17

, A
1–8

, or �-neoen-

dorphin. In rats treated with 10–125 ng/h of dynorphin B

or �-neoendorphin, LH release was significantly decreased,

but sufficient LH secretion occurred, causing ovulation

in 71 and 54% of the rats, respectively. However, when the

dose of each peptide was increased to 250–1000 ng/h, this
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Fig. 1. Mean plasma LH concentrations in rats infused intraventricularly with aCSF or aCSF containing different dynorphin peptides

at various doses between 1330–1800 h on the afternoon of proestrus. *p < 0.05; **p < 0.01 vs aCSF controls. For the number of rats per

dose, see Table 1.

Table 1

Percentage of Rats Ovulating After Intraventricular Infusion

of Various Doses of Dynorphin Peptides Between 1330–1800 h on the  Afternoon of Proestrus
a

Dose (ng/h) Dynorphin A
1–17

Dynorphin A
1–8

�-Neoendorphin Dynorphin B �-Neoendorphin

(%) (%) (%) (%) (%)

250–1000 0 (0/4)
b

33 (2/6)
c

0 (0/5)
b

10–125 14 (1/7)
b

40 (4/10)
c

71 (5/7) 54 (7/13)

0.5–5 27 (4/15)
b

23 (3/13)
b

83 (5/6) 88 (7/8) 60 (3/5)

0.05–0.1 57 (4/7) 100 (5/5)

a
Numbers in parenthesis are number of rats per dose.

b
p < 0.01 vs 89% ovulation (8/9) in rats treated with aCSF alone.

c
p < 0.05.

resulted in a larger decrease in LH secretion and a blockade

of ovulation. Third-ventricle infusion of U-50,488H, a spe-

cific �-receptor agonist, also blocked the LH surge in six of

six rats (mean plasma LH level = 0.9 ± 0.2 ng/mL) (Fig. 2),

and none ovulated.

Dynorphin Peptides + Norbinaltorphimine

In four rats infused intraventricularly with a mixture of

five dynorphin peptides, each at a dose that inhibited LH

secretion (i.e., 0.5 ng/h of dynorphin A
1–8

, 1 ng/h of dynor-

phin A
1–17

, 50 ng/h of �-neoendorphin, 250 ng/h of �-neo-
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endorphin, and 1000 ng/h of dynorphin B), none exhibited

an LH surge (mean plasma LH level = 0.6 ± 0.1ng/mL)

(Fig. 3) or ovulated. However, when the �-receptor antago-

nist norbinaltorphimine (nor-BNI) was coinfused with the

mixture of peptides, this blocking action was prevented in

five of five rats; all exhibited LH surges, with mean plasma

LH levels (15.8 ± 4.1 ng/mL) greater than in rats infused

with dynorphin peptides alone (p < 0.05) (Fig. 3), but the

same as in rats infused with aCSF (13.1 ± 2.9 ng/mL). All

five rats ovulated (12.8 ± 2.4 ova/rat).

Discussion

The present experiments demonstrate that prodynorphin-

derived opioid peptides can block the LH surge and ovula-

tion in a dose-dependent manner on proestrus. Moreover,

this effect is mediated by �-opioid receptors, since the LH

surge and ovulation are fully restored in dynorphin pep-

tide–treated rats by coadministration of nor-BNI, a specific

antagonist of this receptor subtype (30,31).

Previous results from our laboratory demonstrated that

selective blockade of �-opioid receptors in the MPOA prior

to the critical period on the afternoon of proestrus prema-

turely evoked an ovulatory LH surge (7). These findings

were consistent with the hypothesis that disinhibition in exist-

ing inhibitory opioid tone on the afternoon of proestrus was

part of the mechanism underlying generation of the LH

surge (1). This opioid inhibition of LH secretion had been

shown to be mediated by �-endorphin originating in the

arcuate nucleus and acting via µ-opioid receptors (2–6).

Our previous study demonstrated that �-opioid receptors

in the MPOA were also important in regulating the timing

of the LH surge (7). That study suggested that dynorphin,

the endogenous ligand for the �-opioid receptor (8,9), was

involved in this inhibitory response, and the present data

support this hypothesis.

