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ABSTRACT 

Various studies reported that the hippocampal complex (dorsomedial forebrain) shows homology with the 

mammalian HCC and is more prone to stress. The hippocampal complex plays an important role in spatial 

navigation, social behavior, learning, and memory. The study was based on Golgi Cox method to evaluate 

neuronal remodeling such as dendritic field, secondary branching, corrected spine number, axonal length, and 

the number of branching patterns at 25, 50, 75, and 100µm due to chronic mild stress in various age group (3-

, 5-, 7-, and 9-week-old) of chicks (Gallus gallus domesticus). The main finding of the present study shows 

pyramidal projection neurons with dendritic spines i.e., filopodia, stubby, thin and mushroom-shaped spines. 

The dendritic field of pyramidal neurons in 3-, 5-, 7-, and 9-week-old chicks shows a significant decrease due 

to chronic mild stress. But secondary branches show significant decrease only in 9-week-old chicks. A 

significant decrease in the spine density of 3-, 5-, and 9-week-old chicks was observed under stressed 

conditions. The dendritic branches show significant decrease at 50, 100µm in 3 weeks old chicks and at 75µm 

in 5 weeks old chicks, while at 25µm significant increase was observed in 9 weeks old chicks, due to stress. 

Thus, the present study reveals that the neurons of HCC show continuous modification in postnatal chick in 

response to stress due to changing environmental conditions. 
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INTRODUCTION 

The avian hippocampal complex (HCC) is located in the posterior part of the dorsomedial telencephalon, it 

comprises two major divisions, the hippocampus and the area parahippocampalis (Atoji & Wild, 2006; 

Montagnese et al., 1996; Tömböl, Davies, Németh, Sebestény, et al., 2000). The HCC of aves and mammals 

are homologous in terms of function but differs anatomically (Atoji & Wild, 2006; Herold et al., 2014; Székely, 

1999). The avian HCC is not differentiated clearly from adjacent structures, it comprises of a layered 

arrangement of densely occupied neurons, while the mammalian HCC contains of two areas of three-layered 

structures such as Ammon’s horn and dentate gyrus (Atoji & Wild, 2006; Atoji et al., 2002; Montagnese et al., 

1996; Tömböl, Davies, Németh, Sebestény, et al., 2000). The avian HCC was reported to be involved in 

memory and food-storing behavior (Hampton & Shettleworth, 1996; Volman et al., 1997), spatial navigation 

(Tömböl, Davies, Németh, Sebestény, et al., 2000), learning (Bingman & Able, 2002; Vargas et al., 2004), 

spatial cognition (Bingman. et al., 2003; Bingman et al., 2005; Jacobs, 2003), and sexual behavior (Atoji & 

Wild, 2006).  

In the HCC of the avian brain various types of neurons are present such as projection neurons (multipolar, 

pyramidal) and stellate neurons, which share some common features with the neurons present in the reptiles 

and mammals brain (Atoji & Wild, 2004; Montagnese et al., 1996; Srivastava & Maurya, 2010). The pyramidal 

and pyramidal-like neurons are present in the pyramidal layer II, while multipolar neurons are localized in all 

layers of avian HCC (Montagnese et al., 1996; Srivastava, Chand, et al., 2007). There are major differences in 

the distribution pattern of the pyramidal neurons in the HCC of birds (chick, homing pigeons, strawberry finch, 

zebra finch, etc.) and the reptilian cerebral cortex. These are found restricted to the medial hippocampus in the 
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zebra finch (Montagnese et al., 1996), Strawberry finch (Srivastava, Chand, et al., 2007), chicks and pigeon 

(Tömböl, Davies, Németh, Sebestény, et al., 2000), while they were also present in all the cortical areas of the 

reptilian cerebral cortex (Maurya & Srivastava, 2006; Srivastava & Maurya, 2009). In the food storing birds, 

the HCC pyramidal neurons are involved in cognition, memory, and learning as compared to non-food-storing 

birds (D. Singh et al., 2014; Srivastava, Chand, et al., 2007). Similarly, the pyramidal projection neurons in 

cerebral cortex and prefrontal cortex of mammalian brain play an important role in neuronal circuitry, cognition 

as well as object recognition (Elston, 2003; S. Singh et al., 2018). 

