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Abstract 

Kisspeptin (kiss1) and its receptor (kiss1r) are essential for normal reproductive 

function in many species, but the role of kiss1/kiss1r signalling in the dog has not yet been 

elucidated. The aims of this study were to identify the canine kiss1 and kiss1r genes and to 

determine gonadotrophin and oestradiol stimulatory activity of  KP-10, the shortest 

biologically active form of KISS1. Canine kiss1 and kiss1r genes were localised by 
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comparing the reference dog genome with relevant human cDNA sequences, using BLASTn  

software. The amino acid sequence of canine KP-10 (YNWNVFGLRY)  differs at two  

positions from human KP-10 (YNWNSFGLRF). A single bolus of canine KP-10 was  

administered intravenously to anoestrous Beagle bitches in dosages of 0, 0.1, 0.2, 0.3, 0.5, 1,  

5, 10, and 30 μg/kg. Blood samples were collected before and after canine KP-10  

administration for measurement of plasma LH (all doses), FSH and oestradiol (1 to 30 μg/kg).   

From 0.2 μg/kg onward, canine KP-10 resulted in a rapid and robust rise in plasma LH  

concentration (maximum at 10 min). KP-10 also resulted in a rapid and robust rise in plasma  

FSH concentration (maximum at 10–20 min). Plasma oestradiol concentration increased  

significantly after dosages of 1, 5, and 10 μg/kg and reached a maximum at 60-90 min. In  

conclusion, canine KP-10 is a potent kisspeptin which elicits robust gonadotrophin and  

oestradiol responses in anoestrous bitches, suggesting that canine kiss1/kiss1r are cogent  

targets for modulating reproduction in dogs.  
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1. Introduction  

  

Kisspeptins are a family of structurally related neuropeptides, encoded by the kiss1  

gene. The initial product of the human KISS1 gene is a 145 amino acid peptide (KP145) that  

is cleaved into shorter peptides having a common C-terminal RF-amide, such as KP54, KP14,  

KP13, and KP-10. The kisspeptins are the ligands for the G-protein-coupled receptor KISS1R  

(also known as GPR54). All kisspeptins show the same affinity of binding to the receptor,  

indicating that the C-terminal end is responsible for binding and activation [1-4].  

Kisspeptins are potent stimulators of GnRH-producing neurons and together with their  

receptor, kiss1r, they are required for normal functioning of the hypothalamic-pituitary- 

gonadal (HPG) axis. Loss-of-function mutations in the KISS1R gene and in the KISS1 gene,  

demonstrated in humans and mice, lead to isolated hypogonadotropic hypogonadism (IHH),  

caused by deficient GnRH secretion and consequently deficient pituitary secretion of follicle- 

stimulating hormone (FSH) and luteinizing hormone (LH). This results in impairment of both  

pubertal maturation and reproductive function [3,5-10]. The relevance of kisspeptin signalling  

is further underlined by the identification of activating mutations of the KISS1R and KISS1  

genes in children with precocious puberty, due to premature activation of GnRH secretion  

[11,12]. Central (intracerebroventricular) or peripheral (intravenous, subcutaneous, or  

intraperitoneal) administration of different types of kisspeptin stimulates gonadotrophin  

secretion in several mammalian species, including humans [13-18]. Furthermore,  

intracerebroventricular administration of kisspeptin antagonists prevents the preovulatory LH  

surge in rats and blocks the post-castration rise in circulating LH in mice, rats, and sheep  

[19,20]. Additionally, kisspeptins are involved in the feedback regulation of the HPG axis by  

gonadal steroids [4,17,21-23]. Based on these observations, kisspeptin operates proximally  

(upstream) to GnRH and the kiss1/kiss1r system is thus regarded as the gatekeeper of  
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reproductive function. Kisspeptin is thus an interesting target for therapeutic interventions in  

reproduction, such as induction of ovulation and puberty. Furthermore, via the inhibition of  

kisspeptin signalling, non-surgical oestrus prevention may be achieved.   

The reproductive cycle of the domestic bitch (Canis lupus familiaris) is complex and  

differs from that of most other mammalian species. A follicular phase with spontaneous  

ovulations is followed by a luteal phase lasting about 2 months, almost irrespective of  

whether the bitch is pregnant, and a non-seasonal anoestrus of 2-10 months [24].  

 The role of kiss1/kiss1r system in the HPG axis in dogs has not been determined.  

Since the kiss1/kiss1r system is not operative in some species (e.g., chicken and zebra finch)  

it is important to establish its functionality in dogs. The presence of a functional kiss1/kiss1r  

system in the dog may lead to new therapeutic opportunities, such as non-surgical  

contraception, oestrus prevention, and ovulation induction. The aim of the present study was  

therefore to identify the existence of the canine kiss1 and kiss1r genes and to determine  

whether the system is operative in the dog. We report here the identification and primary  

sequence of the canine kiss1 and kiss1r genes and the effects of different dosages of  

intravenously administered canine KP-10 on the gonadotropic hormones and oestradiol in  

anoestrous bitches.  

  

2. Materials and methods  

  

2.1 Identification of canine kiss1 and kiss1r genes  

  

The canine kiss1 and kiss1r genes were localised by comparing the reference dog  

genome build 2.2 with the relevant human cDNA sequences using BLASTn software [25].  

The Genbank accession of human cDNA was NM_002256 for KISS1 and NM_032551for  
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KISS1R. In addition, we analysed the DNA sequence of bacterial artificial chromosome  

(BAC) clones selected from the chromosomal region of KISS1R using the UCSC genome  

browser (http://genome.ucsc.edu). The BAC clones CH82-333G1, CH82-325G21, and CH82- 

156G16 were obtained from CHORI (http://bacpac.chori.org/library.php?id=253) and used to  

complete the coding DNA sequences of the canine kiss1r gene. BAC DNA was isolated using  

the HiSpeed® Plasmid Maxi Kit (Qiagen). A standard PCR using primers 5’- 

GACCTCAAGCCTCCACTGTC-3’ and 5’-CGAGTTGCTGTAGGACATGC-3’ was  

performed with BAC DNA as a template. These primers bridge a DNA sequence missing  

from the reference genome build 2.2 and were designed using high quality trace files of the  

dog genome project (http://www.ncbi.nlm.nih.gov/Traces/trace.cgi). These and additional  

primers 5’-CATCTGGGGAGTGGGCTCAA-3’ and   

5’-GAGGAGGGAGGAGGCAAGGT-3’ were used in the subsequent tercycle reactions with  

BigDye v3.1 according to the protocol of the manufacturer (Applied Biosystems). The  

reaction products were purified by ethanol precipitation in the presence of EDTA and  

analysed on a 3130xl Genetic Analyzer (Applied Biosystems).  

The splice sites of kiss1 were identified by first blocking out repetitive DNA  

sequences from the chromosome region of the gene using RepeatMasker  

(http://www.repeatmasker.org), followed by prediction of the splice sites using NNSPLICE  

0.9, available at http://www.fruitfly.org/seq_tools/splice.html [26].  

  

2.2 Animals, experimental design, and collection of blood samples  

  

Six healthy Beagle bitches, with a median age of 70 months (range 21-111 months),  

and a median weight of 12.7 kg (range 11-18.2 kg) were used for the first part of the study  

(dosages of 1-30 μg/kg canine KP-10: high dosage group). Afterwards another group of six  
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healthy Beagle bitches, with a median age of 36 months (range 16-95 months), and a median  

weight of 13.0 kg (range 12-15.8 kg) were used for the second part of this study (dosages of  

0-1 μg/kg canine KP-10: low dosage group). All were born and raised in the Department of  

Clinical Sciences of Companion Animals and were accustomed to the laboratory environment  

and procedures such as the collection of blood. They were housed in pairs in indoor–outdoor  

uns, fed a standard commercial dog food once daily, and provided with water ad libitum.  