The large prodynorphin precursor peptide is proteolyti-

cally broken down within the hypothalamus and other brain

regions into a series of five smaller opioid peptides (10–13).

Each of these peptides—dynorphin A
1–17

, dynorphin A
1–8

,

dynorphin B, �-neoendorphin, and �-neoendorphin—effec-

tively inhibited the LH surge. The inhibitory effect of these

dynorphin peptides on the LH surge was eliminated by coin-

fusion of nor-BNI, a selective �-receptor antagonist, even

when all five peptides were combined and each was given

at a dose that inhibited LH secretion. Moreover, the LH

surge and ovulation were fully reinstituted. If any of the

five dynorphin peptides was not suppressing LH secretion

by activating �-opioid receptors, then coinfusion with nor-

BNI would not have prevented the blocking action of the

peptide mixture on the LH surge. Thus, although dynorphin

has also been shown to activate µ- and �-opioid peptide recep-

tors (32–34), and NMDA receptors (35,36), the inhibitory

action of each dynorphin peptide on the LH surge must be

mediated by activation of �-opioid receptors.

When administered intraventricularly, opioid peptides

could potentially influence LH secretion by acting at the

level of the central nervous system (CNS) and/or anterior

pituitary. Although opioids, or naloxone, an antagonist of

all opioid receptor subtypes, have been shown to directly

influence LH release from cultured anterior pituitary cells

(37–39), many studies have demonstrated no direct effect

of either treatment on basal (40,41) or gonadotropin-releas-

ing hormone (GnRH)–induced LH secretion (38,40–43),

and opioid receptors have not been found in the anterior

pituitary (44). Moreover, blockade of opioid receptors with

naloxone has been shown to increase GnRH secretion from

superfused rat (45–47) and human (48) hypothalami. Thus,

although the site of action of the various dynorphin pep-

tides was not specifically addressed in the present study, it

is likely that their suppressive effect on the LH surge is

mediated at the CNS level.

Fig. 2. Mean plasma LH concentrations in rats infused intra-

ventricularly with aCSF (n = 9) or aCSF containing U50,488H

(n = 6) between 1330–1800 h on the afternoon of proestrus. *p <

0.01 vs aCSF controls.

Fig. 3. Mean plasma LH concentrations in rats infused intraven-

tricularly with aCSF containing five dynorphin peptides (n = 4) or

five dynorphin peptides + nor-BNI (n = 5) between 1330–1800 h

on the afternoon of proestrus. *p < 0.05 vs dynorphin peptides

alone.
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Two CNS areas that are important in the regulation of

LH secretion are the MPOA and the medial basal hypo-

thalamus (MBH). Both areas contain cell bodies and fibers

of dynorphin A
1–8

, A
1–17

, and B neurons (49–53), as well

as �-opioid receptors (44,54,55) and GnRH neurons (56).

We have reported that blockade of �-receptors with nor-

BNI in the MPOA or MBH during midpregnancy in the rat

increased LH secretion (28,29,57). The LH response to

direct blockade of �-opioid receptors at each site was differ-

ent, with a large, prolonged increase in LH secretion occur-

ring only in response to blockade of MPOA �-opioid recep-

tors (28,57). Moreover, this large increase in LH release was

similar to the premature LH surge occurring on the day of

proestrus in response to blockade of MPOA �-opioid recep-

tors (7). Since GnRH neurons do not have �-opioid receptors

(58–60), blockade of such receptors in the MPOA could

increase LH release by altering the activity of neurons regu-

lating GnRH secretion, such as the noradrenergic system.

However, while norepinephrine is involved in mediating

the premature LH surge occurring in response to blockade

of MPOA �-receptors on proestrus (7), as well as the large

increase in LH release in response to blockade of MPOA

�-receptors in midpregnancy (57), in neither instance is

the importance of norepinephrine expressed as an increased

release of norepinephrine in the MPOA. Taken together,

these results suggest that dynorphin may block the LH surge

by activating �-opioid receptors in the MPOA.

