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ABSTRACT 
Syrian golden hamster has been widely used as experimental model in several diseases, although 

their immune background still not fully understood due to the limited of antibodies in vitro cultivation of 
their immune cells. Therefore, knowledge of mouse immunity has often been substituted to explain the 
results of hamster experiments. However, as these immune systems have also been reported to be 
different., this methodology may be problematic. In order to study the hamster immunity, in vitro culture 
of hamster immune cells is required. In this study, we therefore proposed to optimize the conditions 
necessary to study the hamster splenic cells, which contains major source of immune cells. Normal hamster 
splenocytes at 1x105, 1x106, and 1x107 cells/mL were used to optimize culture conditions to obtain highest 
possible cell viability. Various media and supplements such as RPMI, DMEM, IMDM and 10-20% FBS were 
titrated. The cultures were performed over 1-4 days as has been done in most immunological studies. Our 
results demonstrated that after 2 days of culture, 1x107 cells/mL gave the maximum viabilities of 78.77% 
while 1x105 and 1x106 cells/mL concentration yielded 62.32% and 63.49% viability. After 4 days, the same 
1x107 cells/mL also gave the maximum viabilities at 69.22%. A 15% FBS provided maximum viability of the 
1x107 cells/mL concentration. RPMI medium provided an optimal viability of 70% after 4 days for the 
hamster splenic cells. RPMI and DMEM were subsequently deemed to be suitable for hamster splenocytes. 
This novel results for optimization of culture conditions will therefore be useful for study of hamster immune 
cells in other immunological techniques. 
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Introduction 
Hamster has been widely used as an experimental animal model in several diseases such as bacterial [1], 

parasitic [2-3] and viral infections [4], metabolic disorder [5] and some cancers [6-7]. The common species of 
hamsters used are Syrian hamster or Mesocricetus auratus [1-7] and Chinese hamster or Cricetulus griseus [8-9]. 
The reasons why Syrian golden hamster is selected for commonly using as animal model are easy to handle [10] 
and be susceptible to many pathogens such as bacteria [1] and virus [4]. Moreover, it has a rapid development 
and easily to be induced to cause tumors by several oncogenic agents [6-7, 10-11]. However, the immune 
background knowledge of hamster remains limited due to monoclonal antibodies, reagents and tools that specific 
to hamster. A lack of hamster-specific antibodies leads to immune response data in hamsters against microbial 
infection is still limited. Authors who used hamsters as experimental models usually explained their immune 
responses based on mouse model. Most of the molecules in the immune system between mouse and hamster 
are similar except some major parts of T cells [1]. There are several studies on T cell activation and molecules 
including T cell receptors [12-14], CD3 [12, 15], CD4 [15-17], CD8 [18-19], CD28 [20-22], CD40/CD40L [23-24], LFA-1 
[18, 25-26], NKG2D [19, 27-28], and CD2 [20, 29]. These molecules play roles in T cell activation in other species 
but there are very rare studies in hamster. There was a study reported that hamster and mouse are different in 
transcriptome analysis between them [30]. Moreover, a recent study revealed differential hamster and mouse 
immune responses of CD4+ T cell subsets after leptospiral infection [1]. Thus, substitution of mouse immunological 
knowledge for that of hamsters may be misleading. It is therefore essential to examine normal hamster immune 
cells before being exposed to microorganisms, hormones, or induction of cancers so that a reference point can be 
established for alterations to immunological status.  

