
The effect of autophagy and mitochondrial �ssion
on Harderian gland is greater than apoptosis in
male hamsters during different photoperiods
Zhe Wang 

Qufu Normal University https://orcid.org/0000-0002-4950-9954
Jinhui Xu 

Qufu Normal University
Junjie Mou 

Qufu Normal University
Xiangyu Zhao 

Qufu Normal University
Xiaocui Geng 

Qufu Normal University
Ming Wu 

Qufu Normal University
Huiliang Xue 

Qufu Normal University
Lei Chen 

Qufu Normal University
Laixiang Xu  (  xulx@qfnu.edu.cn )

https://orcid.org/0000-0001-9727-9754

Research

Keywords: photoperiod, Harderian gland, autophagy, apoptosis, mitochondrion

Posted Date: May 8th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-26167/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-26167/v1
https://orcid.org/0000-0002-4950-9954
mailto:xulx@qfnu.edu.cn
https://orcid.org/0000-0001-9727-9754
https://doi.org/10.21203/rs.3.rs-26167/v1
https://creativecommons.org/licenses/by/4.0/


 

The effect of autophagy and mitochondrial fission on Harderian gland is greater 1 

than apoptosis in male hamsters during different photoperiods  2 

Zhe Wang#1, Jin-Hui Xu#1, Jun-Jie Mou#1, Xiang-Yu Zhao
1
, Xiao-Cui Geng

1,2
, 3 

Ming Wu1, Hui-Liang Xue1, Lei-Chen1, Lai-Xiang Xu*1 4 

1 College of Life Sciences, Qufu Normal University, 273165, Qufu, Shandong, China 5 
2 Yiheyuan school, 256100, Yiyuan, Shandong, China 6 

# Zhe Wang, Jin-Hui Xu, and Jun-Jie Mou contributed equally to this work. 7 

 8 

 9 

* Correspondence:  10 

Lai-Xiang Xu 11 

Email: xulx@qfnu.edu.cn 12 

  13 

mailto:xulx@qfnu.edu.cn


 

Abstract 14 

Background:Photoperiod is one of the important factors of mammalian seasonal 15 

rhythm. As an important photosensitive organ in addition to the eyes and pinecones, 16 

Harderian gland (HG) may respond to seasonal light cycle changes. Here, we studied 17 

the morphological differences in the HG of male striped dwarf hamsters (Cricetulus 18 

barabensis), a small mammal with annual rhythm under different photoperiods (short 19 

photoperiod, SP; moderate photoperiod, MP; long photoperiod, LP), and further 20 

investigated the molecular mechanisms related to these morphological differences. 21 

Results:Results showed that body weight, carcass weight, and HG weight were lower 22 

in the SP and LP groups than that in MP group. Terminal deoxynucleotidyl transferase 23 

biotin-dUTP nick end labeling (TUNEL) staining showed that random DNA 24 

fragmentation was observed in all three groups. The protein expression of bax/bcl2 and 25 

cytochrome C all have no significant difference between three groups, indicated that 26 

the level of apoptosis remained stable. Protein aggregation and mRNA expression of 27 

LC3 as well as the protein expression of LC3II/LC3I in the SP group were higher than 28 

that in the MP group. P62 protein aggregates and protein expression were lower in long 29 

photoperiod than other two groups. These results suggested that autophagy level was 30 

the lowest in MP group. The protein expression of ATP synthase and mitochondrial 31 

fission factor showed highest in MD group, while citrate synthase, dynamin-related 32 

protein1, and fission1 remain unchanged during three groups. These indicate that the 33 

mitochondrion fission and energy function are slightly reduced in SD and LD groups. 34 

Conclusion:In summary, since the fact that there is no significant change in the level 35 

of apoptosis in HGs under different photoperiods, the significant up-regulation of 36 

autophagy level in the long and short photoperiod may be the main factor leading to the 37 

loss of HG weight as well as the reduced mitochondrial energy supply. 38 

Keywords: photoperiod, Harderian gland, autophagy, apoptosis, mitochondrion 39 

Introduction 40 

Seasonal rhythm is an adaptive behavior of animals in temperate regions to seasonal 41 

changes and includes changes in development, reproduction, hair growth, and energy 42 

metabolism (1, 2). The HG, also known as the glandulae lacrimales accessoriae, covers 43 

the posterior part of two eyeballs and widely exists in mammals, birds, and reptiles (3, 44 

4); the HG weight of jungle bush quail (Perdicula asiatica) reached the highest in May, 45 

which showed a significant seasonal variation rhythm (5). In addition, seasonal 46 

reproductive behavior in animals is known to be impacted by changes in temperature, 47 

humidity, food resources, and photoperiod (i.e., length of sunshine), with photoperiod 48 

being one of the most important factors (6). However, whether seasonal variation in the 49 

