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 In ruminants, the preoptic area (POA) and arcuate (ARC) are the main 
hypothalamic nuclei through which kisspeptin influences gonadotropin releasing 
hormone (GnRH) neurons for reproductive functions. The relationship between 
kisspeptin and GnRH releasing in many species has been studied, but not in buffalo. 
The aims of this study were to detect the localization of Kiss-1 mRNA and the 
distribution of kisspeptin protein in the POA and ARC hypothalamic nuclei of 
cycling buffalo cows. Brains were collected from 6 buffaloes and processed for 
paraffin blocks. Four-micron paraffin sections of the POA and ARC hypothalamic 
nuclei were prepared for (1) chromogenic in situ hybridization using a Kiss-1cRNA 
probe designed from the ovine kisspeptin gene sequence (GenBank accession no. 
DQ059506) and (2) immunohistochemistry using a rabbit anti-mouse kisspeptin-10 
antibody. The signals for Kiss-1 mRNA and the localization of kisspeptin proteins 
were detected in the cytoplasm of the POA and ARC neuronal soma and some small 
neuronal cells.  Kisspeptin proteins were also found in the cellular process of the 
POA and ARC neurons. The population of kisspeptin-immunoreactive neurons 
distributed in the POA (79.8±2.5%) was greater than in the ARC area (62.5±4.5%) 
(P≤0.01). This study provides evidence of Kiss-1 mRNA and kisspeptin protein in 
the hypothalamus of buffalo, and it will hopefully help lay the groundwork for a 
further understanding of the role of kisspeptin in buffalo and its relation to 
reproduction and the hypothalamic- pituitary- gonadal axis. 
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INTRODUCTION 

 
Despite the fact that the buffalo (Bubalus bubalis) is a 

common domestic animal used for meat and milk supply, 
this species has many reproductive limitations.  The long 
intercalving period of buffalo cows is a main problem 
affecting their reproductive efficiency (Chaikhun et al., 
2012). This issue might be related to the hypothalamic- 
pituitary-ovarian (HPO) axis, in terms of the gonadotropin 
releasing hormone (GnRH) tonic center and surge center 
functions in the hypothalamus (Maeda et al, 2010). 
Research in sheep has indicated that, in this species, the 
preoptic area (POA) functions as a GnRH surge center 
and that the arcuate (ARC) area functions as a GnRH 
tonic center (Clarke et al., 2009).  

In situ hybridization (ISH) and immuno-
histochemistry (IHC) are the main techniques used in 
kisspeptin research. ISH is a hybridization technique that 
utilizes a labeled complementary DNA or RNA strand to 
identify, in an area or section of tissue (in situ), the 
location of a particular DNA or RNA sequence (Jin and 
Lloyd, 1997). IHC is usually used to localize and detect 
antigens (e.g., proteins) in tissue sections by taking 
advantage of the fact that specific antibodies bind to 
specific antigens in biological tissues (Ramos-Vara, 
2005). In our study, therefore, ISH was used to detect 
kisspeptin gene expression and IHC for kisspeptin protein 
localization, respectively.  

Despite some recent studies there are still many 
questions regarding the role of kisspeptin in the regulation 
of buffalo reproduction and basic research on their 
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neuroanatomy remains to be done. In order to further this 
basic research, the objectives of this study were to detect 
the localization of Kiss-1 mRNA and the distribution of 
kisspeptin protein in the POA and ARC hypothalamic 
nuclei of cycling buffalo cows. 
 

MATERIALS AND METHODS 
 

The experiment was approved by Chulalongkorn 
University Animal Care and Use Committee in 
accordance with the university regulations and policies 
governing the care and use of laboratory animals 
(No.13310007). 
 
Sample: The brains were collected from 6 cycling 
buffaloes (age 4-7 years old and body condition score 3-4 
out of 5) from slaughterhouses. The heads were perfused 
with 4% paraformaldehyde in 0.1 M phosphate buffer (pH 
7.2) within 15 min of the animal’s death. The hypothalami 
were prepared for paraffin blocks.  