To study hamster immune cells, in vitro cultivation is essential, hamster mononuclear cells previously 
could not be cultured over 48 hours in normal mouse’s culture condition as most of the cells died within 2 days 
(Nakornpakdee, unpublised observation). Accordingly, optimization of culture conditions for hamster immune cells 
is necessary. As spleen plays major role in immunity, hamster splenocytes were therefore used, isolated and then 
cultivated with various conditions. Spleen leukocytes are composed of B cells and subsets of T cells which are 
non-adherent cells, and also dendritic cells and macrophages which are adherent cells [31-35]. The conditions 
were optimized by using varied common media, cell concentrations and Fetal Bovine serum (FBS) concentrations. 
Cell viabilities was also investigated using dyes after 1, 2, 3, and 4 days of incubation.  
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Methodology 
1. Animals 
Female Syrian golden hamsters (4–6-week-old) were maintained in the animal unit at the Faculty 

of Medicine, Khon Kaen University (Khon Kaen, Thailand). All experiments were considered by Animal Ethic 
Committee of KKU and performed in accordance with institutional guidelines (IACUC-KKU-54/62). 

2. Hamster splenocyte isolation 
Normal Syrian golden hamsters were sacrificed, and their spleens were removed.  Their spleens 

were homogenized as cell suspension in 10% FBS in Roswell Park Memorial Institute (RPMI) media containing 
penicillin (100 U/mL), streptomycin (100 μg/mL). The media were adjusted to pH 7.2-7.4. All reagents were 
purchased from Gibco, Thermo Fisher Scientific, MA, USA. After washing, 5 ml of media per spleen was 
added to resuspend the cell pellet and centrifuged at 500 xg for 5 minutes at 4 °C. To lyse red blood cells, 
3 mL of Ammonium Chloride Potassium (ACK) lysing buffer was added and leave for 5 minutes in ice box. 
The desired medium volume was added to resuspend cells to a final known volume. Lastly, stained the 
cells with trypan blue (Gibco, Thermo Fisher Scientific, MA, USA) and counted live cells using a 
hemacytometer under the light microscope. 

3. FBS concentration and cell number optimization 
The 1x105, 1x106 and 1x107 hamster splenocytes/mL were seeded in 24-well plates, cultured with 

RPMI containing penicillin (100 U/mL), streptomycin (100 μg/mL) and supplemented with either 10%, 15% 
or 20% inactivated FBS. All conditions were then incubated at 37 °C and 5 % CO2. The media was not 
changed until day 4. 

4. Media optimization 
Optimal hamster spleen cells, 1x107 cells/mL were seeded in 24-well plates, cultured with either 

RPMI, Dulbecco's Modified Eagle Medium (DMEM) or Iscove’s Modified Dulbecco’s Medium (IMDM) containing 
penicillin (100 U/mL), streptomycin (100 μg/mL) and supplemented with optimal FBS concentration (15% 
FBS).  The media were adjusted to pH 7.2-7.4. All media were purchased from Gibco, Thermo Fisher Scientific, 
MA, USA. All conditions were then incubated at 37 °C and 5 % CO2. The media was not changed until day 4. 

5. Cell viability 
Cells viabilities were determined by gathering cells after 1, 2, 3 and 4 days after cultivation using 

trypan blue staining.  The 0.4% trypan blue was used to check cell viability [36]. The percentage of viable 
cells were calculated by dividing live cell count by total cell count which obtained from live cell count and 
dead cell count. 
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6. Statistical analysis  
Data were shown as mean ± Standard Error of mean (SEMs). As the data was found not to be normal 

distribution. The Kruskal Wallis test was then used to analyze the data in each parameter. The comparison data 
with P values <0.05 were considered as statistically significant differences.  

Results 
1. Effect of cells and FBS on cell viability  

1.1 Higher cell numbers increase cell viability when cultured for 2 days 
 The average cell viability of fresh splenocytes was 80.48% on the day of isolation. The viability 

