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ABSTRACT: The presence of higher-ploidy cells within Harderian glands (HG) of desert rodents could be 

explained as an adaptive response to mitigate the effects of photo-oxidative stress. The principally products of 

HG are porphyrins, pigmentary accretions which interact with the intense luminosity of the Sahara and, then 

produce reactive oxygen species. Thus, the gland permanently suffers a physiological oxidative stress, with a 

great number of sings of degeneration, but without compromising the gland integrity. In this work, we used 

light and transmission electron microscopy to examine the morphological features of cell ploidy in HG of 

three species of Gerbillidae. Psamomys obesus, Meriones lybicus and Gerbillus tarabuli. The results showed 

that, the glands of these species are large in size and lobulated. The glandular parenchyma consists of tubulo-

alveoli surrounding a lumen into which the secretions are discharged. Frequently cells are binucleated and 

multinucleated. Transmission electron microscopy reveals the presence of secretory cells with conspicuous 

nuclei and sometimes with micronuclei. Binuclear cells are created by acytokinetic mitosis. No cell 

membranes within the cytoplasm are observed. Our results provide morphological evidences, that HG of 

desert rodents employ polyploidy as cellular adaptive response to extreme arid environment. 

Keywords: Harderian glands; Polyploidy; Cellular stress; Micronuclei; Electron microscopy; Desert rodents. 

1. INTRODUCTION 

Endopolyploidy (polyploidy), the condition in which the number of genome copies has been increased 

through endoreduplication in the cells of certain tissues and organs. Polyploidy have been reported to be more 

frequent in extreme environments, including the subarctic regions, high elevations and xeric environments [1, 2]. 

In animals, in contrast to plants, endopolyploidy primarily occurs in highly specialized cell types with 

high metabolic output [3]. Even fewer examples of endopolyploidy in animals in relation to 

environmental stresses have been documented. It is assumed, that, endoreduplication has a recognized 

role in driving body size [4] or in maintaining tissue and organ growth in response to exogenous stresses, 

such as regeneration of damaged liver and cardiomyocytes [5, 6]. As reported by Hessen [7] polyploidy 

could also be promoted by solar radiations. This has clearly been verified for terrestrial plants [8] and for 

invertebrates [9] as well as freshwater fish [10]. In light of the well-established link between solar 
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radiations and polyploidy, an initial investigation at morphological level of this association is examined in 

HG of small mammals, desert rodents. 

Harderian glands are large retro- orbital glands. In desert rodents as in all rodents, they are 

particularly well developed. Those ocular glands have tubuloalveolar endpieces (tubular alveoli) and their 

main products are lipids and porphyrins. But from different species of rodents are markedly distinct in their 

histological structures [11]. In Gerbillinae subfamily, they appear different phenotypically from species to 

species [12, 13]. By light and electron microscopy, basophilic pyramidal and acidophilic columnar cells 

have been described in the secretory epithelium of the gerbil and meriones. However, in Psammomys 

basophilic pyramidal cells are totally absent [14, 13]. Previous works on hamster [15-17] have shown that 

porphyrins accumulation in the gland produce photoreaction. As a consequence, the generation of reactive 

oxygen species (ROS) inducing an increase of oxidative stress which gives rise to cellular damage. This 

physiological stress has also been studied in our models (Unpublished data).Thus, in this study, we aimed 

to reveal morphological and cytological traits of polyploidy considered as an adaptive response in desert 

rodents HG to enduring photo-oxidative stress. 

2. MATERIALS AND METHODS 

We used 10 adult males of each species. They were trapped in the arid zone of Beni-Abbes (wilaya of 

Bechar), 1250 km south west of Algiers. The species selected for this study are belonging to the Gerbillinae 

subfamily, which contains 14 genera [17]. From the genus Gerbillus, Gerbillus tarabuli (Thomas 1902) nocturnal, 

granivore species has been taken. Meriones lybicus (Lichtenstein 1823) was chosen from genus Meriones, it’s 

granivore and partly nocturnal species and Psammomys obesus (Cretzschmar 1828) diurnal herbivore rodent being 

part from Psammomys genus. The animals were cared for in accordance with the criteria outlined in the “Guide for 

the Care and Use of Experimental Animals” following approval by the Institutional Animal Care Committee of the 

Algerian Higher Education and Scientific Research. The permits and ethical rules were achieved according to the 

Executive Decree No. 10-90 completing the Executive Decree No. 04-82 of the Algerian Government, establishing 

the terms and approval modalities of animal welfare in animal facilities. 