An interesting observation in the present study was that

dynorphin A
1–17 

and A
1–8 

were more potent than the other

three dynorphin peptides in suppressing the LH surge. Both

peptides were effective at doses as low as 0.5–1 ng/h, while

doses at least 20-fold higher (10–125 ng/h) of dynorphin B

or �- or �-neoendorphin were required to inhibit the LH

surge on proestrus. The same order of potency was reported

by Pugh et al. (61) in a study evaluating the enhancement

of morphine-induced nociception by each dynorphin pep-

tide at the spinal cord level. By contrast, dynorphin A
1–17

was more effective than dynorphin A
1–8

 or �-neoendorphin

with respect to inhibitory effects on contraction of the rab-

bit vas deferens (62). Moreover, James et al. (14) reported

a potency order of dynorphin A
1–17 

>> dynorphin B ~ �-neo-

endorphin >> dynorphin A
1–8 

and �-neoendorphin in evalu-

ating the inhibitory action of each peptide on contraction

of the guinea pig ileum. One observation consistent among

all these studies and our own is that no dynorphin peptide

was more effective than dynorphin A
1–17 

in any physiologi-

cal system examined. This may be due to the fact that dynor-

phin A
1–17 

contains three amino acids at positions 7, 11,

and 13 (arginine, lysine, and lysine, respectively) that are

important in determining dynorphin peptide potency (8,14),

and that longer peptides are less easily degraded (62,63).

Relative binding affinity for the �-opioid receptor could also

influence the potency of a given dynorphin ligand. Although

one report indicated that �-neoendorphin had a greater bind-

ing affinity for the �-opioid receptor than dynorphin A
1–17

(64), two other studies demonstrated that the affinity of dynor-

phin A
1–17

 for the �-opioid receptor was greater than that

of other dynorphin ligands tested (62,65).

In conclusion, prodynorphin-derived opioid peptides,

acting through �-opioid receptors, can block the ovulatory

LH surge and ovulation. Dynorphin A
1–17 

and A
1–8 

are the

most potent in this regard. Since these two peptides are

more potent than dynorphin B or �- or �-neoendorphin in

inhibiting the LH surge, this suggests that dynorphin A
1–17

and A
1–8 

are the most likely candidates to act as endog-

enous ligands in the MPOA in suppressing the onset of the

LH surge. In support of this hypothesis, we recently reported

that selective neutralization of each of these peptides, by

push-pull perfusion of the MPOA with antibodies specific

for dynorphin A
1–17 

or A
1–8 

on the morning and early after-

noon of proestrus, advanced the increase in plasma LH levels

normally observed on this day of the rat estrous cycle (66).

Materials and Methods

Animals

Adult female rats in our colony, derived from Charles

River Sprague-Dawley CD rats, and weighing 270–350 g

at the time of cannula implantation, were maintained on a

14:10 h light/dark schedule (lights on at 0500 h), and fed rat

chow and water. Estrous cyclicity was determined by daily

examination of vaginal smears. The experimental procedures

were approved by the local University Animal Care and Use

Committee.

Third-Ventricle Cannula Implantation

About 2–4 wk prior to the experiment, rats displaying

4-d estrous cycles were anesthetized with pentobarbital (3.5

mg/100 g body wt intraperitoneally), and a 22-gauge stain-

less steel guide cannula (Plastics One, Roanoke, VA) was

stereotaxically implanted into the third ventricle at A 6.4

according to the atlas of deGroot (67). A 5-mm piece of 18-

gauge tubing cemented in place above the superior sagittal

sinus served as a guide tube for cannula implantation. The

cannula was cemented in place when a continuous flow of

CSF was observed at its tip, and an inner stylette (28 gauge)

was inserted. Cannula implantation was done on the day of

estrus, resulting in minimal disruption of the estrous cycle.

Daily vaginal smears were continued, and only rats display-

ing at least two consecutive 4-d estrous cycles were used in

experiments.

Jugular Vein Cannulation

Between 0800–1000 h on the day before the experiment

(diestrous d 2), rats were anesthetized briefly with ether, and

a polyethylene (PE50) cannula was inserted into or near the

right atrium via the external jugular vein. The next day rats

displaying nucleated epithelial smears characteristic of pro-

estrus were used in experiments.
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Intraventricular Infusion

Thirty minutes before the onset of infusion, the inner

stylette was removed and CSF flow was checked. Only those

rats showing CSF flow were used. The infusion assembly

consisted of an internal 28-gauge cannula attached to a

spring-covered PE tubing containing the infusion solution.