The histological location of the POA and ARC areas 
were determined by hematoxylin and eosin staining on the 
sample slides (Haines, 2012). The random samples of 
POA and ARC hypothalamic nuclei of each buffalo, used 
for ISH and IHC, were serial sample slides, each ISH and 
IHC slide adjacent to the other, taken from the same tissue 
paraffin block.  
 
In situ hybridization of Kiss1 mRNA: Plasmid DNA, 
inserted with a section of ovine Kiss1 gene (GenBank 
accession no. DQ059506) was generated by GenScript, 
NJ, USA. The plasmid DNA was digested for preparation 
of a sense probe (negative result indicator) and an anti-
sense probe (positive result indicator) using a DIG-
labeling in vitro transcription kit (Roche, Mannheim, 
Germany). 

Four-micron paraffin sections were processed 
according to the optimal standard procedure. Briefly, the 
samples were autoclaved for 10 min at 121°C in a citrate 
buffer (pH 6.0). The samples were blocked for 
endogenous alkaline phosphatase and post-fixed. Sections 
were washed in PBS between each step. Prehybridization 
was conducted with a hybridization cocktail. The 
hybridization was done at 45°C for 20 hr in hybridizer 
(S2451-30, Dako, Glostrup, Denmark). Then the sections 
were stringently washed at 45°C. The sections were 
equilibrated and unspecific bindings were blocked. The 
mRNA signals were detected using 1x NBT/BCIP (DIG 
nucleic acid detection kit, Roche, Mannheim, Germany). 
The results were reported as “positive” if Kiss-1 mRNA 
could be detected by a purple stain reaction. As a positive 
control for tissue and for the specificity of the probe, the 
POA and ARC hypothalamic nuclei of ewe were used. 
 
Immunohistochemistry of kisspeptin: Four- microns 
sections were processed using the optimal standard 
immunohistochemistry procedure. Briefly, antigen 
retrieval in a citrate buffer (pH 6.0) was done for 10 min 
at 70°C. Then 10% normal horse serum (Gibco, NY, 
USA) was applied. The sections were incubated with a 
rabbit anti-mouse kisspeptin-10 antibody (1:500 dilution, 
Millipore catalog number AB9754, MA) (Franceschini et 
al., 2006) at 4°C overnight. A biotinylated antibody and 

streptavidine horseradish peroxidase (LSAB+System-
HRP™, catalog number K0679, Dako, Glostrup, 
Denmark) were incubated.  A chromogen 3, 3’-
diaminobenzidine (DAB, Dako, Glostrup, Denmark) was 
added for 5 min. In each step, the sections were washed in 
PBS. Positive controls for antibody and tissue specificity 
were prepared using ewe POA and ARC samples. 
Negative controls for antibody specificity were conducted 
by omitting the primary antibody. Negative controls for 
tissue specificity were the white matter area which is an 
area known to have no kisspeptin expression. Two 
observers checked and counted the reaction results 
(counter- stained by hematoxylin) randomly found in the 
100 mm2 area per slide (serial selected slides from the 
POA and ARC of each buffalo) under a light microscope.  
 
Statistical analysis: The expression of Kiss-1 mRNA in 
the POA and ARC hypothalamic nuclei were explained by 
descriptive statistics.  

The kisspeptin-ir cells from each cow were calculated 
as a percentage and averaged across animals (mean±SE). 
The average number of kisspeptin-ir cells between the 
POA and ARC were analyzed by paired t-test (P<0.05). 
The intensity of kisspeptin reactions were graded into 3 
levels; 1= weak, 2= moderate, and 3= intense, and 
analyzed by paired t-test (P<0.05). 

