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1.0 Introduction 

 

Cryopreservation is an important method of storage to 

preserve cells for a particular period of time [1 – 2]. Due to 

the effects of freeze and thaw processes, cells that are 

cryopreserved need to be kept in cryopreservation medium 

cocktails containing cryoprotective agent (CPA) to maintain 

their viability. The most common method of 

cryopreservation is the slow freezing method which enables a 

large number of cells to be frozen in a vial supplemented 

with CPA at low concentrations [2]. However, slow freezing 

can cause freeze injury leading to cell death due to the 

formation of intra- as well as extracellular ice during the 

process [3] and CPA is needed to protect the cells from ice 

formation. Apart from the CPA, fetal bovine serum (FBS) is 

generally added to stabilize the cell membranes [2].  

 

The most common CPA used is dimethyl sulfoxide (DMSO), 

a chemical reagent which promotes the highest cell viability 

post-cryopreservation [4] whereby it can penetrate the cells 

to protect them from intracellular ice formation and cell 

rupture by removing the water [5]. Although DMSO is 

known to be highly efficient in maintaining cell viability 

during cryopreservation, it has been shown to cause 

respiratory depression and neurotoxicity following stem cells 

infusion and transplantation [6, 7]. Due to these effects, the 
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Cryopreservation is a crucial process for cell storage and the cryoprotective agent 

(CPA) used for this process should be able to maintain the viability of stem cells post 

cryopreservation. So far, dimethyl sulfoxide (DMSO) is the most common CPA used 

due to its efficiency in protecting cell viability during cryopreservation. However, 

DMSO is also known to be cytotoxic to cells. Therefore, alternative CPA is needed for 

cryopreservation purpose. In this study, we aim to investigate potential CPA from 

natural product, namely edible bird’s nest (EBN) which has been known to have 

positive effects on cell growth and viability in vitro but have yet to be investigated for 

its protective mechanism particularly during cryopreservation. Methodologically, the 

cryopreserved human adipose-derived stem cells were divided into 3 groups: 1) 

cryopreserved in 10% DMSO as a control, 2) cryopreserved in 5% DMSO 

supplemented with 1% EBN (Group 1) and 3) cryopreserved in 1% EBN only (Group 

2). All groups were analyzed for morphological and viability after 1 month of 

cryopreservation. In conclusion, we found that EBN alone is less effective as a CPA due 

to the fact that cryopreserved ASC in EBN was found to be less viable as compared to 

the control group and to group 1.  
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bio-safety profile of DMSO as well the cryopreservation 

method [8] and finding alternative CPAs are crucial to be 

further investigated. Other CPA which has been used in 

cryopreservation is trehalose, a non-permeating CPA which 

has been shown to be effective in preserving adipocytes from 

human adipose tissue [9]. On the other hand, investigators 

have been using different combination of DMSO and FBS to 

achieve optimum results and to reduce risks of adverse 

effects [10 – 12]. Most CPAs used for cryopreservation are 

chemically derived and this has led us to examine natural 

products for alternative CPAs. 

 

Edible bird’s nest (EBN) is a popular delicacy among the 

Chinese that is considered to be nutritious and composed of 

proteins made of glycoprotein [13]. EBN may be a good 

candidate as an alternative CPA, a natural product which has 

been found to promote cell proliferation [14 – 15]. EBN has 

also been found to increase human adipose-derived stem 

cells (ASC) proliferation ability through the production of 

IL6 and VEGF [16]. These attributes have led us to 

investigate EBN as a potential CPA for cryopreservation and 

to elucidate whether EBN has a protective mechanism in 

cryopreservation as observed when it is added in culture 

media for chondrocytes in vitro culture [17]. Due to EBN’s 

proliferation and protective effects on stem cells as well as 

chondrocytes have led us to investigate on its role as CPA. 

To our knowledge, its potential as a CPA has yet to be 

investigated.  