All dogs were examined thrice weekly for swelling of the vulva and serosanguineous  

vaginal discharge, signifying the onset of pro-oestrus. Plasma progesterone concentration was  

measured thrice weekly from the start of pro-oestrus until it exceeded 13-16 nmol/l, at which  

ime ovulation is assumed to occur [27-29]. Anoestrus was defined as the period from 100  

days after ovulation to the onset of pro-oestrus, indicated by vulvar swelling and  

serosanguineous discharge.    

  Canine KP-10 was administered as a single bolus via the cephalic vein at weekly  

ntervals during anoestrus. Blood samples were collected from the jugular vein by repeated  

venipuncture directly into heparinised tubes at 40 and 0 min before and at 10, 20, 30, 40, 60,  

90, and 120 min after canine KP-10 administration. In the high dosage group, LH and FSH  

concentrations were measured in all plasma samples and the oestradiol concentration in  

samples collected before and at 20, 60, 90, and 120 min after canine KP-10. To determine  

whether the plasma gonadotrophin and oestradiol response was influenced by the time in  

anoestrus and whether there was a cumulative effect of repeated administration of different  

doses of canine KP-10, three bitches received canine KP-10 starting at 30 μg/kg (23.1  

nmol/kg) and then decreasing at weekly intervals to 10, 5, 1, and 0 μg/kg (7.7, 3.8, 0.77 and 0  

nmol/kg respectively), and three bitches received canine KP-10 in the reverse order starting  

with 0 μg/kg and then increasing to 1, 5, 10, and 30 μg/kg.   
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Next, lower dosages of canine KP-10 were used to determine the lowest canine KP-10  

dose causing a significant LH response. Dosages of 0, 0.2, 0.3, 0.5 and 1 μg/kg (0, 0.15, 0.23,  

0.38 and 0.77 nmol/kg, respectively) were administered as a single bolus via the cephalic vein  

during anoestrus and blood samples for determination of plasma LH concentrations were  

collected from the jugular vein by repeated venipuncture directly into heparinised tubes at 40  

and 0 min before and at 10, 20, 30, 40, 60, 90, and 120 min after canine KP-10  

administration.    

  

2.3 Peptides  

  

 Canine KP-10 (YNWNVFGLRYNH2) was produced by Eurogentec (Maastricht, The  

Netherlands) with a purity of 99.5%, dissolved in saline, and divided into individual doses in  

glass vials which were stored at -20°C and then thawed at room temperature on the day of  

use.  

  

2.4 Hormone measurements  

  

Plasma progesterone concentration was measured thrice weekly during the follicular  

phase to determine the ovulation period, using a 
125

I radioimmunoassay (RIA) previously  

validated for ovulation timing [30]. The intra-assay and interassay coefficients of variation  

(CVs) were 6% and 10.8%, respectively, and the limit of quantitation was 0.13 nmol/L.   

Plasma LH concentration was measured with a heterologous RIA as described  

previously [31,32]. The intra-assay and interassay CVs for values above 0.5 µg/L were 2.3%  

and 10.5%, respectively, and the limit of quantitation was 0.3 μg/L.  
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Plasma FSH was measured by immunoradiometric assay (IRMA) (AHROO4, Biocode  

SA, Liège, Belgium), according to the manufacturer's instructions and as described previously  

by Beijerink et al. (2007) [33]. The intra-assay and interassay CVs were 3.0% and 6.0%,  

respectively. The lower limit of quantitation was 0.5 μg/L.  

Plasma oestradiol-17β was measured by RIA (Siemens Medical Solution Diagnostics,  

Los Angeles, CA, USA) according to the manufacturer's instructions with modifications as  

described previously [34] and validated for the dog [35]. The intra-assay and interassay CVs  

were 14% and 11.8%, respectively. The lower limit of quantitation was 7 pmol/L.  

  

2.5 Data analysis  

  

Basal plasma LH, FSH, and oestradiol concentrations were calculated for each dog as  

the mean of the values at -40 and 0 min before canine KP-10 administration. The mean of all  

plasma LH concentrations measured before administration of canine KP-10 was also  

calculated. All LH values before KP-10 administration that exceeded this overall mean plus  

three SD were ascribed to pulsatile secretion and were treated as outliers and excluded from  

statistical analysis.  

The area under the curve (AUC) for LH, FSH, and oestradiol was calculated from 0 to  

120 min after administration of canine KP-10. Differences in AUCs between different  

dosages of canine KP-10 were analysed by a two-way ANOVA followed by post hoc Student  

Newman Keuls test.  

Plasma LH, FSH, and oestradiol responses to different doses of canine KP-10 were  

analysed by nonparametric tests because not all data were normally distributed. A Friedmann  

test followed by a post hoc Dunnett’s test was used to determine differences in plasma LH,  

FSH, and oestradiol concentration before and after canine KP-10 administration.   
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The influence of the order of administered doses of canine KP-10 was analysed by a  

Mann-Whitney U test. P<0.05 was considered significant.   

  

2.6 Ethics of experimentation  

  

This study was approved by the Ethical Committee of the Faculty of Veterinary  

Medicine of Utrecht University.  

  

3  Results  

  

3.1  In silico identification of the canine kiss1 and kiss1r genes  

  

The chromosomal location of the canine kiss1 gene was identified by a similarity  

search of the dog genome with the human cDNA sequence. Two closely situated fragments  

on chromosome 38 of the dog are highly similar to parts of human cDNA. The region  

containing these fragments is flanked by orthologs of REN and GOLT1A, which also flank  

human KISS1, confirming the identity of the canine gene. The alignment of human cDNA  

with the region on CFA38 was incomplete because of a lack of similarity between parts of the  

DNA sequences. The two highly similar fragments are respective parts of the two coding  

exons of the gene. The first part contains the putative start codon of the gene, the second part  

the putative KP-10 coding sequence. The putatively complete kiss1 coding sequence was  

identified by prediction of the intron between the two coding exons and by localization of the  

first stop codon in frame with the KP-10 coding sequence. The splice donor site was predicted  

at nucleotide position 103 from the translation start codon and the predicted length of the  

intron was 1,738 nucleotides.  
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Canine   1 MNSLVSWQLMLLLCATSFRETLIKVAPMETPGPAGQRLGAQALPAPWERSPP--------- 

||||||||| | |||| | | |||||      | || |    | || | | | 

Human 1 MNSLVSWQLLLFLCATHFGEPLIKVASVGNSRPTGQQLESLGLLAPGEQSLPCTERKPAAT 

Canine  53 -------------------------RAPQRHLMPARRGA-------DLPAYNWNVFGLRYG 

||     ||  ||       ||| |||| |||| | 

Human   62 ARLSRRGTSLSPPPESSGSPQQPGLSAPHSRQIPAPQGAVLVQREKDLPNYNWNSFGLRFG 

Canine  82 RRRAATPGLRGGTPSPRLRVPVGWGLGLRS 

| || ||  |

Human  123 KREAA-PGNHGRSAGRG 

Fig. 1. The alignment of canine and human preprokisspeptin. Identical residues are marked by vertical 
lines and the sequences of canine and human KP-10 are shown in the gray area.  
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The predicted mRNA of preprokisspeptin encodes a peptide of 111 amino acids (Fig. 

1). The amino acid sequence of canine KP-10 differs from that of human KP-10 at positions 5 

and 10. The amino acid sequence is YNWNVFGLRY in canine KP-10 and YNWNSFGLRF 

in human KP-10. 