 
RESULTS 

 
Anatomical details of hypothalamus in buffalo: The 
buffalo hypothalamus was identified approximately 15.00 
cm down from the skull bregma. In cross section, optic 
chiasma (OC) and mammary bodies were the main area 
for identification of POA and ARC, respectively. The 
POA was microscopically observed above the OC. The 
median part of the POA was seen close to the 3rd ventricle 
(3V) and the lateral part is shown in Fig. 1A. The ARC 
area was identified above the 3V and in front of the 
mammary bodies (Fig. 1B). In longitudinal section (Fig. 
1C), the medial POA was found 2.5 mm above the 
OC. The supraoptic area (SON) was detected behind the 
OC. The ARC was found in a caudal part of the SON at 
3.9 mm and was seen as a long area through the 
caudoventral part. 
 
In situ hybridization of Kiss1 mRNA: The expression of 
Kiss-1 mRNA using an antisense Kiss-1cRNA probe was 
detected in the cytoplasm of neuronal soma in the 
majority of neurons in both the buffalo POA (Fig. 2A and 
2C) and ARC hypothalamic nuclei  (Fig. 3A and 3C) of 
all samples. Kiss-1mRNA was also found in some small 
neuronal cells (Fig. 2C) which were distinguished from 
glia cells by their vesicular nuclei. There was no signal of 
Kiss-1 mRNA in the buffalo POA and ARC sections in 
which the sense Kiss-1cRNA probe was applied (Fig. 2B, 
2D, 3B and 3D) and these were considered as negative 
control reactions.  Positive control reactions were 
prepared using the ewe POA (Fig. 2E and 2F) and ARC 
(Fig. 3E and 3F) hypothalamic nuclei paraffin sections.  
 
Immunohistochemistry of kisspeptin: The results 
showed kisspeptin reactions located in the cytoplasm of 
the neuronal soma, the cellular process of the neurons and 
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Fig. 1: A drawing of the anatomical and histological location of the 
POA (Fig. 1A) and ARC (Fig. 1B) hypothalamic nuclei in buffaloes as 
identified on the sample slides in cross sections. The POA (black areas) 
is located above the optic chiasma (OC). The black rod shaped areas on 
either side of the 3rd ventricle (3V) are the median POA and the black 
oval shaped areas are the lateral POA. The ARC area (black areas) is 
located above the 3V and in front of the mammary bodies. The 
longitudinal section of buffalo hypothalamus (Fig.1C) shows the medial 
POA (black area) located above the OC. The supraoptic area (S) is 
located next to the OC and has a slightly triangular shape. The ARC 
(thick curved black line area) is located from S trough the caudal ventral 
part. The grey areas are nerve tracts. Scale bar is 10 mm in A, B and C. 

 
some small neuronal cells (Fig. 4A and 4B) in both the 
POA and ARC hypothalamic nuclei. Our study also 
revealed a larger and denser population of kisspeptin 
immunoreactive neurons in the POA (79.8±2.5%) than in 
the ARC (62.5±4.5%) area (P≤0.01). The distribution 
pattern of kisspeptin-ir cells in the POA had a more 
scattered and widespread distribution of these cells 
throughout this area (Fig. 5A), as opposed to kisspeptin-ir 
cells in the ARC area which had a clumpy appearance 
(Fig. 5B). There was no difference in kisspeptin reaction 
intensity between the POA and ARC hypothalamic nuclei, 
which were both graded as intense (level 3) (P>0.5). The 
negative control presented no non-specific reactions (Fig. 
4C). The positive control for immunohistochemical 
reactions of kisspeptin proteins in the POA hypothalamic 
neurons in the ewe are shown in Fig. 4D.  
 

DISCUSSION 
 

The present study’s detection and localization of 
Kiss-1 mRNA (using in situ hybridization technique with 
an ovine Kiss-1cRNA probe) suggests the ability of buffalo 
POA and ARC hypothalamic nuclei to synthesize kisspeptin.  

