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THAI ABSTRACT 

เฉลิมศรี ฉายัษฐิต : การประเมินอิทธิพลของอนุภาคทองค าระดับนาโนเมตรต่อการ
เปลี่ยนแปลงความชราระดับเซลล์ในเซลล์พรีอะดิโพไซต์ (3T3-L1) และไฟโบรบลาส์ (NIH 
3T3) เมื่อถูกกระตุ้นด้วยไฮโดรเจนเปอร์ออกไซด์ (Evaluation of gold nanoparticles 
effect on cellular senescence change in preadipocyte (3T3-L1) and fibroblast 
(NIH 3T3) cell lines induced with hydrogen peroxide) อ.ที่ปรึกษาวิทยานิพนธ์
หลัก: ผศ. ดร. นพ.อมรพันธุ์ เสรีมาศพันธุ์, อ.ที่ปรึกษาวิทยานิพนธ์ร่วม: ดร.นริศร คงรัต
นโชค{, 63 หน้า. 

ปัจจุบันมีการน าอนุภาคทองค าระดับนาโนเมตรมาประยุกต์ใช้ในงานหลากหลายสาขา 
เนื่องจากอนุภาคทองค าระดับนาโนเมตรมีคุณสมบัติพิเศษเฉพาะตัวและมีความเสถียรสูงซึ่งแตกต่าง
จาก อนุภาคระดับนาโนเมตรชนิดอ่ืน  โดยเฉพาะในอุตสาหกรรมความงามมีการน าอนุภาคทองค า
ระดับนาโนเมตรมาใช้เป็นตัวน าส่งสารออกฤทธิ์เข้าสู่เซลล์ผิวหนัง เช่น เวชส าอาง ครีมบ ารุงผิว ครีม 
กันแดด ผลิตภัณฑ์ต่อต้านริ้วรอยและการเสื่อมสภาพของเซลล์ เป็นต้น ถึงแม้ว่ามีหลายงานวิจัยที่ผ่าน
มาได้กล่าวถึงประโยชน์ของอนุภาคทองค าระดับนาโนเมตรในด้านช่วยชะลอเซลล์ชรา แต่มีงานวิจัยที่
กล่าวถึงความเป็นพิษและการเร่งให้เซลล์ชราของของอนุภาคทองค าระดับนาโนเมตรเช่นกัน งานวิจัย
นี้มีวัตถุประสงค์เพ่ือประเมินอิทธิพลของอนุภาคทองค าระดับนาโนเมตรต่อการเปลี่ยนแปลงความชรา
ระดับเซลล์ในเซลล์เริ่มต้นของเซลล์ไขมันและไฟโบรบลาสต์ โดยท าการทดสอบอิทธิพลของอนุภาค
ทองค าระดับนาโนเมตรกับความเป็นพิษต่อเซลล์ ลักษณะทางฟีโนไทป์ของเซลล์ชรา การเกิดอนุมูล
อิสระภายในเซลล์ และกลไกความชราระดับเซลล์ซึ่งตรวจสอบการแสดงออกของยีนที่เกี่ยวข้องโดยวิธี 
RT-qPCR การทดลองนี้ใช้ไฮโดรเจนเปอร์ออกไซด์กระตุ้นให้เซลล์ชราและใช้อนุภาคทองค าระดับนา
โนเมตรที่มีขนาดและความเข้มข้นแตกต่างกันในการทดลอง ผลการศึกษาพบว่า อนุภาคทองค าระดับ
นาโนเมตรขนาด 10 นาโมเมตร ความเข้มข้น 50 ppm มีความเป็นพิษต่อเซลล์ทั้งสองชนิด อนุภาค
ทองค าระดับนาโนเมตรขนาด 10 และ 20 นาโมเมตร สามารถป้องกันการเกิดลักษณะทางฟีโนไทป์
ของเซลล์ชราเฉพาะในเซลล์เริ่มต้นของเซลล์ไขมันเท่านั้น อนุภาคทองค าระดับนาโนเมตรขนาด 10 
และ 20 นาโมเมตร ไม่กระตุ้นให้เกิดอนุมูลอิสระภายในเซลล์ทั้งสองชนิดซึ่งแสดงว่าเซลล์ตอบสนอง
ต่อความชราแบบไม่ขึ้นกับการเกิดอนุมูลอิสระภายในเซลล์ นอกจากนี้อนุภาคทองค าระดับนาโนเมตร
ขนาด 10 และ 20 นาโมเมตร ช่วยเพิ่มการแสดงออกของยีนเซอร์ทูอินวันและทูเมอร์ซัพเพรสเซอร์แต่
ลดการแสดงออกของยีนซีอีบีพีแอลฟ่าและพีพ่าร์แกรมม่าเฉพาะในเซลล์เริ่มต้นของเซลล์ไขมัน  
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ENGLISH ABSTRACT 

# # 5674018530 : MAJOR MEDICAL SCIENCE 
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Currently, gold nanoparticles (AuNPs) are popular to the implementation for 
many fields because of their exclusive features and high stability which are notably 
different from other nanoparticles. Indeed, skin care and anti-aging product use 
AuNPs for delivering active ingredients to the skin. Although many studies reported 
the benefits of AuNPs in terms of anti- senescent cells, there were some studies 
claimed that they also induced senescent cells. This study aimed to evaluate the 
effect of AuNPs on the cellular senescence change in preadipocyte and fibroblast 
cells. There were the uses of hydrogen peroxide for inducing senescent cells and the 
different size and concentration of AuNPs for this experiment. To test the effect of 
AuNPs to cytotoxicity on cells, aging phenotypes, free radical on cells, and cellular 
senescence mechanism. The results of this study were found that 50 ppm 
concentration of AuNPs size in 10 nm had cytotoxicity on both types of cells. AuNPs 
size in 10 nm and 20 nm were able to protect the occurrence of senescent cells 
phenotype notably on the preadipocyte cells only. On the contrary, AuNPs size in 10 
nm and 20 nm were not able to stimulate the occurrence of free radical in both 
types of cells at all. From this, it was concluded that the cells response on aging was 
independent to free radical on cells. Furthermore, AuNPs size in 10 nm and 20 nm 
enabled to increase the SIRTUIN1 and p53 mRNA expressions, but decrease the 
C/EBPa and PPARg  mRNA expressions on the preadipocyte cells only. 
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CHAPTER I 
INTRODUCTION 

Nanomaterials are of interest in many biomedical because of their 

applications in large surface to volume ratio.(1) Certainly, many cosmetics and                       

anti-aging products utilize nanoparticles that play a vital role in delivering active 

ingredients to the skin..(2)  

Currently, gold nanoparticles (AuNPs) have been widely used for the 

treatment of diseases, diagnostic applications, drug delivery, gene therapy, imaging 

contrast agents(3), and especially ingredient of cosmeceuticals and anti-aging 

products.(4) They are well known in their chemical stability, biocompatibility, and 

simple synthesis.(5) However, while previous studies reported that AuNPs had toxicity 

on cells(6), many had described non-toxicity and reduction of free radical.(7, 8) It is still 

questionable whether the exogenous material nanogold can cause cellular aging as 

same as other xenogenic micro/nano particles.  

Cellular senescence or cellular aging is a process which cells irreversibly arrest 

in proliferation and have specific changes in cell function, cell morphology and gene 

expression as well as epigenetic modifications.(9) These changes may contribute                              

to age-associated diseases and affect to human life span. Biochemical markers are 

usually used for senescent cells such as senescence-associated beta-galactosidase 

(SA-ß-gal), senescence-associated heterochromatin foci (SAHF) formation and 

overexpression of tumour suppressor gene (p53, p21WAF-1 and p16INK-4a).(10, 11) 

Free radicals or reactive oxygen species (ROS) are one of the factors that are 

able to induce cellular senescence. The presence of ROS and loss of ROS scavenger 

on cells result in oxidative stress leading to cellular damage or cellular 

senescence.(12) In term of stress-induced premature senescence (SIPS), they have 

been used to induce premature senescence such as ultraviolet (UV) light, hyperoxia,                           
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mitomycin C, tert-butylhydroperoxide (t-BHP) and hydrogen peroxide (H2O2).                      

H2O2 is commonly used as SIPS during a short period of time.(13) 

Recently, many researchers had extensively studied about biomolecules                     

of cells related to cellular senescence. The most special interest was SIRTUIN1 

(SIRT1), NAD+-dependent deacetylase, is transcription factor and cofactor  for target 

of histone and non-histone proteins.(14) SIRT1 has an influence on the function                  

of cells against oxidative stress, glucose and lipid metabolism and DNA stability                 

by deacetylating several substrates. Therefore, SIRT1 is used as one of biomarkers for 

human lifespan.(15) 

The objective of this study aimed to evaluate the effect of                               

gold nanoparticles on cellular senescence change in preadipocyte (3T3-L1) and 

fibroblast (NIH 3T3) cell lines. We assessed aging phenotype after cells were exposed 

to 10 and 20 nm AuNPs in concentration of 5 and 50 ppm on 3T3-L1 and NIH 3T3 

cells. Furthermore, we investigated the alterations in mechanism of cellular 

senescence including p53, p21WAF1 and p16INK4a expression. Finally, we observed 

mRNA expression level of adipogenesis transcriptional regulation (C⁄EBP and PPAR) 

in 3T3-L1 cells only. 
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Research questions of this study 

1. Do the different sizes and concentrations of gold nanoparticles have cytotoxicity              

on 3T3-L1 and NIH 3T3 cells?  