 

2.0 Materials and methods 

 

2.1) Isolation and culture of human ASC 

 

Human adipose tissue was harvested subcutaneously from 

healthy female donors aged 25-35 who were undergoing 

Caesarean section with informed written consent. Collection 

of tissue sample was carried out after obtaining approval 

from the Medical Ethics Committee of University Malaya 

Medical Centre (reference no. 996.46). The tissue was 

washed with phosphate buffered saline (PBS) (Sigma-

Aldrich, St Louis, USA), minced and digested with 

collagenase type I (Worthington, Freehold, USA) at 37 °C 

with 250rpm agitation rate for 30 min.  The digested tissue 

was then centrifuged at 1000rpm for 10 min and cell pellet 

formed was washed with PBS. The pellet was then cultured 

in basal medium consisted of Dulbecco’s Modified Eagle’s 

Medium (DMEM)/Ham F-12 growth medium supplemented 

with 10% FBS, 1% antibiotic-antimycotic solution, 1% 

glutamax and 1% vitamin C (Gibco, Grand Island, USA) 

and incubated at 37 °C with 5% CO2. The adipose-derived 

stem cells (ASC) were cultured up to passage 2 (P2) and 

were trypsinised using Trypsin-EDTA (Gibco, Grand Island, 

USA) once it reached 80% - 90%. The harvested cells 

(approximately 5 x 105) were then cryopreserved for one 

month.  

2.2) Edible Bird’s nest extract 

The raw edible bird’s nest (EBN) used in this study was 

harvested from a well-manage swiftlet house, ranching 

Aerodramus fuciphagus. All contaminated area of the raw 

edible bird’s nest was first removed with blade and forceps. 

The EBN was cleaned by separating the impurity including 

feathers before it was dried. Subsequently, the cleaned EBN 

was grounded with mortar and pastel and sieved through 

0.1mm wire mesh before hot water extraction at 98°C for 8 

hours. The edible bird’s nest extract (EBN-EX) was then 

centrifuged to separate the non-soluble particles and freeze 

dried. The freeze-dried powder was then dissolve in distil 

water at 1g/100ml. It was then stored at 40C until use. The 

whole experiment used the same batch of EBN-EX for 

consistency.  

 

2.3) MTT Assay 

 

The concentration of EBN-EX as CPA for ASC 

cryopreservation was determined from MTT assay. Amount 

of 5,000 cell/well of ASC was cultured in 96-well plate, 

treated with EBN-EX in culture medium ranged from 0% 

(control) to 10% for 3 days. All media on day 3 was 

discarded and replaced with 2 ml of fresh basal medium 

added with 0.5mg/ml MTT (Sigma, USA).  The cells were 

incubated for 4 hours with 5% CO2 at 37°C.  After 

incubation period, the formazan crystal formed was 

dissolved by adding 2 ml of MTT solubilisation solution.  

The absorbance (O.D) was measured at a wavelength of 570 

and a background reading at 690.  Graph was plotted for 

mean of OD reading against EBN-EX concentrations.  

 

2.4) Cryopreservation of human ASC 

 

The cryopreservation of ASCs were divided into 3 groups: 

1) ASC cryopreserved in 10% dimethyl sulfoxide (DMSO) 

supplemented with 90% fetal bovine serum (FBS) (control 

group), 2) ASC cryopreserved in 5% DMSO supplemented 

with 94% FBS and 1% EBN-EX and 3) ASC cryopreserved 

in 1% EBN-EX supplemented with 99% FBS. For 

cryopreservation, ASCs in each group was suspended in 

their respective cryopreservation cocktail medium and 

placed in -80°C freezer overnight before they were 

transferred into the liquid nitrogen (approximately -196°C). 

All groups were cryopreserved for one month after which 

they were thawed for morphological and viability 

evaluation. After one month, the ASCs were transferred out 

of liquid nitrogen and placed in water with the temperature 

of 37°C for quick thawing. After the thawing process, the 

ASCs was suspended in the  
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basal medium and cultured at P3 until they reached 80% - 

90% confluence after which they were subjected to 

morphological and viability analysis.  

 

2.4) Morphological analysis of cryopreserved ASC 

 

The cryopreserved ASC at P3 in all groups were observed 

for morphological changes using microscope (Eclipse 

TS100, Nikon, USA). Typically, mesenchymal adult stem 

cells should be plastic adherent and possess a fibroblast-like 

morphology [18]. All groups showed plastic adherence 

feature with spindle and fibroblastic-like morphology.  

