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INTRODUCTION                                           

              Brain structure and function vary between healthy male and female subjects 

(Del Mauro et al., 2022). This variability, also known as sexual dimorphism, may 

underlie the sex-dependent differences in brain functions, e.g., cognition, emotion and 

social behaviour, under physiological conditions as well as the risk of developing neuro-

psychiatric diseases (Meoni et al., 2020, Zalewska et al., 2022, Bianco et al., 2023, 

Ullah et al., 2019). 
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              Differences between male and female brains are correlated 

with sex-specific variation in behaviour and vulnerability to 

neuropsychiatric diseases. The basal ganglia play a pivotal role in 

regulating motor and executive functions as well as emotions. 

Although the basal ganglia contain a high density of receptors for sex 

hormones, scarce data are available about the sexual dimorphism of 

cell populations within the basal ganglia. The present study aims to 

investigate sex-specific differences in two cell populations within the 

basal ganglia including the dopaminergic neurons and the microglia. 

Thus, we assessed the optical density of the dopaminergic neurons 

within the substantia nigra and their projections to the caudate-

putamen and globus pallidus by tyrosine hydroxylase 

immunohistochemistry as well as the density and morphology of IBA-

1-expressing microglia in adult (3-months-old) male and female mice. 

We demonstrated that the substantia nigra contains a higher density of 

dopaminergic neurons in female mice, with more intensively stained 

projections in caudate-putamen and globus pallidus. The female 

substantia nigra and globus pallidus showed an increased number of 

microglia. Additionally, the microglia exhibited an activated 

morphology with increased complexity in the female globus pallidus. 

Our data provide novel anatomical and structural evidence for sex-

dependent differences in basal ganglia neuronal circuits and, 

consequently, the susceptibility to neurological disorders, e.g., 

Parkinson’s disease. This may help a better understanding of the 

neuropathological diversities and may allow for the design of 

personalised therapeutic approaches for better treatment outcomes in 

males and females. 

http://eajbsd.journals.ekb.eg/
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              Sexual dimorphism has been 

described in defined brain sub-regions in 

humans. For instance, females display 

larger hippocampus and thalamus 

(Murphy et al., 1996), while the 

amygdala, subiculum (Gurlek Celik and 

Tiryaki, 2023) and hypothalamus (Isıklar 

et al., 2022) have relatively greater 

volume in males. These sex-specific 

regional differences may contribute to 

the receptor density of sex steroid 

hormones during developmental stages 

(Witte et al., 2010). 

             The basal ganglia primarily 

involve subcortical nuclei that are 

responsible for the regulation of motor 

and executive functions in addition to 

emotions. The caudate nucleus and 

putamen (caudate-putamen or dorsal 

striatum) represent key components of 

the basal ganglia. The dopaminergic 

neurons in the substantia nigra pars 

compacta project to the medium-sized 

spiny neurons in the caudate-putamen via 

nigrostriatal fibres (Abel and Rissman, 

2012), which in turn send output 

pathways. These outputs include 1. an 

indirect excitatory striatopallidal 

pathway (via the globus pallidus that 

conveys the information to the reticular 

part of the substantia nigra) mediated by 

D2 receptors, and 2. a direct inhibitory 

striatonigral pathway mediated by D1 

receptors (Lanciego et al., 2012). The 

substantia nigra and globus pallidus 

project to the thalamic and subthalamic 

nuclei, which in turn project to the motor 

and sensory cortex. Finally, a 

corticostriatal input to the striatum forms 

a closed circuit (Foster et al., 2021, 

Lanciego et al., 2012). Within the basal 

ganglia, tyrosine hydroxylase, the rate-

limiting enzyme in the biosynthesis of 

dopamine, is produced by the substantia 

nigra dopaminergic neurons that project 

to the caudate-putamen and the globus 

pallidus (Abel and Rissman, 2012). 

              There are few studies 

investigating sexual dimorphism in the 

basal ganglia circuit. Recent studies in 

humans showed that putamen and globus 

pallidus are larger in males as compared 

to females (Gurlek Celik and Tiryaki, 

2023, Rijpkema et al., 2012, Del Mauro 

et al., 2022), while caudate nucleus is 

shown to have a greater size in females 

(Del Mauro et al., 2022) in addition to an 

interaction with the ageing process 

(Wang et al., 2019). However, the sexual 

dimorphism at the cellular population 

level has not been elucidated yet. 