A portion of the canine kiss1r cDNA sequence had already been predicted from the 

reference genome build 2.2 (Genbank accession XM_850105.1). Because of a gap in the 

reference genome sequence that overlapped with exon 4 and intron 4, it was not possible to 

predict the correct mRNA sequence. By DNA sequence analysis of BAC clones from the 

region, exon 4 could be completed and it fully aligned with the corresponding part of the 

human cDNA sequence of KISS1R. The DNA sequence traces obtained with one of the 

primers showed a sudden loss of signal, indicating the presence of DNA elements that hamper 

the processivity of the DNA polymerase of the BigDye terminator kit (data not shown). 

Hence we were not able to complete the DNA sequence of intron 4. The unconserved 3’-part 

of the gene was based on the GNOMON prediction of Genbank. The predicted mRNA for 

canine KISS1R encodes a protein of 397 amino acid residues (Fig. 2). The identity of amino 

acid sequences between the canine and the human KISS1R is 75% and it increases to 90% 

when the unconserved C-terminal domain is ignored. 

3.2 Stimulation tests with canine KP-10 in the high dosage group 

The control saline administered at T=0 did not alter plasma LH, FSH, and oestradiol 

concentrations, whereas all dosages of canine KP-10 in the high dosage group resulted in 

significant increases in all three hormones measured (Fig. 3 and Table 1). There was no 

difference in the LH, FSH, and oestradiol responses between the dogs in which the weekly 

dosage of canine KP-10 increased and those in which it decreased. 
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Canine 1 MRAAAATAAPNASWWALANATGCPDCGANASDDRAPELRLLDAWLVPLFFAALMLLGLAG 

|   | |  ||||| | ||| ||| |||||||   |  |  ||||||||||||||||| | 

Human  1 MHTVA-TSGPNASWGAPANASGCPGCGANASDGPVPSPRAVDAWLVPLFFAALMLLGLVG 

Canine 61   NSLVLFVICRHKQMRTVTNFYIANLAATDVTFLLCCVPFTALLYPLPAWVLGDFMCKFVN 

||||  |||||| |||||||||||||||||||||||||||||||||| |||||||||||| 

Human  60   NSLVIYVICRHKPMRTVTNFYIANLAATDVTFLLCCVPFTALLYPLPGWVLGDFMCKFVN 

Canine 121  YMQQVSVQATCATLTAMSVDRWYVTVFPLRALHRRTPRLALAVSLGIWVGSATVSAPVLA 

| ||||||||||||||||||||||||||||||||||||||||||| |||||| ||||||| 

Human  120  YIQQVSVQATCATLTAMSVDRWYVTVFPLRALHRRTPRLALAVSLSIWVGSAAVSAPVLA 

Canine 181  LHRLSPGPRTYCSEAFPSRALERAFALYNLLALYLLPLAATCACYGAMLRHLGRTAARPA 

||||||||| |||||||||||||||||||||||||||| |||||| |||||||| | ||| 

Human  180  LHRLSPGPRAYCSEAFPSRALERAFALYNLLALYLLPLLATCACYAAMLRHLGRVAVRPA 

Canine 241  AADSALQGQLLAERAGAVRARVSRLVAAVVLLFAACWGPIQLFLVLQALRPAGAWHPRSY 

|||||||| |||||||||| |||||||||||||||||||||||||||| ||| |||||| 

Human  240  PADSALQGQVLAERAGAVRAKVSRLVAAVVLLFAACWGPIQLFLVLQALGPAGSWHPRSY 

Canine 301  AAYALKIWAHCMSYSNSALNPLLYAFLGSHFRQAFRGVCPCAPRRCCPDSSCYRVAALRV 

|||||| ||||||||||||||||||||||||||||| |||||||| 

Human  300  AAYALKTWAHCMSYSNSALNPLLYAFLGSHFRQAFRRVCPCAPRRPRRPRRPGPSDPAAP 

Canine 361  LSVPHNPSEDVLSPPRLRTNSLACLLLDTAGPYLCVS 

| 

Human  360  HAELLRLGSHPAPARAQKPGSSGLAARGLCVLGEDNAPL 

Fig. 2. Comparison of the deduced amino acid sequences of kiss1r in the dog and man. Identical residues 
are marked by vertical lines. Transmembrane domains predicted by  UniProtKB/Swiss-Prot (http://
www.ebi.ac.uk/uniprot/) are shown in the gray areas. 
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Fig. 3. Median plasma concentrations of LH (3a), FSH (3b), and oestradiol (3c) after intravenous administration (arrow) of different 
doses of canine KP-10 to six anoestrous bitches in the high dosage group  

