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INTRODUCTION AND SPECIFIC AIMS 

A considerable amount of research has observed mechanism of regulation of GnRH 

neurons and LH secretion. This is a broad area of research and numerous factors have 

been shown to play a role in the regulation of GnRH and LH release. Nevertheless, the 

complete mechanism has yet to be elucidated. In this project, the role of 

carboxypeptidase E (CPE) and bradykinin in the regulation of LH secretion was 

examined. 

Many peptide hormones including GnRH are synthesized in the cell as precursor 

proteins. The pro-hormones are usually biologically inactive and they must undergo a 

variety of posttranslational processing steps to yield the active peptides. CPE has been 

identified to be one of the processing enzymes. CPE is copackaged along with 

prohormones into secretory vesicles or secretory granules in most endocrine tissues [1, 

2]. In the hypothalamus, CPE is thought to catalyze the formation of GnRH from pro

GnRH, as well as other neuropeptides or neurotransmitters [3-5]. In the normal ovulatory 

cycle, estradiol is considered to be the trigger for the preovulatory gonadotropin surge 

and progesterone regulates the duration and amplitude of the surge. It is not known 

whether these hormones modify hypothalamic CPE activity. 

There are other factors that have the potential to regulate CPE, including leptin. Leptin, 

a newly discovered hormone secreted by adipose tissue, also plays an important role in 

obesity. The leptin deficient ob!ob mice not only become obese, but also experience 
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reproductive failure. Administration of leptin restores reproductive function in these 

animals despite the change in body weight [6-8]. Leptin has also been shown by some 

investigators to bring about hypothalamic GnRH release and increase in LH levels [9, 

10]. Based on these findings, the regulation of CPE by steroids and the relationship 

between CPE and leptin was studied in this project. 

The second part of this project was to investigate the modulation by steroids on 

bradykinin B2 receptors in the hypothalamus. Previous work from our laboratory has 

shown that bradykinin can stimulate GnRH release in GTl-7 cells and hypothalamic 

fragments in vitro. The effects of bradykinin were attenuated in vitro by bradykinin B2 

receptor antagonists. In addition injection of a bradykinin B2 receptor antagonist into the 

third ventricle of estrogen and progesterone treated ovaiectornized (OVX) rats attenuated 

the preovulatory gonadotrop!n surge [11, 12]. Since the preovulatory gonadotropin surge 

is modulated by steroids, the purpose of this study is to determine the effects of estrogen 

and progesterone on bradykinin B2 receptors and whether bradykinin B2 receptors are 

colocalized in GnRH neurons. 

Overall Hypotheses: 

CPE, one of processing enzymes to catalyze the formation of hormones from their 

precursors, is possibly involved in the synthesis of GnRH and other neuropeptides to 
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control GnRH secretion in the brain. Furthermore, leptin, a hormone secreted from 

adipose tissue, has been reported to be able to act as a metabolic signal to the 

reproductive system [13, 14]. In this study, it is hypothesized that steroid hormones, 

estradiol and/or progesterone, or the protein hormone leptin act through CPE to increase 

the synthesis of GnRH. 

Bradykinin has been shown to stimulate GnRH release through its Bz receptors in the 

hypothalamus. It is also hypothesized that bradykinin Bz receptors are increased by 

steroids in the hypothalamus during the estrous cycle. 

To address the hypotheses, the aims of these studies are as follows: 

Speci.fic Aim 1: To establish a quantitative competitive reverse transcriptase and 

ploymerase chain reaction (RT-PCR) assay to measure mRNA levels of CPE and Bz 

receptor in hypothalamus and pituitary. 

Rationale: Due to the small amount of RNA isolated from neuroendocrine tissue, it is 

difficult to analyze the gene expression by traditional Northern blotting. The RT -PCR 

provides a semiquantitative way to examine changes in mRNA expression of signals. A 

competitive quantitative RT -PCR was created using an internal standard to control for 

variations due to the exponential nature of the RT-PCR reaction [15] 
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Specific Aim 2: To determine the role of steroid hormones, estradiol and 

progesterone, in regnlating the gene expression of CPE in the hypothalamus. This 

study investigated 1) whether estradiol alone had any effect on the expression of CPE in 

hypothalamus; 2) whether estradiol plus progesterone increased mRNA levels of CPE in 

preovulatory LH surge; 3) how this regulation was related to the preovulatory 

gonadotropin surge in rats. 

Rationale: CPE has been found in almost all endocrine tissues to be involved in the 

formation of active hormones or neurotransmitters from their precursors [1, 2, 16, 17]. In 

hypothalamus, it has been demonstrated that CPE is one of the processing enzymes for 

GnRH [3, 5]. One of estrogen's effects on hypothalamus is to increase the synthesis of 

GnRH. It may be possible that by up-regulating the expression of CPE, estrogen exerts 

its effect on synthesis of GnRH. Although ·it does not facilitate the synthesis of GnRH, 

progesterone promotes the release of GnRH from hypothalamus and reduces the 

degradation of GnRH in hypothalamus [18]. 

Specific Aim 3: To determine the role of steroid hormones, estradiol and 

progesterone in regnlating the gene expression of CPE in the pituitary. This study 

investigated 1) whether estradiol alone had any effect on the expression of CPE in the 

pituitary; 2) whether estradiol plus progesterone increased mRNA levels of CPE in the 

preovulatory LH surge; 3) how this regulation was related to preovulatory gonadotropin 

surge in rats. 
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Rationale: Opioids have shown to suppress gonadot~opin secretion. A decrease in ~

endorphin levels results from two days of estrogen treatment permitting gonadotropin 

release [18-20]. The precursor of ~-endorphin, proopiomehinocortin (POMC), is a 

substrate of CPE [1, 21]. Therefore steroids may be indirectly altering GnRH release 

through ~-endorphin. 

Specific Aim 4: To determine whether leptin mediates the gene expression ofCPE in 

the hypothalamus and the pituitary. This study investigated 1) whether the mRNA 

levels of CPE in the hypothalamus and pituitary were up-regulated after administration 

of leptin to ob/ob mouse; 2) whether the mRNA levels of CPE in the hypothalamus and 

pituitary were up regulated after treatment of leptin to fasted rat? 

Rationale: Both leptin and CPE knockout mice ob/ob and cpe/cpe respectively become 

fat and experience reproductive failure. Administration of leptin to ob/ob mice causes 

weight loss and the restoration of ovulatory function [6-8]. Leptin receptors have been 

found in multiple tissues including hypothalamus and pituitary [22-24]. This study 

examined the relationship of leptin and CPE in regulating reproductive function . 

. Specific Aim 5: To determine the role of estrogen and progesterone in regulating the 

expression of bradykinin B2 receptors in the hypothalamus. This study determined 1) 

whether estradiol alone or estrogen plus progesterone increased mRNA and protein levels 

of B2 receptors in the hypothalamus; 2) whether this regulation is related to the 

preovulatory gonadotropin surge in rats. 
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Rationale: Previous works from our laboratory showed that bradykinin in vitro 

stimulates GnRH release and that this action is through B2 receptors [ 11, 12]. 

Administration of Bz receptor antagonist suppressed progesterone induced LH surge in 

estrogen-primed OVX rat [11]. 

Specific Aim 6: To investigate whether bradykinin B2-receptors is localized in 

GnRH nenrons. This study reveald if there was a colocalization of B2-receptor and 

GnRH in hypothalamus. 

Rationale: In vitro study showed that there is the expression of B2-receptors in GT1-7 

cells [12] and irnrnunostaining also revealed that B2-receptors are present in the same 

regions to control GnRH release, such as OVLT, POA, ARC/ME [11]. Colocalization 

would support a role for bradykinin in GnRH ~ecretion 
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REVIEW OF RELEVENT LITERATURE 

Overview of preovulatory gonadotropin surge 

The central endocrinological component in the ovulatory cycle is the preovulatory 

gonadotropin (luteinizing hormone, LH, and follicle stimulating hormone, FSH) surge 

that leads to ovulation.[19, 25] The activity of the pituitary gonadotrophs is controlled by 

its principal regulator, gonadotropin-releasing hormone (GnRH) from hypothalamus [26] 

as well as steroid hormones, estrogen and progesterone from ovaries and adrenal gland. It 

is ovarian steroid hormones that initiate and regulate the preovulatory gonadotropin surge 

[18, 27]. 

Evidence showed that estradiol has both negative and positive effects on gonadotropin 

secretion. Ovariectomy resulted in elevated secretion of LH and FSH [28, 29]. On the 

other hand ovariectomy in rats, hamsters, and sheep before the day of proestrus abolishes 

the preovulatory surge of gonadotropin; the administration of estradiol reinstates at least a 

partial surge [30]. The action of estradiol on the regulation of gonadotropin release occurs 

at both the levels of the hypothalamus and the pituitary. Estrogens act: 1) to regulate the 

synthesis of GnRH in the hypothalamus [31-33]; 2) to facilitate the synthesis of GnRH 

receptors in the pituitary in concert with GnRH [34-36]; 3) to increase the sensitivity of 

the pituitary to GnRH in the release of gonadotropin [37, 38]; 4) to stimulate the 
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synthesis of hypothalamic and pituitary progesterone receptors [39]; 5) to lower the 

opioid tone in the hypothalamus, thus releasing the inhibitory brake [40, 41]. 