HG is related to photoperiod remains to be clarified. 50 

The balance between apoptosis and autophagy is one of important mechanism for tissue 51 

weight maintenance (7). Study on rats showed that the long-term light note leads to the 52 



 

increase of the level of apoptosis in HG (8, 9). Bax is one of the most important 53 

apoptotic molecules in mammals and is activated under high mitochondrial 54 

depolarization for translocation and insertion into the outer membrane of mitochondria 55 

via bax/bax-homo-oligomerization (10). This is followed rapidly by the formation and 56 

opening of a mitochondrial permeability transition pore (mPTP), through which 57 

cytochrome C (Cyto C), a mitochondrion-residing apoptogenic factor, is released into 58 

the cytosol, eventually leading to the cleavage of nuclear DNA and cell apoptosis (11, 59 

12). At present, it is believed that DNA fragmentation detected by TUNEL staining is 60 

one of the most important indicators of increased apoptotic level (12). Furthermore, 61 

bcl2 inhibits apoptosis via suppression of bax/bax-homo-oligomerization (13, 14). 62 

Research has shown that high-intensity light stimulation or high-dose MT injection can 63 

lead to increased cell necrosis in the HG of female Syrian hamsters and male rats (15). 64 

As MT is usually positively correlated with the time of entry into darkness (3, 16, 17), 65 

short daylight exposure may increase the level of apoptosis in the HG.Quantitative 66 

analysis of apoptosis in the HG can help clarify the mechanisms related to the effects 67 

of photoperiodic changes on the morphology and function of the HG. 68 

Autophagy is the phagocytosis of cytoplasmic proteins or organelles and their 69 

entrapment and degradation in vesicles (18, 19). As a key protein for autophagic 70 

lysosome formation, microtubule-associated protein 1 light chain (LC3-I) binds to the 71 

phosphatidylethanolamine (PE) complex to form LC3 II (20, 21), which is a marker 72 

protein of intracellular macrophages as well as changes in autophagy (21, 22). First 73 

discovered in 2013 (23), P62 is a transporter of degradable substances to autophagic 74 

lysosomes and is negatively related to autophagy levels in tissues (24). Quantitative 75 

analysis of LC3 and P62 proteins can indicate changes in autophagy level in the HG 76 

under different photoperiods. Melatonin can inhibit autophagy in the HG of female 77 

Syrian hamsters (25-27). To date, however, no research on the effects of photoperiod 78 

has been conducted in this field. 79 

Changes in apoptotic and autophagic levels often involve mitochondrial function. 80 

Citrate synthase (CS) is a limiting enzyme of the tricarboxylic acid cycle (28, 29) and 81 

adenosine triphosphate (ATP) synthase is a rate-limiting enzyme of the ATP synthesis 82 

pathway (30). Thus, studies on CS and ATP can partly measure changes in 83 

mitochondrial function and energy supply of the HG during different photoperiods. 84 

Changes in mitochondrial function may involve mitochondrial fission. Dynamin-85 

related protein 1 (DRP1) is a GTP-hydrolyzing mechanoenzyme that catalyzes 86 

mitochondrial fission in the cell, which drives division via GTP-dependent constriction 87 

(31, 32). The DRP1 receptor mitochondrial fission factor (Mff) is a major regulator of 88 

mitochondrial fission, with its overexpression resulting in increased fission (33). In 89 

contrast, DRP1 receptor fission 1 (FIS1) appears to recruit inactive forms of DRP1, and 90 

its overexpression inhibits mitochondrial fission (34, 35). Therefore, research on these 91 

three factors could highlight mitochondrial fission ability. However, there is a current 92 

lack of research on mitochondrial fission and the function of HG during different 93 

photoperiods. 94 

Based on the above, the effects of photoperiod on the HG may be related to autophagy, 95 

apoptosis, and mitochondrial function. Current photoperiod studies in hamsters have 96 

mainly focused on changes in HG morphology (36-38). However, the mechanisms 97 



 

involved in the morphological changes in the HG induced by different photoperiods, 98 

such as autophagy and apoptosis in small mammals during different photoperiods, 99 

remain poorly studied.The striped dwarf hamster (Cricetulus barabensis) is a small 100 

non-hibernating mammal widely distributed in the north temperate zone of Asia. In 101 

spring (March to April) and autumn (August to September), this hamster shows peak 102 

reproductive activities, while no reproductive activity occurs during the winter 103 