13



Hormone Dose 
Median 

Basal Range 
Median 

T=10 Range 
Median 

T=20 Range 
Median 

T=30 Range 

LH (µg/L) 0 1.0 3.3-1.9 1.0 0.5-1.1 0.72 0.4-1.0 0.70 0.4-1.0 

LH (µg/L) 1 1.0 0.6-1.2 11.0 7.4-18.9 7.0 3.9-11.4 4.1 2.9-6.9 

LH (µg/L) 5 0.83 0.7-1.0 9.2 5.8-16.9 6.1 3.5-10.9 3.8 2.7-6.6 

LH (µg/L) 10 0.89 0.8-1.1 11.4 5.6-21.8 7.8 3.7-14.7 4.3 2.7-9.4 

LH (µg/L) 30 1.4 0.9-2.2 11.9 5.7-26.2 8.0 3.7-14.3 5.2 2.6-10.9 

FSH (µg/L) 0 1.6 1.1-2.0 1.3 1.0-1.7 1.3 1.1-1.7 1.3 0.9-1.6 

FSH (µg/L) 1 1.3 1.1-2.1 3.9 2.3-4.9 3.4 2.3-4.6 3.0 2.0-4.2 

FSH (µg/L) 5 1.4 1.0-1.9 3.3 1.9-4.5 3.3 1.7-4.2 3.0 1.7-3.6 

FSH (µg/L) 10 1.1 0.8-1.7 3.3 1.6-5.3 3.5 1.7-4.9 3.0 1.6-4.6 

FSH (µg/L) 30 1.3 0.7-2.2 3.3 1.7-5.7 3.2 1.6-5.5 2.8 1.4-5.1 

Oestradiol (pmol/L) 0 25.1 13.0-38.4 n/a n/a 18.4 7.0-37.3 n/a n/a 

Oestradiol (pmol/L) 1 21.7 14.1-36.5 n/a n/a 27.1 15.2-38.6 n/a n/a 

Oestradiol (pmol/L) 5 13.1 7.0-57.1 n/a n/a 22.6 7.0-49.9 n/a n/a 

Oestradiol (pmol/L) 10 16.3 11.8-32.5 n/a n/a 18.1 15.9-36.8 n/a n/a 

Oestradiol (pmol/L) 30 21.3 8.0-54.4 n/a n/a 21.0 7.3-53.8 n/a n/a 

Median 
T=40 Range 

Median 
T=60 Range 

Median 
T=90 Range 

Median 
T=120 Range 

LH (µg/L) 0 0.84 0.5-0.9 0.82 0.5-0.9 0.94 0.6-1.1 0.81 0.6-1.1 

LH (µg/L) 1 2.9 2.1-4.4 1.5 1.3-2.4 1.0 0.9-1.6 1.1 0.8-1.9 

LH (µg/L) 5 2.6 1.9-4.0 1.8 1.4-6.2 1.2 0.9-2.1 0.90 0.7-2.6 

LH (µg/L) 10 3.1 1.9-5.1 1.8 1.1-2.4 1.1 0.9-7.6 1.3 0.8-1.9 

LH (µg/L) 30 3.2 2.2-6.6 2.2 1.5-3.3 1.2 0.9-3.1 1.1 0.7-5.7 

FSH (µg/L) 0 1.3 1.1-1.6 1.3 1.1-1.6 1.2 1.0-1.6 1.1 1.1-1.5 

FSH (µg/L) 1 2.7 2.0-3.7 2.3 1.7-3.4 2.0 1.7-2.9 1.9 1.4-2.6 

FSH (µg/L) 5 2.8 1.5-3.2 2.3 1.4-3.4 1.9 1.2-2.8 1.7 1.3-2.4 

FSH (µg/L) 10 2.8 1.5-3.9 2.3 1.4-3.4 2.0 1.2-3.0 1.8 1.2-2.2 

FSH (µg/L) 30 2.3 1.3-4.6 2.0 1.3-3.8 1.8 1.1-3.0 1.5 0.9-2.6 

Oestradiol (pmol/L) 0 n/a n/a 11.9 9.0-31.1 12.9 10.8-33.9 10.5 7.0-36.9 

Oestradiol (pmol/L) 1 n/a n/a 38.4 34.6-55.1 42.5 32.4-59.2 29.2 12.8-56.2 

Oestradiol (pmol/L) 5 n/a n/a 37.9 29.7-63.1 35.6 26.8-67.4 27.2 21.6-49.2 

Oestradiol (pmol/L) 10 n/a n/a 31.2 21.5-55.8 29.1 18.7-49.7 30.5 18.8-43.7 

Oestradiol (pmol/L) 30 n/a n/a 31.2 17.1-51.5 30.6 20.7-50.0 26.2 10.6-44.3 

Table 1. Plasma LH, FSH and oestradiol concentrations before and after intravenous administration of different 
doses of canine KP-10. T=time in min after intravenous administration of canine KP-10.  
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Peak plasma LH concentrations occurred at 10 min after canine KP-10 administration 

at all doses. The mean maximal LH responses were 13-fold over basal plasma LH 

concentrations for 1 μg/kg, 12-fold for 5 μg/kg, 14-fold for 10 μg/kg, and 10-fold for 30 

μg/kg. Plasma LH concentrations had returned to basal levels at 40 min after every dose of 

canine KP-10. 

The maximal FSH response was usually observed at 10 min after canine KP-10 

administration but in dogs 1-3 it was at 20 min with every dosage. The mean maximal FSH 

responses were 3-fold over basal plasma FSH concentrations for all dosages. Plasma FSH 

concentrations had returned to basal levels at 60 min after 1 µg/kg canine KP-10 and at 40 

min after 5, 10, and 30 µg/kg. 

Maximal plasma oestradiol concentrations were reached at 60 min after administration 

of 5 and 10 µg/kg canine KP-10 and at 90 min after 1 µg/kg. After the administration of 30 

μg/kg canine KP-10 there was no significant increase in plasma oestradiol concentration; 1 

dog showed no evident oestradiol response, but in the other 5 dogs the response was similar to 

that with other dosages. The mean maximal oestradiol responses were 2-fold over basal 

concentrations for dosage of 1 and 10 μg/kg and 3-fold for 5 μg/kg. Plasma oestradiol 

concentrations returned to basal levels at 120 min after 1 µg/kg canine KP-10, but still 

differed from basal levels after 5 and 10 µg/kg canine KP-10 administration. 

The AUCs of plasma LH and FSH concentrations were significantly higher than 

controls after canine KP-10 administration at all doses, but the differences in AUCs between 

dosages were not significant. The AUCs of plasma oestradiol concentrations after canine KP-

10 administration were significantly higher than controls at 1, 5, and 10 µg/kg (Fig. 4). There 

were no significant differences in AUCs of oestradiol between the dosages. 

3.3. Stimulation tests with canine KP-10 in the low dosage group 

15



Fig. 4. Mean AUC of plasma concentrations of LH (4a), FSH (4b), and oestradiol (4c) after intravenous 
administration of different doses of canine KP-10 to six anoestrous bitches in the high dosage group. * 
indicates a significant difference from controls. 
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Dose 
Median 

Basal Range 
Median 

T=10 Range 
Median 

T=20 Range 
Median 

T=30 Range 

0 2.6 1.5-3.4 2.6 1.8-3.3 2.6 1.8-3.4 2.3 1.9-3.4 

0.1 2.1 1.5-3.0 3.3 1.8-7.7 2.9 1.4-5.8 2.6 1.6-4.6 

0.2 2.4 1.6-3.2 9.6 2.1-13.8 7.3 1.8-11.9 5.6 1.5-8.5 

0.3 2.9 1.7-4.8 12.0 8.8-15.0 8.2 5.7-13.0 5.4 3.7-7.4 

0.5 2.2 1.9-3.3 13.1 8.3-20.8 8.4 5.8-12.3 5.8 4.1-8.6 

1.0 2.6 1.6-3.1 15.0 12.2-20.4 8.8 7.9-12.9 5.5 5.4-7.4 

Dose 
Median 

T=40 Range 
Median 

T=60 Range 
Median 

T=90 Range 
Median 
T=120 Range 

0 2.2 1.7-7.0 2.3 1.7-7.8 2.3 1.5-3.7 2.2 1.5-3.5 

0.1 2.6 1.9-4.0 2.3 1.5-10.2 2.1 1.5-4.7 2.4 1.7-5.8 

0.2 4.7 1.7-7.0 3.3 1.5-5.2 3.2 1.9-6.6 2.9 1.5-3.1 

0.3 3.6 2.8-6.4 3.1 1.8-5.4 2.3 1.7-3.5 2.2 1.6-4.1 

0.5 4.5 3.5-6.5 3.4 2.2-10.1 3.1 1.6-4.4 2.6 1.8-3.4 

1.0 4.5 4.1-5.5 2.8 2.1-3.4 2.5 1.8-3.2 2.2 1.7-3.0 

Table 2. Plasma LH concentrations before and after intravenous administration of different doses of 
canine KP-10 in the low dosage group. T=time in min after intravenous administration of canine 
KP-10. 

17



Fig. 5. Median plasma LH concentrations after intravenous administration (arrow) of different 
doses of canine KP-10 to six anoestrous bitches from the low dosage group.  
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Both the control saline and 0.1 µg/kg canine KP-10 did not result in a significant 

increase of plasma LH concentrations. In contrast, plasma LH concentrations significantly 

increased after the administration of 0.2, 0.3, 0.5 and 1 µg/kg canine KP-10 (Fig. 5 and Table 

2). Plasma LH concentrations reached a maximum at T=10 at all of these dosages and 

returned to basal levels at 30 min after 0.2, and 0.3 µg/kg canine KP-10 and at 40 min after 

0.5 and 1 µg/kg. Mean maximum LH responses were 3-, 4-, 5- and 6-fold over basal 

concentrations after 0.2, 0.3, 0.5 and 1 µg/kg canine KP-10, respectively. 

The AUC of plasma LH concentration of the controls did not differ significantly from 

the AUC of plasma LH concentration after 0.1 µg/kg canine KP-10 (Fig. 6). AUCs of plasma 

LH concentration with 0.2, 0.3, 0.5 and 1 µg/kg were significantly higher than that of the 

control group. There was no difference in AUCs between 0.2, 0.3, 0.5 and 1 µg/kg 

4 Discussion 

4.1 Canine kiss1 and kiss1r genes 

This study shows that coding sequences of both kiss1 and kiss1r are conserved in the canine 

genome. In humans the KISS1 gene encodes a preproprotein of 138 amino acids. The 

predicted canine preprokisspeptin consists of 111 amino acids. The size difference is due to 

divergence of the central part of the protein in the evolution of canids. This central part is not 

well conserved in mammals and its size in some species other than the dog also differs 

considerably from that in humans. The putative N-terminal signal sequence has identical 

residues at 15 of the 19 positions of the KISS1 preproprotein in the human and the dog. This 

level of similarity is higher than between the human and the mouse, which have 11 of the 19 

N-terminal residues in common. The dog preproprotein has a potential dibasic cleavage site at 