2. Are the gold nanoparticles able to affect cellular senescence change on 3T3-L1 

and NIH 3T3 cells? 

 

Objectives of this study 

1. To study cytotoxicity of gold nanoparticles on 3T3-L1 and NIH 3T3 cells. 

2. To evaluated the effect of gold nanoparticles about cellular senescence change                

on 3T3-L1 and NIH 3T3 cells. 

 

Hypothesis of this study 

1. Gold nanoparticles at small size and high concentration have cytotoxicity on                 

3T3-L1 and NIH 3T3 cells. 

2. Gold nanoparticles are able to affect cellular senescence change on 3T3-L1 and 

NIH 3T3 cells. 

 

Expected outcome of this study 

1. To apply the knowledge from this study to choose appropriate physical               

of gold nanoparticles to use for anti-aging products.  

2. To obtain the basic knowledge of effect of gold nanoparticles about cellular 

senescence change on 3T3-L1 and NIH 3T3 cells. 

3. To obtain the basic for understanding the aging phenotypes and mechanisms 

modulating of cellular senescence by gold nanoparticles. 
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Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gold nanoparticles 
(AuNPs) 

Fibroblast cell lines 
(NIH 3T3) 

Preadipocyte cell lines 
(3T3-L1) 

Cytotoxicity 

Effect of AuNPs on cellular senescence change  
in preadipocyte (3T3-L1) and fibroblast (NIH 3T3) cell lines. 

Aging phenotypes Senescence-related 
gene expression 

ROS generation 

- Cell morphology 
(Stained by X-gal solution) 
- Senescence-associated             
ß-galactosidase (SA-ß-gal) activity 
- Senescence-associated 
Heterochromatin foci (SAHF) 
 

mRNA expression 
- SIRT1 (SIRTUIN) - C/EBP 
- p53           - PPAR 

- p21             
- p16INK4a 
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CHAPTER II 
LITERATURE REVIEW 

Nanotechnology  

Nanotechnology has been interested for many decades. It is about 

manipulating atoms and molecules to create systems, devices, and materials which 

are size range in 1 to 100 nanometers and its dimension has at least one dimension 

enable to be nanomaterial. Nanomaterial can be applied in many fields such as 

physics, engineering, chemistry, and medicine. In the medicine, they have extensively 

used nanomaterial such as drug delivery, gene therapy, medical imaging and 

diagnostics due to their special properties of nanomaterial including large surface to 

volume ratio and physical and chemical properties that can be adjust size and 

shape.(1) Over the past several years, scientists have been tried to develop 

nanomaterial and construct many nano structures especially nanoparticles.(16) 

Nanoparticles have been widely used in many commercially available products                 

such as medicines, pharmaceuticals, cosmesuticals, sport equipment, sunscreens, 

soaps, moisturizers, shampoos, and detergents etc.(17) 

Gold nanoparticles (AuNPs), one of nanomaterials, are widely investigated    

due to their unique properties are different than other nanoparticles including, 

biocompatibility, chemical stability, unique optical properties, and simple synthesis.(5) 

Presently, AuNPs are used in a wide range for biological applications and crucial 

ingredient of cosmetics and beauty care products.(4) There are many advertorial refer 

to advantage of AuNPs in many anti-aging products.(18-21) For example,  
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 - Penetration deep into the skin and promoting collagen synthesis 

 - Reducing aging process and maintaining skin youthful appearance 

 - Accelerating blood circulation 

 - The transport of active ingredient into cell 

 - Reducing fine lines and wrinkles of skin 

 - Promoting the firmness and elasticity of skin 

 - Defense against free radicals 

 - Antiseptic and anti-inflammatory properties 

 - Anti advanced glycation end products (AGEs)  

 However, previous study reported that AuNPs was able to exert cytotoxicity 

reactive oxygen species (ROS) and accelerate cellular senescence. The following 

context briefly shows the cytotoxicity and cellular aging by AuNPs from previous 

studies. 

 In 2006, Pernodet N et al. revealed citrate/gold nanoparticles size in                 

14 nm at concentration of 0.1 and 0.6 mg/ml crossed cell membrane and 

accumulated into vacuoles after treatment for 6 days in human dermal fibroblasts. 

There were loss of actin filaments and extracellular matrix constructs. Moreover, cell 

proliferation, adhesion, and motility were decreased after exposure to citrate/gold 

nanoparticles. The researchers suggested possible mechanisms of specific genes 

expressed and proteins produced.(22)    

 In 2008, Li JJ et al. studied oxidative damage of gold nanoparticles                  

in lung fibroblasts. They found that 20 nm AuNPs at a concentration of 1.0 nM                    

decreased cell proliferation after exposure to AuNPs for 72 h by downregulation                 

of specific cell cycle genes such as MAD2, Cyclin B2 and Cyclin B1 and reduction                

the expression of critical checkpoint proteins and also found autophagy.                       

They supposed that it have been caused a cellular against oxidative stress.(23) 
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 In 2009, Qu Y and Lu X studied the effect of gold nanoparticles on human 

dermal fibroblasts fetal (HDF-f). The cytotoxicity was evaluated by MTT assay. The 

results showed that approximately 20 nm GNPs did not cause cell death at a 

concentration of 300 mM. Higher concentrations of AuNPs affected on                      

cell morphology of HDF-f.(24) 

 In 2010, Lu S et al. investigated the effect of AuNPs size in 34 nm at different 

concentration on proliferation of primary keratinocyte cell. The results showed                   

5 ppm 34 nm AuNPs stimulated keratinocyte proliferation and promoted cell growth, 

but more than 10 ppm 34 nm AuNPs had a toxicity to keratinocytes. These data 

suggested that low concentration of AuNPs might have been used in biomedical 

application.(25) 

 In 2010, Mironava T et al. investigated the effect of AuNPs on human dermal 

fibroblasts. The results showed that AuNPs penetrated plasma membrane and 

accumulated in large vacuoles and did not penetrate either nucleus or mitochondria. 

Cell doubling time was increased after 13 and 45 nm AuNP exposure with higher 

concentration and longer exposure. Besides, they demonstrated the recovery of cells 

after AuNP removal. The results showed that AuNPs did not change in actin or beta-

tubulin protein levels. However, extracellular matrix (ECM) proteins,collagen and 

fibronectin, were decreased after AuNP removal. These data indicated that cells 

recovered a function depending on size, concentration and exposure time.(26) 

 In 2013, Coradeghini R et al. studied the effects of AuNPs on Balb/3T3 mouse 

fibroblasts. The results showed that cell viability was decreased after treatment with 

AuNPs size in 5 nm at concentration more than 50 µM for 72 h. They observed 

AuNPs size in 15 nm at all concentrations and exposure times had not toxicity on 

fibroblast cells.(27) 
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 In 2014, Mironava T et al. discovered AuNPs size in 13 and 45 nm                   

at concentration of 142 and 13 mg/ml, respectively penetrated in human adipose-

derived stromal cells (ADSCs) and stored in vacuoles. Population doubling times 

were increased after exposure to AuNPs. They found a decreasing of cell motility and 

cell-mediated collagen contraction. Moreover, smaller particles and higher 

concentration had the same effect as the larger size. Importantly, AuNPs reduced 

adipogenesis as measured by lipid droplet accumulation and adiponectin secretion. 

They demonstrated the recovery of cells after AuNP removal. The level of AuNPs in 

ADSCs decreased and ADSCs functions were restored. The researchers suggested 

about careful of size, concentration and using for medical application.(28) 
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Cellular senescence 

 Cellular senescence is a process of cells which they will be chosen instead   

of either cancer or apoptosis pathway that it has associated with aged-related 

diseases and human life span. In 1961, Hayflick and Moorhead defined the senescent 

cells, which are an irreversible growth arrest. They found human fibroblast was 

limited cell proliferation after cells entered into growth arrest and stopped cell 

proliferation even though cells had sufficiently the area and nutrients for growth.                

The morphology of senescent cells had a larger cell shape, flattened cells, enlarged 

nucleoli, and containing many vacuoles.(29, 30) 

 Reactive oxygen species (ROS) are one type of free radical. Previous reports 

showed that reactive oxygen species induced the tumor suppressor p53 protein and 

pRB, leading to premature senescence.(31, 32) ROS are produced by endogenous 

source such as mitochondria during cellular respiration and inflammation.                    

Other environmental pollution and ultraviolet (UV) light exposure are exogenous 

source. It is an unstable molecule and susceptibility of responding with DNA, RNA 

and other molecules.(33)  

 In the past, cellular senescence was associated with telomere shortening 

which it occurs at the end of chromosomes. Normal DNA replication for cell division, 

chromatin will lose a telomere and become a very short until it is unable to divide.                     

Previous study reported that using the telomere was not suitable for senescence 

biomarker because there are problems in interpretation and least accuracy.(34) 

 The current interest in attention is the study about other biomolecules                        

of cells entirely related to senescense, and the ones were in special interest                        

such as senescence-associated ß-galactosidase (SA-ß-gal), senescence-associated 

heterochromatin foci (SAHF), and SIRTUIN1. The increasing of SA-ß-gal or lysosomal     

ß-D-galactosidase enzymes is one of the most commonly used senescence 

biomarker. Its increased ß-D-galactosidase activity by which overexpression                         
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of GLB1 is encoded. In quiescence cells, they show ß-D-galactosidase activity                          

in lysosomals that functions optimally at pH 4, and senescent cells show                                

ß-D-galactosidase activity in the lysosomals that functions optimally at pH 6.(35)                         

These different functions of enzymes are able to identify cellular senescence. 