(December to January) (39, 40). Our previous research have shown significant seasonal 104 

changes in gene expression like kiss1and gpr54 in the hypothalamus, regulation of 105 

immune function, and energy metabolism in these animal (41). Thus, research on 106 

photoperiodic changes in this species of hamster could provide further insights into 107 

seasonal rhythm changes in non-hibernating mammals. 108 

Here, we studied the morphological changes, as well as the related mechanisms, in the 109 

HG under different photoperiods. We hypothesized that photoperiodic changes would 110 

affect the morphology of the HG and thus its function. We also hypothesized that 111 

changes in apoptotic and autophagic levels may be responsible for changes in the HG.  112 

To test these hypotheses, we studied the ultrastructural changes in the HG of hamsters 113 

under different daylight lengths. On this basis, the protein levels of apoptosis (bax, bcl2, 114 

and Cyto C) and autophagy (LC3 and P62)-related indicators were studied. We then 115 

quantified mitochondrial function (ATP synthase and CS) and fission level (DRP1, MFF, 116 

and FIS1). 117 

Methods 118 

Ethics Statement 119 

All procedures followed the Laboratory Animal Guidelines for the Ethical Review of 120 

Animal Welfare (GB/T 35892-2018) and were approved by the Animal Care and Use 121 

Committee of Qufu Normal University (Permit Number: dwsc 2019010). 122 

Animals and treatments 123 

Striped dwarf hamsters were prepared as described previously in our laboratory (40, 124 

41). Briefly, hamsters were captured from the cropland in Qufu region of Shandong 125 

Province, China (N35.78° E117.01°). This area belongs to the temperate continental 126 

monsoon climate, light, and temperature changes with the seasons obviously. The main 127 

vegetation are wheat, peanuts and corn. 128 

Captured hamsters were acclimated in the animal feeding room and exposed to natural 129 

light for about 2 weeks. Hamsters were housed individually in cages (28 × 18 × 12 cm) 130 

at an ambient temperature of 22 ± 2 °C and relative humidity 55% ± 5%. Food (standard 131 

rat chow, Jinan Pengyue Experimental Animal Breeding Co., Ltd., China) and water 132 

was provided ad libitum. 133 

Based on the body weight and degree of wear on upper molars, a total of 60 male adult 134 

hamsters (20–40 g) were randomly divided into three groups of 20 animals. Each group 135 

were placed into long photoperiod (16:8 h light ⁄ dark cycle; light from 04:00 to 20:00, 136 

LP), moderate photoperiod (12:12 h light ⁄ dark cycle; light from 06:00 to 18:00, MP) 137 

or short photoperiod (8:16 h light ⁄ dark cycle; light from 08:00 to 16:00, SP).  138 

The hamsters for photoperiodic processing were placed in the cabin of biodiverse small 139 

animal feeding systems (NK, LP-30LED-8CTAR, Osaka, Japan). Temperature of cabin 140 

was 22 ± 2 °C, relative humidity was 55% ± 5% and light intensity was 150 ± 10 lx. 141 



 

Photoperiodic processing lasted 8 weeks.  142 

Sample preparation 143 

At the end of the exposure, hamsters were sacrificed by CO2 asphyxiation. The HGs 144 

were removed, with lengths and weights then recorded. The left HGs were immersed 145 

in glutaraldehyde-paraformaldehyde for transmission electron microscopy (TEM). The 146 

right HGs in each group were frozen in liquid nitrogen and stored in a refrigerator at 147 

−80 °C for subsequent Western blotting and immunofluorescence histochemical 148 

analyses. All procedures were carried out in accordance with approved guidelines. 149 

Transmission electron microscopy (TEM) 150 

The HGs were cut into blocks and immersed in 3% glutaraldehyde-paraformaldehyde. 151 

The blocks were then dehydrated with a graded series of ethanol and embedded in 152 

epoxy resin, with TEM then performed as described previously (42). A semithin section 153 

was applied to tissue samples, and after methylene blue staining (18), sections were 154 

adjusted under the microscope and sliced with an ultramicrotome (LKB-NOVA, USA). 155 

The ultrathin sections were double-stained with Reynolds’ lead citrate and ethanolic 156 

uranyl acetate and then examined via TEM (JEOL, JEM-100SX, Japan). Images were 157 

processed with NIH Image software (Image-Pro Plus 6.0). 158 

Fluorescence immunohistochemical analysis 159 

Frozen 10-μm thick tissue cross-sections were cut from the mid-belly of the two lobes 160 

each sample at −20 °C with a cryostat (Leica, CM1950, Germany) and then stored at 161 