              Dysfunction of the basal ganglia 

circuit is involved in motor and 

psychiatric disorders. For instance, 

Parkinson’s disease is manifested by 

progressive depletion of the dopamine-

producing neurons in the substantia nigra 

and thus, decreased dopamine release by 

the nigrostriatal pathway in the caudate 

nucleus and putamen (Hayes, 2019, Ali 

and Morris, 2015). In addition to 

dopaminergic neuronal loss, glial cell 

activation, particularly the microglia, is a 

crucial contributor to the disease 

progression (Sanchez-Guajardo et al., 

2013). Epidemiological studies 

demonstrated that men have a higher risk 

of developing Parkinson’s disease, 

suggesting the involvement of distinct 

sex-dependent neuropathological 

pathways in disease development and 

differential neuroprotective mechanisms 

(Cerri et al., 2019). 

             Importantly, sexual dimorphism 

of specific cell populations that modulate 

brain circuits may play critical roles in 

behavioural differences and the risk of 

disease development (Abel and Rissman, 

2012). Thus, in the current study, we 

observed the sexual dimorphism in two 

cell populations of the basal ganglia 

circuit: 1. the dopaminergic neurons 

(tyrosine hydroxylase-expressing 

neurons) within the substantia nigra as 

well as their projections to the caudate-

putamen and globus pallidus; and 2. the 

microglia, which are considered the 

resident brain immune cells (Villa et al., 

2016), and their complexity within the 

caudate-putamen, globus pallidus and 

substantia nigra.  

            As these two cell populations are 

closely correlated with the development 

of Parkinson’s disease, our findings will 
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help understand their sexual dimorphism 

within the basal ganglia loop and, hence, 

may provide a better understanding of the 

neuropathological diversities between 

female and male brains. 

MATERIALS AND METHODS 

1.Experimental Animals: 

              Three-month-old adult (30 – 35 

g) male and female C57BL/6 mice were 

used (n = 6 mice per group). All mice 

were housed in standard cages for two 

weeks (3 mice of the same gender per 

cage) under controlled temperature (22 – 

23°C), humidity (50 – 55%) and lighting 

conditions (12 hours of light, 12 hours of 

dark light on at 7 a.m., and light off at 7 

p.m.) to acclimatise and avoid 

differences due to housing conditions. 

Food and water were provided ad libitum 

throughout the experiments. Animal use 

was approved by the Institutional Animal 

Care and Use Committee (IACUC), 

Kafr-Elsheikh University, Egypt (ethical 

approval number: KFS-

IACUC/158/2023). Additionally, the 

animal experiments were conducted 

according to the National Institute of 

Health Guide for the Care and Use of 

Laboratory Animals. 

2.Tissue Processing: 

              After two weeks of 

acclimatisation, mice were sacrificed 

around the same time of day. Mice were 

deeply anaesthetized by inhalation of 

isoflurane until the pinch-paw 

withdrawal reflex disappeared. The 

thoracic cavity was open and mice were 

perfused intracardiacally with 9% NaCl 

for 5 min, followed by 4% formalin 

solution for 10 min. Brains were 

carefully removed from the skull and 

post-fixed in a 4% formalin for 20 hours, 

followed by processing for routine 

histopathological staining using the 

standard paraffin method. Briefly, brains 

were subjected to ascending graded 

ethanol series for dehydration; ethanol 

was cleared using xylene; and finally, 

brains were embedded in paraffin wax. 

Brains were cut into 10 µm-thick 

sections across the rostro-caudal axis of 

the brain using a rotatory microtome. 

3.Histological and 

immunohistochemical staining: 

               The brain sections were 

deparaffinized using xylene, followed by 

descending concentrations of ethanol 

and, finally, rehydrated in distilled water. 

To investigate the overall morphology, 

the slices were processed for Nissl 

staining using cresyl violet acetate 0.2% 

in acetate buffer. Then, brain sections 

were dehydrated by immersion in 

absolute ethanol three times followed by 

clearing in xylene twice each for 5 min. 