Additionally, it is well known, cellular senescence is associated with altered 

chromatin structure in nuclei. Senescent cells display package and condense 

chromatin, it is called a senescence-associated heterochromatin foci (SAHF).                    

The past decade had extensively studied about biomolecules of cells related to 

senescense.(11) The most special interest was expression of SIRTUIN1 or SIRT1.                        

SIRT1 plays a role in protection of cells against oxidative stress, regulating glucose 

homeostasis, lipid metabolism, and p53 deacetylation resulting in decreasing 

apoptosis and reducing aging process.(36)   

Recently, there have been many researches about fibroblast aging.                 

However, there are few studies investigating the preadipocyte aging.                           

Preadipocytes are commonly found in hypodermis layer of skin. The main role                       

of preadipocytes is to generate new fat cells which help in storing energy, 

thermoregulation, mechanical protection, immune and endocrine function, and 

process of hair growth.(37) Previous reports have been discovered that CCAAT ⁄ 

enhancer binding protein-alpha (C⁄EBP) and peroxisome proliferator-activated 

receptor-gamma (PPAR) had lower in preadipocyte aging result in decrease 

preadipocyte replication and increasing lipotoxicity and chemokine. C⁄EBP and 

PPAR are adipogenesis transcriptional regulator involved in regulating downstream 

adipogenic genes, sustained activity of insulin-responsive fat cells  and down-

regulating the pro-inflammatory.(37) The following context briefly shows the previous 

research of biomolecules related to cellular senescence. 
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 In 2000, Toussaint O et al. reported that human dermal fibroblasts (HDFs) 

after exposure to H2O2 were exhibited a senescent phenotype and overexpression                      

of collagenase, matrix-metalloproteinase-1, IFN- and MnSOD. H2O2-exposed cells 

were blocked mainly in the G1 phase of the cell cycle, by p53 and cyclin-dependent 

kinase Inhibitors; including p21WAF1 and p16INK4a which were overexpressed.(38) 

 In 2002, Langley E et al. investigated the function of SIRT1 protein (human 

homolog of yeast Sir2 protein). They found that SIRT1 deacetylated p53 and 

repressed PML/p53-induced cellular senescence. They proposed that SIRT1 

deacetylase enzyme was a novel regulator of p53 function for modulating cellular 

senescence.(39) 

 In 2004, Munro J et al. revealed that histone deacetylase inhibitors (HDACIs) 

sodium, dibutyrate (SDB) and trichostatin A (TSA) induced a replicative senescence in 

human fibroblasts. They found that cell cycle inhibitors p21WAF1 and p16INK4A were 

upregulated by SDB-treated cells and p16INK4A/pRb pathway was the major mediator 

of HDACIs-induced senescence in cells. Moreover, p53 pathway was the major 

pathway for senescence in mouse fibroblasts.(40) 

 In 2010, Mirzayans R et al. studied the relationship between p16/p21 levels 

and senescence by exposure to ionizing radiation in various human fibroblast strains. 

(normal, ataxia telangiectasia (AT) and Li-Fraumeni syndrome (LFS).                         

At late passages, all strains had flattened and enlarged cell morphology, and 

senescence-associated ß-galactosidase positive. p21 pathway was the major mediator 

of ionizing radiation-induced senescence in p53-proficient (normal and AT) 

fibroblasts. In p53-deficient (LFS) fibroblasts, p16 pathway was the major mediator of 

ionizing radiation-induced senescence.(41) 
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 In 2013, Monickaraj F et al. investigated oxidative stress generation, shortened 

telomeres, senescence and functional impairment in adipocytes (3T3-L1).                             

They used various oxidative stressors for inducing cellular senescence such as H2O2, 

glucose oxidase, asymmetric dimethylarginine (ADMA), and glucose oscillations.                    

The results showed both ROS generation and DNA damage was increased                               

in cells after exposure to oxidative stress. Besides, oxidative stress-exposed 3T3-L1 

cells showed shortened telomeres and increased mRNA and protein expression                

of p53, p21, TNF and IL-6. Moreover, adiponectin levels were decreased in cells                  

after exposure to oxidative stress with impaired glucose uptake. Furthermore,                       

ROS generation, DNA damage, shortened telomeres and pro-inflammatory phenotype 

were increased in cells after exposure to oxidative stress with impaired glucose 

uptake.(42) 

 In 2015, Kilic U et al. studied the association between genetic variation                 

in SIRT1 and phenotype at different ages and observed relation with levels of SIRT1, 

eNOS, PON-1, cholesterol, TAS, TOS, and OSI in human population. They discovered 

an increasing SIRT1 level in older people and a positive correlation between SIRT1 

level and age in the overall studied population. Older people had lower PON-1 

levels than adults and children which may have explained the high levels of SIRT1 

protein as a compensatory mechanism for oxidative stress in the elderly. The eNOS 

protein level was decreased in older people when compared to adults. OSI TAS and 

TOS levels were increased in older people suggesting an increase in oxidative 

stress.(43) 
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CHAPTER III 
MATERIALS AND METHODS 

Cell culture 

Preadipocyte (3T3-L1) and fibroblast (NIH 3T3) cell lines were cultured in 

Dulbecco's Modified Eagle Medium (DMEM) (Gibco, USA) containing 10%(v/v) fetal 

bovine serum (FBS) (Gibco, USA) and 1% (v/v) antibiotic antimycotic (Gibco, USA) at 

37°C in 5% CO2. Cells at early passages (below 30 passages) were used in cell 

experiments to avoid complications of replicative senescence. After 3T3-L1 and 3T3 

cell lines reached 90% confluence, cells were sub-cultured the use of 0.25% 

trypsin/EDTA (Gibco, USA) 

Gold nanoparticles (AuNPs) synthesis and characterization 

AuNPs size in 10 nm was purchased from sigma andrich (lot MKBW1502V), and 

AuNPs size in 20 nm was synthesized in laboratory. Briefly, 1 mL of 1% hydrogen 

tetracholoaurate (III) trihydrate (HAuCl4.3H2O) was added into 34 mL milliQ water and 

stirring vigorously. 12 mL of 0.0202 M trisodium citrate dihydrate (Na3C6H5O7.2H2O)  

was added into 3 mL milliQ water and stirring vigorously. 15 mL of trisodium citrate 

dehydrate solution was transferred to hydrogen tetracholoaurate (III) trihydrate 

solotion. The solution in the flask would change the colour from yellow to lightly 

red. The lightly red colour could indicate the formation of AuNPs.                                          

AuNPs was measured with the particle surface charged by Zetasizer nano series 

(Malvern Instruments, England) and observed nanoparticle morphology at 100 kV by 

transmission electron microscopy (TEM) (Hitachi, Japan). 
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Induction of premature senescence cells with H2O2 

To induce premature senescence, 3T3-L1 and NIH 3T3 cells were exposed                

to H2O2 at 100 µM for 2 h in medium. After this exposure, the cells were washed with 

phosphate buffer solution (PBS) to remove H2O2 and re-culture in fresh complete 

medium for 72 h. The control cultures were followed by the same schedule                    

of medium changes without H2O2 treatment. 

AuNP treatment 

3T3-L1 and NIH 3T3 cells at half-confluence were exposed to AuNPs                         

sizes in 10 and 20 nm AuNPs at concentrations of 5 and 50 ppm for 24 h.                

Cells were washed by PBS and fresh completely medium replaced. To observe the 

effect of AuNPs on the premature senescence of 3T3-L1 and NIH 3T3 cells due to 

H2O2, the cells were pre-treated by AuNPs sizes in 10 and 20 nm at concentrations   

of 5 and 50 ppm for 24 h after inducing with 100 µM H2O2 for 2 h then re-culture               

in fresh complete medium for 72 h. 

Cytotoxicity test 
The cellular cytotoxicity was confirmed by cell viability using PrestoBlue™ 

reagent (Invitrogen, USA). 3T3-L1 and NIH 3T3 cell lines were seeded into 96-well 

plates at density of 5x103 cells/well in 100 µL of complete medium and incubated            

at 37°C under 5% CO2 atmosphere for 12 h. Cells were washed by PBS twice and 

treated with various concentrations of AuNPs size in 10 and 20 nm (5 and 50 ppm)     

in 90 µL for 24 and 72 h. Cells were added 10 µL of PrestoBlue™ reagent and 

incubated for 30 min. Fluorescence was measured using a microplate reader at 560 

and 590 nm (Thermo, Varioskan flash, England). It was found that the percentage of 

cell viability was calculated by normalize to control group. 
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Senescence-association beta-galactocidase (SA-ß-gal) staining 

To identify premature senescence, we previously needed to describe briefly 

about the cells.(44) They would be washed by PBS and fixed in 3.7% (v/v) 

formaldehyde for 5 min at room temperature. After that the cells were incubated in 

an SA-ß-gal staining solution (1 mg/mL 5-bromo-4-chloro-3-indolyl ß-D-galactosidase 

(x-gal), 40 mM citric acid (pH 6.0), 40 mM sodium phosphate (pH 6.0), 5 mM 

potassium ferrocyanide, 5mM potassium ferricyanide, 150 mM sodium chloride and 2 

mM magnesiumchloride) overnight at 37°C. The senescent cells were also stained in 

blue when it viewed under a Nikon Eclipse Ti inverted microscope (Nikon, Japan). 