Like estrogen, evidences also supported the facilitative and inhibitory effects of 

progesterone on gonadotropin secretion [ 42]. Acute treatment with progesterone 

enhances and chronic progesterone treatment suppresses the pituitary response to GnRH 

[43, 44]. In the body, progesterone is secreted from both ovaries and adrenal glands. In 

the hypothalamus, progesterone, in the presence of adequate estrogen-priming acts to 

bring about a rapid release of GnRH [45-47], and to reduce GnRH degradation [48, 49]. 

In the hypothalamus, progesterone also elevates hypothalamic neuropeptide Y (NPY) 

[50, 51], galanin [52, 53], and excitatory amino acids (EAA) [54, 55]. At the level of the 

pituitary, progesterone facilitates the sensitivity of the pituitary to GnRH in release 

gonadotropins. It is controversial whether progesterone increases GnRH receptors in the 

pituitary. It has been proposed that progesterone acts at some steps of the GnRH receptor 

[56, 57]. Other investigators have suggested the acute effects of progesterone on 

decreasing anterior pituitary-occupied estrogen receptors counteract estrogen inhibition 

and facilitate the gonadotropin surge [18, 20]. Progesterone may also reinstate the opioid 

tone and limit the gonadotropin surge to one day [18, 20]. 

Although estrogen is an important ovarian signal to trigger proestrus LH surge, this 

estrogen-induced surge was less than 10% of the magnitude of the proestrus LH surge. 

Administration of progesterone to estrogen-primed animal produced the full proestrus LH 

surge [58]. The importance of progesterone in the proestrus LH surge was also 

demonstrated by the effect of the progesterone antagonist R U486 that attenuated the 

surge [59, 60]. 
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Gonadotropins are under direct control of GnRH from hypothalamus. The regulation of 

GnRH by steroids has been under intensive investigation. It is unlikely that the effect of 

estrogen and progesterone is exerted directly on the GnRH neuron because that GnRH 

neuron does not contain steroid receptors. 

It is generally accepted that steroids modulate interneuronal effects and 

· neurotransmitters, which in tum regulate the GnRH neuron. Among those 

neurotransmitters catecholamines, glutamate, neuropeptide Y (NPY), galanin, bradykinin 

and gaseous neurotransmitters nitric oxide (NO) and carbon monoxide (CO) showed 

positive effects on GnRH neuron, while gamnia"aminobutyric acid (GABA) and opioid 

has negative effects [18, 20, 61]. Catecholaminergic neurons contain estrogen and 

progesterone receptors and have been shown to synapse on GnRH neurons in the 

hypothalamus. Administration of catecholamine synthesis inhibitors or a-adrenergic 

antagonist on proestrus leads to the abolition of the proestrus LH surge [18, 62]. The 

endogenous excitatory amino acid glutamate has been demonstrated to stimulate LH 

release. A glutamate agonist could release GnRH and induce LH secretion, while 

glutamate antagonists blocked the proestrus or estrogen/progesterone induced LH surge 

[18, 61, 62]. GABA, which is converted from glutamate by glutamic acid decarboxylase 

(GAD), is an inhibitor of GnRH release. GABAergic neurons also contain steroids 

receptors and synapse on GnRH neurons [63]. Progesterone has been shown to suppress 

GAD mRNA levels [55]. Estrogen's negative effect on LH secretion is through the 

"inhibitory brake" of opioid tone in the rat. Progesterone was able to restore the opioid 

tone [18, 40, 41]. It appears that by suppression of glutamate, opioids exert an inhibitory 

effect [18, 64]. Nitric oxide has been identified as a mediator of glutamate-induced 
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GnRH release, because nitric oxide synthase (NOS) inhibitors blocked glutamate-induced 

GnRH release in vitro [61, 65] and N-Methyl-D-Aspartate (NMDA), a glutmate agonist, 

induced LH release in vivo [61, 66]. Both NPY and galanin are potent regulators of 

GnRH secretion [18, 20]. NPY concentrations in the hypothalamus increased in 

correlation with proestrus hypothalamic GnRH levels [20]. Recently bradykinin 'has been 

found to mediate GnRH and LH release both in vitro and in vivo [11]. The action of 

bradykinin in regulation of GnRH would be discussed later. 

Overview of carboxypeptidase E 

Peptide hormones and neuropeptides are synthesized as larger precursor proteins. These 

precursors (prohormones) are transported from the rough ER, the site of synthesis, to the 

Golgi network, where they are sorted and packaged into the granules of the regulated 

secretory pathway (RSP). It is within these granules that most prohormones are processed 

to form biologically active hormones, which are then released upon stimulation [67]. 

Posttranslational processing occurs in a highly ordered, step wise fashion and the 

enzymes responsible seem to be nearly always copackaged along with the precursor 

protein into the discrete, membrane-bound, subcellular organelles from which the 

bioactive peptides are released (secretory vesicles or secretory granules). In general, the 

processing of these precursors is initiated by cleavage at the C-terminal side of dibasic 

sites mediated by prohormone convertases (P~s) such as PC1 and PC2, followed by 

carboxypeptidase E (CPE)-catalyzed removal of C-terminal basic residues one by one. 



11 

Finally, the peptidylglycine a-amidating monooxygenase (PAM) catalyzes the formation 

of amidated peptides [68-70]. 

CPE one of the processing enzymes is widely distributed in many endocrine and 

neuroendocrine tissues. Subcellular fraction studies showed that CPE is a cobalt (Co2+) 

stimulated enzyme with a pH optimum around 5.6, and present in the peptide-containing 

secretory granules [71, 72]. A similar carboxypeptidase activity is found in both soluble 

and membrane fractions of the secretory granules or tissue homogenates. The two forms 

isolated from bovine adrenal medulla, 'brairi, and pituitary show identical physical 

properties. The only detectable difference between the two forms is the molecular weight: 

the membrane form of CPE (52-53 kDa) is slightly larger than the soluble form (50 kDa) 

[73, 74]. Binding assay with eH]Guanidinoethyl-mercaptosuccinic acid (GEMSA) to 

membrane-bound CPE and imrnunochemical studies showed relatively high levels of 

CPE are present in pituitary, the salivary gland, the adrenal medulla, and in numerous 

regions of the brain. Moderate amounts of CPE are present in the lung, ileum, and the 

colon. Low levels of CPE are detectable in many other peripheral tissues, including heart, 

pancreas, testis and spleen [75, 76]. Electron microscopy revealed that CPE is not only 

present in cell bodies, but also in nerve-terminals which contain storage vesicle [76]. In 

situ hybridization showed that the widespread localization of CPE mRNA in the rat brain, 

including hippocampus, pituitary, amygdals, hypothalamus and cortex, etc [17, 77]. 

Several prohormones and neuropeptides are substrates of CPE (Table 1). The whole 

processing procedure is illustrated with the example of GnRH. The cloning of the eDNA 
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for the Pro-GnRH has revealed the GnRH is located at the N-terminal end and that it is 

separated by putative processing sites from a 56-amino acid peptide termed 

gonadotropin-releasing hormone-associated peptide (GAP). The initial endoproteolytic 

event is catalyzed by PCs, which is capable of producing bioactive GAP and a form of 

GnRH extended at the C terminus by the sequence Gly-Lys-Arg. Then CPE catalyzes the 

sequential removal of Arg and Lys with equal facility. The final step in Pro-GnRH 

processing is to remove Gly11 by PAM to form bioactive GnRH. This a-amidating 

enzyme only acts on substrates in which the amide nitrogen donor is present as the free 

C-terminal residue and, thus, only acts on the peptide product generated by CPE [3-5]. 

The regulation of CPE remains poorly investigated. It has been reported that the release 

of both CPE and PAM from mouse pituitary corticotropic tumor cell line can be 

stimulated by corticotrophin releasing factor (CRF), isoproterenol, or BaCh [78]. 

Estrogen has shown to decrease the expression of CPE mRNA and protein in pituitary of 

tumor-susceptible rats, but not in tumor-resistant rats [79]. 
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Table 1: Substrates of CPE 

Prohonnone References 

Insulin [80] 

Proopiomelanocortin (POMC) [81] 

Gonadotropin releasing hormone (GnRH) [3, 5] 

Cholecystokinin (CCK) [82, 83] 

Gastrin [84] 

Neuropeptide Y (NPY) [SS] 

Neurotensin [68] 

Melanin-concentrating hormone (MCH) [68] 

Failure of sorting prohormones into regulated secretory granules would result in their 

secretion via the constitutive (default) pathway in an unregulated manner [86, 87]. This 

would lead to endocrine disorders. Recent evidences indicated that the mechanism of 

sorting prohormones and proneuropeptides at the trans-Golgi network into the regulated 

secretory granules (SGs) involves the binding of a sorting signal to a receptor [81], and 

an aggregation step is also involved for more effective storing [88]. The membrane

associated form of CPE has been identified as sorting receptor for POMC, proenkephalin 

and proinsulin [81, 89]. In vitro study with Neuro-2a-CPEAs cells depleted of CPE by 

CPE antisense RNA expression clearly shows that transfected POMC, proinsulin and 

proenkephalin was not targeted to SGs of RSP, but secreted constitutively as biologically 
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inactive precursors. An in vivo study in the cpe/cpe fat mutant mouse also revealed the 

misrouting and abnormal secretion of these precursor proteins. It is proposed that these 

three prohormones share a similar conformation-dependent sorting signal motif to bind 

with CPE [81, 89-92]. Do all prohormones and other proteins sorted to the RSP utilize 

CPE as their receptor? The answer remains unknown now. The CPE's action on late 

prohormone processing step of removal of the basic residues would not conflict with its 

first function as a sorting receptor [81]. It is just another function of CPE. 