A common characteristic feature of neuron is dendritic spines, originating as small protrusions from the 

dendritic shaft (A. Kumar et al., 2019, 2023). Dendritic spines are mainly four types (filopodia, stubby, thin 

and mushroom- shaped spines) which were described in previous studies in the HCC of birds (A. Kumar et al., 

2023; Srivastava et al., 2016). The spine density, dendritic arbor, branching pattern as well as synaptic 

connections vary due to internal and external circumstances (or stimuli) that influences the structure and 

function of the brain is known as neuronal remodeling (Aguayo et al., 2018; Mcewen & Gianaros, 2010). The 

stimuli like stress and ageing are known to cause negative effects in the neuronal characteristics (McEwen, 

2000).  

Stress is an aversive condition based on the daily life experiences, behavior, and well-being of an animal (E. 

J. Kim et al., 2015; J. J. Kim & Diamond, 2002). Stress may be short-term (acute) and long-term (chronic), in 

the long term they cause atrophy in HCC. Chronic stress also alters neuronal morphology, cognitive functions 

viz., learning memory, and normal behavioral patterns (McEwen, 2000; McEwen et al., 2016; McEwen & 

Sapolsky, 1995). Various human and animal research has shown that the HCC is highly susceptible to both 

acute and chronic stress (McEwen, 1999, 2000). Various studies reported regarding susceptibility to stress-

related destruction and negative feedback regulation of the stress through the hypothalamic-pituitary-adrenal 

axis (HPA) in HCC (Herman & Cullinan, 1997; Jacobson & Sapolsky, 1991; McEwen et al., 2016; Sapolsky 

et al., 1991). Several studies reported that in extreme situations it causes various neuropathological diseases 

such as PTSD (post-traumatic stress disorder), schizophrenia, anxiety, and depression in animals (E. J. Kim et 

al., 2015; E. J. Kim & Kim, 2023; Widiger & Clark, 2000). The main purpose of the present study was to 

evaluate the effect of chronic mild stress (CMS) such as food deprivation, social isolation, dark, and cold 

temperature on neuronal remodeling in HCC of various age group (3-, 5-, 7-, and 9-week-old) of chicks (Gallus 

gallus domesticus).  

 

MATERIAL AND METHODS 

Experimental animals 

The 5-day old male chicks having an average length of 10-15 cm and weight 35-45 g were purchased from the 

Pahari Poultry farm (a government department), Hawalbag, Almora.  The sex of chicks was determined by 

feather sexing method which was previously described (Abbas et al., 2019). The chicks were kept in the 

laboratory conditions, i.e., in an animal house (0.90×0.60×0.60 m3) with food and water ad libitum. The animal 

house was maintained with a 12/12 light/dark cycle with a moderate temperature of 22-26°C. In this study, 32 

male chicks were divided into five groups: Group 1 (16 chicks) non-stressed (NS), Group 2 (4 chicks), Group 

3 (4 chicks), Group 4 (4 chicks, and Group 5 (4 chicks) were the stressed groups. Group 1 was left undisturbed, 

but the chicks of groups 2, 3, 4, and 5 were exposed to chronic mild stress (CMS) from one of the following 

stresses such as food deprivation, social isolation, dark, and cold temperature every day for 4 hours, until 2, 4, 

6 and 8 weeks at the same time.  All the experimental procedures were carried out according to the Institutional 

Animal Ethical Committee (IAEC) guidelines of Kumaun University, Nainital, Protocol no. KUDOPS/181). 

Golgi Cox methods 

According to the experimental design, after 2, 4, 6, and 8 weeks of CMS exposure, 4 chicks of each group (NS 

and CMS) were sacrificed with a lethal dose of ketamine (Thermo Fisher Scientific, India). The brain was 

rapidly removed from the skull and kept in 4% paraformaldehyde for 30 minutes at room temperature (RT). 

