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Histamine is a biogenic amine which is synthesised by L-histidine decarboxylase enzyme (HDC). The histamine 1 and 2 

antagonist administrations have been highly reported to cause detrimental effect on sperm parameters, which arisen the 

speculation of histamine 1 (H1R) and histamine 2 (H2R) receptors might be present in sperm. The present study was aimed 

to provide evidence on the localisation of H1R and H2R on mice sperm through immunocytochemistry. The sperm was 

harvested from cauda epididymis. After one hour of incubation, sperm suspension was smeared onto a poly-lysine-coated 

slide and allowed to dry before fixation and permeabilisation processes. The primary antibody encoded for receptors was 

exposed to the fluorescently tagged antibody; fluorescein isothiocyanate (FITC) conjugate followed by nuclear staining with 

4, 6-diamino-2-phenylindole dihydrochloride (DAPI). The testis, stomach, and skin were used as the positive controls. Our 

data showed that both receptors have been expressed on the midpiece and acrosome of mice. The present result was the first 

discovery of the presence and immunolocalisation of H1R and H2R on mice sperm. Therefore, present study proposes that 

these receptors could be involved in calcium regulatory mechanism and protein phosphorylation which are responsible for 

fertilisation-related processes. 
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Histamine is an important biogenic amine which 

mainly synthesised by L-histidine decarboxylase 

enzyme (HDC) through decarboxylation process in 

most mammalian tissues
1
. Mast cells, macrophage, 

basophils, platelets, and enterochromaffin-like cells 

(ECL) are the major contributing cells that produce, 

store, and release histamine content by secretory 

granules through degranulation process upon the 

trigger from external stimulus
2,3

. The histaminergic 

activity is mediated by histamine receptor subtypes 

namely H1R, H2R, H3R, and H4R. These receptors 

are specific to be incorporated with their 

corresponding G-proteins that transmit the 

extracellular signal to intracellular signal transduction 

cascades, to perform the bodily events
4
. The 

histamine 1 receptor (H1R) is ubiquitously expressed 

in the endothelium, smooth muscle cells, respiratory 

tract, cardiac tissues, and skin. This receptor is well 

characterised to exert contractile effects resulting an 

increase in vascular permeability as well as the 

contraction of non-vascular smooth muscle which is 

involved in inflammation and allergic response
5,6

. In 

contrast, the relaxation of smooth muscles, increase 

vascular permeability and bronchodilation are 

mediated by histamine 2 receptor (H2R). The 

regulation of gastric acid secretion in parietal cell of 

stomach is the best characterised response mediated 

by H2R for homeostatic control
7,8

. In modulating the 

immune system, H2R is complementing the 

pharmacological reaction of H1R by expressing 

themselves in immune cells like monocytes, 

macrophages, and lymphocytes. The histamine 3 

receptor (H3R), histaminergic neurons which are 

found in restricted population of neurons mediates 

various functions of brain in the central nervous 

system, mainly to modulate parasympathetic and 

sympathetic nerves. This receptor is also important 

for sensory functions, such as pain and itch in the 

peripheral nervous tissues
9-12

. The H4R is best-known 

to involve in immunoregulatory system. Hence, its 

expression is relatively high in bone marrow and 

haematopoietic cells such as eosinophils and dendritic 

cells
13,14

.  

As one of important modulators in physiological 

processes, it is undeniable that histamine does exist in 

male gonad and plays pivotal roles in male 

reproductive system such as testosterone production, 
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spermatogenesis, secondary male characteristics, and 