Then, slides were covered using Entellan 

(Watson et al., 2010). 

              For immunohistochemistry, 

brain slices were incubated with 3% 

hydrogen peroxide (H2O2) for 1 hour to 

counteract the endogenous peroxidase 

activity. This was followed by rinsing 

using 2% Triton in phosphate-buffered 

saline (2% PBS-T) three times each for 5 

min at room temperature (RT). After that, 

sections were incubated for 1 hour with 

10% goat serum and 1% BSA in 2% 

PBS-T. Afterwards, sections were 

incubated with the primary antibodies 

(anti-tyrosine hydroxylase, 1:400, # 

ab137869, Abcam, United Kingdom 

(Magdy et al., 2022); and anti-IBA-1, 

1:1000, # ab5076 Abcam, United 

Kingdom (Ijaz et al., 2022)) diluted in 

the blocking solution overnight (16 

hours) at 4°C. 

              Sections were rinsed with 2% 

PBS-T three times each for 5 min, then 

incubated with the biotin-conjugated 

secondary antibodies (IgG) diluted in 

blocking solution for 1 hour at RT. 

Sections were subsequently washed 

using 2% PBS-T three times each for 5 

min at RT and incubated with an avidin-

biotin complex diluted in 2% PBS-T for 

1 hour at RT. Then, the slides were rinsed 

using 2% PBS-T. Finally, sections were 

incubated with diaminobenzidine to 

develop the chromogenic reaction, 

followed by multiple rinsing steps in 

PBS. Sections were left to dry and then 

covered with Entellan (Hernández-Pérez 

et al., 2019). 
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4.Image Acquisition and Analysis: 

              The acquisition of 

photomicrographs of 

immunohistochemically stained brain 

sections was done using the bright field 

mode of an Olympus® CX41 

microscope equipped with an Olympus® 

SC100 camera using an x40 objective. 

The camera settings were kept identical 

during image acquisition and processing 

in one experimental set to avoid bias. The 

experimental groups were obscured from 

the investigator. Equivalent fields in 

sections including parallel substantia 

nigra, caudate-putamen and globus 

pallidus from all groups were processed 

for the assessment using ImageJ software 

(Bethesda, MD, United States). The 

optical density (OD) of the tyrosine 

hydroxylase (TOH)-positive cells and 

fibres in substantia nigra compacta (SNc) 

and substantia nigra reticularis (SNr), 

respectively, was assessed by calculation 

of the mean grey value after subtraction 

from the background staining and 

expressed as arbitrary units (A.U.) 

(Magdy et al., 2022). The number of 

IBA-1-positive microglia was evaluated 

using the multipoint tool of the 

measurement menu of image J in a 

delineated area of 240 μm x 240 µm, then 

neutralised to mm2 to be expressed as cell 

density (positive cells/mm2).  A 

minimum of six independent fields were 

analysed in each brain region (Schindelin 

et al., 2012). 

              To analyse the complexity and 

density of the glial processes, the 

pseudocolor system in image J was used. 

Briefly, images were converted to 8-bit 

mode and processed using lookup tables 

(LUT) and the 6 shades option after 

adjusting the contrast. The colour within 

the image reflects the main grey value 

and subsequently, the staining intensity 

was assessed as follows: red: very strong, 

green: strong, dark blue: moderate, light 

blue: weak, magenta: very weak, yellow-

white: no expression (Schindelin et al., 

2012). 

5.Statistical analysis: 

               Data were analysed by Graph-

Pad Prism software. The non-parametric 

Mann-Whitney-U-test was used to 

compare the two experimental groups. 

The values were shown as mean ± 

standard error of the mean (SEM) and 

were considered as statistically different 

when P < 0.05. 

RESULTS  

1-Histological Architecture of Basal 

Ganglia: 

              We used Nissl staining via the 

cresyl violet method to demonstrate 

differences in the histological 

architecture between males and females. 