2.1. Histological studies 

The HG were removed and fixed in 10% formaldehyde solution. The tissue was washed and then 

dehydrated in ascending series of ethanol alcohol, cleared in xylene, embedded in paraffin wax. Sections were 

cut at 5-6 μm thickness and stained with haematoxylin and eosin, Van Gieson stain. The sections were then 

viewed under light microscopy (Zeiss Axioplan) and photographed with a high-resolution optics microscope 

camera (Premiere, MA88-500). 

2.2. Ultrastructural studies 

The HG of the studied species were excised and small pieces were prefixed in glutaraldehyde-

paraformaldehyde (pH 7.4) at 4°C and then, the tissue samples were Post fixed in 1% OsO4 for 2 h; they were 

dehydrated in ascending series of ethyl alcohol, cleared in propylene oxide, infiltrated, and embedded in epoxy 

resin until it polymerizes. Samples were cut with ultramicrotome (LKB Bromma, 8800 Ultratome III). Semithin 

sections (1 μm) were stained with toluidine blue and examined by light microscopy Zeiss and photographed with 

a high-resolution optics microscope camera. Ultrathin sections (20–50 nm) were collected on uncoated 200 mesh 

copper grids were double-stained with Reynolds’ lead citrate and ethanolic uranyl acetate [18] and examined 

with a Zeiss EM-109 transmission electron microscope (Zeiss, Germany) operating at 80 kV.  



Saadi-Brenkia et al.   Polyploidy promotes Harderian glands function under photo-oxidative stress 350 

 

European Journal of Biological Research 2021; 11(3): 348-355 

3. RESULTS 

The HG of the investigated desert rodents species, Psammomys obesus, Meriones lybicus and 

Gerbillus tarabuli have all been shown to be polyploid. 

3.1. Gross anatomy 

The HGs of the studied species were similar being large in size and lobulated in appearance. Significant 

difference was seen in the color, brown in Psammomys, pink in Meriones and yellow in gerbil (Fig. 1). 

 

 

Figure 1. Macroscopic view of desert rodent’s Harderian glands (HG). Note the coloration and the  lobulation of the gland in 

(a) Psammomys obesus, (b) Meriones lybicus and (c) Gerbillus tarabuli. 

3.2. Light microscopy 

At low magnification, the HG have the same basic histology in all three species of Gerbillinae, they are 

multilobular glands. They consist of tubuloalveolar units. The lumen of the glands is large and surrounded by 

secretory columnar cells (Fig. 2a). Often filled with porphyrins and cellular debris (Fig. 2b). Thus, observed at 

higher magnifications, the glandular cells constitute a diversified population of mononuclear, binuclear and 

multinuclear cells. So, the nuclei are enlarged and irregular, and the cell body again enlarged, this may 

indicate their polyploidy (Fig. 3). However, some interspecific differences were detected. As seen, in the 

number of cellular types in glandular epithelium and in the pigmentation intensity in interstitial tissue. 

 

 

Figure 2. A low power view (a) of a longitudinal section through the gerbil Harderian gland showing the large size, the 

lobulation and the tubulo-alveolar endpieces. Lobe (LB), lobule (arrowhead), capsule (arrow); H/E stain. (b) Showing 

porphyrins (arrow) in the lumen of glandular unit. Van Gieson stain.  
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A uniform glandular epithelium containing one type of columnar cells, and heavily pigmented connective 

tissue were revealed in sand rat (Fig. 3a). While in the gerbil, we have noted a pseudostratified epithelium 

with basophilic pyramidal cells and columnar cells; then, in the interstitial tissue the melanin is sparse (Fig. 

3b). The same features were revealed in meriones but the basophilic pyramidal cells are scarce in the tubulo-

alveoli and sometimes totally absent from glandular units (Fig. 3c).  

3.3. Electron microscopy analysis 

Multinucleated cells have been well detected among various morphological markers of polyploidy in 

desert rodent’s Harderian glands. Indeed no cell membranes within the cytoplasm of cells with two or more nuclei  

(Fig. 4). ultrastructural analysis confirms the light microscope findings. Thus, enlarged and irregular nuclei were 

present. And additionally, micronuclei were often observed in glandular cells (Fig. 5). AS nuclei, micronuclei were 

surrounded by a double membrane and contained a mixture of euchromatin and heterochromatin. 