sexual behaviour
15

. The histaminergic activity in male 

was earlier demonstrated through the localisation of 

mast cells and the ability of histamine to stimulate 

testicular steroid production in vitro in the testis of 

golden hamster. The HDC enzyme expression was 

then found on mouse germ cell and its mRNA was 

localised predominantly in the cell inside the 

seminiferous tubules, adding in testicular histamine 

milieu despite the mast cells as the main source of 

histamine production. In fact, the same report has 

demonstrated that sperm could synthesise histamine 

in vitro upon the addition of calcium ionophore 

A23187. Intriguingly, the presence of H1R and H2R 

has not been investigated at the cellular level of sperm 

despite extensively reported of these receptors in 

various testicular cells like Leydig cells, testicular 

macrophages, and in distinct regions of testis. The 

H1R and H2R antagonist administrations have been 

extensively investigated in various species
15,16

. These 

histamine receptors antagonist caused detrimental 

effect on testicular morphometric and sperm 

parameters (sperm count, motility, viability, and 

morphology) which in the worst scenario led to male 

infertility
16

. These findings, involvement of histamine 

receptors in testicular cells and histamine receptors 

antagonist bring about a thought of how histamine 

antagonists could deteriorate the sperm parameters 

without histamine receptors on it. Therefore, the 

objective of present study is to identify the presence 

of histamine receptors in the cellular level on mice 

sperm for better understanding on histamine 

mechanism in sperm physiology and male 

reproductive system. 

Materials and Methods 
Male outbred ICR mice aged 9 to 12 weeks old 

were acclimatized for two weeks prior to experiment. 

The mice were maintained in a room temperature at 

25-27C with 12 h source of light and 12 h in dark per 

day. Pellet and drinking water were provided ad 

libitum. The sawdust bedding was changed once a 

week to ensure the hygienic condition. The 

experiment was approved by Universiti Malaya 

Animal Ethics Committee (Ethics number: 

FAR/3/03/2015/FSB (R)). 

Sperm collection from cauda epididymis 

Sperm were harvested from cauda epididymis and 

cut open in 500 µL Toyoda Yokohama Hosi (TYH) 

medium. The sperm suspension was incubated in CO2 

incubator (Thermo Scientific, USA) for an hour with 

5.0% CO2 at 37C. Sperm suspension, 10 µL was 

smeared onto poly-lysine coated slide (Thermo 

Scientific, USA). Three smeared slides were prepared 

and one slide was assigned as a negative control. The 

sperm were allowed to dry and adhered on slide prior 

to fixation process.  

Immunocytochemical study 

The smeared sperm were first fixed in 2.0% of 

paraformaldehyde (Sigma Aldrich, USA) for 2 h. The 

sperm were washed with 1X phosphate buffered 

saline (PBS) (Oxoid, England) thrice prior to 

permeabilisation in 1% TritonX-100 (Sigma Aldrich, 

USA) for an hour. After a series of washing, the 

sperm smeared slide was incubated in 0.1 M PBS 

supplemented with 3 mg/mL bovine serum albumin 

(BSA) (Sigma Aldrich, USA) for an hour at room 

temperature, 27C. The sperm were then incubated 

with specific primary antibody for overnight at 4C. 

Primary antibody used was rabbit polyclonal antibody 

against H1R (1:100) and purified goat polyclonal 

antibody against H2R (1:100) (Santa Cruz 

Biotechnology, Inc). After three washes with PBS, 

sperm were incubated with secondary antibody, 

fluorescein isothiocyanate (FITC) conjugate goat anti-

rabbit IgG and mouse anti-goat IgG (1:200) (Santa 

Cruz Biotechnology, Inc), for H1R and H2R, 

respectively for 2 h at 4C in dark condition. These 

receptors detection was done for three replicates on 

each set of experiment. The primary antibody was 

omitted from sperm slide that assigned as negative 

control. After three washes with PBS, sperm were 

counter stained and mounted with 4, 6-diamino-2-

phenylindole dihydrochloride (DAPI) (Santa Cruz 

Biotechnology, Inc). The expression of histamine 

receptors was acquired by using fluorescence 

microscope (Nikon, USA) assisted with NIS – 

Elements Viewer 4.20 software under 40X 

magnification. 

Immunohistochemical study 

The testis, stomach and skin were harvested for 

positive control. Skin and stomach were positive 

controls for H1R and H2R, respectively while testis for 

both receptors. These positive control tissues were 

fixed in 10% formalin (Merck, USA) for 24 h prior to 

tissue processing and paraffin wax (Paraplast, USA) 

embedding. Each specimen was sectioned into 5 µM 

thick. Ribbon of sectioned sample was cut and adhered 

to poly-lysine coated slide (Thermo Scientific, USA) 
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for immunohistochemical study. All the positive 

control specimen was treated similar to the procedure 

as in immunocytochemical study. The expression was 

observed by using fluorescence microscope (Nikon, 

USA) assisted with NIS – Elements Viewer 4.20 

software under 40X magnification. 