The cpe/cpe genetic fat mutant mouse, which has a mutation (Ser02 to Pro202 
) that 

abolishes enzyme activity [80, 93], has multiple endocrine disorders, including 

hyperproinsulinemia and infertility. Both the misrouting and impaired processing of 

prohormones have been observed in cpe/cpe mouse. Among them GnRH is the most 

important peptide to regulate reproduction. 

Overview of leptin 

Obesity is a common health problem. The obesity syndrome includes overweight, 

infertility and hyperproinsulinemia-diabetes. The etiology of obesity remains enigmatic. 

The identification and sequencing of the ob gene and its product, leptin (also called ob 

protein) in late 1994 [94] provided new insights into the mechanisms controlling body 

weight. Leptin, a 16kDa protein, is an adipocyte-derived hormone that influences energy 

homeostasis through effects on energy intake and expenditure, the secretion and action of 

metabolic hormones, and neuroendocrine function. In addition to white adipose tissue, it 

is now recognized that leptin is also produced in brown fat, the placenta and fetal tissues 

[95]. Result from cross-circulation (parabiosis) experiments involving obese ob!ob and 
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db/db mice provided 'initial evidence suggesting the existence of a circulating satiety 

factor responsible for a reduction in food intake and subsequent weight loss [96, 97]. 

Now this factor has been identified as leptin. The ob/ob mice which has a gene mutation 

in ob gene lack the biologically active leptin in circulation, while the db/db mice whose 

mutation is on the leptin receptor show a leptin-resistant state. The obese syndrome takes 

place in both mutations. Administration of recombinant leptin resulted in a significant 

reduction of food intake and body weight in ob!ob mice, but not in db/db mice [6, 7]. 

The action of leptin is mediated by its receptors. Intracerebroventricular administration 

of leptin results in a more potent response compared with the response to systemic leptin 

administration, suggesting that the central nervous system (CNS) is a major site of action 

of leptin [22]. In situ hybridization and immunochemical studies demonstrate that the 

leptin receptor gene is expressed strongly in several regions of the mouse and rat brain, 

including choroid plexus, leptomeninges and arcuate nucleus/median eminence 

(ARC/ME), paraventricular (PVN) and ventromedial nucleus (VMH) of hypothalamus, 

and anterior pituitary [23, 24, 98]. Among then ARC/ME is where GnRH neurons and 

terminals are located [23, 24, 98]. An adipose-CNS regulatory loop has been proposed 

[99]. Leptin plays an important role in this feedback system. Leptin exerts its central 

effects through several neuroendocrine systems, including neuropeptide Y (NPY), 

corticotropin-releasing hormones (CRH), glucagon-like peptide-1 (GLP-1) and cocaine-

and amphetamine-regulated transcript (CART). NPY is a potent orexigenic agent, while 

CRH GLP-1 and CART are anorexic. Leptin inhibits NPY gene .expression, but 

stimulates the expression of CRH and CART [22, 100-104]. Hypothalamic melanocortin 
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4-receptor (MC4) has been demonstrated on the signal pathway of leptin [105-107]. 

Leptin receptors have been found in almost all peripheral tissues, at least, in lower levels. 

It has been proposed that leptin regulates energy expenditure through uncoupling proteins 

(UCPs). There are three subtypes of UCP: UCP1 exclusively expressed in brown adipose 

tissue (BAT), UCP2 in white adipose tissue (WAT), and UCP3 in skeletal muscle. Leptin 

can up regulate the expression of all three UCPs [108-110]. However, this effect is 

controversial. Some studies showed the opposite effect of leptin on UCPs [111, 112]. lh

adrenergic receptor (beta3AR) agonist, fasting, and leptin itself suppress the expression 

of leptin in WAT [111, 113, 114] 

Obesity is often associated with infertility. Many neuropeptides, like NPY, CRH etc, 

are cross-linked to control both feeding behavior and reproduction. Leptin's role in 

control of GnRH release remains unclear. There are several reports in the literature 

showing that low levels of leptin can stimulate GnRH and gonadotropin release in vitro 

and LH release in vivo [9, 10]. Severely food-restricted animals have reduced circulating 

levels of leptin. These animals also show markedly reduced secretion of gonadotropin, 

LH and FSH. Leptin administration prevents reduced pulsatile secretion of these 

gonadotropins during fasting. This could occur in the absence of estrogen [8, 10]. This 

result implies that leptin might not be involved in the steroids' feedback on gonadotropin 

surge. It has been found that leptin .receptor (OB-R) mRNA was coexpressed in both 

POMC and NPY neurons in ARC [115], while the expression of OB-R on GnRH neurons 

is controversial [115, 116]. This suggested that leptin indirectly control GnRH neurons. 
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As we know CPE is involved in processing pro-NPY and POMC. One goal of this project 

is to investigate the relationship between leptin and CPE. 

Overview of Bradykinin System 

Bradykinin is a nonapeptide formed by the action of kallikrein on kininogen. In 

mammals three types of kininogens, precursors of kinins, have been described: high 

molecular weight (HMW) kininogen that is exclusively present in blood, low molecular 

weight (LMW) kininogen that occurs in blood and various tissues, and an acute phase 

protein called T-kininogen that occurs only in the rat [117, 118]. The corresponding 

enzymes are plasma kallikrein, tissue kallikrein and T-kininogenase. BMW-kininogen 

and LMW-kininogen generate bradykinin, while T-kininogen generates T-kinin. Both 

bradykinin and T -kinin have to bind to their receptors to exert their biological effects 

[117]. Bradykinin is a vasoactive peptide that influences a number of biological 

processes, including hypotension, increased· vascular permeability, recruitment of 

inflammatory cell and potent pain-producing autocoids in inflammatory responses, 

contraction of smooth muscles of broncho-pulmonary tree, intestines and uterus, and 

increase sperm motility [ 117]. All these actions are mediated through bradykinin 

receptors. So far, two types of .bradykinin receptors have been identified. Both are 

membrane bound receptor named B1 and B2• B1 receptors seem to be absent normally, but 

expression in smooth muscle cells and fibroblasts become evident in pathological states, 

particularly in inflammation or after exposure of tissue to noxious stimuli. B2 receptors 

mediate most of the actions of bradykinin. They are widely distributed in the body, 

including brain and reproductive tract [117, 119-121]. The effects of bradykinin in 
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MATERIALS AND METHODS 

Animals 

Immature female rats (Holtzman, Sprague Dawley, Madison, WI) at 25 days of age, 

were housed in air-conditioned rooms under a photoperiod of 14 hr of light (lights on 

0500 to 1900hr) and were supplied food and water ad libitum. Female oblob C57B1/6J 

mice and their littermates (Jackson Lab, Bar Harbor, ME) were housed in the same 

condition. 

All animal studies were approved by our Institutional Committee for the Care and Use 

of Animals in Research and Education in accordance with the guidelines of NIH and 

USDA for the care and use of laboratory animals. 

Animal Models 

Ovariectomized female rats with estradiol and progesterone replacement for study of the 

regulation of steroids to the expression of CPE and Bz receptor. 

Immature female rats were bilaterally ovariectomized under ether anesthesia at 26 day 

of age. On 27 and 28 days, the animals received 2 1-lg of 17~-estradiol (Sigma, St. Louis, 

MO) or vehicle intraperitoneally (ip) in ethanol-saline at 1700h each day. On 29 day, the 

animals received 1mg/kg B.W. of progesterone ip in ethanol-saline or vehicle at 0900h. 

The animals were then sacrificed at 1000, 1200, 1400 and 1600 hrs the same day. Trunk 
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blood was collected for serum analysis of LH. Hypothalami and pituitaries were taken to 

extract RNA or protein. Each group had four to six animals. 

Study of the effect of leptin treatment on CPE in oblob mice. 

Eight-week-old female C57Bl/6J ob/ob and lean (+/?) were housed with continuous 

free access to chow and water. Body weights were recorded daily at 0900h. After 1 day 

of baseline measurements of body weight, oblob mice were divided into two groups. 

Mice in the leptin treatment group were implanted (subcutaneously) with an alzet pump 

(model 1007D, Alza Corp. Palo Alto, CA). The pump delivered lOJ,.tg recombinant 

murine leptin (Chemicon, CA) each day in a total volume of 12J,.tl, and PBS was used as a 

diluent. [128]. Ob/ob control and lean animals received sham-operation. After pump 

placement, measurements of daily body weight were continued. All mice were 

decapitated on the morning of day 8 of leptin infusion. Trunk blood was collected and 

' ' 

hypothalami and pituitaries were taken for isolation of RNA. Each group had six animals. 