−80 °C for further staining. Randomly selected 10 sections of each lobe for the follow-162 

up experiments. After 15 min of immersion in distilled water, the sections were stained 163 

in blocking solution (5% bovine serum albumin (BSA)) for 30 min at room temperature 164 

and then incubated with rabbit anti-LC3 (1:200, #ab48394, Abcam, Cambridge, UK) 165 

or rabbit anti-P62 (1:200, #18420, Proteintech, Wuhan, China) solution at 4 °C 166 

overnight. The sections were subsequently incubated with goat anti-rabbit Alexa Fluor 167 

488 (1:200, #11034, Thermo Fisher Scientific, Rockford, IL, USA) at 37 °C for 2 h 168 

Images were visualized using a confocal laser scanning microscope (ZEISS, 880NLO, 169 

Germany) under krypton/argon laser illumination at  488 nm emitted light, with 170 

capture at an emitting fluorescence of  526 nm. Protein aggregations of LC3 and P62 171 

were counted using a 100 μm  100 μm area. 172 

Terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling (TUNEL) 173 

staining 174 

DNA fragmentation induced by apoptosis was determined by double-labeled 175 

fluorometric TUNEL detection as described previously (10). The frozen sections were 176 

permeabilized with 0.2% Triton X-100 in 0.1% sodium citrate at 4 °C for 2 min and 177 

then incubated with an anti-laminin rabbit polyclonal antibody (1:500, #BA1761, 178 

Boster, Wuhan, China)  at 4 °C overnight. After washing with PBS for 30 min, the 179 

sections were incubated with fluorochrome-conjugated secondary AF647 antibodies 180 

(1:200, #21245, Thermo Fisher Scientific) at room temperature for 2 h. Subsequently, 181 

TUNEL (#MK1023, Boster) reaction mixture was added at the recommended 1:9 ratio, 182 

and the sections were incubated for 60 min at 37 °C in a humidified chamber in the 183 

dark, as per the manufacturer’s protocols. Finally, the sections were counterstained with 184 

DAPI (1:100, #D1306, Sigma-Aldrich, Saint Quentin Fallavier, France) at 37 °C for 30 185 



 

min. Imaging was performed using a confocal laser scanning microscope with the same 186 

excitation and emission wavelengths as described above. 187 

Western blotting 188 

Western blotting was conducted as described previously (43). Protein was extracted 189 

from HGs and solubilized in sample buffer (100 mM Tris pH 6.8, 5% 2-β-190 

mercaptoethanol, 5% glycerol, 4% SDS, and bromophenol blue), with protein extracts 191 

subsequently fractionated by SDS-PAGE using Laemmli gels and transferred to PVDF 192 

membranes (0.45-μm pore size) using a Bio-Rad semi-dry transfer apparatus. The 193 

blotted membranes were blocked with 1% BSA in Tris-buffered saline (TBS; 150 mM 194 

NaCl, 50 mM Tris-HCl, pH 7.5) and incubated with rabbit anti-bax (1:1000, #50599, 195 

Proteintech), rabbit anti-bcl2 (1:1000, #3498, Cell Signaling Technology CST, Danvers, 196 

MA, USA), rabbit anti-Cyto C (1:1000, #11940, CST), rabbit anti-LC3 (1:1000), rabbit 197 

anti-P62 (1:1000) and rabbit rabbit anti-ATP synthase (1:1000, #14676, Proteintech), 198 

rabbit anti-citrate synthase (1:1000, #16131, Proteintech), rabbit anti-DRP1 (1:1000, 199 

#12957, Proteintech), rabbit anti-MFF (1:1000, #17090, Proteintech), rabbit anti-FIS1 200 

(1:1000, #10956, Proteintech), and anti-β-actin (1:5000, #20536, Proteintech) in TBS 201 

containing 0.1% BSA at 4 °C overnight. The membranes were then incubated with 202 

IRDye 800 CW goat-anti rabbit secondary antibodies (1:5000, #31460, Thermo Fisher 203 

Scientific) for 90 min at room temperature and visualized with an Odyssey scanner 204 

(Bio-Rad, California, USA). Quantification analysis of the blots was performed using 205 

NIH Image J software. 206 

Statistical analyses 207 

The normality of data and homogeneity of variance are tested by Shapiro-Wilk and 208 

Levene respectively. Single factor analysis of variance (one-way ANOVA) was used 209 

to compare the differences between groups. When the variance is homogeneous, the 210 

least significant difference (LSD) post-hoc test was used for multiple comparisons 211 

among groups. When the variance is not homogeneous, the Dunnett T3 method was 212 

used for comparison among groups. The differences are considered significant when P 213 