After 30 minutes, the brain was shifted to a freshly prepared Golgi Cox solution for 24 hours, and the next day, 

for 14 days in the same solution in dark at RT (Cox, 1891; Levine et al., 2013). Thereafter, the brain was 
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washed with distilled water (3×5 minutes), and each brain sample was kept in 1% potassium dichromate 

(Thermo Fisher Scientific, Mumbai India) solution for 24 hours. The next day, brain was washed (3×5 

minutes), dehydrated with 30%, 50%, 70%, 90%, and 100% alcohol (Thermo Fisher Scientific, Mumbai India) 

for 30 minutes in each, cleared with xylene for 15 minutes (Thermo Fisher Scientific, Mumbai India). The 

brain was then transferred to paraffin wax (Molychem, Mumbai, India) at 56℃ for 6 hours (3 changes 1, 2, 

and 3 hours respectively). Later on, the brain was embedded in paraffin wax for section cutting. The brain was 

sectioned at a thickness of 120μm on a rotary microtome (Spencer), and deparaffinized in xylene for 10 

minutes. After the deparaffinization, the sections were rehydrated with alcohol viz., 100%, 90%, 70%, 50%, 

and 30% for 5 minutes in each. Sections were stained with 1% potassium dichromate, 28% ammonia solution 

(Thermo Fisher Scientific, India), and 1% sodium thiosulfate (Thermo Fisher Scientific, India), for 5 minutes 

in each. After this, the sections were dehydrated with  30%, 50%, 70%, 90%, and 100% alcohol (5 minutes in 

each), cleared in xylene ( 5 minutes) and mounted in D.P.X. (Molychem, Mumbai, India) (A. Kumar et al., 

2021, 2023). 

Microscopic Analysis 

The microphotographs of pyramidal projection neurons in the Golgi Cox sections were taken under the light 

microscope (Leica-DMIL) at magnification 400X (40X × 10X). The drawing of all selected neurons was drawn 

with the help of camera lucida attached to the light microscope at primary magnification of 400X. Additionally, 

neuron drawing was scanned, all the drawings and microphotographs were labelled and photoplates were made 

by Adobe Photoshop 7.0. 

Data Analysis 

Several morphological features of neurons such as dendritic field, the distance of secondary branches from the 

soma, corrected spine number, and axonal length were calculated with the help of a computer-aided microscope 

(Leica-DMIL) at 400X magnification. From Golgi-impregnated slides, the total number of pyramidal neurons 

was counted through a light microscope at 400X, and their percentage was calculated.   

At 25, 50, 75, and 100µm radius circles from the soma center, the number of dendritic branches of neurons 

was counted with the help of camera lucida drawings.  The spine density (N) was calculated per 25µm of a 

dendritic shaft of each neuron. The dendritic diameter was taken three times, their mean was calculated, and 

half of the dendritic diameter was measured as dendritic radius (Dr). The spine length (Sl) was measured to 

the extended spines of the dendritic segment, and also the spine head diameters (Sd) were taken three times 

and their mean was calculated. The following equation was used to calculate the corrected spine number 

(Feldman & Peters, 1979):  

 

N =
nπ[(Dr + Sl)2 − (Dr + Sd)2]

[
𝜃

90
𝜋(Dr + Sl)2] − 2[(Dr +  S1)sinθ(Dr + Sd)] 

 

 

Here, N, corrected spine number, n, number of visible spines, Dr, radius of the dendrite, Sd, spine head 

diameter, Sl, spine length, and ɵ, central angle.  

 

Cos θ =
Dr + Sd 

Dr + Sl 
 

Statistical Analysis  

Statistical analysis was performed using Graph Pad Prism 9.0. All data were represented as Mean±Standard 

error mean (SEM). The various morphological characters of pyramidal projection neurons were analyzed by 

using an unpaired t-test with Welch's correction in various age groups i.e., 3-, 5-, 7-, and 9-week-old of NS and 

CMS chicks. Data is significantly different at level: *P < 0.05; **P < 0.01; ***P < 0.001.    
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RESULTS AND DISCUSSION 

The main finding of the present study was pyramidal projection neuron with several neuronal characteristic 

features such as dendritic field, the distance of secondary branches from the soma, corrected spine number, 

axonal length, its projection, and branching pattern of the radius circles at 25, 50, 75, and 100μm from the 

soma center represents variations in different age groups.  