19



Fig. 6. Mean AUC of plasma LH concentrations after intravenous administration of different doses of canine KP-10 to six anoustrous bitches in the low 
dosage group. * indicates a significant difference from controls. 
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position 65 and a RYGR cleavage/amidation site at position 80. Use of these sites would yield  

a kisspeptin of only 16 residues, compared with KP-54 in humans. The amidated C-terminal  

stretch of 10 amino acid residues of the bioactive kisspeptin peptides is responsible for  

binding and activation of the receptor [36]. It is interesting to note that human and canine  

KP-10 differ in two amino acids. There is more similarity with other mammalian species such  

as rats, mice, sheep, and cattle. All of these species have kisspeptins with an RY sequence at  

the C-terminus, while humans have an RF sequence. The conservative substitution of F and Y  

terminal residues between species is common for peptides that are cleaved and amidated at  

this position [1-4] It indicates that the hydroxyl moiety is not required for receptor binding  

and activation. This is supported by structure/activity studies which show that any aromatic  

residue at this site is tolerable for binding and activation of the receptor [36]. The second  

structural difference is, however, intriguing. The substitution of Ser with Val is unexpected,  

because structure/activity studies indicate that a hydroxyl side chain is required, such that the  

conservative substitution of Thr is tolerated. This may suggest that the dog receptor differs in  

its requirements for the amino acid in this position and interacts with a methyl side chain  

rather than a hydroxyl as occurs in Val. Cloning and mutational in vitro studies comparing the  

canine receptor with the human receptor will clarify this issue. Such studies will also indicate  

whether the canine KP-10 might be the starting point for the development of a new series of  

agonists.  

The similarity between the human kisspeptin receptor and the predicted canine  

kisspeptin receptor is striking. Overall there is about 75% similarity, with the largest  

differences at the (unconserved) C-terminus. The central 333 residues of the human and  

canine proteins have a similarity of 91%. This is also the case for other mammals, such as  

mice, rats, and cattle [37]. The canine kisspeptin receptor retains the classical hallmarks of  

rhodopsin family G-protein-coupled receptors such as the conserved prolines in  
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transmembrane (TM) domains TM1, TM3-TM7, asparagine in TM1, and aspartate in TM2  

interacting with asparagine in TM7. It also has the DRY/W motif on the intracellular end of  

TM3 and the NPXXY motif in TM7 which are involved in receptor activation. The  

similarities in both kisspeptin and its receptor suggest that the role of the kisspeptin system in  

the dog is similar to that in other species.  

  

4.2  Canine KP-10 stimulation of LH, FSH, and oestradiol  

  

Canine KP-10 robustly and rapidly stimulated LH secretion at all dosages except 0.1  

µg/kg. The plasma LH concentration reached a peak at 10 min, which is much earlier than in  

humans, calves, goats, and rats (about 30 min) [16,38-41]. Since the half-life of LH is similar  

among mammalian species, this suggests that canine KP-10 has a more rapid receptor on-rate  

[31]. The maximum plasma LH concentration at 10 min after canine KP-10 administration in  

the high dosage group represented a mean maximum of > 10-fold increase above the basal  

plasma LH concentration, substantially more than that reported in other mammals and more  

rapidly reached, 10 min versus 20 min. The mean maximum rise in plasma LH concentration  

after intravenous KP-10 administration was about 3-fold in men and women, 6-fold in goats  

and sheep, and 7-fold in prepubertal calves [16,38-40,42]. The greater response of LH in  

anoestrous bitches is unlikely to be due to physiological/sex steroid status, as the above  

studies represent a spectrum of anoestrous, castrate, postmenopausal, steroid treated, and  

amenorrhoeic conditions. It therefore appears likely that either the canine GnRH neuron is  

particularly responsive to kisspeptin or the canine gonadotroph is more sensitive to GnRH. It  

is possible that canine KP-10 is more efficacious in its coupling to the canine kiss1r.  

Resolution of this question will require in vitro studies of the responses of cloned canine  
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kiss1r. We are currently unable to address this question as we have yet to clone the canine  

receptor.    

The maximum plasma LH concentration was in both the low- and the high dosage  

group rapidly reached 10 min after canine KP-10 administration. There was, however, a  

difference between the fold change from basal to maximum LH response after administration  

of 1 µg/kg in both groups: 13-fold in the high dosage group and 6-fold in the low dosage  

group. The difference in fold change may be related to the fact that the basal plasma LH  

concentrations in the high dosage group were twice as high as in the low dosage group.  

Because the maximum LH responses were similar in both groups, this resulted in a difference  

in fold changes. Furthermore, also the fold changes in LH after administration of GnRH differ  

considerably in dogs. The rise in plasma LH concentration compared to basal values after  

intravenous administration of the GnRH analogue gonadorelin to anoestrous bitches has been  

reported to be between 16-fold and 91-fold [43,45].  

The stimulating effect of kisspeptin on plasma LH concentration is ascribed to the  

kisspeptin-induced release of hypothalamic GnRH, since GnRH antagonists ablate this  

stimulation [4,17,21-23]. However, in comparison with GnRH antagonists, kisspeptin  

antagonists only partially inhibit LH, suggesting that GnRH secretion is only partially  

dependent on kisspeptin input [44]. It is therefore not surprising that GnRH induces even  

higher plasma LH concentrations in the bitch than does canine KP-10 [33,35,43,45]. Similar  

results were observed by Hashizume et al. in GnRH and KP-10 stimulation tests in female  

goats [16]. The plasma LH response to GnRH was about three times higher and the FSH  

response 1.5 times higher than the response to the same dose of KP-10. In contrast, in pre-  

and postpubertal male goats there was no difference in the plasma profiles of LH and  

testosterone after administration of GnRH or KP-10 [46].   
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 FSH concentration also rose rapidly after canine KP-10 administration. The 3-fold  

increase over basal FSH was similar to that after intravenous GnRH administration in  

anoestrous bitches [43,45]. Plasma FSH concentrations remained above basal levels for a  

longer period than did plasma LH concentrations. This is not surprising, as the half-life of  

FSH is longer than that of LH [47].  

Canine KP-10 administration resulted in a 2- to 3-fold increase in plasma oestradiol,  

similar to the effect of GnRH stimulation in anoestrous bitches [44,45]. We observed  

maximum oestradiol concentrations at 60-90 min after canine KP-10 administration, similar  

to reported responses to GnRH in anoestrous bitches [32,35,43,45]. This is not surprising, as  

kisspeptin indirectly stimulate gonadal steroids via hypothalamic GnRH release [1,2,4].  

In anoestrus bitches we found FSH and oestradiol responses to canine KP-10 to be  

similar to the responses to GnRH, but the response of LH was much higher after GnRH. LH  

and FSH are both secreted by pituitary gonadotrophs, which are stimulated by GnRH.  

However, differential regulation of LH and FSH secretion has been demonstrated in this  

species, indicating the presence of additional regulatory mechanisms. For example, plasma  

LH concentrations before and after the preovulatory LH surge were similar, while FSH  

concentrations were lower before than after the concomitant FSH surge [31,48]. Furthermore,  

FSH secretion is controlled by oestradiol and inhibin, while LH is not influenced by inhibin  

[49].   

In this study we performed canine KP-10 stimulation tests in anoestrous bitches,  

beginning in early anoestrus (about 100 days after ovulation). The response to exogenous KP- 

10 may be influenced by the phase of the oestrous cycle, pubertal stage, and sex steroid  

environment [14,39,42,46]. The sensitivity of the canine pituitary to GnRH increases during  

the progression of anoestrus [35] and it is probable that the response to KP-10 may differ  

during the different phases of the cycle, since gonadal hormones exert positive or negative  
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feedback on GnRH production and secretion. In this respect it is interesting that GnRH  

neurons do not express sex steroid receptors [4,17,23,50]. With the discovery of the  

kiss1/kiss1r system and the finding that kisspeptin-producing neurons do express androgen  

and oestradiol receptors, and that GnRH neurons express kiss1r, it is likely that kisspeptin  

neurons form, also in the dog, the missing link in the communication between sex steroids  

and the GnRH neurons [4,17,21-23,50]. It has been demonstrated that negative and positive  

feedback of the HPG axis is mediated by a down- or up-regulation, respectively, of kiss1  

mRNA in the hypothalamus. Furthermore, kiss1 mRNA expression in the hypothalamus is  

dependent on reproductive status and cycle stage [51,52]. It is therefore not surprising that the  

gonadotrophin response to exogenous KP may differ throughout the different cycle stages as  

has been shown in women [53].  However, data about gonadotrophin response to exogenous  

KP in the dog in different cycle phases, is missing.  