< 0.05. Data are expressed as means ± standard deviation (Mean ± SD). All statistical 214 

analyzes were conducted using SPSS 19.0. 215 

Results 216 

Changes in Harderian gland weight (HGW) and Harderian gland weight to 217 

carcass weight ratio (HGW/CW) in hamsters under different photoperiods 218 

The HGW was significantly lower in SP (5%, P < 0.05) and LP (5%, P < 0.05) group 219 

than MP group, while the HGW/CW ratio demonstrated no significant differences 220 

among the three groups (Fig. 1). 221 

INSERT FIGURE 1 HERE 222 

Ultrastructural changes in HG nuclei, mitochondria, and autophagolysosomes 223 

A large number of secretory cells were observed in the HGs of the three different 224 

photoperiod groups, including a large number of round- or elliptical-shaped fat droplets. 225 

The plasma membrane of the secretory cells was clearly visible. The mitochondria in 226 

the HG were irregularly oval, the cristae were clearly visible, and the membrane was 227 

complete. There was no significant difference in nuclear and mitochondrial 228 



 

morphology among the three groups. Typical autophagolysosomal structures were 229 

observed in the LD group, showing a clear membrane structure on the outside and 230 

wrapped contents in the middle. In other groups, however, it was difficult to observe 231 

typical autophagolysosomal structures (Fig. 2). 232 

INSERT FIGURE 2 HERE 233 

DNA fragmentation 234 

TUNEL staining provided direct evidence of apoptosis. In three photoperiodic groups, 235 

random HG sections showed that DNA fragmentation (represented by green 236 

fluorescence) were observed (Fig. 3). 237 

INSERT FIGURE 3 HERE 238 

Changes in LC3 and P62 puncta in HG under different photoperiods 239 

The number of cytoplasmic LC3 puncta per 1 000 μm2 is indicative of LC3I to LC3II 240 

conversion. Representative figures of LC3 immunofluorescence staining are shown in 241 

Fig. 4a, which significantly higher 77% and 172% (P < 0.05) in the SP and LP group, 242 

respectively, than that in the MP group (Fig. 4b). 243 

Representative figures of P62 immunofluorescence staining are shown in Fig. 4a The 244 

number of P62 puncta was lowest in the LP group, with 43% (P < 0.05) less P62 puncta 245 

in the MP group (Fig. 4c). 246 

INSERT FIGURE 4 HERE 247 

Relative protein expression of apoptosis related factors 248 

The contents of bax, bcl2, and Cyto C were detected by Western blot analysis, as shown 249 

in Figure 5a. The ratio of bax/bcl2 and the protein expression of Cyto C all showed no 250 

significant difference between three groups (Fig. 5b). 251 

INSERT FIGURE 5 HERE 252 

Relative protein expression of autophagy related factors 253 

The contents of LC3 and P62 were detected by Western blot analysis, as shown in 254 

Figure 6a. The LC3II/LC3I level showed higher in SP (43%, P < 0.05) and LP groups 255 

(113%, P < 0.05) than that in MP group. Meanwhile, the protein expression of P62 256 

showed LP group was lower (P < 0.05) than SP and MP groups (Fig. 6b). 257 

INSERT FIGURE 6 HERE 258 

Relative protein expression of mitochondrial related factors 259 

The contents of ATP synthase, CS, DRP1, MFF, and FIS1 were detected by Western 260 

blot analysis, as shown in Figure 7a. CS, DRP1, and FIS1 protein expression showed 261 

no significant differences among the three groups. ATP synthase and MFF protein 262 

expression in the MD group was significantly increased (P < 0.05) compared with that 263 

in the other two groups (Fig. 7b).  264 

INSERT FIGURE 7 HERE 265 

Discussion 266 



 

Our results showed that, compared with the moderate photoperiod control group, the 267 

HG weight of hamsters was significantly reduced under short and long photoperiods. 268 

The protein expression levels of bax/bcl2 and Cyto C also showed no significant 269 

differences among groups. In contrast, the protein expression of LC3II/LC3I was higher 270 

in the short and long photoperiod groups compared with the moderate photoperiod 271 

control. Furthermore, protein expression of ATP synthase and MFF was highest in the 272 

moderate photoperiod control group. 273 

We found that after 10 weeks of different light treatment, HG weight in the short and 274 

long photoperiod groups was lower than that in the moderate photoperiod group. 275 

However, the HG weight to carcass weight ratio in the short and long photoperiod 276 

groups was slight change, suggesting that the decrease in HG weight may be consistent 277 

with a change in animal carcass weight. 278 

To explore the mechanism of the above phenomenon, we studied the apoptosis level in 279 