Morphological analysis of pyramidal neuron 

The study revealed the effect of CMS in various age groups viz., 3-, 5-, 7-, and 9-week-old chicks on neuronal 

remodeling in HCC of chicks. The pyramidal neurons composed of spinous dendrites 10-12 originated from 

the soma, containing fusiform to rectangular, pyramidal or cone-shaped, and medium-sized triangular soma, 

with basal and apical and dendritic extension (Figure 1&2).  The dendrites that are initiated from the soma 

possess small protrusions originating directly from the dendritic shaft of the neurons are called spines, that are 

of four types- filopodia, stubby, thin, and mushroom-shaped spines observed in pyramidal neurons (Figure 3 

& 4). The axon initiates directly from the dendrites or soma, it sometimes splits in all probable directions later 

a short interval to make axon collaterals (c). The axonal projection was observed in Hp, APH, dorsal, ventral, 

and local in the HCC of all group chicks (Figure 1& 2). In the HCC of 3-week-old chick pyramidal neurons 

number and percentage were calculated as 139 and 21.89% in NS, 166 and 26.14% in CMS chicks, whereas 

in 5-week-old chick 200 and 25.00% in NS, 172 and 22.84% in CMS.  Additionally, the neuronal number and 

percentage were 115 and 16.38% in NS whereas 145 and 22.48% in CMS of 7-week-old chicks. In 9-week-

old chicks, 270 and 33.29% in NS while 170 and 26.23% was observed in CMS chick’s HCC. 

The outcome of CMS in neuronal characters of different age groups (3, 5, 7, and 9 weeks) chicks 

Dendritic field 

The statistical analysis revealed that the dendritic field of pyramidal neurons shows a significant decrease due 

to CMS in 3 (*), 5 (**), 7 (**), and 9 (***) week old chicks (Figure1,2 & 4, Table 1). 

Distance of secondary branches from the soma 

Under stress circumstances the secondary branches of only 9-week-old chicks show significant (*) decrease 

while 3-, 5-, and 7- weeks-old chicks does not differ significantly (Figure 1,2 & 4, Table 1). 

Spine density 

The statistical analysis revealed that the pyramidal projection neurons depict significant decrease in the 3 (*), 

5 (***), and 9 (***) weeks old chicks, whereas 7 weeks does not differ significantly due to CMS (Figure 1,2, 

3 & 4, Table 1). 

Axonal Length 

The axonal length in various age groups of chicks (3-, 5-, 7-, and 9-week-old) does not differ significantly 

under stress conditions (Figure 1,2 & 4, Table 1).  

Dendritic branches at 25, 50, 75 and 100μm 

In HCC pyramidal projection neurons, the dendritic branches at 50μm (*) and 100μm (*) show significant 

decrease, while at 25 and 75μm does not differ significantly in 3-week-old chicks due to CMS (Figure 1,2 & 

4, Table 2). 

 In 5-week-old chicks only at 75μm shows significant (*) decrease, whereas 25, 50, and 100μm does not differ 

significantly due to CMS (Figure 1,2 and 4, Table 2). 

The 7-week-old chicks under stressed condition does not differ significantly at 25, 50, 75, and 100μm (Figure 

1,2 & 4, Table 2). 

At 25μm the dendritic branches show significant (*) increase, while at 50, 75, and 100μm does not  

differ significantly due to CMS in 9-week-old chicks (Figure 1,2 & 4, Table 2). 
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Table 1: Depicts the mean values of dendritic field, distance of secondary branches from soma, axonal length 

and corrected spine number, Unpaired two tailed t-test (with Welch’s correction), degree of freedom, tcalculated 

value and p value in the HCC pyramidal projection neurons of NS and CMS various age groups (3, 5, 7, and 9 

weeks old) of chicks (Gallus gallus domesticus). Data is significantly different at level: *P < 0.05; **P < 0.01; 