Senescence-association beta-galactocidase (SA-ß-gal) activity 

The SA-ß-gal activity was confirmed by ONPG enzyme assay. Briefly, equal 

numbers 1x105 of cells were harvested in a microcentrifuge tube after washing once 

with PBS. The cells were lysed with 33.3 mL of a 0.1M sodium citrate buffer (pH 6.0) 

followed by four cycles of freezing with liquid nitrogen and thawing in a 37C water 

bathing. The lysate was centrifuged at 12,000xg for 7min. The supernatant was 

transferred to a new centrifuge tube and added 33 mL of ONPG (4 mg/mL), 3mL of 

0.5M MgCl2, 84mL of 0.1M sodium citrate buffer (pH 6.0). The tube was vortexed to 

mix the solution and incubated at 378C for 12 h. This reaction was developed and 

quenched by the addition of two volumes of 1M Na2CO3, and 200 mL was also 

transferred to 96-well plate. Fluorescence was measured using a microplate reader at 

420 nm (Thermo, Varioskan flash, England).  

Senescence-association heterochromatin foci (SAHF) 

To determine SAHF, cells were washed with PBS and fixed with cold absolute 

methanol for 5 min at room temperature. Cells were incubated in freshly prepared 

0.3 µM DAPI for 30 min. The SAHF were visualized by using a Nikon Eclipse Ti-E 

confocal laser scanning microscope (Nikon, Japan)  
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Reactive oxygen species (ROS) generation  

Intracellular reactive oxygen species (ROS) production was confirmed                      

by 2’,7’– dichlofluoreceine-diacetate (H2DCF-DA) assay (Molecular probes™, USA). 

Briefly, 3T3-L1 and NIH 3T3 cell lines were seeded into 96-black well plates at 

density of 1x104 cells/well in 100 µL of complete medium and incubated at 37°C 

under 5% CO2 atmosphere for 12 h. Cells were washed by PBS twice. After, cells 

were added 100 µL of working H2DCFDA and Incubated for 30 min at 37°C in dark 

place. Cells were washed by PBS twice and treated various concentrations of AuNPs 

size in 10 and 20 nm (5 and 50 ppm) in 100 µL for 1 and 24 h. Fluorescence was 

measured using a microplate reader at 485 nm and 528 nm (Thermo, Varioskan flash, 

England). It was found that the percentage of ROS generation was calculated by 

normalize to control group. 

RNA extraction and quantitative real-time PCR 

 3T3-L1 and NIH 3T3 cell lines were seeded into 24-well plates at density of 

1x105 cells/well in 500 µL of complete medium and incubated at 37°C  under  5% CO2 

atmosphere for 12 h. Cells were washed by PBS twice and exposed to AuNPs               

at various concentrations of 10-nm AuNPs (5 and 50 ppm) and 20-nm AuNPs                  

(5 and 50 ppm) for 24 h. Cells were washed by PBS and completely medium 

replaced. To observe the effect of AuNPs on the premature senescence of 3T3-L1 

and 3T3 cell lines due to H2O2, the cells were pre-exposed to AuNPs for 24 h 

followed by 100 µM H2O2 treatment for 2 h and fresh complete medium for 72 h. 

The total RNA was isolated from cells by using TRIzol reagent (Invitrogen).                           

One microgram of total RNA was used for cDNA synthesis with the First strand cDNA 

synthesis kit (Roche®) regarding the manufacturer’s instructions. Real-time PCR 

system used the Express SYBR GreenER qPCR Supermix Universal (Invitrogen).               

The cDNA was also used as a template for measurement SIRT1, p53, p21, p16                     
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, C⁄EBP and PPAR gene expression. Primer sequences were already listed in                       

Table 1. Quantitative Real-time PCR performed the use of StepOnePlus Real-Time 

PCR System (ABI Applied Biosystems). The CT (threshold cycle) values obtained the 

target genes which were normalized to the endogenous B-actin level (housekeeping 

gene), and related to the normalized calibrator. 

∆Ct (sample) = Ct (target gene of sample) - Ct (reference gene of sample)              

∆Ct (calibrator) = Ct (target gene of calibrator) - Ct (reference gene of calibrator) 

 Ct was the point at the fluorescence crossed the threshold. Then, ∆ ∆Ct and 

Ratio (folds of difference) of sample: calibrator was calculated by using the following 

equation. 

∆∆Ct = ∆Ct (sample) - ∆Ct (calibrator) 

Ratio (folds of difference) of sample: calibrator = 2-∆∆Ct 
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Table 1. Sequence of primers used in RT-qPCR 

Genes Primers Sequences 5’-3’ Annealing 

Temp. 

References 

p53 Forward 

Reverse 

TTC-TGT-AGC-TTC-AGT-TCA-TTG-G 

ATG-GCA-GTC-ATC-CAG-TCT-TC 

57 C Finny Monickaraj, et al. 

(2013)(42) 

p21 Forward 

Reverse 

TGC-ATC-CGT-TTC-ACC-CAA-CC 

CTC-ATT-TTT-CCA-AAG-TGC-TAT-TCA-GG 

57 C Finny Monickaraj, et al. 

(2013)(42)  

p16INK4a Forward 

Reverse 

CCC-AAC-GCC-CCG-AAC-T 

GTG-AAC-GTT-GCC-CAT-CAT-CA 

57 C Jin Zhang, et al. 

(2014)(45) 

SIRT1 Forward 

Reverse 

CAC-AAA-TAC-TGC-CAA-GAT-GTG-AAT-

TCC-AAA-ATA-TTA-CAC-TCT-CCC-CAG-TA 

57 C Maya E. Kotas, et al.  

(2013)(46) 

C/EBP Forward 

Reverse 

CGC-AAG-AGC-CGA-GAT-AAA-GC 

CAC-GGC-TCA-GCT-GTT-CCA 

60 C Cheng Huang, et al.  

(2006)(47) 

PPAR Forward 

Reverse 

CGC-TGA-TGC-ACT-GCC-TAT-GA 

AGA-GGT-CCA-CAG-AGC-TGA-TTC-C 

60 C Cheng Huang, et al.  

(2006)(47) 

B-actin Forward 

Reverse 

ACC-TTC-TAC-AAT-GAG-CTG-CG 

CTG-GAT-GGC-TAC-GTA-CAT-GG 

57 C Jennifer A. Rose, 

(2011)(48) 

PCR conditions for each primer couple were shown as follow: pre-PCR heat 

step 50๐C for 2 min, 95๐C for 2 min was required to activate the enzyme in real-time 

kits, pre-denaturation step at 95°C 10 min, followed by 40 cycles of denaturation at  

95°C 15 sec, annealing temperature shown in Table 1 at 1 min and extension                    

at 72°C 3 min. 

Statistical analysis 
All analyses were performed using GraphPad Prism 5. One-way ANOVA 

(analysis of variance) followed by the Tukey’s multiple comparison tests used                 

for comparative between groups. A p value < 0.05 was considered statistically 

significant. 
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CHAPTER IV 
RESULTS AND DISCUSSION 

RESULTS 

Characterization of gold nanoparticles (AuNPs)  

 Gold nanoparticle sizes were measured by transmission electron microscope 

(TEM). The sample of AuNP solution were prepared by dropped on the carbon 

coated copper grids and then allow it to evaporate under vacuum. The result 

showed that AuNPs have spherical morphology and average sizes approximately                    

10 and 20 nm (figure 1A, 1B). Furthermore, stability and surface charge                               

of nanoparticles are represented strongly cationic or anionic. Zeta potential should 

be greater than +30 mV or less than -30 mV. The zeta-potential result showed                         

a positive/negative charge both size of AuNPs (Table 2). 
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Figure 1. Characterization of citrate-stabilized AuNP synthesis. TEM image                      

of monodisperse  citrate-stabilized 10 nm AuNPs (A). TEM image of monodisperse 

citrate-stabilized 20 nm AuNPs (B). The sample was prepared by drying placed of the 

aqueous solution of nanoparticles on the coated copper grids. 

Table 2. Zeta potential measurements to characterize the surface AuNPs  

in different size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Size of  AuNPs  (nm) Zeta Potential ( mV) 

10  -37.30 

20  30.64 
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Cell viability  

 To show the effect of AuNPs on cell viability of 3T3-L1 and NIH 3T3 cell lines, 

cell viability was measured by PrestoblueTM assay. Percentage of cell viability of 3T3-

L1 and NIH 3T3 cells treated by AuNPs are shown in Figure 2. Cells were treated by 

10 and 20 nm AuNPs at concentrations of 5 and 50 ppm for 24 and 72 h. DMEM was 

used as a control.  

In 3T3-L1 cells, cell viability was significantly increased after treatment                     

of cells by 5 ppm 10 nm AuNPs and 5 and 50 ppm 20 nm AuNPs for 24 and 72 h 

when it was compared to control group (Figure 2A, 2B). However, cell viability was 

significantly decreased after treatment of cells by 50 ppm 10 nm AuNPs for 24 and 

72 h when it was compared to control group (Figure 2A, 2B).  