HG of hamsters under different photoperiods and found that DNA fragmentation 280 

occurred in all three groups and ultrastructure analysis also showed that there was no 281 

significant nuclear change in the secretory cells of the HG during three groups. The 282 

bax/bcl2 ratio is often used to measure the degree of cell apoptosis and Cyto C is the 283 

key signal of apoptosis. (13, 14). Our study showed that although bax decreased 284 

significantly in the long photoperiod group, the ratio of bax to bcl2 and the protein 285 

expression of Cyto C remained stable, indicating that the level of apoptosis might be 286 

stable among the three groups. High-intensity light stimulation or high-dose MT 287 

injection can lead to increased cell necrosis in the HG of female Syrian hamsters and 288 

male rats (15). Since melatonin is usually positively correlated with the time to enter 289 

darkness (3, 16, 17), this may mean that short photoperiod exposure may increase the 290 

apoptosis level in HG. However, our research did not find this. On the one hand, it may 291 

be that exogenous injection of MT is not the same as simple photoperiod treatment. On 292 

the other hand, Syrian hamsters hibernate in winter (44), whereas striped dwarf 293 

hamsters display daily torpor (45). Therefore, the effects on these two hamsters differ 294 

under the short photoperiod of winter. 295 

Interestingly, we found that the protein expression of LC3II/LC3I was higher in the 296 

short and long photoperiod groups than that in the moderate photoperiod control. As 297 

LC3II is a key protein of autophagolysosome membrane formation (20, 21), this result 298 

indicates that the level of autophagy may be higher in these two groups. In addition, the 299 

number of cytoplasmic LC3 puncta, which is indicative of LC3I to LC3II conversion, 300 

showed the same trend as LC3II/LC3I protein expression, which also suggests an 301 

increase in autophagy level. P62 is an autophagic transport protein, the accumulation 302 

of which indicates a decrease in autophagic efficiency (24). Here, immunofluorescence 303 

histochemistry showed that P62 protein aggregates and expression levels were lower in 304 

the long photoperiod group than in the other two groups, indicating that the level of 305 

autophagy might be highest under long photoperiod conditions. This is consistent with 306 

the ultrastructural results, showing the occurrence of autolysosomes. As the balance 307 

between apoptosis and autophagy is an important mechanism for tissue weight 308 



 

maintenance (7), the higher autophagy level under the short and long photoperiods 309 

compared to the moderate photoperiod may be the main reason for the lower HG weight 310 

in hamsters. 311 

We also found that ATP synthase protein expression levels were lower following short 312 

and long photoperiod treatment, consistent with the change in mitochondrial fission 313 

level. CS is a rate-limiting enzyme in the tricarboxylic acid cycle and represents the 314 

ability of mitochondria to undertake aerobic oxidation (28, 29). ATP synthase is the last 315 

step in ATP production by mitochondria, representing the ability of mitochondria to 316 

supply energy (30). In this study, the protein expression levels of ATP synthase in the 317 

HG were lower under short and long photoperiod conditions, whereas CS was 318 

maintained, indicating that the mitochondrial energy supply function was weakened 319 

slightly, and mitochondrial aerobic capacity remained unchanged. As ultrastructural 320 

analysis showed that mitochondria remained relatively intact in the three groups, we 321 

speculated that mitochondrial function may not have been weakened significantly. Drp1 322 

is a key factor related to the promotion of mitochondrial fission, with MFF and FIS1 323 

found to up- and down-regulate DRP1 activity, respectively (33, 35). In the short and 324 

long photoperiod groups, MFF protein expression decreased, whereas that of DRP1 and 325 

FIS1 remained unchanged. Considering that MFF is the up-regulatory factor of 326 

mitochondrial fission, rather than the most important factor, these results indicate that 327 

the mitochondrial fission level may have decreased slightly, which could be one of the 328 

reasons for the slight decrease in mitochondrial energy supply. 329 

In summary, this study extends novel findings on the effects of photoperiod on 330 

morphological and functional changes in the HG and related mechanisms under 331 

different photoperiods (Fig. 7). As there were no significant changes in the level of 332 

apoptosis in the HG under the different photoperiods, the significant up-regulation in 333 

autophagy level under long and short photoperiod conditions may be the main factor 334 

leading to tissue weight loss. Mitochondrial function weakened slightly under short and 335 

long photoperiod treatment, which may be caused by the maintenance of apoptosis and 336 

down-regulation of mitochondrial fission. Photoperiod treatment in the non-breeding 337 

season (i.e., short and long photoperiods) led to different levels of degeneration in the 338 

morphology and function of the HG in hamsters, with the possible mechanism 339 

involving autophagy and mitochondrial fission. 340 
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Legend of figures 364 