In previous studies, Kiss1 mRNA localization in the 
POA and ARC was also found in sheep and confirmation 
of kisspeptin production in the POA and ARC area was 
later provided by immunohistochemistry tests (Estrada et 
al., 2006). The kisspeptin antibody in this study has been 
used in mares for kisspeptin-ir cell determination, proving 
that cross-reactivity can occur in other types of non-
ruminants. Interestingly, although there was no reported 
research on the Kiss-1 sequence in Buffalo at the time of 

our study, in 2014 three predicted buffalo Kiss-1 
sequences were reported in a gene database (NCBI 
reference sequences: XM_006062321.1, XM_ 
006062322.1 and XM_006062323.1, NCBI GenBank, 
2014). In confirmation of our study’s assumptions, 94% 
of the tested sequences showed significant alignments 
between the predicted buffalo and ovine Kiss-1 sequences 
when analyzed by the BLASTN 2.2.30+ program.  This 
may be related to the fact that there is only one difference 
between the kisspeptin amino acid sequence found in 
horse and in sheep (Decourt et al., 2008).  In addition, our 
study used the POA and ARC of sheep as a positive 
control for the Kiss-1 mRNA and kisspeptin-ir cells found 
in the same areas in the buffalo POA and ARC.  

The distribution of Kiss-1 mRNA in buffalo POA and 
ARC hypothalamic nuclei is similar, in most regards, to 
other animals. However, the areas of the hypothalamus 
which express Kiss-1 vary among different species of 
mammals; for example, Kiss-1 mRNA can be found in the 
POA and ARC of sheep, as a representative of ruminants 
(Goodman et al., 2007), in the ARC, anterodorsalpreoptic 
area (ADP) and anteroventral periventricular nucleus 
(AVPV) of rodents (Gottsch et al., 2004; Clarkson et al., 
2009), in the POA and hypothalamic periventricular 
nucleus of pigs (Tomikawa et al., 2010) and in the POA, 
ARC and AVPV of primates (Rometo et al., 2007). In 
relation to cattle, the only research that has been done 
concerns the distribution and localization of KISS1 and 
kisspeptin in the hypothalamus. KISS1 expression was 
found by qRT-PCR in sulking and weaning Brahman cow 
hypothalami. The expression within the ventral posterior 
area (including the ARC) was greater than the expression 
within the anterior area (including the POA) (Ainu Husna 
et al., 2013). These interspecies variations in Kiss-1 
distribution might be due to factors related to differences 
between seasonal/ non-seasonal animal species, sex 
steroid hormone effects, nutritional status, anatomical and 
physiological variations, and differences in the volume of 
kisspeptin synthesized from different hypothalamic nuclei 
(Caraty et al, 2007; Colledge, 2008; Overgaard et al., 
2013; Poling and Kauffman, 2013; Liu et al., 2014; Cui et 
al., 2015).  

In addition to the finding of Kiss-1 mRNA in buffalo 
POA and ARC areas, the results of our study’s 
immunohistochemistry testing found evidence of 
kisspeptin synthesized from Kiss-1 mRNA.  Kisspeptin 
neurons in buffalo can also be detected in both the POA 
and ARC and are similar in their distribution to that of 
Kiss-1 mRNA in these areas (the distribution of both in 
the POA had a more scattered and widespread pattern, as 
opposed to their distribution in the ARC, which had a 
clumpy appearance). The variations in kisspeptin neuron 
distribution in the hypothalamic nuclei have been 
described in previous studies. The kisspeptin neurons 
reside in rodent AVPV and ARC (Smith et al., 2006; 
Clarkson et al., 2009), in sheep ARC, POA and 
dorsomedial nucleus (DMN) (Estrada et al., 2006; 
Franceschini et al., 2006), in horses ARC and DMN 
(Decourt et al., 2008) and in primates POA and ARC 
(Rometo et al., 2007). This variation in kisspeptin protein 
distribution might not be only dependant on Kiss-1 
mRNA distribution but also on a possible difference in the 
role of kisspeptin and its active mode in each species.  
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Fig. 2: Kiss-1 mRNA in the POA, which were taken from the area 
beside the optic chiasma (OC), is visible in the anti-sense (positive 
result) of Kiss-1 mRNA samples (A and C) and is not expressed in the 
sense (negative result) of Kiss-1 mRNA samples (B, D). Kiss-1 mRNA 
expressions are localized in the cytoplasm of a neuron (full arrow) and 
some small neuronal cells (arrow heads) in C. In ewe (the positive 
control), Kiss-1 mRNA expressions are visible (E and F) in the cytoplasm 
of neurons (full arrows) and some glias which present dense nuclei 
(asterisks).  Scale bar is 100 µm in A, B and E but it is 10 µm in C, D 
and F. 
 