 

2.5) Viability analysis of cryopreserved ASC 

 

The cryopreserved ASC in all groups at P3 were evaluated 

for viability by using trypan blue exclusion test. The cells 

were suspended in 10% trypan blue and counted using 

hemocytometer. Cells that were stained blue are indicated as 

non-viable cells while those that were not stained blue are 

indicated as viable cells. The viability of cells is presented in 

percentage following the formula: Percentage of viability = 

total number of viable cells/total number of cells x 100%.  

 

2.6) Cell proliferation analysis of cryopreserved ASC 

The cryopreserved ASC in all groups at P3 were evaluated 

for proliferation ability by using resazurin reduction assay 

where approximately 4 x 104 cells were seeded into 24-well 

plate and incubated for 24 hours at 37°C with 5% CO2. 

Analysis was conducted at day 1, 7 and 14. The absorbance 

of resazurin at the wavelength of 570 nm and 595 nm was 

measured using microplate reader (Fluostar Optima, BMG 

Labtech, Germany). Viable cells were quantified as 

percentage of resazurin reduction. 

 

 

 
Figure 1: MTT assay on various concentration of EBN-EX. * Cell viability at 

1.0% EBN-EX was significantly (P < 0.05) higher than the control group 

(n=4). 

 

2.7) Statistical analysis 

 

All data were presented as mean ± standard error of mean 

(SEM). Paired t-test was used to compare the data between 

the control group and the tested groups. Statistical 

significance was accepted at P < 0.05. 

 

3.0 Results 

 

3.1) Optimum concentration of EBN-EX 

 

MTT assay result showed that EBN-EX at 1.0% 

concentration promoted the highest cell viability and the 

value was significant as compared to control group (Figure 

1). 

 

 
 
Figure 2: Representative images of ASC post cryopreservation at P3. A) ASC 

cryopreserved in 10% DMSO supplemented with 99% FBS (control group), 

B) ASC cryopreserved in 5% DMSO supplemented with 1% EBN and 94% 

FBS and C) ASC cryopreserved in 1% EBN supplemented with 99% FBS.   
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Figure 3: Viability of ASC at P3 post cryopreservation. The viability of ASC decreased significantly (P < 0.05) when concentration of DMSO was reduced and EBN 

was added into the cryopreservation medium cocktail. * P < 0.05 when compared with control group, ** P < 0.05 when compared to ASC cryopreserved in 5% 

DMSO supplemented with 1% EBN and 94% FBS.  

 

 

3.2) Morphology of cryopreserved ASC 

 

Microscopic observation showed that cryopreserved ASC in 

the control group were adherent cells with a fibroblastic and 

spindle-like morphology (Figure 2A). On the other hand, 

ASC cryopreserved in 5% DMSO supplemented with 94% 

FBS and 1% EBN-EX showed similar morphology (Figure 

2B) as the control group but the cells were more elongated 

with extensive cytoplasm and through microscopic 

observation, the number of cells was less compared to the 

control group. While ASC cryopreserved in 1% EBN-EX 

supplemented with 99% FBS was less fibroblastic (Figure 

2C) as compared to the control group and ASC 

cryopreserved in 5% DMSO supplemented with 94% FBS 

and 1% EBN-EX. They showed a more extensive elongation 

and relatively bigger in size. Microscopic observation 

showed an even more reduction in the number of cells as 

compared to the control group and ASC cryopreserved in 

5% DMSO supplemented with 94% FBS and 1% EBN-EX. 

 

3.3) Viability and proliferation of ASC after 

cryopreservation 

 

Comparatively, the percentage of viability (Figure 3) for 

cryopreserved ASC at P3 in the control group was the 

highest (91.3 ± 1.7%). While the percentage of viability of 

ASC  

 

 

cryopreserved in 5% DMSO supplemented with 94% FBS 

and 1% EBN-EX (80.8 ± 1.8) decreased significantly (P < 

0.05) as compared to the control group. The viability of 

ASC cryopreserved in 1% EBN-EX supplemented with 99% 

FBS (60.6 ± 4.5) was the lowest (P < 0.05) as compared to 

the control group and ASC cryopreserved in 5% DMSO 

supplemented with 94% FBS and 1% EBN-EX. 