***P < 0.001. HCC- Hippocampal complex, NS- Non-stress, CMS- Chronic mild stress. 

Neuronal 

Characters 

Chick’s 

age 

NS CMS Unpaired t-test (with Welch’s correction) at 

P < 0.05 

Degree of 

Freedom 

tcalculated 

value 

P value 

Dendritic 

Field 

3 weeks 192.5 ± 8.34 163.5 ± 6.92 27 2.679  0.0124* 

5 weeks 183.3 ± 7.05 155.6 ± 6.59 27        2.874  0.0078** 

7 weeks 180.8 ± 6.93 151.1 ± 6.32 27 3.165 0.0038** 

9 weeks 231.8 ± 11.74 157.5 ± 5.7 20 5.694 P<0.0001*** 

Secondary 

Branches 

3 weeks 13.66 ± 0.84 13.25 ± 1.26 24 0.2707 0.7889 

5 weeks 12.67 ± 1.11 11.95 ± 1.04 27 0.4704 0.6418 

7 weeks 14.88 ± 1.39 12.9 ± 0.98 25 1.165 0.2549 

9 weeks 15.78 ± 1.46 11.49 ± 0.78 21 2.588 0.0172* 

Corrected 

Spine 

Number 

3 weeks 49.05 ± 2.6 41.69 ± 0.87 17 2.678 0.0159* 

5 weeks 49.11 ± 1.65 38.67 ± 1.6 27 4.536 0.0001*** 

7 weeks 42.81 ± 1.84 39.05 ± 0.93 20 1.826 0.0829 

9 weeks 66.27 ± 3.33 43.5 ± 1.6 20 6.161 P<0.0001*** 

Axonal 

length 

3 weeks 73.16 ± 6.75 70.75 ± 4.81 21 1.225 0.2343 

5 weeks 70.73 ± 5.8 56.14 ± 5.43 27 1.836 0.0775 

7 weeks 61.82 ± 6.45 66.52 ± 3.86 22 0.6261 0.5377 

9 weeks 84.95 ± 9.53 62.16 ± 5.96 23 2.027 0.0544 

Table 2: Depicts the mean values of dendritic branches at 25, 50, 75 and 100µm radius circles from soma 

centre, with Unpaired two tailed t-test (with Welch’s correction), degree of freedom, tcalculated value and p value 

in the HCC pyramidal projection neurons of NS and CMS various age groups (3, 5, 7, and 9 weeks old) of 

chicks (Gallus gallus  domesticus). Data is significantly different at level: *P < 0.05; **P < 0.01; ***P < 0.001.  

HCC- Hippocampal complex, NS- Non-stress, CMS- Chronic mild stress. 

Mean dendritic branches at different radius circles from 

soma center (Mean ± SEM) of pyramidal neurons 

Unpaired t-test (with Welch’s correction) at 

P < 0.05 

Radius Circle Chick’s age NS CMS Degree of 

Freedom 

tcalculated 

value 

P value 

25µm 3 weeks 12.4 ± 0.41 11.6 ± 0.41 27 1.374 0.1808 

5 weeks 8.133 ± 0.57 7.067 ± 0.64 27 1.251 0.2217 

7 weeks 7.867 ± 0.4 7.733 ± 0.51 26 0.2052 0.8390 

9 weeks 6.2 ± 0.42 7.533 ± 0.4 27 2.307 0.0289* 

50µm 3 weeks 15.2 ± 0.7 12.93 ± 0.52 25 2.602 0.0153* 

5 weeks 12.8 ± 0.98 11.4 ± 0.77 26 1.124 0.2714 

7 weeks 10.4 ± 0.43 10.93 ± 0.66 24 0.6765 0.5052 

9 weeks 9.933 ± 0.49 10.93 ± 0.66 25 1.217 0.2351 

75µm 3 weeks 12.2 ± 0.68 10.73 ± 0.96 25 1.241 0.2261 

5 weeks 12.73 ± 0.99 9.067 ± 0.88 27 2.770 0.0100* 

7 weeks 8.4 ± 0.59 8.2 ± 0.61 27 0.2351 0.8159 

9 weeks 10.53 ± 0.57 8.933 ± 0.65 27 1.852 0.0749 

100µm 3 weeks 8 ± 0.59 5.933 ± 0.57 27 2.505 0.0186* 

5 weeks 9 ± 0.84 6.733 ± 0.75 27 2.010 0.0545 

7 weeks 5.8 ± 0.59 5.4 ± 0.56 27 0.4934 0.6257 

9 weeks 7 ± 0.8 4.867 ± 0.75 27 1.941 0.0628 
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Figure 1: Microphotographs showing the Golgi Cox impregnated pyramidal projection neurons with spinous 

dendrites, axon and axon collaterals in the hippocampal complex (HCC) of various age groups viz., 3 (A- NS; 