 
 
Fig. 3: In the ARC samples, Kiss-1 mRNA is visible in the anti-sense 
(positive result) of Kiss-1 mRNA sample (A, C) but not expressed in the 
sense (negative result) of Kiss-1 mRNA sample (B, D). The Kiss-1 mRNA 
is localized in the cytoplasm of a neuron with a strong signal (full arrow) 
but a weak signal in another neuron (arrow head) in C. In ewe as the 
positive control sample, Kiss-1 mRNA shows a strongly visible signal in 
the cytoplasm of neurons (full arrows) and a weak signal in another 
neuron (arrow head) in E and F. Scale bar is 100 µm in A, B and E but it 
is 10 µm in C, D and F. 

 

 
 
Fig. 4: In counter- stained sections, the kisspeptin immunoreactions 
(full arrows, A) are located in the neuron cell bodies (in both the 
cytoplasm and axon) with a dendritic tree when visualized (arrow head, 
B). Some small neuronal cells present kisspeptin immunoreactions 
(asterisk, B). There is no reaction in the buffalo POA negative control 
slide (without primary antibody application, C). In the ewe POA sample 
(D) the kisspeptin immunoreactions in the neuron cell bodies (full 
arrows) and some small neuronal cells (asterisks) appear similar to 
those in the buffalo sample. Scale bar is 100 µm in A, C and D but it is 
10 µm in B. 
 

 
 

Fig. 5: In the POA (A), the kisspeptin-ir neurons are larger (full 
arrows) and their distribution is more diffuse than in the ARC (B) 
hypothalamic nucleus neurons (arrow heads) in our studies’ buffalo 
samples. Scale bar is 10 µm in both A and B. 
 

Interestingly, in contrast to other mammals, the 
population of kisspeptin-ir cells in buffalo POA is higher 
in concentration than in the ARC area. In mice (Clarkson 
et al., 2009), rats (Smith et al., 2006), pigs (Tomikawa et 
al., 2010), mares (Decourt et al., 2008), sheep 
(Franceschini et al., 2006), primates and humans (Rometo 
et al., 2007; George et al., 2012), the number of kisspeptin 
neurons in the ARC is greater than in the POA. It is 
possible that kisspeptin in the ARC of buffalo may have a 
different role in its active mode, which may account for 
this difference in kisspeptin neuron distribution.  
 
Conclusions: In summary, the detection of Kiss-1 mRNA 
and kisspeptin protein in the hypothalamus of buffalo in 
this study provides fundamental data on kisspeptin and its 
relation to buffalo POA and ARC hypothalamic nuclei 
which, assuming buffalo is similar to other ruminants such 
as sheep, might be involved in HPO axis related 
reproductive functions. Kiss-1 mRNA was expressed in 
some neurons of both the POA and the ARC 
hypothalamic nuclei. Kisspeptin proteins were localized in 
subpopulations of neurons (in both neuronal soma and 
cellular processes) and some small neuronal cells. The 
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kisspeptin-ir cell population in the POA was higher than 
in the ARC. However, the role of kisspeptin in the HPO 
axis in buffalo should be further explored.  
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