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Abstract 

Although Syrian hamsters are thought to be naturally solitary, recent 

evidence from our laboratory demonstrates that hamsters may actually prefer 

social contact. Hamsters increase their preference for a location associated with 

an agonistic encounter regardless of whether they have “won” or “lost”. It has 

also been reported that social housing as well as exposure to intermittent social 

defeat or a brief footshock stressor increase food intake and body mass in 

hamsters. By contrast, it has also been suggested that housing hamsters in 

social isolation causes anxiety-induced anorexia and reductions in body mass 

selectively in females. The purpose of this study was to determine the 

physiological consequences of housing hamsters in social isolation versus in 

social groups.  Male and female hamsters were housed singly or in stable groups 

of 5 for 4 weeks after which they were weighed and trunk blood was collected. In 

addition, fat pads and thymus and adrenal glands were extracted and weighed. 

Serum and fecal cortisol were measured using an enzyme-linked immunoassay. 

Housing condition had no effect on serum or fecal cortisol, but socially housed 

hamsters displayed modest thymus gland involution. Socially housed females 

weighed more than did any other group, and socially housed females and males 

had more fat than did socially isolated hamsters. No wounding or tissue damage 

occurred in grouped hamsters. Overall, these data suggest that Syrian hamsters 

tolerate both stable social housing and social isolation in the laboratory although 

social housing is associated with some alteration in stress-related and 

bioenergetic measures.  
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1. Introduction  

Since their introduction to the laboratory in the 1930’s, Syrian, or Golden, 

hamsters have been used as an animal model in a wide variety of research 

areas. This is partly because many aspects of their physiology and their 

regulation of energy balance recapitulate more closely that of humans than do 

many other rodents [1]. For instance, hamsters exhibit high cholesterol ester 

transport protein and low hepatic low-density lipoprotein receptor activity [2] as 

well as a high glycemic response to dietary fructose [3], none of which are 

exhibited by rats and mice. This leaves hamsters and humans more susceptible 

to cardiovascular diseases, including cardiomyopathy and atherosclerosis, as 

well as to diabetes [4, 5]. In addition, hamsters, like humans, are dual secretors 

of cortisol and corticosterone with cortisol being the glucocorticoid that is more 

labile in response to circadian influences and to the effects of stress [6-10]. This 

pattern of response is in marked contrast to most laboratory rodents, which 

secrete primarily corticosterone, and suggests that hamsters are an ideal species 

for stress research.  

Although Syrian hamsters have been studied only sparsely in the wild, 

they are generally viewed as largely solitary animals that live alone in burrows 

and that defend home territories [11-14]. This information has contributed to the 

widely held, but probably erroneous, impression that hamsters are asocial; 

however, despite this pervasive belief, it has usually been the case that hamsters 

are group housed in the laboratory [15-21]. In fact, it is also well known that 

hamsters of both sexes display rich social, agonistic, and communicative 
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behaviors [22-24] and are capable of complex social discriminations including kin 

and individual recognition [25-28]. There is also some recent evidence that 

Syrian hamsters not only tolerate but may actually prefer social contact [19, 29]. 

We have demonstrated that social conflict, regardless of outcome (i.e, win or 

lose) increases Fos-immunoreactivity in the ventral tegmental area as well as 

increases the time that a hamster will spend in the location where the social 

interaction occurred, both of which suggest that social interactions are rewarding.  

This preference for a location where one has fought, even lost, is perhaps 

surprising, given that it has long been known that being on the losing end of a 

social encounter, in particular, is stressful for hamsters as evidenced by 

neuroendocrine [8, 30, 31] and behavioral [32, 33] responses to social defeat. 

Indeed, the effects of social defeat stress are pervasive and are similar across 

species and even taxa [33-36]. These effects include hypothalamic-pituitary-

adrenocortical (HPA) activation, changes in sleep and food intake, as well as 

marked increases in social avoidance, responses that are observed in species 

with a wide variety of social structures (e.g., solitary, colony-living). Interestingly, 

it has also long been known that group housing leads to marked weight gain in 

female hamsters [15, 16], a result that was hypothesized to be due to social 

stress experienced in group housed females. Consistent with this hypothesis, we 

have demonstrated that repeated social defeat stress is associated with an 

increase in food intake, body mass, and adiposity in male Syrian hamsters [37]. 