B- CMS), 5 (C- NS; D- CMS), 7 (E- NS; F- CMS) and 9 (G- NS; H- CMS) weeks old chicks (Gallus gallus 

domesticus). d- dendrites, ax- axon, c- axon collaterals, arrow- spines. Scale bar- 50 µm 
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Figure 2: Camera lucida drawings of the pyramidal projection neurons with spinous dendrites, axon and axon 

collaterals (c) in the hippocampal complex (HCC) of various age groups viz., 3 (A- NS; B- CMS), 5 (C- NS; 

D- CMS), 7 (E- NS; F- CMS) and 9 (G- NS; H- CMS) weeks old chicks (Gallus gallus domesticus). Insets 

depicts the position of pyramidal neurons. d- dendrites, ax- axon, c- axon collaterals, arrow- spines. Scale bar- 

50 µm. 
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Figure 3: Microphotographs and camera lucida drawings depicts the pyramidal projection neurons dendritic 

segments with four types of spines of various age groups viz., 3 weeks (A, B), 5 weeks (E, F), 7 weeks (I, J) 

and 9 weeks (M, N) of NS chicks and 3 weeks (C, D), 5 weeks (G, H), 7 weeks K, L) and 9 weeks (O, P) CMS 

chicks. Arrows- 1, 2, 3 and 4 depicts the filopodia, stubby, thin and mushroom-shaped spines respectively, 

scale bars = 20μm 
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Figure 4: Graphs represents the different neuronal characteristics of pyramidal projection neurons: Dendritic 

field (A), Distance of secondary branches from soma (B), Corrected spine number (C), Axonal length (D), and 

Dendritic branches at 25 µm (E),50 µm (F),75 µm (G) and 100µm (H) of various age groups (3, 5, 7, and 9 

weeks old) of chicks.  

 

DISCUSSION 

The present study revealed the consequences of CMS (food deprivation, social isolation, dark, and cold 

temperature) on neuronal remodeling of HCC in various age groups of chicks. The avian HCC is a brain region, 

a curved cortical strip presents in the dorsomedial telencephalon. The HCC is essential for the process of 
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learning, memory, behavioral regulation, navigation, and cognition (Bingman et al., 2005; Emery, 2006; 

Sherry, 2005; Shettleworth, 2003; D. Singh et al., 2014; Smulders, 2017; Vargas et al., 2004). The present 

study found that pyramidal projection neurons with various neuronal characteristics such as dendritic field, 

secondary branches, corrected spine number, axonal length, and dendritic branches at 25, 50, 75, and 100μm 

by using the Golgi-Cox method. This type of similar study has also been found in many avian species such as 

zebra finch (Montagnese et al., 1996), chick, Columba livia (Tömböl, Davies, Németh, Sebestény, et al., 2000), 

pigeon (Atoji & Wild, 2006), strawberry finch, (Srivastava, Chand, et al., 2007), Psittacula krameri (Srivastava 

& Singh, 2012), Corvus splendens (Srivastava et al., 2016); male and female vanraja birds (P. K. Kumar et al., 

2016), broiler chicken (Kumaravel et al., 2019) and Coracias benghalensis (Ojha & Singh, 2021a, 2021b). 

Previous studies described that the various type of neuronal cells was found in reptiles, avian, and mammal’s 

brain. Likewise, in the cerebral cortex of reptiles multipolar, pyramidal, inverted pyramidal, bipolar, 

monotufted and bitufted neurons were reported from which bitufted neurons is the dominant type (Maurya & 

Srivastava, 2006; Srivastava et al., 2009a; Srivastava, Maurya, et al., 2007; Srivastava & Maurya, 2010), but 

in mammals the pyramidal neurons are dominant (El-Falougy & Benuska, 2006; Hassiotis & Ashwell, 2003; 

Keuker et al., 2003). However, in the HCC of birds, the multipolar projection neuron was reported as dominant 

type (A. Kumar et al., 2023; Montagnese et al., 1996; Tömböl, Davies, Németh, Alpár, et al., 2000), whereas 

in intermediate corticoid (CI), the pyramidal projection neuron is dominant (Srivastava et al., 2009b).  

Additionally, in the guinea fowl, pyramidal and polymorphic multiangular neurons were observed in the 

hippocampus (Showers MJC, 1982; Tömböl, Davies, Németh, Alpár, et al., 2000). 