In NIH 3T3 cells, cell viability was significantly increased after treatment of 

cells  by 5 ppm 10 nm AuNPs and 5 and 50 ppm 20 nm AuNPs for 24 and 72 h when 

it was compared to control group (Figure 2C, 2D). Cell viability was not significantly 

different after treatment of cells by 50 ppm 10 nm AuNPs for 24 h (Figure 2C),                    

but significantly decreased after treatment of cells by 50 ppm 10 nm AuNPs when               

it was compared to control group at 72 h (Figure 2D).   
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A B 

C D 
72 h 

72 h 

24 h 

24 h 
Preadipocyte (3T3-L1)          

  

 

 

 

Fibroblast (NIH 3T3)               

 

 

 

 

Figure 2. Cell viability of 3T3-L1 and NIH 3T3 cells after exposure to AuNPs                
for 24 and 72 h. Percentage of cell viability in 3T3-L1 (A) and NIH 3T3 (C) cells after 
exposure to AuNPs at 24 h. Percentage of cell viability in 3T3-L1 (B) and NIH 3T3 (D) 
cells after exposure to AuNPs at 72 h.* indicates that differences are significantly 
compared with control group, # indicates that differences are significantly between 
the groups. Values are mean ± SD (n=3) significance indicated by: *, # p<0.05, **, ## 
p<0.01 and ***, ### p<0.001 
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Aging phenotypes 

Cell morphology 

To show the effect of AuNPs on cellular morphological aging of 3T3-L1 and                    

NIH 3T3 cell lines. Cells were stained with SA-ß-gal solution. Senescent cells were 

stained in blue when it was viewed under an inverted phase contrast microscopy. 

Cells were treated and pre-treated by AuNPs size in 10 and 20 nm at concentrations 

of 5 and 50 ppm for 24 h. 100 µM H2O2 was used as a positive control.  

In 3T3-L1 cells, treatment of cells by 10 and 20 nm AuNPs in both                                

of concentration of treated AuNPs for 24 h, cells were unchangeable to cellular 

morphological aging when it compared to control group (Figure 3C-3F). Pretreatment 

of cells by 10 and 20 nm AuNPs in both of concentration of treated AuNPs for 24 h, 

cells were also unchangeable to cellular morphology when it compared to 100 µM 

H2O2 group (Figure 3G-3J). The number of cells was decreased after treatment                              

of cells by 50 ppm 10 nm AuNPs for 24 h (Figure 3D). SA-ß-gal-positive cells were not 

found all AuNP-treated and pretreated groups. 

In NIH 3T3 cells, cells were unchangeable to cellular morphological after 

treatment of cells by 5 ppm 10 nm AuNPs for 24 h when it compared to control 

group (Figure 4C). However, treatment of cells by 50 ppm 10 nm AuNPs and 5 ppm 

and 50 ppm 20 nm AuNPs, cells showed extended, flattened, and enlarged nuclei 

when it compared to control group (Figure 4D-4F). Pretreatment of cells by                    

10 and 20 nm AuNPs in both of concentration of treated AuNPs for 24 h,               

cells showed extended, flattened, and enlarged nuclei when it compared to 100 µM 

H2O2 group (Figure 4G-4J). The number of cells was decreased after treatment                         

of cells by 50 ppm 10 nm AuNPs for 24 h (Figure 4D). SA-ß-gal-positive cells were 

found all AuNP-pretreated groups. The summary of cell morphology would be 

showed in table 3 and 4. 
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E 

Control 100 µM H2O2 

5 ppm  
10 nm AuNPs 

50 ppm  
10 nm AuNPs 

5 ppm  
20 nm AuNPs 

5 ppm  
10 nm AuNPs 

+ 100 µM H2O2 
 

5 ppm  
20 nm AuNPs 

+ 100 µM H2O2 
 

50 ppm  
20 nm AuNPs 
+ 100 µM H2O2 
 

50 ppm  
10 nm AuNPs 
+ 100 µM H2O2 
 

50 ppm  
20 nm AuNPs 

Preadipocyte (3T3-L1)  

  

 

 

 

 

 

    

 

 

 

 

   

   

 

 

 

 

 

 

Figure 3. Cell morphology of 3T3-L1 cells after treatment and pretreatment            

by AuNPs size in 10 and 20 nmat concentrations of 5 and 50 ppm, 100x 

magnifications used.  
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Control 100 µM H2O2 

5 ppm  
10 nm AuNPs 

5 ppm  
20 nm AuNPs 

5 ppm  
10 nm AuNPs 

+ 100 µM H2O2 
 

5 ppm  
20 nm AuNPs 

+ 100 µM H2O2 
 

50 ppm  
10 nm AuNPs 

50 ppm  
20 nm AuNPs 

50 ppm  
10 nm AuNPs 
+ 100 µM H2O2 
 

50 ppm  
20 nm AuNPs 
+ 100 µM H2O2 
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Figure 4. Cell morphology of NIH 3T3 cells after treatment and pretreatment         

by 10 and 20 nm AuNPs at concentrations of 5 and 50 ppm, 100x magnifications 

used. 
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Senescence-association beta-galactocidase (SA-ß-gal) activity 

 To show the effect of AuNPs on SA-ß-gal activity of 3T3-L1 and NIH 3T3                         

cell lines. Percentage of SA-ß-gal activity of 3T3-L1 and NIH 3T3 cells after treatment 

and pretreatment by AuNPs are shown in Figure 6. Cells were treated and                                

pre-treated by AuNPs size in 10 and 20 nm at concentrations of 5 and 50 ppm                    

for 24 h. 100 µM H2O2 was used as a positive control.  

In 3T3-L1 cells, cells were significantly decreased for SA-ß-gal activity after 

treatment of cells by 10 and 20 nm AuNPs in both of concentration of treated AuNPs 

for 24 h when it was compared to control group. Compared to 100 µM H2O2 group, 

cells were significantly decreased for SA-ß-gal activity after pretreatment                      

of cells by 10 and 20 nm AuNPs in both of concentration of treated AuNPs            

for 24 h (Figure 5A).   

In NIH 3T3 cells, SA-ß-gal activity was not significantly different after treatment 

of cells by 5 ppm 10 nm AuNPs for 24 h when it compared with control group.                                   

Cells were significantly increased for SA-ß-gal activity after treatment of cells                       

by 50 ppm 10 AuNPs and 5 and 50 ppm 20 nm AuNPs for 24 h when it compared to 

control group. In contrast, pretreatment of cells by 10 and 20 nm AuNPs in both                

of concentration of treated AuNPs for 24 h, cells were not significantly different in      

SA-ß-gal activity when it compared with 100 µM H2O2 group (Figure 5B). The summary 

of SA-ß-gal activity would be showed in table 3 and 4. 
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Preadipocyte (3T3-L1) 
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Figure 5. Senescence-association beta-galactocidase activity of 3T3-L1 and                

NIH 3T3 cells after treatment and pretreatment by 10 and 20 nm AuNPs at 

concentrations of 5 and 50 ppm. Percentage of SA-ß-gal activity in 3T3-L1 after 

treatment and pretreatment by 10 and 20 nm AuNPs at concentrations of 5 and                               

50 ppm for 24 h (A). Percentage of SA-ß-gal activity in NIH 3T3  after treatment and 

pretreatment by 10 and 20 nm AuNPs at concentrations of 5 and 50 ppm for 24 h 

(B). * indicates that differences are significantly compared with control group,                     

# indicates that differences are significantly with 100 µM H2O2 group. Values are 

mean ± SD (n=3) significance indicated by: *, # p<0.05, **, ## p<0.01 and ***, ### 

p<0.001 
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Senescence-association heterochromatin foci (SAHF) 

To show the effect of AuNPs on SAHF of 3T3-L1 and NIH 3T3 cell lines,               

cells were stained with 300 nM DAPI and showed punctate heterochromatin foci                                    

in nuclei, demonstrating SAHF-positive cells. Cells were treated and pre-treated             

by AuNPs size in 10 and 20 nm at concentrations of 5 and 50 ppm for 24 h.                             

100 µM H2O2 was used as a positive control. In 3T3-L1 and NIH 3T3 cells, treatment 

and pretreatment of cells by 10 and 20 nm AuNPs in both of concentration of 

treated AuNPs for 24 h showed no change of heterochromatin when it was 

compared to control and 100 µM H2O2 group (Figure 6, 7). The summary of SAHF 

would be showed in table 3 and 4. 
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100 µM H2O2 
50 ppm 10 nm AuNPs 

+100 µM H2O2 

Control 50 ppm 20 nm AuNPs 50 ppm 10 nm AuNPs 

50 ppm 20 nm AuNPs 
+100 µM H2O2 

Preadipocyte (3T3-L1)  

 

 

   

 

 

 

 

 

 

 

Figure 6. Senescence-association heterochromatin foci of 3T3-L1 after treatment and 

pretreatment by 10 and 20 nm AuNPs at concentration of 50 ppm,                        

1000× magnification used. 
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D E F 

A B C 

50 ppm 10 nm AuNPs 50 ppm 20 nm AuNPs 

50 ppm 20 nm AuNPs 
+100 µM H2O2 

50 ppm 10 nm AuNPs 
+100 µM H2O2 
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Fibroblast (NIH 3T3)  

 

 

 

 

 

 

 

 

 

 

Figure 7. Senescence-association heterochromatin foci of NIH 3T3 after treatment 

and pretreatment by 10 and 20 nm AuNPs at concentration of 50 ppm,                        

1000× magnification used. 
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Table 3. Aging phenotypes of preadipocyte (3T3-L1) 

 
Conditions 

Expected morphological parameter 

Flatten 
cells 

Large cell 
shape 

SA-ß-gal 
stain 

SA-ß-gal 
activity 

SAHF 

100 µM H2O2 

 