 In the high dosage group, there were no significant differences in the maximal plasma  

gonadotrophin and oestradiol responses, or in the AUCs, between different dosages of canine  

KP-10 (1-30 µg/kg). This suggests that maximum receptor occupancy and hormone responses  

had already been achieved at the dose of 1 µg/kg. Therefore, we also studied the effect of  

lower dosages of canine KP-10 on the plasma LH concentration. In contrast to the dose of 0.1  

µg/kg, dosages of 0.2 µg/kg canine KP-10 or higher led to a significant LH response. There  

were no significant differences in AUCs between the different dosages that led to a significant  

LH response, although there was a dose-related maximum LH response tendency.  

Furthermore, plasma LH concentrations returned to basal levels already at 30 min after  

intravenous administration of 0.2 and 0.3 µg/kg canine KP-10, whereas after 0.5 and 1 µg/kg  

canine KP-10 basal levels were reached at 40 min after canine KP-10 administration similar  

to the results in the high dosage group. This suggests that full receptor binding and activation  

is reached with a dose as low as 0.5 microgram/kg canine KP-10 in anoestrous bitches. The  
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dosage causing the maximum LH response after an intravenous KP-10 bolus varied from 0.13  

µg/kg in ovariectomised cows to 34.5 µg/kg in male monkeys [54,55]. A dose-response study  

in humans demonstrated a maximum LH response at 1 µg/kg, and showed a clear dose-related  

LH response with lower doses [38]. It can be concluded that the dog is rather sensitive to  

exogenous KP-10.   

  

4.3  Conclusions  

n this study we have demonstrated that both kiss1 and kiss1r are present in the canine  

genome and that intravenously administered KP-10 rapidly and robustly stimulates the  

secretion of LH, FSH, and oestradiol in anoestrous bitches. These results suggest that  

kiss1/kiss1r signalling plays an important role in reproductive function in the dog, as in many  

other species. Kiss1/kiss1r, therefore offers a promising target for therapeutic intervention in  

dogs, such as non-surgical contraception and ovulation induction.  

  

5  Acknowledgments  

  

The authors thank Ms. C.H.Y. Oei for technical assistance, Ms. S.J. Mesu for  

technical assistance in the pharmacy, and Dr. B.E. Belshaw for editing. Prof R.P. Millar  

acknowledges support from the Medical Research Council, the National Research  

Foundation, the Technology Innovation Agency and the University of Pretoria.  

  

References  

  

[1] Colledge WH: GPR54 and Kisspeptins. Results Probl Cell Differ 2008:46:117-143.  

  

26



 

 

[2] Dedes  I: Kisspeptins and the control of gonadotrophin secretion. Syst Biol Reprod Med   

2012;58:121-128.  

  

[3] Kotani M, Detheux M, Vandenbogaerde A, Communi D, Vanderwinden JM, Le Poul E,  

Brézillon S, Tyldesley R, Suarez-Huerta N, Vandeput F, Blanpain C, Schiffmann SN, Vassart  

G, Parmentier M: The metastasis suppressor gene KISS-1 encodes kisspeptins, the natural  

ligands of the orphan g protein-coupled receptor GPR54. J Biol Chem 2001;276:34631- 

34636.  

  

[4] Oakley AE, Clifton DK, Steiner RA: Kisspeptin signaling in the brain. Endocr Rev  

2009;30:713-743.  

  

[5] Chan YM, Broder-Fingert S, Paraschos S, Lapatto R, Au M, Hughes V, Bianco SDC, Min  

L, Plummer L, Cerrato F, De Guillebon A, Wu AH, Wahab F, Dwyer A, Kirsch S,  Quinton,  

R, Cheetham T, Ozata M, Ten S, Chanoine JP, Pitteloud N, Martin KA, Schiffmann R, Van  

der Kamp HJ, Nader S, Hall JE, Kaiser UB, Seminara SB: GnRH-deficient phenotypes in  

humans and mice with heterozygous variants in KISS1/Kiss1. J Clin Endocrinol Metab  

2011;96:1771–1781.  

  

[6] d'Anglemont de Tassigny X, Fagg LA, Dixon JP, Day K, Leitch HG, Hendrick AG, Zahn  

D, Franceschini I, Caraty A, Carlton MB, Aparicio SA, Colledge WH: Hypogonadotropic  

hypogonadism in mice lacking a functional Kiss1 gene. Proc Natl Acad Sci USA  

2007;104:10714-10719.  

  

27

http://www.ncbi.nlm.nih.gov/pubmed?term=Dedes%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22376279


 

 

[7] de Roux N, Genin E, Carel JC, Matsuda F, Chaussain JL, Milgrom E: Hypogonadotropic  

hypogonadism due to loss of function of the KISS1-derived peptide receptor GPR54. Proc  

Natl Acad Sci USA 2003;100:10972-10976.  

  

[8] Lapatto R, Pallais JC, Zhang D, Chan YM:  Kiss1_/_ mice exhibit more variable  

hypogonadism than GPR54_/_ mice. Endocrinology 2007;148:4927-4936.  

  

[9] Seminara SB, Messager S, Chatzidaki EE, Thresher RR, Acierno JS Jr, Shagoury JK, Bo- 

Abbas Y, Kuohung W, Schwinof KM, Hendrick AG, Zahn D, Dixon J, Kaiser UB,  

Slaugenhaupt SA, Gusella JF, O'Rahilly S, Carlton MB, Crowley WF Jr, Aparicio SA,  

Colledge WH: The GPR54 gene as a regulator of puberty. N Engl J Med 2003;349:1614- 

1627.   

  

[10] Topaloglu AK, Tello JA, Kotan LD, Ozbek MN, Yilmaz MB, Erdogan S, Gurbuz F,  

Temiz F, Millar RP, Yuksel B: Inactivating KISS1 mutation and hypogonadotropic  

hypogonadism. N Engl J Med 2012;366:629-635.  

  

[11] Silveira LG, Noel SD, Silveira-Neto AP, Abreu AP, Brito VN, Santos MG, Bianco SD,  

Kuohung W, Xu S, Gryngarten M, Escobar ME, Arnhold IJ, Mendonca BB, Kaiser UB,  

Latronico AC: Mutations of the KISS1 gene in disorders of puberty. J Clin Endocrinol Metab  

2010;95:2276-2280.  

  

[12] Teles MG, Bianco SD, Brito VN, Trarbach EB, Kuohung W, Xu S, Seminara SB,  

Mendonca BB, Kaiser UB, Latronico AC: A GPR54-activating mutation in a patient with  

central precocious puberty. N Engl J Med 2008;358:709-715.  