One end of the assembly was attached to a Hamilton micro-

liter syringe set in place in an infusion pump. The inner can-

nula at the other end was inserted into the guide cannula and

tightened. The infusion apparatus had been pre-filled with

the appropriate solution immediately prior to setting it up.

The infusion rate was 20 µL/h.

Experiment 1

The objective of this experiment was to determine whether

dynorphin peptides or a �-opioid receptor agonist could

block the preovulatory LH surge on the afternoon of pro-

estrus. Third-ventricle infusion of aCSF (140 mM NaCl,

4 mM KCl, 2.3 mM CaCl
2
, 1 mM MgSO

4
, 1.2 mM Na

2
HPO

4
,

0.3 mM NaH
2
PO

4
, 3.4 mM glucose, 7.4 pH), aCSF contain-

ing individual dynorphin peptides (dynorphin A
1–17

, dynor-

phin A
1–8

, dynorphin B, �-neoendorphin, or �-neoendorphin;

Peninsula Laboratories, Belmont, CA; Sigma-Aldrich, St.

Louis, MO) at doses indicated in Table 1, or aCSF contain-

ing the �-opioid receptor agonist U-50,488H (100 µg/h)

(68) (Upjohn, Kalamazoo, MI) was done in rats between

1330–1800 h on proestrus.

Experiment 2

The objective of this experiment was to determine whether

blockade of the LH surge by dynorphin peptides (experi-

ment 1) was mediated through �-opioid receptors. Third-

ventricle infusion of aCSF containing all five dynorphin

peptides, each at a dose that inhibited the LH surge (as

determined in experiment 1; i.e., 0.5 ng of dynorphin A
1–8

 +

1 ng of dynorphin A
1–17

 + 50 ng of �-neoendorphin + 250 ng

of �-neoendorphin + 1000 ng of dynorphin B/h); or the five

dynorphin peptides and nor-BNI, a selective  �-opioid recep-

tor antagonist (40 µg/h) (30,31) (Sigma-Aldrich), was done

between 1330–1800 h on proestrus. This dose of nor-BNI

has been shown to induce a premature LH surge when applied

to the MPOA on the morning of proestrus (7).

Animals were injected with 500 U of heparin following

the onset of infusion. Blood samples (300–400 µL each)

were withdrawn with a 1-cc syringe at 60-min intervals start-

ing at 1350 h. An equal volume of saline was given to the

animal through the bleeding cannula following each blood

sample. Blood samples were centrifuged, and the plasma

was collected and stored at –70ºC until assayed for LH by

radioimmunoassay (RIA). At the end of the third-ventricle

infusion, rats were returned to the animal quarters overnight.

The following morning (estrus) the ovaries were removed,

the oviducts were separated from the ovaries, and ovulation

was verified by counting the ova with the aid of a low-power

microscope.

Radioimmunoassay

Plasma samples were analyzed for LH by the ovine:ovine

rat LH double antibody RIA of Niswender et al. (69), as pre-

viously described (70). The sensitivity of the assay is 6–8

pg/tube. Inter- and intraassay variations determined at a

mean plasma LH level of 3.1 ± 0.2 ng/mL (n = 11) were

18.3 and 14.1%, respectively. LH values (ng/mL of plasma)

were expressed in terms of the National Institute of Diabe-

tes and Digestive and Kidney Diseases (NIDDK) rat LH-

RP-3 standard.

Data Analysis

Mean plasma LH levels for each experimental group were

determined by first calculating the mean of all the blood

samples collected from each rat during the infusion period,

and then determining the average plasma LH for the experi-

mental group from the individual means. Significant dif-

ferences between groups in mean plasma LH levels were

determined by student’s unpaired t-test or analysis of vari-

ance followed by Dunnett’s t-test. Differences between groups

in the percentage of occurrence of ovulation were deter-

mined by Fisher’s exact probability test. Results were con-

sidered significant at p < 0.05. All results are expressed as

the mean ± SEM.
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