of hamster splenic cells was varied depending on cell numbers and FBS concentrations (Fig 1). Our results 
demonstrated that at 1x105 cells/mL and 10% FBS supplementation in media, average cell viabilities were 70.84% 
and 62.32% after being cultured for 1 and 2 days while the corresponding viabilities was 66.75% and 56.27 when 
15% FBS was used and 61.53% and 61.48% in 20% FBS. (Fig 1). This indicates that low cell numbers gave low cell 
viabilities despite an increase percent of FBS. At 1x106 cells/mL and 10% FBS, the average cell viabilities on day 1 
and day 2 were 72.21% and 58.96%, respectively. The viabilities were 69.78% and 63.49% in media supplemented 
with 15% FBS and 68.19% and 62.52% in 20% FBS. For 1x107 cells/mL, the average cell viabilities were 74.90% and 
73.66% after incubation 1 and 2 days when 10% FBS was used. The cell viabilities of 15% FBS were 77.29% and 
78.77% and 20% FBS viabilities were 75.35% and 69.85% after incubation 1 and 2 days, respectively. These 
viabilities decreased by about 20-50% after incubation for 3 and 4 days in every FBS concentration in both 1x105 

and 1x106 cells/mL. In contrast, only 1x107 cells/mL condition exhibited greater than 60% viability after being 
cultured for 3 and 4 days. There were no significant differences between any cell concentrations. 

1.2 The 15% FBS gives maximum cell viability 
  Our results demonstrated that media supplemented with 10% and 20% FBS gave different 
viabilities. The 15% FBS showed the highest viabilities (77.29%) on day 1 after incubation. Supplementation with 
15% FBS in media also gave higher than those of 10% and 20% on day 2, 3 and 4 in almost cell concentration.  At 
1x105 cells/mL, media supplemented with 10%FBS gave the highest viability on early days (Fig1a). In contrast, 15% 
FBS in media had the highest cell viability at 1x106 and 1x107 cells/mL after cultivation for 4 days (Fig 1b and 1c). 
Although there were no significant differences among all these FBS concentrations, 15%FBS in media tend to have 
higher cell viabilities than 10% FBS and 20% FBS. Therefore, 15% FBS and 1x107 cells/mL were selected for further 
medium optimization.  
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Figure 1 Viabilities of hamster splenocytes after cultivation with various cell numbers and FBS 
 concentrations.  

Hamster splenocytes at 1x105 (a), 1x106 (b) or 1x107 (c) cells/mL were cultured in 24-well plates with 
RPMI media supplemented with 10% (white bar), 15% (black bar) or 20% (pattern bar) inactivated FBS. 
All conditions were then incubated at 37 °C and 5 % CO2. Cells were sampled to stain with trypan blue, 
investigated under microscope and calculated for percentage of viable  cells on days 1, 2, 3 and 4 after 
incubation. The data are shown as mean ± SEM. Statistically significant differences were evaluated using 
Kruskal Wallis test. The asterisks (*) and (**) indicate statistical significance at p < 0.05 and p < 0.01. 

2. The RPMI is the most suitable medium 
 We further explored for the effect of different media on cell viability. Three different media including 
RPMI, DMEM and IMDM were selected for further optimization of cell viability using optimal 15% FBS with 1x107 
cells/mL cultivation. We found that the viabilities of cell cultured with RPMI media showed significantly higher than 
DMEM and IMDM (Fig 2a). The average viability of RPMI was about 70% for 4 days of cultivation (Fig 2a) while the 
average cell viability of fresh splenic cells was 75.92%. RPMI seemed to be appropriate media for hamster 
splenocytes. 
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Figure 2 Viabilities of hamster splenocytes after cultivation with various media.  
Hamster splenocytes at1x107 cells/mL were cultured in 24-well plates with either RPMI (white bar), DMEM 
(black bar) or IMDM (grey bar) media containing 15% inactivated FBS. All conditions were then incubated 
at 37 °C and 5% CO2. Cells were sampled to stain with trypan blue, investigated under microscope and 
calculated for percentage of viable cells on days 1, 2, 3 and 4 after incubation. The data are shown as 
mean ± SEM. Statistically significant differences were evaluated using Kruskal Wallis test. The asterisks (*) 
and (**) indicate statistical significance at p < 0.05 and p < 0.01.  