We didn’t observe major variations in the 

morphology or cellular architecture of 

the substantia nigra (Fig. 1a,b), caudate-

putamen (Fig. 1c,d), or globus pallidus 

(Fig. 1e,f). 
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Fig. 1. Morphological and histological architecture of the basal ganglia. a) 

Representative photomicrograph showing Nissl-stained (cresyl violet) brain section 

from the substantia nigra of male and b) female mice showing similar morphology and 

cellular distribution (nuclei: dark violet, cytoplasm: bright violet) in both sexes. c) 

Representative photomicrograph showing Nissl-stained (cresyl violet) sections from 

caudate-putamen of male and d) female mice showing comparable morphology and 

cellular distribution in both sexes. e) Representative photomicrograph showing Nissl-

stained (cresyl violet) globus pallidus of male and f) female mice showing no differences 

in morphology and cellular distribution. VTA: ventral tegmental area; MCP: middle 

cerebellar peduncle; SNr: substantia nigra pars reticularis; SNc: substantia nigra pars 

compacta; CC: corpus callosum; CP: caudate-putamen; GP: globus pallidus. 

 

2-Dopaminergic Tyrosine 

Hydroxylase-Positive Neurons and 

Fibres in the Substantia Nigra: 

             The tyrosine hydroxylase was 

used as a marker of the dopaminergic 

neurons and fibres. Within the substania 

nigra, strongly stained dopaminergic 

fibres in the pars reticularis as well as 

positively stained, densely packed 

dopaminergic neurons in the pars 

compacta have been demonstrated in 

both sexes. In female mice, the optical 

density of the tyrosine hydroxylase-

positive fibres within the substantia nigra 

pars reticularis was significantly 

increased in female mice (69.1±3.2) than 

in male mice (45.6±4.4) (P = 0.03) (Fig. 

2a,b,c). Consistently, the optical density 



Amira A. H. Ali et al.  16 

of tyrosine hydroxylase-positive 

dopaminergic neurons within the 

substantia nigra pars compacta in female 

mice (113.5±2.2) was more pronounced 

than in male mice (101.9±4.8) (P = 0.04) 

(Fig. 2a,b,d). In addition, we observed 

some scattered tyrosine hydroxylase-

positive dopaminergic neurons within 

the substantia nigra pars reticularis in 

female mice more frequently than in 

male mice. 

 

 
Fig. 2. Dopaminergic tyrosine hydroxylase-positive neurons and fibres in the substantia 

nigra. a) Representative photomicrograph of brain section showing the substantia nigra 

pars reticularis (SNr) and substantia nigra pars compacta (SNc) stained against tyrosine 

hydroxylase (brown colour) from male mice and b) female mice. c) Quantitative 

analysis of the optical density (OD) of tyrosine hydroxylase-positive fibres in substantia 

nigra pars reticularis expressed as arbitrary units (A.U.). d) Quantitative analysis of the 

optical density of tyrosine hydroxylase-positive fibres and neurons in substantia nigra 

pars compacta. *: P < 0.05 using the non-parametric Mann-Whitney-U-test. Values are 

expressed as mean ± SEM (standard error of the mean). 

 

3-Dopaminergic Tyrosine 

Hydroxylase-Positive Fibres in 

Caudate-Putamen and Globus 

Pallidus: 

               In both sexes, the caudate-

putamen and globus pallidus showed 

strong positive staining, which was more 

evident in the caudate-putamen as 

compared to the globus pallidus. A dense 

interlacing tyrosine hydroxylase-positive 

fibre network was detected within the 

caudate-putamen, while in globus 

pallidus, the tyrosine hydroxylase-

positive fibres showed a scattered 

appearance. In male mice, the optical 

density of tyrosine hydroxylase-positive 

fibres within the caudate-putamen 

(90.4±1.2) (Fig. 3a,b,g) was significantly 

less than in the female mice (116.5±1.7) 

(P = 0.004) (Fig. 3d,e,g). Similarly, the 

optical density of tyrosine hydroxylase 

positive fibres within the globus pallidus 

was significantly lower in male mice 

(33.3±0.9) (Fig. 3a,c,h) than in female 

mice (49.3±0.6) (P = 0.004) (Fig. 3d,f,h). 
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Fig. 3. Dopaminergic tyrosine hydroxylase-positive fibres in caudate-putamen and 

globus pallidus. a) Low-magnification representative photomicrograph of brain section 

showing the caudate-putamen (CP) and globus pallidus (GP) in male mice stained 

against tyrosine hydroxylase (brown colour). b) High-magnification representative 

photomicrograph showing dopaminergic tyrosine hydroxylase-positive dense fibres 

(brown) within caudate-putamen in male mice. c) High-magnification representative 

photomicrograph showing dopaminergic tyrosine hydroxylase-positive scattered fibres 