Table 1 Effects of photoperiod on carcass weight (CW), Harderian gland wet 365 

weight (HGWW), and ratio of HGWW/CW in hamsters after 10 weeks 366 

Group SP MP LP 

CW after photoperiod (g) 15.91±1.26 17.06±2.51 15.89±0.84 

HGWW after photoperiod (mg) 22.5±1.83b 25.1±1.57a 22.9 ±1.5b 

HGWW/CW after photoperiod 
(mg/g) 

1.42 ±0.12 1.47 ±0.07 1.44 ±0.07 

Values are means ± SD. n = 10. SP, short photoperiod; MP, moderate photoperiod; LP, 367 

long photoperiod. Different letters identify statistically significant difference (P < 0.05). 368 

Fig. 1 Ultrastructure of HG in hamsters from three photoperiodic groups 369 

(a) Nucleus ultrastructure of HG in hamsters from three photoperiodic groups. There 370 

were no significant differents in nuclear (N) morphology among three photoperiodic 371 

groups. Large number of fat droplets (FD) were observed in secretory cells of HG. Scale 372 

bar = 2 μm. (b) Cristae of mitochondria of HG in hamsters from three photoperiodic 373 

groups. There were no significant differents in mitochondrial (#) morphology among 374 

three groups. Scale bar = 0.2 μm. (C) Autophagolysosomes of HG in hamsters from 375 

three photoperiodic groups. Significant autophagolysosomal structures (see arrow) 376 

were observed in LP group. In other groups, autophagolysosomal structures were hardly 377 



 

observed. Scale bar = 0.2 μm. SP, short photoperiod; MP, moderate photoperiod; LP, 378 

long photoperiod. 379 

Fig. 2 Fluorescent terminal deoxynucleotidyl transferase biotin-dUTP nick end 380 

labeling (TUNEL) staining of HG in hamsters in three photoperiodic groups 381 

Immunofluorescence histochemistry showing cell apoptosis, cell boundaries, and 382 

nuclei. Blue represents 4’6’-diamidino-2-phenylindole (DAPI)-stained nucleus, red 383 

represents Alexa Fluor 647-stained laminin of interstitial tissue, green represents 384 

TUNEL by FITC. Scale bar = 50 μm. SP, short photoperiod; MP, moderate 385 

photoperiod; LP, long photoperiod. 386 

Fig. 3 Quantification of LC3 and P62 puncta of HG in hamsters in three 387 

photoperiodic groups 388 

(a) Immunofluorescence histochemistry showing LC3 and P62 puncta. green represents 389 

AF488-stained LC3 or P62, respectively. Scale bar = 50 μm. (b) Quantification of LC3 390 

puncta. (c) Quantification of P62 puncta. Six figures were analyzed in each sample; ten 391 

samples were analyzed in each group. Values are means ± SD. SP, short photoperiod; 392 

MP, moderate photoperiod; LP, long photoperiod. Different letters identify statistically 393 

significant difference (P < 0.05). 394 

Fig. 4 Changes in protein levels of apoptosis related factors in HG of hamsters in 395 

three different photoperiodic groups 396 

(a) Representative immunoblots of bax, bcl2, Cyto C, and β-actin in three different 397 

photoperiodic groups. (b) Ratio of bax, bcl2, Cyto C to β-actin and ratio of bax to bcl2 398 

in HG of hamsters in three different photoperiodic groups. Values are means ± SD. 399 

n=10. SP, short photoperiod; MP, moderate photoperiod; LP, long photoperiod. 400 

Different letters identify statistically significant difference (P < 0.05). 401 

Fig. 5 Changes in protein levels of autophagy related factors in HG of hamsters in 402 

three different photoperiodic groups 403 

(a) Representative immunoblots of LC3, P62, and β-actin in three different 404 

photoperiodic groups. (b) Ratio of LC3, P62 to β-actin in HG of hamsters in three 405 

different photoperiodic groups. Values are means ± SD. n=10. SP, short photoperiod; 406 

MP, moderate photoperiod; LP, long photoperiod. Different letters identify statistically 407 

significant difference (P < 0.05). 408 

Fig. 6 Changes in protein levels of mitochondrial related factors in HG of hamsters 409 

in three different photoperiodic groups 410 

(a) Representative immunoblots of ATP synthase, CS, DRP1, MFF, FIS1, and β-actin 411 

in three different photoperiodic groups. (b) Ratio of ATP synthase, CS, DRP1, MFF, 412 

FIS1 to β-actin in HG of hamsters in three different photoperiodic groups. Values are 413 

means ± SD. n = 10. SP, short photoperiod; MP, moderate photoperiod; LP, long 414 