5  ppm 10 nm AuNPs 

 
50 ppm 10 nm AuNPs 
 
5  ppm 20 nm AuNPs 
 
50 ppm 20 nm AuNPs 
+ 100 µM H2O2 

5  ppm 10 nm AuNPs 
+ 100 µM H2O2 

50 ppm 10 nm AuNPs 
+ 100 µM H2O2 

5  ppm 10 nm AuNPs 
+ 100 µM H2O2 

50 ppm 20 nm AuNPs 
+100 µM H2O2 

change 
 

change 
 

+ve 
 

 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

no change 
 

-ve 
 

-ve 
 

-ve 
 

-ve 
 

-ve 
 

-ve 
 

-ve 
 

-ve 
 

 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

- 
 

no change 
 

- 
 

no change 
 

- 
 

no change 
 

- 
 

no change 
 

 

*  ns = Non significance 

*+ve = Positive 

* -ve = Negative 

*+v-  = Non using for test 

*+  = Increase  

*+  = Decrease 
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Table 4. Aging phenotypes of fibroblast (NIH 3T3) 

 
Conditions 

Expected morphological parameter 

Flatten 
cells 

Large cell 
shape 

SA-ß-gal 
stain 

SA-ß-gal 
activity 

SAHF 

100 µM H2O2 

 
5  ppm 10 nm AuNPs 
 
50 ppm 10 nm AuNPs 
 
5  ppm 20 nm AuNPs 
 
50 ppm 20 nm AuNPs 
+ 100 µM H2O2 

5  ppm 10 nm AuNPs 
+ 100 µM H2O2 

50 ppm 10 nm AuNPs 
+ 100 µM H2O2 

5  ppm 10 nm AuNPs 
+ 100 µM H2O2 

50 ppm 20 nm AuNPs 
+100 µM H2O2 

change 
 

no change 
 

change 
 

change 
 

change 
 

no change 
 

change 
 

change 
 

+ve 
 

-ve 
 

+ve 
 

+ve 
 

 
 

ns 

 
 
 

 
 

no change 
 
- 
 

no change 
 
- 
 

change 
 

 change 
 

change 
 

change 
 

change 
 

change 
 

 change 
 

change 
 

change 
 

change 
 

+ve 
 

+ve 
 

+ve 
 

+ve 
 

+ve 
 

 
 

ns 

 

ns 
 

ns 
 

ns 

no change 
 

- 
 

no change 
 

- 
 

no change 

 

*  ns = Non significance 

*+ve = Positive 

* -ve = Negative 

*+v-  = Non using for test 

*+  = Increase  

*+  = Decrease 
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Reactive oxygen species (ROS) generation 

To show the effect of AuNPs on ROS generation of 3T3-L1 and NIH 3T3                        

cell lines. ROS generation was measured by H2DCF-DA assay. Percentage of ROS 

generation of 3T3-L1 and NIH 3T3 cells treated by AuNPs are shown in Figure 5.               

Cells were treated by 10 and 20 nm AuNPs at concentrations of 5 and 50 ppm                 

for 1 and 24 h. 1% H2O2 was used as a positive control.  

In 3T3-L1 cells, ROS generation was significantly decreased after treatment                

of cells by 50 ppm 10 nm AuNPs and 50 ppm 20 nm AuNPs for 1 h when it was 

compared to control group (Figure 8A). Compared with control group, ROS generation 

was not significantly different after treatment of cells by 10 and 20 nm AuNPs in both 

of concentration of treated AuNPs for 24 h (Figure 8B).  

In NIH 3T3 cells, ROS generation was significantly decreased after treatment      

of cells by 10 nm AuNPs at concentrations of 50 ppm for 1 h when it was compared 

to control group (Figure 8C) and also significantly decreased after treatment of cells 

by 5 and 50 ppm 20 nm AuNPs for 24 h when it was compared to control group 

(Figure 8D).                                
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1 h 

24 h 1 h 

24 h D C 

B A 

Preadipocyte (3T3-L1) 

 

 

 

 

Fibroblast (NIH 3T3)  

 

 

 

 

Figure 8. Reactive oxygen species generation of 3T3-L1 and NIH 3T3 cells after 

exposure to AuNPs for 1 and 24 h. Percentage of ROS in 3T3-L1 (A) and                           

NIH 3T3 (C) cells after exposure to AuNPs at 1 h. Percentage of ROS in 3T3-L1 (B) and 

NIH 3T3 (D) cells after exposure to AuNPs at 24 h. * indicates that differences  are 

significantly compared with control group. Values are mean ± SD (n=3) significance 

indicated by: * p<0.05, ** p<0.01 and *** p<0.001 
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SIRT1, p53, p21, and p16 expression 

To show the effect of AuNPs on SIRT1, p53, p21 and p16 mRNA expression                    

of 3T3-L1 and NIH 3T3 cell lines. Relative of SIRT1, p53, p21, and p16 mRNA 

expression of 3T3-L1 and NIH 3T3 cells treated by AuNPs are shown in Figure 6.                

Cells were treated and pre-treated by 10 and 20 nm AuNPs at concentrations                  

of 5 and 50 ppm for 24 h. 100 µM H2O2 was used as a positive control.                                 

In 3T3-L1 cells, 

- SIRT1 expression. Compared to control group, 100 µM H2O2-exposed cells 

significantly decreased for SIRT1 mRNA expression. Cells were significantly increased 

for SIRT1 mRNA expression after treatment of cells by 10 and 20 nm AuNPs in both                       

of concentration of treated AuNPs for 24 h. Compared to 100 µM H2O2 group,                

cells were significantly increased for SIRT1 mRNA expression after pretreatment                 

of cells by 10 and 20 nm AuNPs in both of concentration of treated AuNPs for 24 h                 

(Figure 9A, 10A).  

- p53 mRNA expression. Compared to control group, 100 µM H2O2-exposed cells 

significantly increased for p53 mRNA expression. Cells were significantly increased for 

p53 mRNA expression after treatment of cells by 10 and 20 nm AuNPs in both of 

concentration of treated AuNPs for 24 h. Compared to 100 µM H2O2 group, cells were 

significantly increased for p53 mRNA expression after pretreatment of cells by 5 ppm 

10 nm AuNPs and 5 and 50 ppm 20 nm AuNPs for 24 h (Figure 9B, 10B). 

- p21 mRNA expression. Compared to control group, 100 µM H2O2-exposed cells 

significantly decreased for p21 mRNA expression. Cells were significantly increased for 

p21 mRNA expression after treatment of cells by 5 ppm 10 nm AuNPs and 5 and 50 

ppm 20 nm AuNPs for 24 h and significantly decreased for p21 mRNA expression 

after treatment of cells by 50 ppm 10 nm AuNPs for 24 h. Compared to 100 µM H2O2 

group, cells were significantly increased for p21 mRNA expression after pretreatment                       
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of cells by 5 ppm 10 nm AuNPs and 5 and 50 ppm 20 nm AuNPs for 24 h                     

(Figure 9C, 10C).  

- p16 mRNA expression. Compared to control group, 100 µM H2O2-exposed cells 

significantly decreased for p16 mRNA expression. Cells were significantly increased for 

p16 mRNA expression after treatment of cells by 5 ppm 10 nm AuNPs and 5 and 50 

ppm 20 nm AuNPs for 24 h and significantly decreased for p16 mRNA expression 

after treatment of cells by 50 ppm 10 nm AuNPs for 24 h. Compared to 100 µM H2O2 

group, cells were significantly increased for p16 mRNA expression after pretreatment                       

of cells by 5 ppm 10 nm AuNPs and 5 and 50 ppm 20 nm AuNPs for 24 h                           

(Figure 10D, 10D). 

In NIH 3T3 cells, 

- SIRT1 expression. Compared to control group, 100 µM H2O2-exposed cells did not 

significantly different for SIRT1 mRNA expression. Cells were significantly increased for 

SIRT1 mRNA expression after treatment of cells by 5 ppm 10 and 50 ppm 20 nm 

AuNPs for 24 h and significantly decreased for SIRT1 mRNA expression after treatment                  

of cells by 5 ppm 20 nm AuNPs for 24. Compared to 100 µM H2O2 group, cells were 

significantly increased for SIRT1 mRNA expression after pretreatment of cells                          

by 10 nm AuNPs in both of concentration of treated AuNPs for 24 h                                 

(Figure 11A, 12A).  

- p53 mRNA expression. Compared to control group, 100 µM H2O2-exposed cells 

significantly increased for p53 mRNA expression. Cells were significantly increased for 

p53 mRNA expression after treatment of cells by 5 and 50 ppm 10 AuNPs and 50 

ppm 20 nm AuNPs for 24 h. Compared to 100 µM H2O2 group, cells were significantly 

increased for p53 mRNA expression after pretreatment of cells by 50 ppm 10 nm 

AuNPs for 24 h and significantly decreased for p53 mRNA expression after 

pretreatment of cells by 5 ppm 20 nm AuNPs for 24 h (Figure 11B, 12B). 
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- p21 mRNA expression. Compared to control group, 100 µM H2O2-exposed cells did 

not significantly different for p21 mRNA expression. Cells were significantly increased 

for p21 mRNA expression after treatment of cells by 20 nm AuNPs in both of 

concentration of treated AuNPs for 24 h. Compared to 100 µM H2O2 group, cells were 

significantly increased for p21 mRNA expression after pretreatment of cells by 10 and 

20 nm AuNPs in both of concentration of treated AuNPs for 24 h (Figure 11C, 12C).  