(brown) within globus pallidus in male mice brain. d) Low-magnification representative 

photomicrograph of tyrosine hydroxylase-stained brain section showing the caudate-

putamen and globus pallidus in female mice. e) High-magnification representative 

photomicrograph showing dopaminergic tyrosine hydroxylase-positive dense fibres 

(brown) within the caudate-putamen in female mice. f) High-magnification 

representative photomicrograph showing dopaminergic tyrosine hydroxylase-positive 

scattered fibres (brown) within globus pallidus in the brain of female mice. g) 

Quantitative analysis of the optical density (OD) of tyrosine hydroxylase-positive fibres 

in caudate-putamen expressed as arbitrary units (A.U.). h) Quantitative analysis of the 

optical density of tyrosine hydroxylase-positive fibres in the globus pallidus. **: P < 

0.01 using the non-parametric Mann-Whitney-U-test. Values are expressed as mean ± 

SEM.  

 

4-Microglia Density in The Substantia 

Nigra: 

              To visualise the microglia and 

their network, IBA-1 staining was used. 

The substantia nigra in both male and 

female mice demonstrated a network of 

microglial cells, as indicated by IBA-1 

staining. There was no significant 

difference in microglial cell density 

between substantia nigra pars compacta 
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and pars reticularis; therefore, the values 

from both subregions were pooled 

together. The number of IBA-1+ cells in 

the substantia nigra was significantly 

higher in female mice (615.7±23 

cells/mm2) as compared to male mice 

(483.3±33.2 cells/mm2) (P = 0.02) (Fig. 

4a,b,c).  

 

 
Fig. 4. Microglia density in the substantia nigra. a) Representative photomicrograph of 

brain section showing the substantia nigra (SN) in male mice and b) in female mice 

stained against microglial marker IBA-1 (brown). c) Quantitative analysis of the IBA-

positive (+) microglia in substantia nigra expressed as cells/mm2. *: P < 0.05 using the 

non-parametric Mann-Whitney-U-test. Values are expressed as mean ± SEM.  

 

5-Microglia Density in Caudate-

Putamen and Globus Pallidus: 

              The mouse caudate-putamen 

and globus pallidus showed a network of 

microglial cells, as indicated by the 

strong expression of IBA-1. The number 

of IBA-1+ cells was not significantly 

different in female mice (305.9±9.3 

cells/mm2) as compared to male mice 

(317.5±13 cells/mm2) (P = 0.6) in the 

caudate-putamen (Fig. 5a,b,e). The 

globus pallidus seemed to involve higher 

microglial density in both sexes as 

compared to caudate-putamen. However, 

the IBA-1+ cell density in the globus 

pallidus was significantly less in male 

mice (476.3±29.2 cells/mm2) as 

compared to female mice (584.7±33.6 

cells/mm2) (P = 0.049) (Fig. 5c,d,f). 
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Fig. 5. Microglia density in caudate-putamen and globus pallidus. a) Representative 

photomicrograph of brain section showing the caudate-putamen (CP) in male mice and 

b) in female mice stained against microglial marker IBA-1 (brown). c) Representative 

photomicrograph of brain section showing the globus pallidus (GP) in male mice and d) 

in female mice stained against microglial marker IBA-1 (brown). e) Quantitative 

analysis of the IBA-positive (+) microglia in caudate-putamen expressed as cells/mm2. 

f) Quantitative analysis of the IBA-positive (+) microglia in globus pallidus expressed 

as cells/mm2. n.s.: non-significant; *: P < 0.05 using the non-parametric Mann-Whitney-

U-test. Values are expressed as mean ± SEM.  