28

http://www.ncbi.nlm.nih.gov/pubmed?term=Topaloglu%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Tello%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Kotan%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozbek%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Yilmaz%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Erdogan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Gurbuz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Temiz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Millar%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuksel%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22335740
http://www.ncbi.nlm.nih.gov/pubmed?term=Silveira%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Noel%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Silveira-Neto%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Abreu%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Brito%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Bianco%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuohung%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Gryngarten%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Escobar%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Arnhold%20IJ%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Mendonca%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaiser%20UB%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Latronico%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=20237166
http://www.ncbi.nlm.nih.gov/pubmed?term=Trarbach%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=18272894
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuohung%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18272894
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18272894
http://www.ncbi.nlm.nih.gov/pubmed?term=Seminara%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=18272894
http://www.ncbi.nlm.nih.gov/pubmed?term=Mendonca%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=18272894
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaiser%20UB%5BAuthor%5D&cauthor=true&cauthor_uid=18272894
http://www.ncbi.nlm.nih.gov/pubmed?term=Latronico%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=18272894


 

 

  

[13] Curtis AE, Cooke JH, Baxter JE, Parkinson JRC, Bataveljic A, Ghatei MA, Bloom SR,  

Murphy KG: A kisspeptin-10 analog with greater in vivo bioactivity than kisspeptin-10. Am J  

Physiol Endocrinol Metab  2009;298:296-303.  

  

[14] Dhillo WS, Chaudhri OB, Thompson EL, Murphy KG, Patterson M, Ramachandran R,  

Nijher GK, Amber V, Kokkinos A, Donaldson M, Ghatei MA, Bloom SR: Kisspeptin-54  

stimulates gonadotropin release most potently during the preovulatory phase of the menstrual  

cycle in women. J Clin Endocrinol Metab 2007;82:3958-3966.  

  

[15] Gottsch ML, Cunningham MJ, Smith JT, Popa SM, Acohido BV, Crowley WF,   

Seminara S, Clifton DK, Steiner RA: A role for kisspeptins in the regulation of gonadotropin  

secretion in the mouse. Endocrinology 2004;145:4073-4077.  

  

[16] Hashizume T, Saito H, Sawada T, Yaegashi T, Ezzat AA, Sawai K, Yamashita T:  

Characteristics of stimulation of gonadotropin secretion by kisspeptin-10 in female goats.  

Anim Reprod Sci 2010;118:37-41.  

  

[17] Mikkelsen JD, Bentsen AH, Ansel L, Simonneaux V, Juul A: Comparison of the effects  

of peripherally administered kisspeptins. Regul Pept 2009;152:95-100.  

  

[18] Thompson EL, Patterson M, Murphy KG, Smith KL, Dhillo WS, Todd JF, Ghatei MA,  

Bloom SR: Central and Peripheral administration of kisspeptin-10 stimulates the  

hypothalamic-pituitary-gonadal Axis. J Neuroendocrinol 2004;16:850-858.  

  

29



 

 

[19] Pineda R,  Garcia-Galiano D, Roseweir A, Romero AM, Sanchez-Garrido MA, Ruiz- 

Pino F, Morgan K, Pinilla L, Millar RP, Tena-Sempere M: Critical roles of kisspeptins in  

female puberty and preovulatory gonadotropin surges as revealed by a novel antagonist.   

Endocrinology 2010;151:722-730.   

  

[20] Smith JT, Li Q, Yap KS, Shahab M,  Roseweir AK, Millar RP, Clarke IJ: Kisspeptin is  

essential for the full preovulatory LH surge and stimulates GnRH release from the isolated  

ovine median eminence. Endocrinology 2011;152:1001-1012.  

  

[21] Herbison AE: Estrogen positive feedback to gonadotropin-releasing hormone (GnRH)  

neurons in the rodent: The case for the rostral periventricular area of the third ventricle  

(RP3V). Brain Res Rev 2008;57:277-287.  

  

[22] Roa J, Aguilar E, Dieguez C, Pinilla L, Tena-Sempere M: New frontiers in  

kisspeptin/GPR54 physiology as fundamental gatekeepers of reproductive function. Front  

Neuroendocrinol 2008;29:48-69.  

  

[23] Roseweir AK, Millar RP: Update: The role of kisspeptin in the control of gonadotrophin  

secretion. Hum Reprod 2009;15:203–212.  

  

[24] Schaefers-Okkens AC and Kooistra HS: Ovaries, In: Rijnberk A., Kooistra H.S. (Eds):  

Clinical Endocrinology of Dogs and Cats 2
nd

 ed. Schlutersche, Hanover, Germany, 2010 pp.  

203-234.   

  

30



 

 

[25] McGinnis S, Madden TL: BLAST: at the core of a powerful and diverse set of sequence  

analysis tools. Nucleic Acids Res 2004;32:20-25.  

  

[26] Reese MG, Eeckman FH, Kulp D, Haussler D:  Improved splice site detection in genie. J  

Comp Biol 1997;4:311-323.  

  

[27] Okkens AC, Bevers MM, Dieleman SJ, Willemse AH: Shortening of the interoestrus  

interval and the lifespan of the corpus luteum of the cyclic dog by bromocriptine treatment.  

Vet Quart 1985;7:173- 176.  

  

[28] Concannon PW, Hansel W, McKentee K: Changes in LH, progesterone and sexual  

behaviour associated with preovulatory luteinization in the bitch. Biol Reprod 1977;17:604– 

613.  

  

[29] Wildt DE, Panko WB, Chakraborty PK, Seager SWJ: Relationship of serum estrone,  

estradiol-17b and progesterone to LH, sexual behavior and time of ovulation in the bitch. Biol  

Reprod 1979;20:648–658.  

  

[30] Okkens AC, Teunissen JM, van Osch W, van den Brom WE, Dieleman SJ, Kooistra HS:  

Influence of litter size and breed on the duration of gestation in dogs. J Reprod Fertil Suppl  

2001;57:193-197.  

  

[31] Kooistra HS,  Okkens AC,  Bevers MM, Poppsnijders C, van Haaften B, Dieleman SJ,  

Schoemaker J: Concurrent pulsatile secretion of luteinizing hormone and follicle-stimulating  

31

http://www.fruitfly.org/~martinr/index.html
http://www.ncbi.nlm.nih.gov/pubmed?term=Okkens%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=11787149
http://www.ncbi.nlm.nih.gov/pubmed?term=Teunissen%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=11787149
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Osch%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11787149
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Den%20Brom%20WE%5BAuthor%5D&cauthor=true&cauthor_uid=11787149
http://www.ncbi.nlm.nih.gov/pubmed?term=Dieleman%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=11787149
http://www.ncbi.nlm.nih.gov/pubmed?term=Kooistra%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=11787149
http://www.ncbi.nlm.nih.gov/pubmed?term=okkens%20teunissen%20osch%20brom


 

 

hormone during different phases of the estrous cycle and anestrus in beagle bitches. Biol  

Reprod 1999;60:65-71.  

  

[32] Nett TM, Akbar AM, Phemister RD, Holst PA, Reichert LEJr, Niswender GD: Levels of  

luteinizing hormone, estradiol and progesterone in serum during the estrous cycle and  

pregnancy in the beagle bitch. Proc Soc Exp Biol Med 1975;148:134-139.  

  

[33] Beijerink NJ, Buijtels JJCWM, Okkens AC, Kooistra HS, Dieleman SJ: Basal and GnRH  

induced secretion of FSH and LH in anestrus versus ovariectomized bitches. Theriogenology  

2007;67:1039-1045.  

  

[34] Dieleman SJ, Bevers MM: Effects of monoclonal antibody against PMSG administered  

shortly after the preovulatory LH surge on time and number of ovulations in PMSG/PG- 

treated cows. J Reprod Fertil, 1987;81:533-542.  

  

[35] van Haaften B, Bevers MM, van den Brom WE, Okkens AC, van Sluijs FJ, Willemse  

AH, Dieleman SJ: Increasing sensitivity of the pituitary to GnRH from early to late anoestrus  

in the beagle bitch. J Reprod Fertil 1994;101:221-222.  

  

[36] Millar RP, Roseweir AK, Tello JA, Anderson RA, George JT, Morgan K, Pawson AJ:  

Kisspeptin antagonists: unraveling the role of kisspeptin in reproductive physiology.  