Discussion and Conclusions 
Hamsters have been used increasingly in laboratory because of their susceptibilities, easily breeding, rapid 

development and short life cycle. However, limitations exist knowledge of their immunological background. This 
may have been due to the limitation of monoclonal antibody available for immune cell studies. Previous 
researchers have often explained hamster phenomenon based on mouse modeling although many reports had 
demonstrated that mouse and hamster were different in several aspects. Lymphocytes are main key important of 
the immunity. T and B cells are important for specific adaptive immunity against various infections [37-38]. In this 
study we therefore focus on hamster splenocytes. In vitro cultivation of splenocytes is the main investigation on 
mouse and hamster systemic immune cells. Our observation found that using mouse cell culture conditions, 
hamster splenocytes could not survive longer than 48 hours. When compared with mouse, the percentage PI of 
cells within spleen slices was around 20% [39]. This makes the difficulty on mononuclear cells study especially on 
T and B lymphocytes. Our result shown here is the first investigation to explore the optimal viability of these cells. 
We found for the first time that using higher number of cells made more cell survival when culture for more than 
2-4 days. Keeping cells at an optimal density for continued growth are very important and will stimulate them 
further proliferation. Higher number of hamsters splenocytes needed for their survival might be due to the low 
growth rate of such cells compared to mouse cells. Maintaining of their log phase growth will maximize the number 
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of healthy cells. Although there was no statistically significant in viability among different number of cell culture, 
at 1x107 cells/mL (in 24 wells) was found to be the best and we therefore suggest to use this cell number in in 
vitro culture for 3-4 days. 

Trypan blue (TB) is an exclusion dye that usually used for cell viability detection. This method is simple, 
rapid technique and commonly used in laboratory. The dye stains cells based on membrane permeability. Intact 
membrane of live cells will exclude the dye whereas compromised membrane of dead cells will not. Up on 
entering the dead cell, trypan blue binds to intracellular protein, thereby cells appear blue color [36]. However, 
trypan blue staining had been previously reported in Jurkat cell line [40-41] and murine hybridoma cells [42] to 
change cell morphology rendering of cell rupture in dead cells or dying cells and disappear after staining. Thereby, 
under estimation of actual dead cells will lead to over-estimation of cell viability by trypan blue [40-42]. The use 
of PI may reflect the real cell viability. As our study used trypan blue as viability test, the number reported might 
be higher than real situation. 

To use different media including RPMI, DMEM and IMDM supplemented with optimal FBS 
concentration and optimal cell number, our results revealed that RPMI had significantly higher cell viabilities 
than DMEM and IMDM media. According to data from manufacturer and publications, RPMI media has higher 
concentration of phosphate, lower concentration of calcium and medium concentration of glucose when 
compared to IMDM and DMEM media [43-46]. Several publications discussed that the different composition 
of each media affects the cell proliferation and differentiation [44-45, 47]. Our result in this study indicated 
that RPMI is still the best medium among tested for cultivation of hamster splenocytes. This might be due 
to the high nutrition or enriched components when compared to DMEM and IMDM. Both DMEM and IMDM 
are widely used basal medium for supporting the growth of many different mammalian cells. The DMEM 
contains low concentration of glucose (1 g/L) while IMDM is suited for rapidly proliferating, high-density cell 
cultures, including Jurkat, COS-7, and macrophage cells. In addition, we found in this report that 15% FBS 
and high percent of hamster mononuclear cells were needed to maintain high cell viability. All this 
information might indicate the high nutritional requirement of hamster mononuclear cells than those of 
mice. 

In conclusion, although we showed in our study that RPMI with high cell number and 15% FBS were the 
best conditions to maintain hamster mononuclear cell viability for 3-4 days, the percent viability is still lower than 
those found in mouse.  Other conditions and several supplements should be investigated to maintain hamster 
immune cells before those cells could be further investigated to obtain the immunological knowledge background 
of the hamster.  
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