 

Proliferation ability was evaluated using resazurin reduction 

based on the total cell number at Days 1, 7 and 14 (Figure 

4). There was no significant different in the total number of 

cells for all groups at day 1. However, there was a 

significant (P < 0.05) decrease in the total number of cells 

cryopreserved in 1% EBN-EX supplemented with 99% FBS 

at day 7 and 14 as compared to the control group and ASC 

cryopreserved in 5% DMSO supplemented with 94% FBS 

and 1% EBN-EX. It is worth to note that there was an 

increase in the cell number when ASC was cryopreserved in 

5% DMSO supplemented with 94% FBS and 1% EBN-EX 

as compared to the control group although the increase was 

not significant. This indicates that EBN-EX may be able to 

promote ASC proliferation post cryopreservation. The 
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proliferative effect may be able to be exerted by reducing 

the concentration of DMSO. 
 

 
Figure 4: Proliferation ability of ASC at P3 post cryopreservation. The cell number was significantly reduced at day 7 and 14 when ASC was cryopreserved in 1% 

EBN supplemented with 99% FBS. * P < 0.05 when compared to control group and ASC cryopreserved in 5% DMSO supplemented with 1% EBN and 94% FBS. 

 

 

4.0 Discussion 

 

EBN-EX has been shown to have protective and 

proliferative effects on cell viability [19 – 20]. However, in 

the present study, the results showed that when EBN-EX 

was added into the cryopreservation medium cocktail, there 

was no positive improvement on the ASCs’ viability and 

proliferation after 1 month of cryopreservation for ASCs that 

were cryopreserved in 1% EBN supplemented with 99% 

FBS as compared to both the control group and the ASCs 

cryopreserved in 5% DMSO supplemented with 1% EBN-

EX and 94% FBS. On the other hand, it was observed that 

ASCs that were cryopreserved in 5% DMSO supplemented 

with 1% EBN-EX and 94% FBS seems to have higher 

viability on days 7 and 14 as compared to the control group 

although these changes were not significant. This may 

indicate that EBN-EX did not act as CPA unlike DMSO 

which protects the cells during cryopreservation. EBN-EX 

may potentially help to improve cell proliferation when they 

are cultured post-cryopreservation.  In addition, the 

combination of DMSO and EBN-EX may be able to reduce 

DMSO toxicity towards cells and increase cell proliferation 

ability after cryopreservation. 

  

Further analysis of the results showed that EBN-EX alone is 

not suitable to be used as a CPA but it may however, be used  

 

 

as a supplementary to the cocktail. DMSO is still needed and 

most widely used as a CPA in the cryopreservation of cells 

[20 – 21] but EBN-EX may be used to protect the cells 

against the DMSO toxicity and increase proliferation of the 

cells post cryopreservation particularly during the rapid 

thawing process. This has been indicated in other works for 

example, EBN has been shown to have a significant effect 

on human chondrocytes isolated from osteoarthritic knee as 

a chondroprotective agent in vitro [17]. EBN has also been 

shown to have positive effects on immune function and cell 

proliferation (Kong et al. 1987) particularly for cornea cells 

[22]. In addition, EBN may support cell growth and viability 

only when the cells are grown in monolayer culture [16] and 

not when the cells are in cryopreservation. 

 

Further investigation is still needed to study the effects of 

EBN as a CPA by looking into different concentration of 

EBN-EX and DMSO for example a lower concentration of 

DMSO can be used and supplemented with a higher 

concentration of EBN-EX. This can be confirmed by 

analyzing the functional mRNA expression of cryopreserved 
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ASCs using a particular combination of EBN-EX and 

DMSO in the cocktail.  

 

5.0 Conclusion  

 
Based on the present study, EBN-EX alone is not suitable to 

be used as a CPA but it can be used as a supplement for 

cryopreservation of ASCs. EBN-EX may be able to protect 

the cells post cryopreservation possibly during the rapid 

thawing process whereby cells are exposed to DMSO. This 

study also indicates that EBN-EX ability to support the cells 

when used in vitro cell culture but not during 

cryopreservation.  
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