Moreover, pyramidal neurons possess spines on their dendrites. The dendritic spines are the small bulbous 

flanges present all over the dendritic shaft in neurons (A. Kumar et al., 2019). Based on the size and shape, 

spines are generally classified as filopodia, stubby, thin and mushroom-shaped spines (A. Kumar et al., 2019; 

Peters & Kaiserman‐Abramof, 1970; Rochefort & Konnerth, 2012; Runge et al., 2020). Various studies 

described that the spine density increases during breeding season, and enriched environment (D. Singh et al., 

2014), while stress or negative environmental interactions decrease the spine density (Aguayo et al., 2018; A. 

Kumar et al., 2023). 

Stress can be threatening or valuable for an organism, mild stressors can improve learning and memory 

processes, while severe stressors can cause impairments in memory function (McEwen & Gianaros, 2011). 

The HCC comprises a remarkable ability to adapt, change with experience and displays continuous neuronal 

remodeling in their dendritic extension, spine density and branching pattern under stress conditions (McEwen, 

2010; McEwen et al., 2016).Various studies demonstrate that the chronic stress exposure for 21 days causes 

dendritic retraction in the HCC CA3 region of rat (Conrad et al., 1999; Watanabe et al., 1992).  In the CA3 

region of  hippocampus in male tree shrews,  daily psychosocial stress depicts apical dendritic atrophy in 

pyramidal neurons (Magariños et al., 1996; Watanabe et al., 1992). The stress and high-fat diet caused a 

significant decrease in CA3 neurons of both apical dendrites and length of dendrites in male adult rat (Baran 

et al., 2005). Similar type of study was observed in present study, due to stress the dendritic field of 3-, 5-, 7-, 

and 9-week-old chicks shows significant decrease. Stress is reported to induce structural changes (Banasr & 

Duman, 2008; Czéh et al., 2006), neuronal remodeling such as a reduction in the synapses number of pyramidal 

neurons in CA3 regions (Fuchs et al., 2006) and alterations in dendritic spine density (Conrad, 2008). In the 

avian hippocampus seasonal fluctuations affects the dendritic thickness, spine density, and spine morphology 

(S. Singh et al., 2015; Srivastava et al., 2012; Srivastava & Singh, 2012). The same was observed after stress 

exposure in the spine density which shows significant decrease in 3-, 5- and 9-week-old chicks. Stress causes 

dendritic atrophy as indicated by decrease in the number and length of branch points of the CA3 apical 

dendrites (Yau & So, 2014). The dendritic branches were also affected by CMS in the various age groups of 

chicks, in 3-week-old chicks at 50μm and 100μm, while in 5 weeks only at 75μm significant decrease was 

observed. Moreover, at 25μm due to CMS, significant increase was observed in 9-week-old chicks.  

Therefore, the finding of present study delivers a valuable information regarding effect of CMS of the 

pyramidal projection neurons in HCC of various age groups of chicks. This study also provides a new research 

avenue in the scientific field and discovery of new targets for treating many neurobiological disorders of HCC 

derived from maladaptive responses to stress. 
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CONCLUSION 

The present study concludes that the pyramidal neurons are also found in the HCC of chicks. Additionally, in 

various groups (3-, 5-, 7-, and 9-week-old) of chicks, CMS affects the neuronal morphology such as the 

dendritic extension, branching pattern, and spine density in various age groups of chicks differently. Although 

sometimes the chicks also overcome the stress and try to adapt in adverse conditions.  

 

ABBREVIATIONS 

HCC- Hippocampal complex, NS- Non stress, CMS- Chronic mild stress, ax- axon c- axon collateral, ɵ- Theta, 

d- dendrites, D.P.X.- Dibutylphthalate Polystyrene xylene, Dr- Dendritic radius, HPA- Hypothalamic–

pituitary–adrenal axis, IAEC- Institutional Animal Ethical Committee, n- Number of dendritic spines N- 

Corrected spine number, RT- Room temperature, Sd- spine head diameter, SEM- Standard error mean, Sl- 

Spine length, CA- Cornu Ammonis, CI-Intermediate corticoid, CDL-Dorsolateral corticoid 
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