Histological study 

This study was conducted to identify and verify the 

morphology of specimen mainly at the region of 

expressed receptors. The consecutive ribbon of 

positive control specimen was adhered to normal 

glass slide for histological study. The specimen was 

first deparaffinised in two changes of xylene for 3 min 

each, followed by rehydration in a series of 

descending alcohol. After 3 min immersion in 

distilled water, the specimen was stained with 

hematoxylin solution for 20 min. The specimen was 

immersed in acid alcohol for a few seconds and 

placed under running tap water for 5 min prior to 

staining in eosin solution for 5 min. The specimen 

was then dehydrated in a series of ascending alcohol, 

95% twice for 2 min each and 100% thrice for 3 min 

each prior to clearing with xylene. The DPX was 

dropped onto the specimen before mounting with 

cover slip and ready to be observed by using light 

microscope (Nikon, USA) assisted with NIS – 

Elements Viewer 4.20 software. 

Results 

Specific receptor was detected through the 

emission of green fluorescence of FITC dye for the 

expression of H1R (Fig. 1A) and H2R (Fig. 2A) on 

mice sperm. The counterstain agent, 4, 6-diamino-2-

phenylindole dihydrochloride (DAPI) emitted blue 

fluorescence that representing cell nuclei detection. 

The immunofluorescence microscopy showed that the 

expression of H1R and H2R were consistently 

expressed mainly on the midpiece and acrosome of 

sperm.  

The H1R was detected on the sperm acrosome and 

midpiece as shown in (Fig. 1B). The expression was 

compared to negative control of H1R (Fig. 1C & 1D). 

Fig. 1—Immunofluorescence localisation of H1R on mice epididymal sperm. (A) sperm stained with green fluorescence of FITC for H1R 

detection; (B) H1R was detected on the acrosome and midpiece; (C) negative control for H1R; and (D) negative control stained with 

DAPI. Green fluorescence indicated the expression of histamine receptors while blue emission was a counterstain of cell nuclei. The H1R 

was found on the acrosome (red arrow, stained in green) and midpiece (yellow arrow, stained in green) showed in Fig. 1B. Magnification: 

40X (Scale bars at 50 µM) 
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The H2R expression was found on the similar 

locations as H1R, on the acrosome and the midpiece 

of sperm (Fig 2B) which comparable to its negative 

control (Fig. 2C & 2D). 

The presence of H1R and H2R subtypes on mice 
sperm was comparable with the expression of positive 
control samples. Positive control was conducted using 
mice testis, skin, and stomach. The antibodies used 
for positive control samples were similar to that in 
immunocytochemical study.  

Present result demonstrated the presence of H1R 
subtype on the Leydig cells of testis in (Fig. 3B). The 
expression of H2R subtype was also found on the same 
location of Leydig cells (Fig. 3D). The morphological 
feature of mice testis was identified through hematoxylin 
and eosin (H&E) staining method (Fig. 3A & 3C). 

In the other positive controls, the H1R subtype was 
expressed on epidermis layer of skin (Fig. 4B) while 
the H2R subtype was well localised in parietal cell of 
stomach (Fig. 4D). The histology of skin (Fig. 4A) 
and stomach (Fig. 4C) were supplemented to study 
the tissue morphology. 

Discussion 

Extensive studies on the effect of sperm parameters 

upon histamine antagonist administration has strongly 

suggested that histamine receptor might be present on 

sperm cell. To the best of our knowledge, this is the 

first report on detection of histamine 1 (H1) and 

histamine 2 (H2) receptors presence on mice sperm 

through immunocytochemical study. Present study 

has discovered that H1R and H2R were exclusively 

present in the midpiece and acrosome of mice 

epididymal sperm through immunocytochemical 

study with immunofluorescence visualisation.  

The localisation of these histamine receptors is 

largely correlated and supported by the mapping profile 

of guanine nucleotide-binding regulatory protein (G-

protein) subunits on mature sperm considering 

histamine receptors are classified as G-protein coupled 

receptors (GPCRs)
4,17-19

. The extracellular stimuli 

require G-protein upon the receptor-ligand binding to 

convey the signals into intracellular. The signals are 

subsequently transduced by the activation signalling 

Fig. 2—Immunofluorescence localisation of H2R on mice epididymal sperm. (A) sperm stained with FITC for H2R detection; (B) H2R 

was detected on the acrosome and midpiece; (C) negative control; and (D) negative control stained with DAPI. The H2R was found on 

the acrosome (red arrow, stained in green) and midpiece (yellow arrow, stained in green) showed in Fig. 2B. Magnification: 40X (Scale 

bars at 50 µM) 
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pathways to exert biological reactions
20

. 