Study of the effects of leptin treatment on CPE in food-deprived rats 

Immature female rats were obtained at 26 days of age. Animals were separated into 

control group, fasted group with vehicle treatment, and fasted group with leptin 

treatment. Control animals had free access to food and water. The fasted animals were 

deprived from food but not water for 40hr, beginning at 1600hr on day 27. Either 50J.tg 

recombinant murine leptin (Chemicon, CA) or vehicle were given to fasted and control 

rats respectively at 1600hr at 27 and 28 days. All rats were decapitated at 0800hr on day 

29 [129]. Trunk blood was collected serum analysis of LH, and leptin. Hypothalami and 

pituitaries were removed for isolation of RNA. Each group has six animals. 
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Radioimmunoassay of LH 

The radioimmunoassay of LH was performed as described previously by our 

laboratory [11, 130]. The intra- and inter- assay variabilities were 9.0 and 10.4% for LH. 

Blood samples were centrifuged at 3,000 rpm for 25 minutes at 4°C and plasma was 

collected and stored at -80°C until assay of LH. LH levels in the sample were analyzed 

by a double-antibody radioimmunoassay method [59]. The purified hormone standard 

and the first antibody for LH (NIAMDD-rLH-S-10, rabbit) were obtained from NIDDK 

(National Hormone Pituitary Program). The hormone was iodinated with 125! 

(Amersham) using the chloramine-T method. The- second antibody (Arness Inc. 

Brooklyn, NY) was used at a dilution of 1:250. LH levels. were expressed in terms of 

NIAMDD-PR-3 standard for LH. 

RNA Extraction 

Total RNA from hypothalamus and pituitary was extracted using TRI Reagent 

(Molecular Research Center, Cincinnati, OH) according to the manufacturer's protocol. 

RNA was extracted from single hypothalamus (n = 6) while two pituitaries were

combined per sample (n = 3). The tissue was homogenized in lml TRl-reagent with a 

polytron tissue homogenizer. After homogenization, 0.2ml of chloroform was added and 

the sample were vigorously shaken and incubated at room temperature for 15 minutes. 

The aqueous phase was separated after centrifugation at 13,000g for 15 minutes and the 

RNA precipitated for 5 minutes with O.Sml of isopropanol. The RNA was pelleted by 

centrifugation at 13,000g for 10 minutes and RNA pellet washed with one ml of 75% 
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ethanol. Each RNA pellet was then resuspended in DEPC-treated water and the 

concentration of RNA was determined by densitometry at 260nm. Samples were stored at 

-80°C until use. 

Primers for RT-PCR 

Primers used for detection of CPE eDNA were designed according to rat eDNA 

sequence (GenBank accession number X51406). The primer sequences were as follow: 

forward primer 1 (FP1): 5'-CAT CAG CAG GAT CTA CAC GGT-3' (nt 304-324); 

forward primer 2 (FP2): 5'-ATA CAT TGG GAA CAT G-3' (nt 410-426); reverse 

primer (RP): 5'-TCA GAT TCT TCA GCA GGT GG-3' (nt 715-734). Primers used for 

detection of bradykinin B2 receptor were designed according to rat eDNA sequence 

(GenBank accession number M59967). FP1: 5'-CAC CAT CGC CAA TAA CIT CG-3' 

(nt 649-669); FP2: 5'-GCT TGT GAG TAT CGA C-3' (nt 751-766); RP: 5'-GCA TGT 

TGG TGA ACA CCT CC-3'(nt 964-993); Primers for detection of (3-actin were as 

follow: FP: 5'-TAC AAC CTC CIT GCA GCT CC-3'; RP: 5'-ACA ATG CCG TGT 

TCA ATG G-3'. 

Competitive quantitative RT-PCR 

Preparation o(cRNA internal standard for CPE and Bz receptor: An aliquot of 3.0 J.!g 

total RNA from hypothalamus was utilized for the reverse transcription-polymerase chain 

reaction (RT-PCR). RNA was reverse transcribed into complimentary DNA (eDNA) by 

MMLV Reverse Transcriptase (Promega, Madison, WI) according to the manufacturer's 

protocol. RNA was first denatured at 70°C for 10 minutes. After chilling on ice, eDNA 
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was synthesized by incubation at room temperature for 10 minutes, followed by 

incubation at 37°C for 1 hour in a volume of 20 J.ll, containing 200U MMLV, 10mM 

deoxyribonucleoside triphosphate (dNTPs: dATP, dCTP, dTTP, dGTP), 20U RNase 

inhibitor, and 20 J.ll hexarner-primer. The mixture was then heated to 70°C for 10 minutes 

to stop the reaction. For the PCR amplification, the 50J.1l reaction mixture contained 2J.Ll 

of RT mixture, 10mM dNTPs, · 5J.1l lOX PCR buffer, 1.25U Taq DNA polymerase 

(Promega, Madison, WI), 200ng CFP, which was formed by linking FP1 and FP2, and 

RP. The thermocycler was programmed for 35 cycles of 15 seconds at 94°C, 30 seconds 

at 60°C, and 60 seconds at 72°C. The PCR product had a deletion of about 80 bases 

between FP1 and FP2. The PCR product was then subcloned into pGEM-T Easy vector 

(Promega, Madison, WI). This recombinant plasmid, which contains an insert orientation 

from T7 to Sp6 was amplified and plasmid DNA was recovered by using Wizard 

Midipreps DNA Purification system (Promega, Madison, WI). The purified plasmid 

DNA was digested by enzyme to linearize the plasmid downstream from the insert. Using 

the MEGAscript T7 in vitro transcription kit (Ambion, Austin, TX), the insert eDNA was 

transcribed to eRN A with a deletion of sequence between FP1 and FP2. The eRN A then 

was treated with DNase I (Promega, Madison, WD to remove the eDNA template [131, 

132]. 

The house keeping gene B-actin was used to normalize the differences in RNA loading. 

In our study we used a B-actin eDNA internal standard as a PCR control. In contrast with 

the cRNA standard, this eDNA standard has an insert to make it 54bp longer than the 

amplified target. Like the eRN A for CPE and B2 -receptor, the B-actin eDNA standard 
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shares the same pair of primers with the [3-actin target. The conditions for the PCR were 

the same as previously described. 

Verification of RT-PCR as a quantitative method: A series of dilution of the cRNA 

standards and a constant amount of total pituitary or hypothalamic RNA 0~-tg) were 

reverse transcribed by MML V. 2 ~-tl of RT mixture was amplified with specific primers 

(CPE: FPl and RP, or Bz receptor FPl and RP) for 30 cycles under the same condition as 

described above. In the mean time a constant amount of [3-actin eDNA was added to RT 

mixtures to perform PCR with [3-actin specific primers. 20 !J] of PCR product were 

electrophoresed in 2% metaphor-0.5% agarose, ethidium bromide gel. Ethidium bromide 

intensities of each band were measured by IS-1000 digital image system (Alpha Innotech 

Corp. San Leandro, CA). 

Calibration curves for CPE, B2 receptor and B-actin: Different concentration of a pool of 

total RNA from hypothalamus or pituitary and a constant amount of cRNA were 

amplified by RT -PCR as described above. Also a constant amount of [3-actin eDNA was 

added to these RT mixtures to perform PCR. Plotting the ratio target/standard vs. 

concentration of total RNA in the sample should show a linear correlation. In the 

subsequent experiment the ratio of unknown target over known standard would reflect 

the relative change between samples. 
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Protein Extraction 

Hypothalamus tissue was homogenized at 4°C with a Polytron in 1 ml ice cold RlPA 

buffer (IX PBS, 1% Nondiet P-40, 0.5% sodium deoxycholate, and 0.1% SDS) with 

freshly added inhibitors (10 mg/ml. PMSF in isopropanol at·lO !11/ml RIP A, aprotinin at 

30 !11/ml RIP A). Homogenates were quickly centrifuged in a microcentrifuge 10,000 g 

for 10 minutes. Remove supernatant and centrifuge again. The supernatant is the total cell 

lysate. Aliquots were taken for protein measurements by the Bradford method [133] and 

the remaining sample was aliquoted and frozen at -80°C until use. 

Immnnoblotting (Western Blotting) 

100 11g of total protein dissolved in sample buffer· (2% SDS, 20% glycerol, 5% ~

rnercaptoethanol, and 0.5% bromophenol blue in 62.5 mM Tris-HCI, pH 6.8) were boiled 

for 5 minutes and then loaded in SDS-polyacrylamide gels (SDS-PAGE) [134]. After 

electrophoresis, protein were transferred to a Immobilon-P membrane (Millipore, 

Bedford, MA) in transfer buffer (25 mM Tris-HCl, 192 mM glycine in 20 methanol) for 1 

hour at 65 V or overnight at 27 V on a BioRad, Model 200/2.0 power supply (BioRad, 

Richmond, CA). Molecular weight standards were loaded onto each gel for verification 

of stained proteins. 

Membranes were blocked in 5% w/v non-fat milk in TTBS for 1-2 hours. After 

blocking, membranes were incubated with a monoclonal antibody for bradykinin B2 

receptor (I :3000 dilution, Transduction Labs) in 5% non-fat milk in TTBS for 1.5 hours 

at room temperature. The membranes were then incubated with 1:15,000 goat anti-mouse 
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antibody conjugated to horse radish peroxidase (Santa Cruz Biotechnology, Inc.) for 1 

hour, followed by removal of excessive second antibody by washing with TIBS. The 

binding of the primary antibody was detected using enhanced chemiluminescence (ECL, 

Amersham), and the blots were exposed to Kodak Biomax Film. 