 

6-Microglia Morphology in The Basal 

Ganglia:  

              To analyse the morphological 

complexity of microglia, we processed 

the photomicrographs showing IBA-1 

staining with the pseudocolour system of 

image J. The substantia nigra showed 

generally complex microglial branching. 
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Nevertheless, we didn’t find significant 

differences in the branching complexity 

of microglial processes within the 

substantia nigra between male and 

female mice (Fig. 6a,b). Furthermore, we 

didn’t observe significant differences in 

the soma size or branching complexity of 

microglial processes within the caudate-

putamen between male and female mice 

(Fig. 6c,d). The globus pallidus seemed 

to involve a more complex microglial 

network, particularly in females, as 

compared to the caudate-putamen. In 

addition, the microglia in female mice 

within the globus pallidus appeared to 

display a larger soma and more 

pronounced branching complexity with 

longer and thicker processes as compared 

to male mice (Fig. 6e,f).  

 
Fig. 6. Microglia network complexity within the basal ganglia based on lookup tables 

(LUT) 6 shades mode in ImageJ. a) Representative high-magnification pseudocolour 

images from the substantia nigra of male and b) female mice showing high, but similar, 

branching complexity of microglial in both sexes. c) Representative high-magnification 

pseudocolour images from the caudate-putamen of male and d) female mice showing 

comparable complex microglial branching in both sexes. e) Representative high-

magnification pseudocolour images from the globus pallidus of male and f) female mice 

showing more complex microglial branching and a bigger soma in female mice. IBA-1 

staining: Red: very strong; green: strong; dark blue: moderate; light blue: weak; 

magenta: very weak; yellow-white: no staining. 
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DISCUSSION 

              The current study provides for 

the first-time evidence of sexual 

dimorphism in two cell populations of 

the basal ganglia circuit: the 

dopaminergic neurons and their 

projections in addition to the microglia. 

             Here, we showed that the 

dopaminergic neurons in the substantia 

nigra in addition to the dopaminergic 

innervation of caudate-putamen and 

globus pallidus, as indicated by the 

tyrosine hydroxylase immunoreaction, 

are of higher density in female mice 

compared to male mice. Importantly, 

oestrogen seems to play a crucial role in 

tyrosine hydroxylase biosynthesis (Ma et 

al., 2007). This regulatory effect of 

oestrogen is sex-specific, as it inhibits the 

activity of the tyrosine hydroxylase 

promoter in males while enhances the 

transcription of the tyrosine hydroxylase 

gene in females (Thanky et al., 2002). 

Oestrogen is also thought to mediate 

neuronal integrity and induce functional 

modulation of the dopaminergic system 

(Ma et al., 2007). Noteworthy, the sexual 

dimorphism in the midbrain 

dopaminergic neuronal differentiation 

may also be directly regulated by the 

gonadal chromosome (Kopsida et al., 

2009, Carruth et al., 2002). In line with 

our data and with these findings, the 

substantia nigra of female rats displayed 

a greater number of tyrosine 

hydroxylase-positive cells (Ma et al., 

2007). Consistently, similar observations 

were reported in other brain regions. For 

instance, locus coeruleus has more 

tyrosine hydroxylase-positive neurons in 

female mice as compared to male mice 

due to the regulatory effects induced by 

oestrogen receptor beta (Pendergast et 

al., 2008). A similar finding has been 

reported in the medial preoptic area, 

where the dopaminergic neurons were 

fewer in male mice, however, 

independently of androgen-Bax related 

apoptosis (Forger et al., 2004) but rather 

via modulation of the oestrogen receptor 

(Bodo and Rissman, 2008) and 

suppression of caspase-dependent cell 

death (Waters and Simerly, 2009) in 

female mice. 

             In contrast, the number of 

tyrosine hydroxylase-positive neurons in 

the ventral tegmental area didn’t show 

sex-dependent variability along the 

rostrocaudal extent, although their 

activation or inhibition affects the 

behaviour differently in male than in 

female mice indicating, however, 

functional sexual dimorphism (Dunigan 

et al., 2021).  In addition, the 

dopaminergic projections from the 

ventral tegmental area to the forebrain 

targets including basolateral amygdala, a 

dopaminergic circuit that contributes to 

motivational and emotional behaviour, 

didn’t show sex-related differences in 

dopaminergic axon density, however, the 

synaptic buttons, where dopamine is 

released, are more frequent in males 

(Manion et al., 2022). Thus, the sexual 

dimorphism in the dopaminergic neurons 

and their projections may be region and 

circuit-specific. Taken all together, the 

higher number of tyrosine hydroxylase-

positive neurons reported in multiple 

brain regions as well as observed results 

in our study may play a protective role in 

females against Parkinson’s disease. 