This increase in body mass and adiposity in hamsters can be observed after as 

few as four exposures to social defeat and is mimicked by exposure to a 
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footshock stressor, further implying that the change in energy regulation is a 

stress effect [38] and supporting the hypothesis that the early observations of 

greater weight gain in socially housed females was a social stress effect. Thus, 

the data on social housing and social stress in hamsters are mixed, but overall 

suggest that social housing is more stressful to hamsters than is social isolation. 

Conversely, it has recently been proposed that social isolation, or social 

separation, of hamsters causes reductions in food intake, body mass, and 

adiposity and increases in anxiety-like behavior, particularly among female 

hamsters [18]. Shannonhouse et al. (2014) maintain that the long-held 

interpretation that social housing or social interactions are stressful for hamsters 

may be incorrect and that it is instead social separation that causes an anxiety-

like response, particularly after hamsters have been stably group-housed during 

adolescence. It is certainly the case that hamsters are almost always socially 

housed in the laboratory after weaning and that experimenters rarely take into 

account the possibility that this change in housing may have important effects 

when they singly house hamsters for a few weeks before an experiment begins. 

Given that hamsters have such wide utility in biomedical research, and because 

they are housed both singly and in groups in the laboratory, it is important to 

document clearly the effect of housing on a number of different stress and 

bioenergetic endpoints. Because both sexes display such a wide variety of social 

behaviors, hamsters are also very useful in studies examining possible sex 

differences and the mechanics underlying them (e.g., [20]). Because there is a 

suggestion in the literature that there is an important sex difference in the effect 
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of housing condition on body weight in hamsters, it is also important to examine 

housing effects in both male and female hamsters. In the current experiment we 

measured both basal serum and fecal cortisol concentrations, in addition to 

measuring body, fat pad, thymus, and adrenal masses, following 4 weeks of 

social housing or social isolation in male and female hamsters. Finally, in a 

separate experiment, we also exposed both group and single housed males and 

females to a social defeat stressor in order to determine if the glucocorticoid 

response to defeat varies by sex or housing condition. The overarching purpose 

of the study was to determine if social housing or social isolation appears more 

stressful for, or alters the neuroendocrine response to social stress, in hamsters. 

2. Material and methods 

2.1 Animals 

Male and female Syrian hamsters (Experiment 1 N=40; Experiment 2 

N=36) were bred from Charles River stock and were born in-house in the 

Georgia State University vivarium. The hamsters were weaned into groups of 5 

on postnatal day 25 (P25), and littermates were evenly assigned across cages 

and groups; post-weaning group housing was used because this is the common 

housing of hamsters at commercial breeders and in laboratory settings. For 

Experiment 1, on P60, half of the animals moved to single housing while the 

grouped animals were moved into new group cages with 5 animals per cage, 

resulting in four groups: female socially housed (n=10), female socially isolated 

(n=10), male socially housed (n=10), and male socially isolated (n=10). For 

Experiment 2, on P42, 8 males and 8 females were moved to single housing 
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while the others were transferred into new group housed cages (5 animals per 

cage), again resulting in four groups: female socially housed (n=10), female 

socially isolated (n = 8), male socially housed (n=10), and male socially isolated 

(n=8). Group housed animals in both experiments were carefully observed daily 

to verify that no wounding had occurred. All hamsters were housed in 

polycarbonate cages (23 x 43 x 20 cm) with wire grid lids, corn cob bedding and 

cotton nesting material. Chow (LabDiet 5001, St. Louis, MO) and water were 

available ad libitum. The room was maintained on a 14:10 light:dark cycle, as is 

customary with hamsters to maintain gonadal patency. All procedures were 

approved by the Georgia State University Institutional Animal Care and Use 

Committee and are in accordance with the standards outlined in the National 

Institutes of Health Guide for the Care and Use of Laboratory Animals. 

2.2 Tissue collection 

Animals were not handled except for standard cage changes, which 

occurred at the same time for group and single housed animals. For Experiment 

1, after 4 weeks of single or group housing, animals were moved into another 

room and weighed. Eleven hours later, at the time of lights on, the nadir of the 

circadian cortisol rhythm [6], the hamsters were quickly removed from their home 

cages, rapidly decapitated, and trunk blood was collected (~10 seconds between 

handling and blood collection). After coagulation, blood was centrifuged to collect 

serum. Epididymal (males) and perimetrial (females) fat pads, from here on 

referred to as gonadal fat (GWAT), mesenteric (MWAT), retroperitoneal (RWAT), 

and inguinal (IWAT) fat pads, and thymus and adrenal glands were removed and 
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weighed. In addition, fecal boli were collected from the colon. For Experiment 2, 

after 2.5 weeks of single or group housing, all animals were transported to the 

behavioral testing suite in the vivarium 1 hr before lights off. A shorter housing 

manipulation was used in Experiment 2 to determine if habituation of serum 

cortisol response would occur in less than 4 weeks. At lights off, half of each 

group of hamsters was subjected to a 15 min social defeat in the home cage of a 

larger, same-sex opponent (resident aggressor) as described below. After the 

defeat, hamsters were placed in a holding cage for 5 min and then decapitated. 