Perfusion and tissue sectioning 

On day 29 at 1200h, OVX immature female rats, either treated with 17~-estradiol or 

vehicle for 2 days, were anesthetized under ether and perfused transcardially with 50 ml 

2% sodium nitrite in saline, followed by 300 rnl 4% paraformaldehyde in 0.1 M 

phosphate-buffer saline (PBS, pH 7 .2). The brains were then removed and kept in the 

same fixative for 6 hours. After postfixation, they were placed in 30% sucrose solution in 

0.1 M PBS at 4°C until they sank. Coronal sections (40 ~) ranging from the anterior 

commissure area to the .ME, corresponding to plates 16-32 of the Paxions and Watson 

Atlas were cut on a cryostat and processed for immunochemistry immediately. 

Double immunofluorescent staining for GnRH and B2 Receptor 

The free-floating sections were washed in 50 mM Tris HCI pH 7.6 several times and 

then incubated in a blocking solution (10% normal goat serum, 0.1% Na-azide, 0.1% 

Triton X-100 in 50 mM Tris HCl) for 1 hour at room temperature. Then the sections were 

incubated with mouse anti-B2 receptor (1:100, Transduction Labs) in blocking solution at 

4 oc for overnight. After washing several times with Tris HCl, tissues were incubated 

with anti-mouse IgG-FITC (1:200, Jackson ImmunoResearch Laboratories, Inc.) in Tris

HCl I 0.1% Triton X-100 for 45 minutes at room temperature. The sections were then 
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incubated with second primary antibody that is rabbit anti-GnRH (1: 1000, provided by 

Dr. Henryk Urbanski at Ohio State University) in blocking solution at 4°C for overnight, 

followed by goat anti-rabbit IgG-Texas Red (1:200, Jackson ImmunoResearch 

Laboratories, Inc.). Finally, the sections were rinsed, mounted with Fluosave 

(Calbiochem), and a coverslip applied. The double-labeling results were analyzed with 

the aid of confocal laser scanning microscopy. 

Statistical analysis 

The results given in the study were expressed as the mean ± SEM. An n of 3 per group 

was used for all experiments. The differences between groups were analyzed using one

way or two-way analysis of variance (ANOVA), and comparisons between any two 

groups were made using the Student-Newman-Keuls multirange test. A value of P < 0.05 

was considered significant. 
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RESULTS 

I. Detection of mRNA levels of CPE and bradykinin B2 receptor in the 

hypothalamus and pituitary by competitive quantitative reverse transcription

polymerase chain reaction 

Classical techniques for determination of mRNA levels of signals include Northern or 

dot blot and RNA protection assays. These techniques generally require large amounts of 

total RNA. When the expression of transcripts is low, the detection becomes even more 

difficult. RT-PCR provides a more sensitive way to detect mRNA transcripts in a very 

small amounts of sample or in tissues with very low expression of transcripts [15]. This 

technique is ideal to analyze mRNA levels change in neuroendocrine tissue. 

"A. Construction of cRNA internal standards. 

Due to the exponential nature of PCR, the small variations at early cycles could lead 

to a different accumulation of PCR products that do not reflect the amount of template 

RNA. The cRNA internal standard provides a correction for variation in the efficiencies 

of both RT and PCR reaction. A schematic outline of the procedure used to create the 

CPE cRNA internal standard is shown in figure 1. A composite forward primer (CFP) is 

formed by linking FPl and FP2. The PCR product amplified by CFP and common 

reverse primer (RP) is around 80 base pairs shorter than the PCR product amplified by 

FPl and RP. The cRNA standards were synthesized using an in vitro transcription 

system. 
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Figure 1: A schematic outline of the procedure to create the CPE cRNA internal 

standard. 

FPl: forward primer 1; FP2: forward primer 2; RP rev~rse primer. 
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B. Verification of competitive RT-PCR as a quantitative method for the determination of 

mRNA. 

In order to test if the standard was able to correct for variation caused by RT and PCR 

reaction, different amounts of CPE cRNA standard were reverse transcribed with equal 

amount of total pituitary RNA (0.5 ~-tg). After the RT reaction, PCR amplification for 

CPE was performed (Fig 2). A linear correlation was obtained between the ratio 

target/standard and the amount of eRN A standard of CPE originally present in the sample 

(Fig 2C). 

Variation can also be introduced due to differences in RNA loading or quality of RNA. 

These potential variations can be controlled and corrected by normalizing the data with a 

housekeeping gene that corrects for inaccuracies in RNA determination by densitometry, 

pipetting, or partial degradation of the RNA. In our study 13-actin was selected as this 

control. In figure 2B, a constant amount 13-actin eDNA was added to the RT from figure 

2A lane 1 to lane 5 to perform PCR. The ratio target/standard of 13-actin were constant 

for all the samples (Fig 2C). 

C. Calibration curves for CPE, bradykinin B, receptor and B-actin. 

A calibration curve was established to extrapolate the unknown samples. Dilutions of 

total target RNA were reverse transcribed with constant amounts of cRNA standard for 

CPE and bradykinin B2 receptor. Aliquots of the RT mixture were amplified in parallel 

reactions for each transcript. In the mean time aliquots of the RT were mixed with a fixed 

amount of eDNA standard of 13-actin to perform PCR. A linear correlation between 

concentration of RNA and the ratio of target/standard was obtained for every 
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amplification (Fig 3, Fig 4 and FigS). Thus, in the subsequent experiments, the respective 

ratios of unknown target over a known standard were used to measure relative mRNA 

change between samples. 
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Figure 2: Verification of the competitive RT-PCR as a quantitative method for the 

determination of mRNA levels. 

A) Gel electrophoresis of the CPE. A constant amount of pituitary total RNA (O.S !J.g) 

and an increasing amount of CPE internal standard eRN A were used to do RT

PCR. Lane1: O.Sng internal standard cRNA; lane 2: Sng cRNA; lane 3: SOng 

cRNA; lane 4: SOOng eRN A; laneS: SOOOng cRNA; lane 6: pituitary total RNA 0.5 

IJ.g without cRNA; lane 7: cRNA SOng without target RNA; lane 8: no RNA 

template. 

B) Gel electrophoresis of the 13-actin. 1 !J.l of RT from tube 1 to tube S from figure1A. 

was used to do PCR. 10fg 13-actin eDNA internal standard was added to each 

reaction. 

C) The data from figure 2A and 2B were plotted as target/standard versus 

concentration of CPE internal standard cRNA (ng). The ratio of 13-actin 

(standard/target) was plotted against the CPE cRNA from which the amplified 

products were obtained. 
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) 
I Figure 3: Calibration curve for the determination of mRNA levels of CPE by RT-

PCR. 

/ 
~) Gel electrophoresis of the CPE amplicons. A constant amount of CPE SOng and a 

/ 

serial dilution of pituitary total RNA pool (0.05 J.lg to 10 J.lg) were used to do RT-PCR. 

B) A graph was plotted as target/standard versus the concentration of target RNA. 

I 
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Figure 4: Calibration curve for the determination of mRNA of bradykinin B2 

receptor by RT-PCR. 

0.25 ng B2 receptor cRNA and a serial dilution of pooled hypothalamus RNA (0.5 Jlg to 

10 Jlg) were performed RT-PCR. A graph was plotted as loglO target/standard versus 

logl 0 the concentration of target RNA. 
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Figure 5: Calibration curve for the determination of mRNA of !J-actin by RT -PCR. 

1 pg of (3-actin eDNA was added to the RT of a serial dilution of pooled hypothalamus 

RNA (0.5 11g to 10 !!g) to perform PCR. A graph was plotted as loglO target/standard 

versus log10 the concentration of target RNA. 
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II. Effects of estradiol and/or progestero!le on CPE mRNA levels in the 

hypothalamus of the female rat. 

Estradiol and progesterone play important role in regulating preovulatory gonadotropin 

surge. The secretion of LH is also under control of GnRH from hypothalamus. It is well 

known that steroids act on both hypo~halamus and pituitary levels to control preovulatory 

gonadotropin surge. Since pro-GnRH is one cif substrate of CPE in the hypothalamus, the 

effects of steroids on CPE mRNA was examined in ovariectomized immature female rats 

with replacement of estrogen and progesterone. 

A. Verification ofLH surge in the estrogen-progesterone treated ovariectomized rat. 

Two days of estradiol treatment did not increase serum LH levels, but had a tendency 

to decrease it compared to OVX vehicle treated animals. An injection of progesterone to 

estrogen-primed animals at 0900 h caused a significant elevation of LH at 1400 and 1600 

h compared with the vehicle or estradiol treated animals (Fig 6). 

B. Effect of estradiol and/or progesterone on CPE mRNA levels in the 

hypothalamus. 

Neither estradiol alone nor estradiol plus progesterone had any effect on the mRNA 

levels of CPE in the hypothalamus. CPE mRNA levels in the hypothalamus did not 

change during the steroid-induced preovulatory type gonadotropin surge (Fig 7). 
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Figure 6: Serum LH of estrogen-progesterone treated immature female rat. 

hnrnature rats were ovariectomized at :26 days of age and treated with 2 11g/rat of 17~

estradiol in day 27 and 28 at 1700h. On day 28, progesterone (lmglk:g) was administered 

at 0900h and the animals were sacrificed at lOOOh, 1200h, 1400h, and 1600h. Trunk 

blood was collected to do RIA. n = 6 for each group. P :<;; 0.05. 
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Figure 7: Effects of estradiol and progesterone on mRNA levels of CPE in the 

hypothalamus of estrogen-primed immature rat. 