            The glial cells, particularly the 

resident microglia, represent an essential 

mediator for brain immunity and 

homeostasis (Sanchez-Guajardo et al., 

2013, Schwarz et al., 2012). Sexual 

dimorphism of microglial cells may 

explain differences between males and 

females in neuroinflammatory reactions 

in response to brain injury (Villapol et 

al., 2017) as well as in vulnerability to 

progression of neurodegenerative 

diseases including Parkinson’s disease 

(Guillot-Sestier et al., 2021).  

            Thus, we investigated the sex-

dependant differences in microglial 

number and complexity in basal ganglia. 

Our data showed higher microglial 

density in the substantia nigra and globus 

pallidus in addition to a more complex 

branching pattern in the globus pallidus 

of the female than in male mice. This is 

in line with previous reports that showed 
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sex-specific differences in microglia. 

Interestingly, microglia exhibit 

spatiotemporal heterogeneity among 

various brain regions between males and 

females (Lenz and McCarthy, 2014). The 

microglial cell density was higher in 

female mice during development and 

then showed a significant increase in 

adulthood males in the cerebral cortex, 

hippocampus and amygdala, while the 

cerebellar microglia didn’t show these 

differences (Lenz and McCarthy, 2014, 

Guneykaya et al., 2018).  Another study 

showed contrasting findings in rat brains 

as the microglia in the parietal cortex, 

hippocampal subregions, amygdala and 

paraventricular nucleus of males were 

more numerous during the early 

postnatal development period while 

females’ microglia in the parietal cortex, 

hippocampal subregions, and amygdala 

significantly increased during early 

adulthood (2 months) (Schwarz et al., 

2012). This sex-mediated effect could be 

due to microglial expression of oestrogen 

and testosterone receptors; nevertheless, 

the expression pattern differs across 

brain regions (O'Connor and Nissen, 

2023, Villa et al., 2016).  

              The hippocampal microglia 

show increased expression of mature 

phenotype genes in female mice 

compared to age-matched males, 

suggesting a sexual dimorphism in 

maturation and immunoreactivity 

(Hanamsagar et al., 2017). This is also 

consistent with the significant 

differences in the transcriptomic profile 

of hippocampal and cortical microglia 

between males and females (Guneykaya 

et al., 2018). Recently, it has been widely 

accepted that two microglial phenotypes 

based on their gene expression profile 

exist, M1 microglia, which induce pro-

inflammatory responses including 

tumour necrosis alpha (TNFα), 

interleukins IL-6 and IL-1ß; and M2 

microglia that induce an anti-

inflammatory response by IL-10 (Crain 

et al., 2013, Mohamad et al., 2019, 

O'Connor and Nissen, 2023). 

Interestingly, the female mice show a 

predominance of M1 microglia while M2 

microglia are more predominant in male 

mice (Crain et al., 2013). In addition, 

microglial functional properties showed 

sexual dimorphism. For instance, the 

antigen-presenting capacity, which is 

essential for the recognition of damage-

associated molecules or pathogens 

(O'Connor and Nissen, 2023), was 

upregulated in the cortex and 

hippocampus of male mice (Guneykaya 

et al., 2018). This observation may 

indicate an association between 

microglial density and the antigen-

presenting potential and thus, a more 

efficient maintenance of homeostasis 

during inflammation.  

             The state of microglial activity 

could be correlated with the microglial 

morphology (Schwarz et al., 2012, 

Vidal-Itriago et al., 2022, Leyh et al., 

2021, Kongsui et al., 2014). It was 

reported that the microglia in female 

mice exhibited more morphological 

features of activated phenotype than in 

male mice (Vidal-Itriago et al., 2022). 