 

 

Figure 3. Histological organization of desert rodents Harderian glands. (a) Sand rat’s HG. Columnar uniform epithelium, 

melanin (arrow) nuclear fast red/pic stain. (b) gerbil’s HG, pseudostratified epithelium with columnar (arrow) and 

pyramidal (arrowhead) cells. Van Gieson stain. (c) merione’s HG, pyramidal cells are rare (arrowhead). H/E stain. Note 

that most cells are bi or multinucleated (asterisk) in the three species, lumen (LU). 

 

 

Figure 4. Ultrastructural evidence for multinucleated cells in Harderian glands of Gerbillidae. (N) nucleus, (V) vacuole, 

(CS) capillary, (PC) portion of pyramidal  basophilic cell.  

 



Saadi-Brenkia et al.   Polyploidy promotes Harderian glands function under photo-oxidative stress 352 

 

European Journal of Biological Research 2021; 11(3): 348-355 

 

Figure 5. Electron micrographs of HG cells. Some cells contain nucleus (N) and micronucleus (n), vacuoles (V). 

4. DISCUSSION 

Polyploidy frequently encountered in plants whereas in animals, it’s limited to certain tissues in 

mammals, such as liver cells, megakaryocytes and giant trophoblast cells in the placenta. Our results show that 

polyploidy is a common feature of HG cells in desert rodents. It seems that it makes them tolerant against 

photo-oxidative stress. Earlier reports have shown that, environmental fluctuations and stressors constantly 

challenge organisms in the wild. Organisms thus use cellular mechanisms to adapt to and to survive 

environmental fluctuations. 

The results of the current study showed interspecific difference concerning the coloration of the glands. 

Melanin has already been described in some species of rodents HG [20-25]. In accordance with Costin and 

Hearing [26] melanin in HG, may have a photo protective function and acts as a physiological redox buffer. A 

large organ and cells size are revealed in all studies species. It seems to be the main characteristics of the 

polyploidy. According to Frawley and Orr-Weaver [27] a better adaptability of individuals and increased organ 

and cell sizes are usually associated with polyploidy. Additionally, Wendel [28] and Comai et al. [29] have 

reported that, polyploidy does have immediate phenotypic effects, such as increased cell size and organ size, and 

sometimes greater vigor and biomass, and new phenotypic and molecular variation can arise shortly after 

polyploid formation. Nuclear abnormalities are detected in secretory cells, such as enlarged nuclei, irregularities in 

shape and presence of micronuclei. Previous data [30-33] have revealed that, the size of nuclei has often been 

reported to increase according to ploidy level. Fenech [34] have stated that, micronuclei and other nuclear 

anomalies such as nucleoplasmic bridges and nuclear buds are biomarkers of genotoxic events and chromosomal 

instability. Numerous reports indicate that micronuclei are fragments of chromosomes or whole chromosomes 

that are left out of daughter nuclei during division. These displaced chromosomes or chromosome fragments are 

eventually surrounded by a nuclear membrane and, except for their smaller size, are morphologically similar to 

nuclei after conventional nuclear staining. These data are consistent with our findings. So, it is confirmed that 

chromosomes within micronuclei are brutally damaged or pulverized [35-37]. It was shown by Beedanagari et 

al. [38] that increased incidence of micronuclei formation serves as a good biomarker for genotoxic damage. In 

our results the genetic and genotoxic effects of solar radiations were evidenced by the significant presence of 

micronuclei in secretory cells of HG. 

The current study showed that, desert rodents HG displayed phenotypic variations which can be clearly 

linked to species-specific differences in lifestyle. The common occurrence of polyploidy in secretory cells of HG 

may be protective in several ways, given that more DNA templates could help to sustain genome integrity under 

damaging UV-B and promote the genetic pathways that produce melanin which is active in the stress response 
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and UV-B absorption. Further interdisciplinary approaches are recommended to establish the link between 

polyploidy, genomic instability, phenotypic variations and lifestyle in desert rodents HG. It appears that, HG of 

Gerbillinae may be a suitable model for biomedical researches. 
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