 

photoperiod. Different letters identify statistically significant difference (P < 0.05). 415 

Fig. 7 Graphical summary of study 416 

LC3, microtubule-associated protein 1 light chain; P62, sequestosome 1; Cyto C, 417 

cytochrome C; FIS1, fission 1; MFF, mitochondrial fission factor; DRP1, dynamin-418 

related protein 1; ATP synthase, adenosine triphosphate synthase; CS, citrate synthase; 419 

SP, short photoperiod; LP, long photoperiod. 420 
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Figures

Figure 1

Ultrastructure of HG in hamsters from three photoperiodic groups. (a) Nucleus ultrastructure of HG in
hamsters from three photoperiodic groups. There were no signi�cant differents in nuclear (N) morphology
among three photoperiodic groups. Large number of fat droplets (FD) were observed in secretory cells of



HG. Scale bar = 2 μm. (b) Cristae of mitochondria of HG in hamsters from three photoperiodic groups.
There were no signi�cant differents in mitochondrial (#) morphology among three groups. Scale bar = 0.2
μm. (C) Autophagolysosomes of HG in hamsters from three photoperiodic groups. Signi�cant
autophagolysosomal structures (see arrow) were observed in LP group. In other groups,
autophagolysosomal structures were hardly observed. Scale bar = 0.2 μm. SP, short photoperiod; MP,
moderate photoperiod; LP, long photoperiod.

Figure 2

Fluorescent terminal deoxynucleotidyl transferase biotin-dUTP nick end labeling (TUNEL) staining of HG
in hamsters in three photoperiodic groups. Immuno�uorescence histochemistry showing cell apoptosis,
cell boundaries, and nuclei. Blue represents 4’6’-diamidino-2-phenylindole (DAPI)-stained nucleus, red
represents Alexa Fluor 647-stained laminin of interstitial tissue, green represents TUNEL by FITC. Scale
bar = 50 μm. SP, short photoperiod; MP, moderate photoperiod; LP, long photoperiod.



Figure 3

Quanti�cation of LC3 and P62 puncta of HG in hamsters in three photoperiodic groups. (a)
Immuno�uorescence histochemistry showing LC3 and P62 puncta. green represents AF488-stained LC3
or P62, respectively. Scale bar = 50 μm. (b) Quanti�cation of LC3 puncta. (c) Quanti�cation of P62
puncta. Six �gures were analyzed in each sample; ten samples were analyzed in each group. Values are



means ± SD. SP, short photoperiod; MP, moderate photoperiod; LP, long photoperiod. Different letters
identify statistically signi�cant difference (P < 0.05).

Figure 4

Changes in protein levels of apoptosis related factors in HG of hamsters in three different photoperiodic
groups. (a) Representative immunoblots of bax, bcl2, Cyto C, and β-actin in three different photoperiodic
groups. (b) Ratio of bax, bcl2, Cyto C to β-actin and ratio of bax to bcl2 in HG of hamsters in three



different photoperiodic groups. Values are means ± SD. n=10. SP, short photoperiod; MP, moderate
photoperiod; LP, long photoperiod. Different letters identify statistically signi�cant difference (P < 0.05).

Figure 5

Changes in protein levels of autophagy related factors in HG of hamsters in three different photoperiodic
groups. (a) Representative immunoblots of LC3, P62, and β-actin in three different photoperiodic groups.
(b) Ratio of LC3, P62 to β-actin in HG of hamsters in three different photoperiodic groups. Values are



means ± SD. n=10. SP, short photoperiod; MP, moderate photoperiod; LP, long photoperiod. Different
letters identify statistically signi�cant difference (P < 0.05).

Figure 6

Changes in protein levels of mitochondrial related factors in HG of hamsters in three different
photoperiodic groups. (a) Representative immunoblots of ATP synthase, CS, DRP1, MFF, FIS1, and β-actin
in three different photoperiodic groups. (b) Ratio of ATP synthase, CS, DRP1, MFF, FIS1 to β-actin in HG of



hamsters in three different photoperiodic groups. Values are means ± SD. n = 10. SP, short photoperiod;
MP, moderate photoperiod; LP, long photoperiod. Different letters identify statistically signi�cant
difference (P < 0.05).

Figure 7

Graphical summary of study. LC3, microtubule-associated protein 1 light chain; P62, sequestosome 1;
Cyto C, cytochrome C; FIS1, �ssion 1; MFF, mitochondrial �ssion factor; DRP1, dynamin- related protein 1;
ATP synthase, adenosine triphosphate synthase; CS, citrate synthase; SP, short photoperiod; LP, long
photoperiod.
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