Trunk blood was collected and processed as described in Experiment 1 to obtain 

serum. Trunk blood was also collected and processed for serum from the 

remaining hamsters that were not defeated. All behavioral testing and blood 

collection was done within the first 2 hr after lights off and the order of collection 

was counterbalanced for sex, housing, and defeat status.  

2.3 Behavior (Experiment 2) 

Social defeat occurred in the home cage of a same-sex, larger resident 

aggressor that reliably attacked and defeated the intruder (subject). All defeats 

were 15 min in duration. A trained observer watched all defeats. The 15 min 

defeat was timed from the first attack by the resident, which occurred within 30 

sec in all pairings. The observer determined a dominance hierarchy based on the 

behavior of the hamsters. The dominant hamster (always the resident in this 

study) exhibited side and upright attacks and chasing and the subordinate 

hamsters produced submissive behaviors such as flight, tail lift, and side and 

upright submission (for a detailed description of behaviors observed see [23]). 
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Male and female hamsters display identical behaviors in resident-intruder 

pairings. In our studies, we include a caveat that any agonistic pairing in which 

the skin is broken be stopped immediately, but no cases of tissue damage 

occurred in this study.  

2.4 Cortisol Assays 

Serum cortisol was measured with an enzyme-linked immunosorbent 

assay (ELISA; Enzo, Farmingdale, NY) following manufacturer’s instructions. 

Samples were first diluted (1:100) with a steroid displacement reagent, then 

diluted again (1:10) with assay buffer before they were loaded onto the assay 

plate. Samples were run in duplicate across 2 plates. Absorbance was measured 

at 405 nm with a correction at 580 nm. The average intra-assay coefficient of 

variability (CV) was 8.6, and the average inter-plate CV was 7.4. Fecal cortisol 

was extracted with ethanol and measured with an ELISA (Immuno-Biological 

Laboratories, Minneapolis, MN) following manufacturer’s instructions. Samples 

were diluted (1:10) with assay buffer before they were loaded onto the assay 

plate. Samples were run in duplicate across 2 plates. Absorbance was measured 

at 450 nm. The average intra-assay CV was 9.0 and the average inter-plate CV 

was 5.0. 

2.5 Statistical Analysis 

All data were stored and analyzed with Microsoft Excel, Version 14.7.1 

and Statistical Package for the Social Sciences (SPSS), Version 23. A two-way 

analysis of variance (ANOVA) and Tukey post hoc tests were performed to 

determine if there were differences between male and female and group versus 
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single housed hamsters for Experiment 1. In addition, thymus and adrenal gland 

masses were corrected for body mass before the ANOVA was conducted. A 

three-way ANOVA and post hoc Tukey and a priori t-tests were performed for 

Experiment 2 to determine if there were significant effects of sex, housing 

condition, and social stress on serum cortisol concentrations. Effect sizes were 

calculated using eta squared for ANOVAs and Cohen’s d for pairwise 

comparisons. 

We were unable to obtain enough serum to analyze cortisol in one female 

hamster that was group housed in Experiment 1; therefore, this hamster was not 

included in the serum cortisol analysis. In addition, in Experiment 2, three 

hamsters (1 male, 2 females) were not defeated by the resident aggressor (one 

male and one female was not attacked by the RA, and the second female 

displayed only lordosis during the pairing) thus were not included in the analysis.  

3. Results 

 
It is important to note that no wounding or tissue damage was observed in 

group housed males or females in either experiment. There was also no 

wounding during the social defeat stress in Experiment 2; therefore, no hamsters 

were excluded from the statistical analysis based on wounding.  

In Experiment 1, there was a significant interaction between housing 

condition and sex on body mass [F(1, 36) = 4.44, p < 0.05, η2 = 0.11], where 

females socially housed groups exhibited significantly higher body mass than did 

all other groups (Fig 1). In addition, in all fat pads measured, socially housed 

hamsters had increased fat compared to socially isolated hamsters, regardless of 
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sex: GWAT [F(1, 36) = 23.6, p < 0.05, η2 = 0.40], MWAT [F(1, 36) = 10.5, p < 

0.05, η2 = 0.23], RWAT [F(1, 36) = 9.35, p < 0.05, η2 = 0.21], and IWAT [F(1, 36) 

= 7.92, p < 0.05, η2 = 0.18] (Fig 2A-D). 