- p16 mRNA expression. Compared to control group, 100 µM H2O2-exposed cells did 

not significantly different for p16 mRNA expression. Cells were significantly increased 

for p16 mRNA expression after treatment of cells by 5 ppm 10 nm AuNPs and 5 ppm 

20 nm AuNPs for 24 h. Compared to 100 µM H2O2 group, cells were significantly 

increased for p16 mRNA expression after pretreatment of cells by 10 nm AuNPs                       

in both of concentration of treated AuNPs for 24 h and significantly decreased for                      

p16 mRNA expression after pretreatment of cells by 50 ppm 20 nm AuNPs for 24 h                        

(Figure 10D, 10D). 
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Preadipocyte (3T3-L1) 

 

 

 

 

 

 

 

Figure 9. SIRT1, p53, p21, and p16 mRNA expression of 3T3-L1 after treatment and 

pretreatment by 10 nm AuNPs at concentrations of 5 and 50 ppm. Values are mean 

± SD (n=3) significance indicated by: *,# p<0.05, **,## p<0.01 and ***, ### p<0.001. 

 

Preadipocyte (3T3-L1)                  

 

 

 

 

 

 

 

Figure 10. SIRT1, p53, p21, and p16 mRNA expression of 3T3-L1 after treatment and 

pretreatment by 20 nm AuNPs at concentrations of 5 and 50 ppm. Values are mean 

± SD (n=3) significance indicated by: *,# p<0.05, **,## p<0.01 and ***, ### p<0.001. 
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Fibroblast (NIH 3T3) 

 

 

 

 

 

 

 

Figure 11. SIRT1, p53, p21, and p16 mRNA expression of NIH 3T3 after treatment and 

pretreatment by 10 nm AuNPs at concentrations of 5 and 50 ppm. Values are mean 

± SD (n=3) significance indicated by: *,# p<0.05, **,## p<0.01 and ***, ### p<0.001. 

 
Fibroblast (NIH 3T3) 

 

 

 

 

 

 

 

Figure 12. SIRT1, p53, p21, and p16 mRNA expression of NIH 3T3 after treatment and 

pretreatment by 20 nm AuNPs at concentrations of 5 and 50 ppm. Values are mean 

± SD (n=3) significance indicated by: *,# p<0.05, **,## p<0.01 and ***, ### p<0.001. 
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C/EBP and PPAR expression  

To show the effect of AuNPs on C/EBP and PPAR mRNA expression                    

of 3T3-L1 and NIH 3T3 cell lines. Relative of C/EBP and PPAR mRNA expression                            

of 3T3-L1 and NIH 3T3 cells treated by AuNPs are shown in Figure 6. Cells were                      

treated by 10 and 20 nm AuNPs at concentrations of 5 and 50 ppm for 24 h. 100 µM 

H2O2 was used as a positive control. 

In 3T3-L1 cells, compared to control group, cells were significantly decreased 

for C/EBP and PPAR mRNA expression after treatment of cells by 10 nm AuNPs                     

in both of concentration of treated AuNPs for 24 h (Figure 13A, 13B). In addition,                 

cells were significantly decreased for C/EBP and PPAR mRNA expression after 

treatment of cells by 20 nm AuNPs in both of concentration of treated AuNPs                           

for 24 h when it was compared to control group (Figure 14A, 14B). Moreover,                           

50 ppm 20 nm AuNPs group was significantly decreased for PPAR mRNA expression 

when it compared to 5 ppm 20 nm AuNPs group. 
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Preadipocyte (3T3-L1)  

 

 

 

 

Figure 13. C/EBP and PPAR mRNA expression of 3T3-L1 after treatment and 

pretreatment by 10 nm AuNPs at concentrations of 5 and 50 ppm. Values are mean 

± SD (n=3) significance indicated by: *,# p<0.05, **,## p<0.01 and ***, ### p<0.001. 

 
Preadipocyte (3T3-L1)  

 

 

 

 

Figure 14. C/EBP and PPAR mRNA expression of 3T3-L1 after treatment and 

pretreatment by 20 nm AuNPs at concentrations of 5 and 50 ppm. Values are mean 

± SD (n=3) significance indicated by: *,# p<0.05, **,## p<0.01 and ***, ### p<0.001. 
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DISCUSSION 

 Cellular senescence is defined accumulation of cell damage leading to aged-                         

related diseases.(49) There are several factors that caused senescence including 

intrinsic factors such as genetic instability, telomere attrition, epigenetic alteration, 

and loss of proteostasis and others while UV irradiation, smoking, drinking, and stress 

is extrinsic factors.(50) Currently, AuNPs is used more widely in beauty care products.(2) 

It is still concerned about possible effect on cellular senescence. In this study,                          

preadipocyte (3T3-L1) and fibroblast (NIH 3T3) cell lines use to evaluated cellular 

senescence change by AuNPs which both cells are found in layer of skin.                              

 Preadipocytes are found in hypodermis layer of skin and one important cells 

that controlling homeostasis and regulating downstream adipogenic gene have led to 

generate a new fat cells.(37) 

 
 

 

 

 

 

Figure 15. Schematic diagram of differentiating adipocyte by regulation of C⁄EBP and 

PPAR (modified from reproduction.2005 Oct;130:401-10)  

 Biologically molecules are related to adipogenesis for instance, peroxisome 

proliferator-activated receptor- (PPAR) and CCAAT⁄ enhancer binding protein- 

(C⁄EBP) were induced by fatty acids, amino acids and glucose for mature adipocyte 

development (Figure 15).(51) In preadipocyte aging, cells have changed many 

functions including decreased preadipocyte replication, increased pro-inflammatory 

cytokine, chemokine, and lipotoxicity.(37) In part of fibroblast, they are found                    



 

 

46 

in dermis layer of skin and have been the most studied in model of skin aging. 

Fibroblast aging showed connective tissue damage, reduction of new collagen 

synthesis and decreased collagen and matrix metalloproteinases (MMPs). (38, 52, 53)  

In this study, we investigated the effect of AuNPs on cellular senescence 

change in 3T3-L1 and NIH 3T3 cells. Cell viability was studied to demonstrate                  

the cytotoxicity of AuNPs. Our results showed that AuNP size in 10 nm at 

concentration of 50 ppm decreased cell viability in both 3T3-L1 and NIH 3T3 cells.     

In this context, mironava T et al. showed cytotoxicity for AuNPs 13 nm at higher 

concentration on human dermal fibroblast and adipose derived stromal cells 

(ADSCs).(26, 28) Coradeghini R  et al. revealed AuNP size in 5 nm at concentration more 

than 50 µM had cytotoxicity on Balb/3T3 mouse fibroblasts.(27) Aging phenotypes                  

in terms of cellular morphology, SA-ß-gal activity, and SAHF were studied to certify 

the senescent cells which this study found that SA-ß-gal activity can be detected 

early onset from 72 h. Our results showed pretreatment by AuNPs sizes in 10 and 20 

nm in both of concentration of treated AuNPs, 3T3-L1 cells were unchangeable to 

cellular morphology and SAHF. SA-ß-gal activity was also decreased after                       

AuNP-pretreated. However, pretreatment by AuNPs revealed extended, flattened, 

enlarged nuclei, and unchangeable to SAHF in NIH 3T3 cells. Obviously, SA-ß-gal 

activity would be changed more rapidly than cellular morphology and SAHF.                    

On the other hands, cellular morphology and SAHF would have later change                   

in cellular senescent. Our finding showed that AuNPs influence in aging phenotypes 

dependent on size, concentration and exposure time. Our results suggest that                 

10 and 20 nm AuNPs at concentrations of 5 ppm and 50 ppm might not effect                

on intracellular structural proteins and aging phenotypes in 3T3-L1 cells and effect 

on intracellular structural proteins in NIH 3T3. Furthermore, our result found 

unchangeable to SAHF in both 3T3-L1 and NIH 3T3 cells. We suggest that epigenetic 

change might occur slowly in these cells.(54)              
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 To confirm the mechanism of cellular senescence by exposure to AuNPs,                    

high level of ROS can causes a cellular damage and aging.(32) Therefore, ROS 

generation was studied to demonstrate that cells might be stress from AuNPs.                        

Our results showed that 10 and 20 nm AuNPs in both of concentration of treated 

AuNPs did not induce ROS generation in 3T3-L1 and NIH 3T3 cells. However,                           

we found that level of ROS was decreased after exposure to 10 nm AuNPs                               

at concentration of 50 ppm. These data confirmed the cell viability results. AuNPs                          

size in 10 nm at concentration 50 ppm cause cytotoxicity leading to cell death and 

decreasing of ROS levels. Furthermore, these data suggest that AuNPs do not affect 

oxidative stress based on exposure cell type specific. This work in accordance with 

previous studies reported that AuNPs size in 15 nm decreased ROS levels in the 

triple cell co-culture.(55) AuNPs size 10 nm did not show oxidative stress in rat’s lungs 

and heart.(56) Thus, we summarize that cells responded to ROS generation-

independent cellular senescence in these cells. 