Total hypothalamic RNA was isolated from same animals in figure 6. mRNA levels for 

each transcript were determined by competitive quantitative RT -PCR. n == 6 for each 

group. 
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III. Effects of estradiol and/or progesterone on CPE mRNA levels in the pituitary of 

the female rat. 

CPE has also been found in the pituitary. As mentioned previously, steroids act on 

pituitary as well as hypothalamus to control gonadotropin release. 

A. Effect of estradiol and/or progesterone on CPE mRNA levels in the pituitary. 

Pituitary RNA was isolated from the same animals as in figure 6. At 1200 and 1600 h 

both E2 and Ez plus P4 significantly decreased CPE mRNA levels compared vehicle 

treatment, but there was no difference between Ez and Ez plus P 4• At 1000 h only Ez · 

treatment reduced CPE mRNA, while Ez plus P4 had no effect on it compared to vehicle 

control. No significant difference was found at 1400 h between the treatment and vehicle 

control (Fig 8). 

B. Verification of the short-term effect of estradiol on serum UI 

A single dose of 5 IJ.g of estradiol suppressed elevated LH release caused by removal 

of ovaries (Fig 9 and Fig 11). 

C. Short-term effect of estradiol on CPE mRNA levels in the pituitary. 

Based on the observation of figure 8, it seemed that estradiol can effect the gene 

expression of CPE in the pituitary. In order to confirm estradiol action, the short-term 

effect of estradiol was investigated. A single dose of estradiol had no effect on CPE 

mRNA levels from 1 hour to 24 hours after injection (FiglO and Figl2). 
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Figure 8: Effects of estradiol and progesterone on mRNA levels of CPE in pituitary 

of estrogen-primed immature rat. 

Total RNA was isolated from two pituitaries and were pooled into one sample of those 

rats in figure 6 and the rnRNA levels for each transcript were determined by competitive 

quantitative RT-PCR. n = 3 for each group. P ~ 0.05. 
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Figure 9: Effect of a Single Dose-Estradiol on LH Release at Multiple Time Points. 

Immature rats were ovariectormized at 26 days of age. On day 28, 5 J.!g of 17f3-estradiol 

was administered at 0900h and the animals were sacrificed at lOOOh, 1200h, 1500h and 

0900h next day. Trunk blood was collected and LH was measured by RIA. n = 6 of each 

group. P :'> 0.05. Int Cont: intact control; OVX cont: OVX control; E2 (lOOOh): OVX 

with E2 treatment rats sacrificed at lOOOh; E2 (1200h): OVX with E2 treatment rats 

sacrificed at 1200h; E2 (1500h): OVX with E2 treatment rats sacrificed at 1500h; E2 

(0900h next): OVX with E2 treatment rats sacrificed at 0900h next day. 
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Figure 10: Effect of a Single Dose Estradiol on mRNA Levels of CPE in Pituitary at 

Multiple Time Points. 

Total RNA was isolated from two pituitaries of same animals in figure 9 and the mRNA 

levels for each transcript were determined by competitive quantitative RT-PCR. n = 3 for 

each group. Int Cont: intact control; OVX cont: OVX control; E2 (lOOOh): OVX with E2 

treatment rats sacrificed at lOOOh; E2 (1200h): OVX with E2 treatment rats sacrificed at 

1200h; E2 (1500h): OVX with E2 treatment rats sacrificed at 1500h; E2 (0900h next): 

OVX with E2 treatment rats sacrificed at 0900h next day. 
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Figure 11: Effect of a Single Dose Estradiol on LH Release at 1200 h. 

Immature rats were ovariectomized at 26 days of age. On day 28, 5 ~g of 17~-estradiol 

was administered at 0900h and the animals were sacrificed only at 1200h. Trunk blood 

was collected and LH was measured by RIA. n = 10 of each group. P :o; 0.05. 
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Figure 12: Effect of a Single Dose Estradiol on mRNA Levels of CPE in Pituitary at 

1200h. 

Total RNA was isolated from two pituitaries and pooled into one sample of those animals 

in figure 11 and the mRNA levels for each transcript were determined by competitive 

quantitative RT-PCR. n = 5 for each group. Int Control: intact control; 
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IV. Regulation of CPE mRNA levels by leptin in the hypothalamus and pituitary of 

female ob!ob mouse and fasted rat 

In these studies we examined the possible action of leptin on CPE mRNA levels in the 

hypothalamus and pituitary in the ob!ob mouse in which it is known that leptin re

establishes reproductive function. 

A. Verification leptin' s biological action 

Oblob mice with the replacement of murine recombinant leptin at 10 Jlg/day for 7 days 

lost about 23% of their body weight compared to ob!ob mice without leptin. Ob!ob mice 

without leptin treatment had a tendency to continue to gain weight. Wild type animals 

with sham operation did not show any change in their body weight (Fig 13). 

B. Effect of leptin on mRNA levels of CPE in the hypothalamus of ob!ob mouse 

The mRNA levels of CPE in the hypothalamus of ob/ob mouse were comparable to 

those in wild-type animals. Leptin did not have any effect on CPE mRNA levels (Fig 14). 

Since the mice were so small, not enough blood was collected for LH RIA and pituitaries 

could not be dissected successfully. 

C. Effect of leptin on serum LH of fasted female rat 

It is known that fasting reduces circulation levels of leptin and this may reduce serum 

LH levels. Fasting alone reduced serum levels of LH, while fasting with replacement of 



58 

leptin restore serum LH levels to the levels found in of non-fasted control animal (Fig 

15). 
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Figure 13: Effect of Leptin on Daily Body Weight of oblob mouse. 

An Alzet pump delivering 10 j.!g/day murine recombinant leptin was placed 

subcutaneously to female ob!ob mice at age of eight weeks on the day indicated by the 

arrow. Data are the mean± SEM for groups of six mice. 
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Figure 14: Expression of CPE mRNA in hypothalamus from ob!ob mice infused 

with murine recombinant leptin (10 J.1g/day) for 7 days. 

Quantitative RT-PCR was used to measure mRNA levels of CPE. n = 6 for each group. 
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Figure 15: Effect of leptin on serum levels of LH of food-deprived immature female 

rats. 

50 f.tg of recombinant murine leptin or. saline was administered ip at the beginning and 

after 24 h of a 40-h period of fasting. Trunk blood wa~ collected to do LH RIA. n = 6 of 

each group. 
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D. Effect of leptin on rnRNA levels of CPE in the hypothalamus of fasted female 

Fasting with or without replacement of leptin did not change rnRNA levels of CPE in 

the hypothalamus (Fig 16). 

E. Effect of leptin on rnRNA levels of CPE in the pituitary of fasted female rats. 

Fasting alone significantly increased CPE rnRNA in the pituitary of female rats. The 

' administration of leptin did not prevent this increase (Fig 17). 
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Figure 16: Effect of leptin on CPE mRNA in the hypothalamus of food-deprived 

immature female rats. 

50 jlg of recombinant murine leptin or saline was administered ip at the beginning and 

after 24 h of a 40-h period of fasting. Total hypothalamus RNA was isolated to perform 

RT-PCR. n = 6 of each group. 
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Figure 17: Effect of leptin on CPE mRNA in the pituitary of food-deprived 

immature female rats. 

50 J.Lg of recombinant of murine leptin or saline was administered ip at the beginning and 

after 24 h of a 40-h period of fasting. Total pituitary was extracted to perform RT-PCR. n 

= 3. p ~0.05. 
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V. Effects of estradiol and estradiol plus progesterone on the expression of 

bradykinin B2 receptor in the hypothalamus of the female rat 

Since bradykinin can stimulate GnRH release in vitro, and this action is through its B2 

receptors, role of estradiol and estradiol plus progesterone in regulating bradykinin B2 

receptor was investigated. 

A. mRNA levels of bradykinin B, receptor in the hypothalamus of female rat. 

Total hypothalamus RNA was taken from the same animals in figure 6. At 1200 h both 

the treatment of estradiol alone or estradiol plus progesterone significantly increased 

mRNA levels of bradykinin B2 receptor compared vehicle control, but there was no 

difference between estradiol and estradiol plus progesterone. On the other hand, at 1400 h 

estradiol decreased the bradykinin B2 receptor mRNA levels, while estradiol plus 

progesterone restored it to the levels of vehicle group. Both estradiol and estradiol plus 

progesterone did not have any effect on bradykinin B2 receptor mRNA at 1000 h and 

1600 h (Fig 18). 

B. Protein levels of bradykinin Bz receptor in the hypothalamus of female rat. 

RT-PCR revealed that mRNA levels of bradykinin B2 receptor was changed at 1200 

and 1400 h. Western blotting was performed to observe protein levels change at these 

two time points. At both 1200 and 1400 h, estradiol alone slightly increased bradykinin 

B2 receptor levels, while estradiol plus progesterone restored it to the levels found in the 

vehicle treated group. Progesterone alone did not have any action on the expression of . 

protein. It appears to block estradiol action(Fig 19 and Fig 20). 
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Figure 18: Effects of estradiol and progesterone on B2 receptor mRNA in the 

hypothalamus of estrogen-primed immature rat. 