Brain Res 2010;1364:81-89  

  

[37] Hiden U, Bilban M, Knöfler M, Desoye G: Kisspeptins and the placenta: Regulation of  

trophoblast invasion. Rev Endocr Metab Disord 2007;8:31-39.  

32

http://www.ncbi.nlm.nih.gov.proxy.library.uu.nl/pubmed/20858467


 

 

  

[38] George JT, Veldhuis JD, Roseweir AK, Newton CL, Faccenda E, Millar RP, Anderson  

RA: Kisspeptin-10 is a potent stimulator of LH and increases pulse frequency in men. J Clin  

Endocrinol Metab 2011;96:1228-1236.  

  

[39] George JT, Anderson RA, Millar RP: Kisspeptin-10 stimulation of gonadotrophin  

secretion in women is modulated by sex steroid feedback. Hum Reprod 2012;27;3552-3559.  

  

[40] Ezzat AA, Saito H, Sawada T, Yaegashi T, Yamashita T, Hirata T, Hashizume T:  

Characteristics of the stimulatory effect of Kisspeptin-10 on the secretion of luteinizing  

hormone, follicle –stimulating hormone and growth hormone in prepubertal male and female  

cattle. J Reprod Dev 2009;55:650-654.  

  

[41] Pheng V, Uenoyama Y, Homma T, Inamoto Y, Takase K, Yoshizawa-Kumagaye K,  

Isaka S, Watanabe TX, Ohkura S, Tomikawa J, Maeda K, Tsukamura H: Potencies of  

centrally- or peripherally-injected full-length kisspeptin or its C-terminal decapeptide on LH  

release in intact male rats. J Reprod Dev 2009;55:378-382.  

  

[42] Smith JT, Li Q, Yap KS, Shahab M, Roseweir AK, Millar RP, Clarke IJ: Kisspeptin is  

essential for the full preovulatory LH surge and stimulates GnRH release from the isolated  

ovine median eminence. Endocrinology 2011;152:1001–1012.  

  

[43] de Gier J, Buijtels JJ, Albers-Wolthers CH, Oei CH, Kooistra HS, Okkens AC: Effects of  

gonadotropin-releasing hormone administration on the pituitary-gonadal axis in male and  

female dogs before and after gonadectomy. Theriogenology 2012;77:967-978.   

33

http://www.ncbi.nlm.nih.gov/pubmed?term=Pheng%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Uenoyama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Homma%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Inamoto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Takase%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoshizawa-Kumagaye%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Isaka%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20TX%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Ohkura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomikawa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Maeda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsukamura%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19384054
http://www.ncbi.nlm.nih.gov/pubmed/19384054
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Gier%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22153274
http://www.ncbi.nlm.nih.gov/pubmed?term=Buijtels%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22153274
http://www.ncbi.nlm.nih.gov/pubmed?term=Albers-Wolthers%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22153274
http://www.ncbi.nlm.nih.gov/pubmed?term=Oei%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22153274
http://www.ncbi.nlm.nih.gov/pubmed?term=Kooistra%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=22153274
http://www.ncbi.nlm.nih.gov/pubmed?term=Okkens%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=22153274


 

 

  

  [44] Roseweir AK, Kauffman AS, Smith JT, Guerriero KA, Morgan K, Pielecka-Fortuna J,  

Pineda R, Gottsch ML, Tena-Sempere M, Moenter SM, Terasawa E, Clarke IJ, Steiner RA,  

Millar RP: Discovery of potent kisspeptin antagonists delineate physiological mechanisms of  

gonadotropin regulation. J Neurosci  2009;29:3920-3929.  

  

[45] Buijtels JJ, Beijerink NJ, Kooistra HS, Dieleman SJ, Okkens AC: Effects of  

gonadotrophin releasing hormone administration on the pituitary-ovarian axis in anoestrous vs  

ovariectomized bitches. Reprod Domest Anim. 2006;41:555-561.  

  

[46] Saito H, Sawada T, Yaegashi T, Goto Y, Jin J, Sawai K, Hashizume T: Kisspeptin-10  

stimulates the release of luteinizing hormone and testosterone in pre- and post-pubertal male  

goats. Anim Sci J 2012;83:487–492.  

  

[47] Schwartz NB: The 1994 Stevenson award lecture. Folliclestimulating hormone and  

luteinizing hormone: A tale of two gonadotropins. Can J Physiol Pharmacol 1995;73:675-684.  

  

[48] de Gier J, Kooistra HS, Djajadiningrat-Laanen SC, Dieleman SJ, Okkens AC: Temporal  

relations between plasma concentrations of luteinizing hormone, follicle-stimulating  

hormone, estradiol-17b, progesterone, prolactin, and a-melanocyte-stimulating hormone  

during the follicular, ovulatory, and early luteal phase in the bitch Theriogenology  

2006;65:1346-1359.  

  

[49] Mann GE, Campbell BK, McNeilly AS, Baird DT: The role of inhibin and oestradiol in  

the control of FSH secretion in the sheep. J Endocrinol 1992;133:381-391.  

34

http://www.ncbi.nlm.nih.gov.proxy.library.uu.nl/pubmed/19321788
http://www.ncbi.nlm.nih.gov.proxy.library.uu.nl/pubmed/19321788
http://www.ncbi.nlm.nih.gov/pubmed/17107517
http://www.ncbi.nlm.nih.gov/pubmed/17107517
http://www.ncbi.nlm.nih.gov/pubmed/17107517


[50] Wintermantel TM, Campbell RE, Porteous R, Bock D, Gröne HJ, Todman MG, Korach 

KS, Greiner E, Pérez CA, Schütz G, Herbison AE: Definition for estrogen receptor pathway 

critical for estrogen positive feedback to gonadotropin-releasing hormone neurons and 

fertility. Neuron 2006;52:271-280. 

[51] Smith JT, Cunningham MJ, Rissman EF, Clifton DK, Steiner RA: Regulation of Kiss1 

gene expression in the brain of the female mouse.  Endocrinology 2005;146:3686-3692. 

 [52] Young KA: Differential ovarian expression of KiSS-1 and GPR-54 during the estrous 

cycle and photoperiod induced recrudescence in Siberian hamsters (Phodopus sungorus). Mol 

Reprod 2009;76:444-452. 

[53] Dhillo WS, Chaudhri OB, Thompson EL, Murphy KG, Patterson M, Ramachandran R, 

Nijher GK, Amber V, Kokkinos A, Donaldson M, Ghatei MA, Bloom SR: Kisspeptin-54 

stimulates gonadotropin release most potently during the preovulatory phase of the menstrual 

cycle in women. J Clin Endocrinol Metab 2007;92:3958–3966. 

[54] Whitlock BK, Daniel JA, Wilborn RR, Rodning SP, Maxwell HS, Steele BP, Sartin JL: 

Interaction of estrogen and progesterone on kisspeptin-10-stimulated luteinizing hormone and 

growth hormone in ovariectomized cows. Neuroendocrinology 2008;88:212-215. 

[55] Shahab M, Mastronardi C, Seminara SB, Crowley WF, Ojeda SR, Plant TM: Increased 

hypothalamic GPR54 signaling: A potential mechanism for initiation of puberty in primates. 

Proc Natl Acad Sci USA 2005;102:2129-2134. 

35

http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=15919741
http://www.ncbi.nlm.nih.gov/pubmed?term=Cunningham%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15919741
http://www.ncbi.nlm.nih.gov/pubmed?term=Rissman%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=15919741
http://www.ncbi.nlm.nih.gov/pubmed?term=Clifton%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=15919741
http://www.ncbi.nlm.nih.gov/pubmed?term=Steiner%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15919741
http://www.ncbi.nlm.nih.gov/pubmed?term=Young%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=18937338