There was a significant effect of both sex [F(1, 36) = 8.49, p < 0.05, η2 = 

0.19] and housing [F(1, 36) = 11.72, p < 0.05, η2 = 0.25] on thymus gland mass 

(Fig 3). Thymus glands, after correction for body mass, were significantly lighter 

in males compared to females, and, importantly, significantly lighter in socially 

housed compared to socially isolated hamsters. Unfortunately, due to a 

procedural error, we were unable to obtain accurate weights of adrenal glands. 

In Experiment 1, serum cortisol (Fig 4A) was significantly higher in males 

compared to females [F(1, 35) = 5.57, p < 0.05, η2 = 0.14], but there was no 

significant effect of housing condition on serum cortisol [F(1, 35) = 0.24, p > 0.05, 

η2 = 0.01]. Similarly, there was also no significant effect of housing on fecal 

cortisol [F(1, 36), = 1.38, p > 0.05, η2 = 0.04]. Finally, although there still 

appeared to be a pattern wherein cortisol was higher in males, there was also no 

significant effect of sex on fecal cortisol [F(1, 36) = 0.60, p > 0.05, η2 = 0.02] (Fig 

4B).  

In Experiment 2, there was a significant interaction between sex and 

social stress on serum cortisol [F(1, 25) = 14.51, p < 0.05, η2 = 0.37], where 

defeated males exhibited significantly higher cortisol compared to all other 

groups (Fig 5). In addition, t-tests revealed higher serum cortisol in defeated 

females [t(14) = -5.97, p < 0.05, d = 2.87] and defeated males [t(15) = -5.14, p < 

0.05, d = 2.56] compared to non-defeated females and males, respectively. 
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4. Discussion 

Perhaps the most surprising conclusion that can be drawn from the 

present data is that male and female Syrian hamsters adapt quite well to both 

stable social housing and social isolation. The socially housed hamsters did not 

incur any wounding or tissue damage, and the grouped cages were thus 

maintained stably for the duration of the study. There were, however, large 

effects of housing condition on body and thymus masses as well as adiposity 

between groups that may be relevant to the controversy over whether either 

social housing or social isolation is stressful to Syrian hamsters.  

The most compelling evidence supporting the possibility that male and 

female hamsters tolerate both social housing and social isolation is the finding 

that there were no significant effects of the housing manipulation in either sex on 

circulating or fecal cortisol. Similarly, Chelini et al. (2011) found no effect of 

stable pair housing from weaning on fecal cortisol metabolites in adult female 

Syrian hamsters [21]. It is important to emphasize, however, that the absence of 

HPA activation was observed after four weeks of stable social housing or social 

isolation in Experiment 1 and in stable pair housing in the Chelini study. It is 

certainly possible, perhaps even likely given our past research on the effects of 

social stress on glucocorticoid release [8, 30, 31], that there were at least some 

animals, presumably the subordinates, within grouped cages that mounted 

significant hormonal stress responses during the initial formation of dominance 

hierarchies. Interestingly, when we reduced the duration of the initial housing 

manipulation in Experiment 2 to only two and a half weeks, we still did not 
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observe differences in serum cortisol among groups, suggesting that the 

presumed habituation of the hormonal stress response to social stress had 

already occurred within this shortened time frame.  

Conversely, the thymus gland measures suggest that social housing was 

at least somewhat stressful for hamsters. Thymus involution is a well-accepted 

hallmark of stress, and we obtained a modest reduction in thymus mass in group 

housed animals. This finding is consistent with previously reported reductions in 

thymus mass in hamsters repeatedly exposed to a predator odor [39] and in rats 

subjected to cat odor or chronic, unstable group housing [40]. Our results are 

obviously just a single measure obtained after four weeks of stable housing 

conditions, and additional research would be necessary to determine a time 

course for the effect of housing or the effect of changing group composition in 

grouped animals on the thymus gland.  