Immunoblotting of membrane sperm and consecutive 

indirect immunofluorescence have been conducted to 

localise distinct subcellular G-protein subunits on 

sperm
21

. As a result, the finding has revealed that H1R 

corresponding G-protein, Gαq/11 was detected in the 

acrosome, with highly located in the equatorial 

segment. However, this G-protein was not observed in 

the midpiece of sperm through this experimental 

approach until Baxendale and Fraser
22

 have confirmed 

that Gαq/11-protein subunit has been remarkably 

observed in the midpiece as well as the equatorial 

segment of mice acrosome. Therefore, the detection of 

H1R on the midpiece and acrosome from present study 

is highly relevant as Gαq/11-protein subunit is present in 

the similar locations. The discovery of Gαs protein 

subunit on the midpiece and acrosome for both human 

and mice models has supported the localisation of H1R 

and H2R in these regions
22,23

. 

Given that, H1R signalling through Gαq/11-protein 

stimulates the activation of phospholipase C (PLC) 

pathway which hydrolysed phosphatidylinositol-4, 

5-biphosphate (PIP2) into diacyl glycerol (DAG) and 

inositol triphosphate (IP3)
20

. The IP3 binds to IP3

receptor and releases the intracellular calcium into 

cytoplasm to be utilised. The DAG can further 

potentiate protein kinase C (PKC) to activate protein 

phosphorylation. An elevation of cyclic adenosine 

monophosphate (cAMP) and protein kinase A (PKA) 

through H2R-Gαs activation also caused calcium 

release which can lead to acrosome reaction. On this 

basis, the H1R and H2R on the midpiece and acrosome 

would be suggested to facilitate the calcium 

mobilisation. This is in parallel as both locations are 

well-known to play role as calcium storage. In addition, 

the cAMP-dependant PKA pathway is acknowledged to 

play role in sperm motility regulation in concert with 

extracellular calcium. Meanwhile, the activation of PKA 

is being a crucial occurrence in protein phosphorylation. 

The involvement of protein phosphorylation in the 

motility regulation is in accordance with the increase in 

phosphotyrosine content of fibrous sheath proteins. On 

the contrary, the reduction of cAMP levels can cause 

poor sperm motility
24

. 

Fig. 3—Histological and immunofluorescence features of mice testis. (A and C) The histology of Leydig cells (red arrow); (B) Positive 

expression of H1R on Leydig cells (yellow arrow, stained in green); and (D) H2R was observed on Leydig cells (yellow arrow, stained in 

green). Magnification: 40X (Scale bars at 50 µM) 
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The calcium regulatory mechanism is an absolute 

requirement for sperm to regulate almost all sperm 

activities. Furthermore, there are many calcium 

channels in germ cells of spermatogonia and 

spermatozoa to exhibit the regulation of calcium 

signalling. Thus, the factor or activation that affect 

this intracellular messenger, would influence the 

sperm physiology and functions. 

In accordance with previous reports on H1R and H2R 

antagonist administrations, the impaired sperm 

parameters are caused by an evoke of intracellular 

calcium in sperm
25,26

. The modulation of intracellular 

calcium by histamine is presumably mediated by H1R 

on the midpiece and acrosome via PLC signalling 

pathway. The inclined of intracellular calcium in sperm 

exhibits spermicidal activity indicated by complete loss 

of sperm viability, which in turn affects sperm count. 

Declined intracellular calcium is also associated with 

defective sperm motility
27,28

. Therefore, this indicates 

that calcium homeostasis regulation is required to ensure 

the competency of sperm is maintained prior to 

fertilisation and also to prevent male infertility. 