This is in accordance with a previous 

study demonstrating that microglia in the 

parietal cortex, hippocampus and 

amygdala showed an activated 

phenotype in female rats as indicated by 

numerous long and thick processes 

(Schwarz et al., 2012). Taken all 

together, the higher microglial density 

and the complex morphology within the 

basal ganglia in female mice could 

differently modulate the neuronal 

sensitivity that predisposes to 

neurodegeneration and therefore, may be 

correlated to resilience to develop 

Parkinson’s disease (Howell et al., 

2020). 

             In conclusion, our data provides 

novel evidence of variation in cell 

populations including dopaminergic 

neurons and microglia within the basal 

ganglia between male and female mice 

and emphasizes anatomical and 

structural sex-dependent differences in 

basal ganglia neuronal circuits and 

consequently, the susceptibility to 

neurological disorders e.g., Parkinson’s 

disease. It is still to be elucidated which 

molecular and signalling pathways are 



Sexual Dimorphism in The Mouse Basal Ganglia 23 

underlying this sexual dimorphism. 

Identifying such mechanisms will allow 

the designing of personalised therapeutic 

approaches for better treatment outcomes 

in males and females.  
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ARABIC SUMMARY 

 

للفئران البالغةإزدواج الشكل الجنسي في العقد القاعدية   

 أميرة أمين حسن على1, سها عبد العليم حسن 2, منى عبد الكريم 3

 جامعة المنصورة -كلية الطب  -قسم التشريح و علم الاجنة 1

 جامعة السويس  - كلية العلوم -الحيوان قسم علم   2

 جامعة كفر الشيخ -كلية الطب  -قسم التشريح و علم الأجنة  3

 

ترتبط الإختلافات الموجودة بين أدمغة كلاً من الذكور والإناث بالإختلافات المرتبطة بالجنس في السلوك               

الحركية  الوظائف  تنظيم  في  محوريًا  دورًا  القاعدية  العقد  تلعب  والنفسية.  العصبية  بالأمراض  للإصابة  والقابلية 

. على الرغم من أن العقد القاعدية تحتوي على كثافة عالية من مستقبلات الهرمونات الجنسية، والعواطفوالتنفيذية  

إلا أن البيانات المتاحة حول إزدواج الشكل الجنسي لمجموعات الخلايا داخل العقد القاعدية نادرة جداً. تهدف الدراسة  

اعدية بما في ذلك الخلايا الخلايا داخل العقد القالحالية إلى دراسة الإختلافات المرتبطة بالجنس في مجموعتين من  

العصبية  للخلايا  الضوئية  الكثافة  بتقييم  قمنا  ذلك،  إلى  بالإضافة  الصغيرة.  الدبقية  والخلايا  الدوبامينية  العصبية 

النواة المذنبة والكرة الشاحبة بواسطة تقنية الكيمياء المناعية   -الدوبامينية داخل المادة السوداء وإمدادتها إلى البطامة

و الذي يعبر عن الخلايا الدبقية    IBA-1 ن هيدروكسيلاز التيروسين وكذلك الكثافة والشكل الظاهري لللكشف ع

الصغيرة. لقد أثبتنا أن المادة السوداء تحتوي على كثافة أعلى من الخلايا العصبية الدوبامينية في إناث الفئران مع 

البطامة في  مكثف  بشكل  مصبوغة  وا  -إمدادات  المذنبة  والكرة النواة  السوداء  المادة  أظهرت  كما  الشاحبة.  لكرة 

الشاحبة في الإناث عدداً متزايداً من الخلايا الدبقية الصغيرة. بالإضافة إلى ذلك، أظهرت الخلايا الدبقية الصغيرة 

ة للإختلافات  شكلًا ظاهرياً نشطًا مع زيادة التعقيد في الكرة الشاحبة للإناث. توفر نتائجنا أدلة تشريحية وتركيبية جديد

المرتبطة بالجنس في الدوائر العصبية للعقد القاعدية، وبالتالي القابلية للإصابة بالإضطرابات العصبية مثل مرض  

الشلل الرعاش. قد يساعد هذا في فهم أفضل للحالات المرضية والعصبية المختلفة مما قد يسمح بتصميم أساليب  

 لذكور والإناث علاجية مخصصة لتحقيق نتائج علاجية أفضل ل
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