Immature rats were ovariectomized at 26 days of age and treated with 2 !!glrat of 17~

estradiol in day 27 and 28 at 1700h. On day 28, progesterone (lmg/kg) was administered 

at 0900h and the animals were sacrificed at lOOOh, 1200h, 1400h, and 1600h. Total RNA 

was isolated from a single hypothalamus and the mRNA levels for each transcript were 

determined by competitive quantitative RT -PCR. n = 6 for each group. P :<::; 0.05. 
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Fig 19: Influence of Estradiol and Progesterone on Bradykinin B2 Receptor Protein 

in Rat Hypothalamus at 1200 h. 

Immature rats were ovariectomized at 26 days of age and treated with 2 Jlglrat of 17~

estradiol in day 27 and 28 at 1700h. On day 28, progesterone (lmg/kg) was administered 

at 0900h and the animals were sacrificed at 1200h. Protein samples were extracted from 

hypothalami . .100 Jlg of protein from each sample was loaded to SDS-PAGE gel to 

perform western blotting. n = 4 of each group. P :<:; 0.05. 
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Figure 20: Influence of Estradiol and Progesterone on Bradykinin B2 Receptor 

Protein in, Rat Hypothalamus at 1400 h . 

Immature rats were ovariectomized at 26 days of age and treated with 2 ~g/rat of 1713-

estradiol in day 27 and 28 at 1700h. On day 28, progesterone (1mglkg) was administered 

at 0900h and the animals were sacrificed at 1400hc Protein samples were extracted from 

hypothalami. 100 ~g of protein from each sample was loaded to SDS-PAGE gel to 

perform western blotting. n = 4 of each group. P :<:; 0.05. 
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VI. Colocalization of GnRH and bradykinin B2 receptor in the hypothalamic 

neurons of the female rat. 

Bradykinin stimulated GnRH release in vitro and controlled LH secretion in vivo [11, 

130]. Both bradykinin neurons and neurons containing bradykinin B, receptors have been 

found in the hypothalamus, including those regions important to GnRH synthesis and 

release [11, 12, 130]. It is proposed that bradykinin is a mediator of GnRH release. The 

study of colocalization of GnRH and bradykinin B2 receptor further demonstrated the 

importance of bradykinin in regulation of GnRH. There was co localization of GnRH and 

bradykinin B2 rece~tor in the GnRH neurons in the OVLT region of hypothalamus, with 

or without estrogen treatment (fig 21, fig 22 and fig 24). No bradykinin B2 receptors have 

been found on the GnRH neural terminals in the ARC/ME (fig 23). 
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Figure 21: Confocal images (40X) showing the double immunofluorescent labeling 

of GnRH and bradykinin B2 receptors in the organum vasculosum of the lamina 

terminalis (OVL T) area of hypothalamus of ovariectomized (OVX) immature rat. 

hrunature female rat was OVX on day 26. The animal was sacrificed on day 29 at 1200 h 

A). GnRH neurons (red); bradykinin B2 receptors (green). GnRH neurons showed on left 

were stained by bradykinin B2 receptors (arrow) on right. B) the colocalizationof GnRH 

and bradykinin Bz receptors (yellow) on GnRH neurons (arrow). 
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Figure 22: Confocal images (lOOX) showing the double immunofluorescent labeling 

of GnRH and bradykinin B2 receptors in the organum vasculosum of the lamina 

terminalis (OVL T) area of hypothalamus of ovariectomized (OVX) immature rat. 

Higher magnification showed the colocalization of GnRH and bradykinin B2 receptor to 

the left GnRH neuron in fig 21(A). A) side-by side graph showed the GnRH staining and 

bradykinin B2 receptor staining. Arrow showed the same cell stained by both GnRH and 

bradykinin B2 receptor. B) side-by-side graph of cross section to the same cell in A. C) 

colocalization of GnRH and bradykinin B2 receptor on the GnRH neuron. D) cross 

section showed colocalization occurred on the membrane. 
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Figure 23: Confocal images showing the double inununofluorescent labeling of 

GnRH and bradykinin Bz receptors in the arcuate nucleus/median eminence 

(ARC/ME) area of hypothalamus of ovariectomized (OVX) immature rat. 

A) side-by-side graph showed the GnRH staining and bradykinin B2 receptor staining 

(40X). B) higher magnification (lOOX) of side-by-side graph of panel A. C) overlap the 

two graphs in panel A; D) overlap the two graphs in panel B. 
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' Figure 24: Confocal images (lOOX) showing the double immunofluorescent labeling 

of GnRH aud bradykinin B2 receptors in the organum vasculosum of the lamina 

terminalis (OVLT) area of hypothalamus of ovariectomized· (OVX) immature rat 

treated with estradiol. 

Immature female rat was OVX on day 26, 2J!g of 17~-estradiol were injected on day 27 

and 28 at 1700 h. The animal was sacrificed on day 29 at 1200 h. A) side-by side graph 

showed the GnRH staining and bradykinin B2 receptor staining. Arrow sh<?wed the same 

cell stained by both GnRH and bradykinin B2 receptor. B) colocalization of GnRH and 

bradykinin B2 receptor on the GnRH neuron. 





86 

DISSCUSSION 

I. The advantage and disadvantage of competitive RT -PCR 

Coupled reverse transcription and polymerase chain reaction (PCR) amplification is an 

extremely sensitive' technique for detecting low levels of mRNA transcripts. RT -PCR 

amplification theoretically may yield a 103 to 104 
- fold increased sensitivity over 

Northern blotting [135-137], It is during the exponential phase of PCR that the amplified 

products are proportional to the amount of starting target DNA. Knowing when the 

amplification is proceeding exponentially is often difficult to predict, necessitating a 

number of pilot experiments. The linear relationships between the ratio target/standard 

versus the concentrations of cRNA and between the ratio versus the concentrations of 

target RNA (fig 2, fig 3, fig 4 and fig 5) demonstrated that competitive RT-PCR can be 

used for semi-quantitative study. The respective ratios of unknown target over a known 

standard would reflect a relative change of signals. Due to the extreme sensitivity of this 

technique, any small error at the beginning, such as pipetting, miscalculating, can cause 

large variation by amplification and generate large error bar on the graphs. With the use 

of internal controls for both the RT and PCR process, reliable results can be obtained 

using RT -PCR. 
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11. The regulation of CPE mRNA levels by estrogen and progesterone in the 

hypothalamus. 

While it is generally accepted that steroids play a critical role in the control of GnRH 

secretion and several mechanisms have been demonstrated, it is not known whether the 

processing of pro-GnRH to GnRH is under steroid control. CPE, a processing enzyme for 

many hormones and neuropeptides, is required to yield active GnRH [3, 4]. Little work 

has been done to determine the possible function of steroids on the expression and 

activity of CPE. To study changes in CPE mRNA levels, we used immature 

ovariectomized rats treated with estradiol and progesterone in a manner that would 

induce a preovulatory type LH surge. The estrogen-progesterone primed rat model has 

been extensively used in our laboratory. It is with this model that a number of 

mechanisms for GnRH release have been characterized. This 26 day old immature rat 

model has been shown to have a well developed steroid-gonadotropin feedback system 

well [3, 4, 138-140]. In the adult ovariectomized rat, a period of 15 days post 

ovariectomy is recommended to free it from the previous estrogen and progesterone 

exposure. By this time the steroid-gonadotropin feedback system as well as the pituitary 

histology have changed considerably. Several studies have shown that the GnRH pattern 

of secretion and the preovulatory surge characteristics are similar in this rat model and 

the adult cycling rat on the day of proestrus [141, 142]. Using this animal model we 

demonstrated a surge of LH at 1400 and 1600 h in the estrogen-progesterone treated 

group (fig 6). The analysis of CPE mRNA levels in the hypothalamus did not show any 

significant changes in any of the time points between the untreated controls and the 

various treatment group (fig 7) in spite of the large preovulatory type LH surge in the 
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estrogen-progesterone treated group. Thus it appears that the regulation of the 

preovulatory LH surge at the hypothalamic level does not involve changes in' CPE as 

indicated by steady state mRNA levels. However, this study needs to be confirmed by 

examining RNA stability, translation and changes in CPE activity. 

Til. The regulation of CPE mRNA levels by estrogen and progesterone in the 

anterior pituitary of female OVX rat. 