With the discovery of both histamine receptors, 

H1R and H2R in the midpiece and acrosome would 

suggest that these receptors take part in modulation of 

calcium homeostasis in sperm which has significant 

contribution to sequential events of fertilisation-

associated processes. The H1R and H2R presence on 

the midpiece may play role in sperm motility and 

capacitation. Calcium regulation in the midpiece 

regulates mitochondrial enzymatic activity to generate 

energy supply through adenosine triphosphate (ATP) 

supplementation to drive the flagella for sperm 

motility and hyperactivation. These types of sperm 

movement would lead to capacitation
29-31

 which 

requires remarkable calcium for sperm to achieve 

fertilising ability. Both receptors, H1R and H2R on 

acrosome could possibly facilitate calcium regulation 

during acrosome reaction. The calcium influx can 

initiate acrosome reaction through calcium channel on 

the sperm plasma membrane
32

. Over past decades, the 

histamine release has been characterised upon in vitro 

acrosome reaction induced by calcium ionophore, 

A23187
33

. The protein phosphorylation that activated 

Fig. 4—Immunofluorescence visualisation on positive control samples. (A) Histological features of skin; (B) H1R was expressed in 

epidermis layer  (yellow arrow, stained in green); (C) Histology of mice stomach; and (D) H2R was found in parietal cell of stomach 

(yellow arrow, stained in green). The blue stain represented cell nuclei. Magnification: 40X (Scale bars at 50 µM) 
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by PKC and PKA from H1R and H2R signalling, 

respectively also carries out vital roles in capacitation 

and acrosome reaction
34

. 

In the light of this finding, it is reasonable to 
speculate that sperm has exhibited sperm-specific 
histaminergic pathway as individual cell. The H1R and 
H2R presence are consistently found in testicular tissues 

like various region of testis, Leydig cells, and testicular 
macrophages

15
. Taken together with H1R and H2R 

immunocytochemical detection on the midpiece and 
acrosome is the immunohistochemical evidence of 
Leydig cells upon the same receptors. As a result, these 
receptors are obviously found in the Leydig cells, 

making the present study is the first reported on the 
localisation of these receptors in the Leydig cells to 
support the molecular evidence from previous study

34
. 

This slight additional information is remarkable to 
emphasise these receptors contribution on testicular 
steroidogenesis. The previous study demonstrated that 

prolonged histamine deficiency in HDC gene knockout 
mice influenced the Leydig cell function. The absence of 
functional HDC gene showed the inability of Leydig 
cells to produce endogenous histamine. No basal and 
human chorionic gonadotropin-induced testosterone 
production response were identified in HDC-KO mice 

compared to the same parameters in wild type (WT) 
mice which endowed with HDC gene

35
. The expression 

of H1R and H2R genes in both groups have been 
evaluated after determining the basal and hCG 
treatments. As results, the stimulatory response of 
histamine concentrations is mediated by H2R. The 

augmentation of cAMP production through the coupling 
of H2R to adenylate cyclase system in Leydig cells 
which leads to stimulatory effect on the synthesis of 
steroid. This pathway enhances the increase of cAMP 
concentration and will direct cAMP sensitive calcium 
channel to be activated causing slightly higher calcium 

concentration. The H1R through Gαq protein activation 
results in IP3 production which is significant in 
modulating steroid production in Leydig cells by either 
directly or by regulating calcium release to activate 
some calcium or calmodulin-dependent protein. The 
H1R stimulation will increase intracellular calcium 

directly proportional to cyclic adenylyl monophosphate 
(cAMP) level

15
. The H1R and H2R signalling within 

sperm may complement the same pattern as it is in the 
tissue level, Leydig cells. 

The purpose of pursuing the detection of histamine 

receptors presence, particularly H1R and H2R in 

murine sperm is to fill this important gap of the 

histaminergic mechanism at the cellular level, hence 

providing an additional information in sperm 

physiology and eventually in fertilisation. However, 

further investigation is required to quantitate the 

expression of histamine receptors on sperm which 

would give substantial information to this research 

frame.  
 

Conclusion 

This present study demonstrated the localisation of 

H1R and H2R were found on the midpiece and 

acrosome of mice sperm. The specific role of these 

receptors has not fully studied by far. Hence, further 

studies are required to elucidate the mechanism of 

action via receptors on various sperm function. The 

possible roles suggested have been drawn in regards 

with G-protein signalling pathways. Therefore, this 

finding could be a starting point to initiate extensive 

studies regarding the physiological effect of these 

receptors on sperm function. 
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