It is less clear what the increase in body mass and adiposity observed in 

the current study means in terms of stress. The predominant interpretation in 

past studies has been that this increase results from social stress experienced in 

socially housed female hamsters [15, 16, 41]. We have also previously reported 

that male hamsters exposed to social defeat stress display increased body mass 

and adiposity compared to unstressed controls [37, 38]. Males that fight but 

become dominant also gain more weight than do unstressed controls but 

significantly less than do their subordinate opponents [38]. Dominant males, by 

contrast, do not exhibit significant increases in adiposity. Finally, the increase in 

body mass and adiposity observed in subordinate males is recapitulated by brief 
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exposure to a footshock stressor, supporting the contention that fighting and 

losing is stressful. Given these data, it thus seems possible that the increased 

body mass and adiposity observed in the current study and in Gattermann et al. 

(2002) is driven by the subordinate hamsters in group housed cages, but this 

possibility was not assessed directly in the current study. It does appear clear, 

however, that the effect of social housing on body mass is greater in females; 

however, the current study also reveals that increases in fat mass occurs in 

socially housed hamsters of both sexes. Finally, the current results indicate that 

sustained cortisol release is not necessary to maintain the effects of housing on 

bioenergetic measures.  

5. Conclusions  

Overall, interpretation of these data suggests that even though Syrian 

hamsters may be naturally solitary animals, they are able to tolerate both social 

housing and social isolation in the laboratory. If group housing is used, however, 

we suggest that it is important that the groups be maintained stably (i.e., wherein 

hamsters are not added to or removed from groups) and that sufficient time is 

given for the animals to exhibit HPA axis habituation. Similarly, if hamsters are 

separated into individual cages after previous stable group housing during 

development, it has been suggested that animals may also experience some 

stress due to the change in housing [18] and thus should also be given adequate 

time to habituate. The current data indicate that this habituation occurs within 2.5 

weeks. Finally, it is clear that both socially housed males and females gain more 

weight and/or fat than do their socially isolated conspecifics and this 
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phenomenon also needs to be taken into consideration when designing 

experiments using Syrian hamsters. 
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Figure 1. Body mass (g; mean ± SE) of male and female Syrian hamsters after 4 
weeks of single or group housing in Experiment 1. Group housed females gained 

more body mass compared to all other groups (p < 0.05, η2 = 0.11; unshared 
letters denote statistical significance).  
 
Figure 2. Fat pad mass (g; mean ± SE) of male and female Syrian hamsters after 

4 weeks of single or group housing in Experiment 1. Inguinal white adipose 
tissue (IWAT) is depicted in panel A); B) mesenteric white adipose tissue 

(MWAT); C) gonadal white adipose tissue; D) retroperitoneal white adipose 
tissue (RWAT). Fat pads were significantly increased in grouped compared to 
single housed animals (*p < 0.05) regardless of sex (p > 0.05). 

 
Figure 3.  Thymus mass corrected for body mass (g/kg body mass; means ± SE) 

of male and female Syrian hamsters after 4 weeks of single or group housing in 
Experiment 1. An ANOVA revealed significant main effects of both sex and 
housing on thymus mass. Thymus masses were significantly lighter in males 

compared to females (*p < 0.05, η2 = 0.19). In addition, thymus masses were 
significantly lighter in group housed animals compared to single housed animals 

(**p < 0.05, η2 = 0.25). 
 

Figure 4. Cortisol concentrations (means ± SE) of male and female Syrian 
hamsters after 4 weeks of single or group housing in Experiment 1. (A) Serum 
cortisol was significantly higher in males compared to females (*p < 0.05, η2 = 

0.14). There was no significant effect of housing condition on serum cortisol (p > 
0.05, η2 = 0.01). (B) There was no significant effect of sex (p > 0.05, η2 = 0.02) or 

housing condition (p > 0.05, η2 = 0.04) on fecal cortisol. 
 
Figure 5.  Serum cortisol (mean ± SE) of defeated or non-defeated male and 
female Syrian hamsters after 2.5 weeks of single or group housing in Experiment 

2. ANOVA revealed that there was no significant effect of housing on serum 
cortisol in non-defeated or defeated hamsters (p > 0.05, η2 = 0.06). Tukeys 
posthoc comparisons indicated that cortisol was highest in defeated males 

compared to all other groups (p < 0.05, η2 = 0.37; unshared letters denote 
statistical significance). An a priori t-test also revealed higher cortisol in defeated 
compared to non-defeated females (+p < 0.05, d = 2.87).  
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Figure 1 

 
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Figure 2 

 
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Figure 3 

 
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Figure 4 

 
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Figure 5 

 
  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Highlights 

 

Socially housed and socially isolated Syrian hamsters had similar cortisol levels.  
 

Socially housed hamsters displayed modest thymus gland involution.  
 
Socially housed females weighed more than did any other group.  

 
Socially housed females and males had increased adiposity. 
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