In the pituitary, proopiomelanocortin (POMC) is a substrate of CPE, while 

gonadotropins are not. POMC is a common precursor for adrenocorticotropic hormone 

(ACTH), y-Iipotropin (LPH) and ~-endorphin. POMC is located in both hypothalamus 

and anterior pituitary. CPE has also been identified as a sorting signal for some 

hormones and peptides, such as insulin and POMC. CPE is not only involved in the 

synthesis of these hormones, but the release from the tissues. Cpe(fat) mutant mouse 

lacking CPE (cpe/cpe), the pituitary prohormone, pro-opiomelanocortin, was misrouted 

to the constitutive pathway and secreted in an unregulated manner. Thus, obliteration of 

CPE leads to multiple endocrine disorders in these genetically defective mice, including 

hyperproinsulinemia and infertility. (81, 90, 91]. An indirect effect of CPE on 

gonadotropin may be through the further processing POMC. ~-endorphin in the 

hypothalamus acts as an inhibitory brake to LH surge. Thus it is possible that in the 

pituitary estrogen and/or progesterone regulate CPE, then CPE controls the synthesis or 

release of the inhibitory opioid. It has reported that CPE protein and mRNA were down 

regulated after exposure to estrogen in rat pituitary tumor cells [79]. Results of the 
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experiments reported in figure 8 indicated that estrogen treatment reduced CPE mRNA 

levels at 1000, 1200 and 1600 h at the levels of the pituitary. However this reduction did 

not correlate with the preovulatory type increase in ill at 1600 h in the estrogen

progesterone treated group. The decrease in LH at 1000 hand 1200 h could or could not 

be related to a decrease in CPE. To further clarify this question, acute administration of 

estradiol was used which is known to reduce serum LH. A single injection of estradiol at 

0900 h brought about a reduction of serum ill (fig 9), but did not alter pituitary CPE 

mRNA levels (fig 10). Since the CPE mRNA levels showed a tendency to decrease at 

1200 h, this time point was repeated and once again CPE mRNA levels did not change 

(fig 11 and fig 12). Thus the regulation of ill secretion by steroids at the pituitary level 

does not appear to involve CPE as judged by CPE mRNA levels. 

IV. Effect of leptin on mRNA levels of CPE in the hypothalamus and pituitary 

The effects of leptin on CPE activity was studied because both play an important role· 

in controlling body weight in the animals. In both leptin and CPE knockout animals, 

ob!ob and cpelcpe mice not only develop obesity, but also suffer reproductive failure. 

Leptin receptors have been found in the hypothalamus and pituitary, which suggest its 

regulation of some functions of these tissues. Unlike steroids, leptin acts through a . 

membrane-bound receptor. Leptin is a hormone secreted from adipose tissue, while CPE 

is an enzyme found in most endocrine tissues. There are some common factors in both 

leptin and CPE to control feeding behavior and reproductive function. For example, 

leptin regulates expression of NPY and CRH in the hypothalamus, while CPE is required 

to yield acti.ve NPY and CRH from their precursors. 
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1) Replacement of leptin to ob!ob mice. 

Ob/ob mice, which genetically lack active leptin in circulation, develop obesity and are 

infertile. Reduction of body weight by starvation does not restore reproductive function 

in oblob mice, whereas reproductive function is restored by leptin administration. 

McCann reported that leptin at low concentrations stimulated GnRH release from 

hypothalamic explants and FSH and ill release from anterior pituitaries of adult male 

rats in vitro and released ill, but not FSH, in vivo [9, 143]. Our experiments were to 

investigate whether leptin effects could be mediated through CPE on GnRH release in the 

hypothalamus. Administration of recombinant murine leptin 10 !lg/day to ob/ob mice for 

seven days [128] resulted in significant reduction of their body weight (fig 13). That 

demonstrated that leptin exerted its biological action in the body. Our result revealed that 

in oblob mice CPE mRNA levels in the hypothalamus were not regulated by leptin. Since 

those animals were not large enough for us to collect blood and dissect their pituitaries, 

we could not observe the serum LH levels and pituitary CPE mRNA levels after leptin 

treatment. Thus no conclusion could be made for the correlation of ill levels and CPE 

mRNA levels in the hypothalamus and the pituitary with leptin treatment in the ob!ob 

mice. 

2) Replacement of leptin to fasted rats. 

Fasting alone will suppress leptin in circulation and disrupt.reproductive function [10, 

144]. Serum ill levels were reduced in animals fasted for 40 hours [129] and restored by 

replacement of leptin (fig 15). This observation is consistent with the findings of 

Nagatani [10] and Veldhuis [145]. Veldhuis also reported that decreased LH release per 
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burst is due to decreased hypothalamic GnRH impulse strength by fasting [145]. In the 

present study, CPE mRNA in the hypothalamus was not altered by fasting or fasting with 

treatment of leptin (fig 16). This suggests transcription of CPE is not involved in the 

fasting-induced hypogonadotropism. 

In the pituitary, it appears that fasting alone induced an elevated CPE mRNA (fig 17), 

while it decreased serum LH levels. Leptin did not reverse the changes in CPE mRNA, 

but did restore serum LH levels to those of non-fasted controls (fig 15). Thus there was 

no correlation between CPE mRNA levels and LH serum levels at the level of the 

pituitary. 

V. Steroid regulation of hypothalamic bradykinin B2 receptors in female OVX 

rats. 

It is generally accepted that steroid regulation of GnRH secretion is through an indirect 

neuronal circuitry involving several neurotransmitters and neuropeptides. Bradykinin has 

been proved to be one of them. The action of bradykinin in the regulation of GnRH 

secretion is mediated by it B2 receptors [11, 12]. 

Bradykinin B2 receptor mRNA levels were increased at 1200 h and decreased at 1400 

h (fig 18), while the protein levels kept high at both time points (fig 19 and fig20) after 

estrogen treatment. Since mRNA levels increase preceding an increase in the protein, it is 

possible that bradykinin B2 receptor mRNA levels increased before 1200 hand by 1400 h 

were reduced in response to abundant protein synthesis. Estrogen's effect on the 

expression of bradykinin B2 receptor has been widely studied. Female rats have higher 

expression of bradykinin B2 receptors than male rats in kidney, adrenal gland, aorta, 
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artery and left ventricle: Replacement with estradiol to the castrated female rats could 

restore reduced bradykinin B2 receptors in kidney and aorta [126]. The vasodilation 

effects of bradykinin may explain why females suffer Jess cardiovascular diseases than 

men and postmenopausal women. During late proestrus, when serum estradiol levels are 

highest, bradykinin B2 receptor protein was increased in the myometrium of rat uterus. A 

similar finding was observed in OVX rats treated with estradiol alone [127]. Our 

observation in the hypothalamus is consistent to those findings in other tissues. An 

estrogen-induced increase in bradykinin Bz receptor protein is consistent with previous 

work from our laboratory indicating that bradykinin may play a role in the endogenous 

and steroid induced preovulatory gonadotropin surge. 

The signal transduction of bradykinin has also been investigated in our laboratory. 

Several signaling pathways were examined. The phospholipase C (PLC) inhibitor 

attenuated bradykinin-induced GnRH secretion from immortalized GnRH neurons, GT1-

7 cells, whereas a nitric oxide (NO) synthase inhibitor and a prostaglandin (PG) synthesis 

inhibitor could not reduce it. It is suggested that the PLC pathway plays a role in the 

bradykinin effect on GnRH neurons, and these observation ruled out the involvement of 

NO and PG pathways. Nitric oxide has been suggested to be a critical mediator of many 

neurotransmitters on GnRH release. Further study showed that cytoplasmic calcium 

levels facilitated the GnRH secretion [12]. 

VI. Distribution of bradykinin B2 receptors in the hypothalamus of rat. 
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It has been shown that endogenous bradykinin plays a role in the steroid-induced LH 

surge [11]. Imrnunostaining revealed that both bradykinin neurons and bradykinin Bz 

receptors were located in the hypothalamus, including those regions to be important to 

GnRH secretion [11, 12]. Shi's study suggested that there could be a paracrine regulation 

between bradyinin and GnRH [11]. Nevertheless whether bradykinin directly mediated or 

indirectly mediated GnRH neuronal activity remained unanswered in their study. Double

immunofluorescent staining showed that there is bradykinin Bz receptors expressed on 

the GnRH cell body in the OVLT region of the ~ypothalamus with or without estradiol 

treatment (fig 21, fig 22 and fig 24). The confocal microscopy demonstrated that they are 

membrane receptor on the GnRH neurons (fig 22). The scattered GnRH neurons were 

also surrounded by cells positively stained by bradykinin B2 receptors. Thus bradykinin 

has the potential of direct action on the GnRH neuron in GnRH release. 
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SUMMARY 

I. Carboxypeptidase E (CPE) as reflected by changes in its mRNA levels does not 

appear to be involved in the regulation of LH secretion at the level of the 

hypothalamus in a variety of situations. This has been demonstrated by: 

1) study in estrogen-progesterone treated immature ovariectomized (OVX) rats did 

not reveal any change of CPE mRNA during estrogen and progesterone induced 

LHsurge. 

2) Replacement with leptin to ob!ob mice could not up regulate mRNA levels of CPE 

in the hypothalamus. 

3) Study in the fasting rats treated with leptin did not show a change of CPE mRNA 

levels in the hypothalamus. 

IT. No consistent change in CPE mRNA were observed in the pituitary that related to 

LH release as evidenced by: 

1) the study in estrogen-progesterone treated OVX rats. The change of CPE mRNA 

levels did not appear to correlate with the estrogen-progesterone induced 

preovulatory surge. 

2) The study in the fasted rats. Fasting itself cause an increase in CPE mRNA levels 

in the pituitary. However it does not correspond to the change of serum LH. 

ill. The administration of estrogen increases bradykinin B2 receptor mRNA at 1200 h 

and the protein is elevated at 1200 and 1400 h. 
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IV. There is colocalization of bradykinin B2 receptor in the GnRH neurons thus 

confirming its possible role in GnRH secretion. 
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