 

 

 

 

 

 

Figure 16. Schematic diagram of p53 pathway in cellular senescence (modified from 
annual review of physiology. 2013; 75: 685–705)  

Oxidative stress-induced cells can lead to cellular senescence through p53 

pathway (Figure 16).(32) p53 have been link to up-regulate p21 which is cyclin-kinase 

inhibitor and downstream target of p53 in cell cycle arrest. Increased p53, p21 and 

p16 activity promote senescence and shorten life span.(38) We focus on SIRT1                  
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mRNA expression, its activities delay aging(39), p53 pathway of cellular senescence, 

and mRNA expression of C⁄EBP and PPAR. In most cases, treatment and 

pretreatment of cells by 10 and 20 nm AuNPs revealed up-regulation of SIRT1          

mRNA expression and also up-regulation of p53 and p21 mRNA expression                               

in 3T3-L1 cells. We suggest that up-regulation of p53 mRNA expression                               

cause by SIRT1 by JNK1 specifically deacetylated histone H3 but not p53.(57)                     

Previous studied found that AuNPs size in 15 nm increased p53 mRNA expression                

in drosophila melanogaster.(58)
 p53 was over-expressed in response to DNA damage, 

cellular senescence, apoptosis and preventing cancer development.(31) We also 

investigated the mRNA expression of C⁄EBP and PPAR, Our results showed that 

AuNP sizes in10 and 20 nm showed down-regulation of C⁄EBP  and PPAR  mRNA 

expression in 3T3-L1 cells. This finding is consistent with previous studies that AuNPs 

size in 13 and 45 nm reduced adipogenesis and adiponectin secretion.(28) 

 Although AuNPs have the advantage for aging reduction in preadipocytes                 

but not in fibroblasts, there have been still some limitations in the research that 

should be addressed. Future study should evaluate AuNPs impact in other 

controlling mechanism of cellular senescence, and prove whether different size, 

concentration and exposure time of more than 24 h of treated AuNPs are capable 

aging reduction and lifespan elongation. Moreover, should be studied in vivo model 

for treatment of AuNPs. In this study, we used only citrate stabilizer and two                      

sizes and concentrations of AuNPs for evaluation of the effect of AuNPs on cellular 

senescence. Further studies are needed to use AuNPs other size, shape, 

concentration, or chemical stabilizer which it will have an effect on cellular 

senescence. 
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CHAPTER V 
CONCLUSION 

 In conclusion, we report the effect of AuNPs on cellular senescence                        

in preadipocyte (3T3-L1) and fibroblast (NIH 3T3) cell lines. Our findings,                       

AuNPs-exposed cells are able to reduce aging depend on cell-types specific.               

AuNPs size in 10 nm at concentration 50 ppm had cytotoxicity in both of cells.                             

In part of aging phenotypes, 3T3-L1 cells presented unchangeable cellular 

morphology, SAHF and decreasing of SA-ß-gal activity after exposure to AuNPs.                  

In contrast, NIH 3T3 presented cellular morphological aging, unchangeable of SAHF, 

and increasing of SA-ß-gal activity. Both 3T3-L1 and NIH 3T3 cells did show ROS level 

change. These data suggest that cells responded to ROS generation-independent 

cellular senescence. SIRT1 and p53 mRNA expression were up-regulated in 3T3-L1 

cells after exposure to AuNPs. Furthermore, C/EBP and PPAR expression                       

were down-regulated in 3T3-L1 cells. Based on this knowledge, AuNPs may delay 

aging process and reduce adipogenesis in 3T3-L1 cells but not delay aging process              

in NIH 3T3 cells. Thus, the appropriate size and concentration of AuNPs                  

can be selected to apply for cosmeceuticals and anti-aging products. 
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LIST OF ABBREVIATIONS 

ANOVA   Analysis of variance 

AuNPs   Gold nanoparticles 

cDNA   Complementary DNA 

CO2   Carbon dioxide 

CT   Threshold cycle 

C/EBP  CCAAT⁄ enhancer binding protein 

DAPI   4',6-diamidino-2-phenylindole 

DMEM   Dulbecco's Modified Eagle Medium 

FBS   Fetal bovine serum 

GNPs   Gold nanoparticles 

H2DCF-DA  2’, 7’-dichlofluorescein-diacetate 

HAuCl4.3H2O  Chloroauric solution 

p16, p21, p53  Tumor suppressor gene 

PBS   Phosphate buffered saline 

PPAR   Peroxisome proliferator-activated receptor  

RT-qPCR  Quantitative reverse transcription polymerase chain reaction 

ROS   Reactive oxygen species 

SA-ß-gal  Senescence-associated beta-galactosidase 

SAHF   senescence associated heterochromatin foci 

SIRT1   SURTUIN1 

TEM   Transmission electron microscopy 
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EQUIPMENT AND CHEMICALS 

1. Autoclave (Hirayama, Japan) 

2. Biohazard Laminar Flow (Gibco, USA) 

3. Cell culture flask 25 cm2 (Thermo, UK) 

4. Cell culture flask 75 cm2 (Thermo, UK) 

5. Centrifuge tube 1.5 mL (Corning, USA) 

6. Centrifuge tube 15 mL (Corning, USA) 

7. Centrifuge tube 50 mL (Corning, USA) 

8. CO2 incubator (Esco, Singapore) 

9. Dulbecco's Modified Eagle's Medium (Sigma, USA) 

10. Fetal Bovine Serum (Gibco, USA) 

11. Filter Tip (Corning, USA)  

12. First strand cDNA synthesis kit (Roche®) (Thermoscientific, USA) 

13. Fluorescent microscope (Nikon, Japan) 

14. Gold nanoparticles 10 nm (Sigma, USA) 

15. H2DCFDA  (Invitrogen, USA) 

16. Laboratory balance (Denver instrument, Germany)   

17. Malvern Zetasizer Nano Series (Malvern Instrument, England) 

18. Microcentrifuge (Hettich, Germany) 

19. Phase contrast inverted microscope (Nikon, Japan) 

20. pH meter (Denver instrument, Germany) 

21. PrestoBlue™ Cell viability Reagent (Invitrogen, USA) 

22. pH meter (Denver instrument, Germany) 

23. 6-well plate (Corning, USA) 

24. 12-well plate (Corning, USA) 

25. 24-well plate (Corning, USA) 
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26. 96-well plate (Corning, USA) 

27. 96-black well plate (Corning, USA) 

28. Shaker incubator (Heidolph, Germany) 

29. StepOnePlus Real-Time PCR System (ABI Applied Biosystems) 

30. SYBR GreenER qPCR Supermix Universal (Invitrogen, USA) 

31. TRIzol reagent (Invitrogen, USA) 

32. Transmission Electron Microscope (Hitachi, Japan) 

33. Varioskan Flash microplate reader (Thermo, England) 

34. Vortex mixer (Scientific industries, USA)  

35. Water bath (Memmert, Germany) 
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CHEMICAL PREPARATIONS 

1. Phosphate buffer saline 

Components KCl  0.2 g 

KH2PO4  0.2 g 

NaCl  8.0 g 

Na2HPO4 1.15 g 

Methods  

1. Mix all of chemical components 

2. To add DI water to 1,000 mL 

3. To adjust pH to 7.4 with HCl 

2. Dulbecco's Modified Eagle's Medium (DMEM) 

Methods  

1. To dissolve 13.4 g of DMEM with 800 mL DI water  

2. To add 3.7 g of Na2HCO3 

3. To adjust pH to  with HCl 

4. To add DI water to 1,000 mL 

5. To filtrate by 0.2 µM filter and keep as a medium stock  

6. For working medium preparation, add 10% of FBS and  

1% antibiotic (Pen-Strep). 
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3. Cell Viability Assay Protocol                                                                

(PrestoBlueTM, Invitrogen, USA, Catalog number A13261) 

3.1 Cell culture 

     Materials  

1. 96-well plate 

       2. Cell culture media 

      3. Micropipetters  

       4. CO2 incubator 

Methods 

- Cells were seeded in 96-well plates at a density of 1x103 to 1x104 

cells/well in 100 µL and incubate at 37°C and 5% CO2 for 12 h.  

3.2 Cell viability assay 

     Materials  

                1. Unknown sample for toxicity test 

      2. DMSO (positive control) 

     Methods 

    1. To wash cells with PBS 

               2. To add 90 µL of culture medium for negative control. 

     3. To add 90 µL of 50% DMSO for positive control.  

    4. To treat with 90 µL of unknown samples.  

     5. To incubate at 37°C and 5% CO2 for 24 or 72 h.  

    6. To add 10 µL PrestoBlue™ reagents and incubate for 30 min.  

    7. To Measure fluorescent product at 560 and 590 nm wavelength               

by using a microplate reader  

     Reference 

     Product information sheet: PrestoBlueTM cell viability reagent protocol  

by invitrogenTM 
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4. Reactive oxygen species (ROS) Generation protocol                                          

(H2DCFDA, Invitrogen, USA, Catalog number D399) 

 4.1 Cell culture 

    Materials  

1. 96-black well plate 

2. Cell culture media 

3. Micropipetters  

4. CO2 incubator 

    Methods 

- Cells are seed in 96-black well plate at a density of 1x103 to 1x104 

cells/ well in 100 µL and Incubate at 37°C and 5% CO2 for 12 h.  

4.2 DCFH-DA assay 

     Materials  

Unknown sample for ROS generation test 

1% H2O2 (positive control) 

           Methods 

1. To wash cells with PBS 

2. To add 100 µL of 0.1M H2DCFDA 

3. To incubate at 37°C and 5% CO2 for 30 min. 

4. To wash cells with PBS 

5. To add 100 µL of culture medium for control and 1% H2O2                       

for positive control.  

7. To treat with 100 µL of unknown samples.  

8. To measure fluorescence excitation and emission at 485                        

and 528 nm wavelength by using microplate reader. 

     Reference 

     Product information sheet: H2DCFDA by InvitrogenTM 
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