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Abstract:  

Human amnion cells are very important type of stem cells, which are able to differentiate into 

cell types of all three germ layers, so this study was investigated the impact of He-Ne laser on 

viability, proliferation and differentiation of cultured human amnion cells grown over a 

synthetic  nanoscaffold. This nanoscaffold was prepared from 13% polycaprolactone (PCL) 

dissolved in 1:1 chloroform: dimethyle formamide (DMF) as a solvent by using 

electrospinning technique. Human amnion cells were grown over the scaffold and were 

exposed to He:Ne laser at doses 1, 2.5 and 5 J/cm
2
 every 48 hours for a duration of 12 days. It 

was concluded that scanning electron microscope (SEM) photographs showed good colony 

spreading of seeded amnion cells grown over the electrospun scaffold, and He:Ne laser 

induced cell proliferation as detected by MTT, nitric oxide and lipid peroxidation production. 
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1. Introduction: 

Human amniotic membrane (HAM) has been used for the treatment of wounds since 1910. 

The low immunogenicity of HAM permits its allogeneic use and it acts as a physical barrier 

against bacterial contamination and also creates a moist environment required for healing. 

Furthermore, it reduces pain and has anti-inflammatory, anti-fibrotic, and anti-microbial 

activities that are beneficial for wound healing (Niknejad et al., 2008). Such amniotic 

membranes rich in HAECs compose the inner surface of the amnion (Parolini et al., 2008; 

Miki et al., 2005) and are able to differentiate into cell types of all three germ layers 

(Ilancheran et al., 2007; Bailo et al., 2004) including neuronal cells, smooth muscle, 

cardiomyocytes, osteocytes, adipocytes, hepatocytes, and pancreatic cells (Miki et al.,2005 ; 

Murphy et al.,2012). HAECs can be induced to differentiate into lung epithelium-like cells 

in vitro (Ilancheran et al., 2007). Unlike other pluripotent cells, such as embryonic stem 

cells, HAECs do not form teratomas (Miki et al., 2005). Despite these benefits, the 

widespread use of fresh tissue has been limited due to its short shelf life and the risk of 

disease transmission associated with insufficient time for testing (Adds et al., 2001). 

Therefore, different preservation and technology techniques have been developed to 

overcome these limitations.  
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One approach is tissue engineering which consists of seeding appropriate cells on a 

biodegradable scaffold, stimulating cell growth and differentiation in vitro, and then 

implanting the engineered complex in vivo to achieve functional tissue (Kreisler et al., 2002; 

AlGhamdi et al., 2012).  

It has been suggested that the energy of the laser is absorbed by intracellular chromophores 

and converted into metabolic energy, which is then used by the mitochondrial respiratory 

chain to produce ATP and increase DNA activity and the synthesis of RNA and proteins 

(Benedicenti et al., 2008). Laser irradiation at a wavelength of 632.8nm induced the 

prolipheration of fibroblasts in culture (Al-Watban and Andres, 2012). Higher production 

of fibroblast growth factor has been shown, when fibroblasts were irradiated with a 660-nm 

laser beam (Yu et al., 1994). Furthermore, laser light of 632.8nm was found to increase cell 

proliferation in keratinocyte cultures
 
(Steinlechner et al., 1993) and to stimulate the secretion 

of cytokines IL-1 and IL-8 (Yu et al., 1996).  It has also been observed higher proliferation, 

differentiation, and maturation of osteoblasts when respectively irradiated at 632.8 and 

670nm (Stein et al., 2005; Stein et al., 2008). 

The primary aim of this research was to investigate the impact of fabricated electrospun  

nanoscaffold, on viability and differentiation of cultured human amnion cells. In this respect, 

the nanoscaffold was prepared from 13% polycaprolactone (PCL) dissolved in 1:1 

chloroform: dimethyle formamide (DMF) as a solvent by using electrospinning technique.  

2. Material and methods: 

a) Scaffolds preparation and cell culture:                                                                                            
All aseptic procedures regarding preparation of scaffolds were respected and cell cultures 

were prepared in a clean room facility of Tissue Culture Laboratory at the National Center for 

Radiation Research and Technology, Egyptian Atomic Energy Authority. 

1. Amnion cells:                                                                                                                                             
Cells were amnion cells purchased from Center for Vaccination and Sera (Vacsera) – 

Egypt. 

2. Electrospun scaffolds:                                                                                                                

Electrospun nanoscaffold was prepared from 13% polycaprolactone (PCL) dissolved 

in 1:1 chloroform: dimethyle formamide as a solvent by using Nano Fiber 

Electrospinning Unit at the National Center for Radiation Research and Technology, 

Egyptian Atomic Energy Authority.  For the cell culture procedure, the scaffolds were 

cut into 12 mm disks, sterilized by 25 Kilogray ionizing radiation(gamma rays). 

3. Amnion cell layer preparation:                                                                                                  

Culture medium DMEM with minimal glucose (MP Biomedical) + 2% foetal bovine 

serum (MP Biomedical) , penicillin (100 IU/ml), streptomycin (100 μg/ml), 

gentamycin (50 μg/ml) (Sigma – Aldrich) was changed every three days (Chen et al., 

2013). Cells were passaged at confluence of 70% by incubation with 0.05% trypsin-

EDTA (Sigma, Aldrich) for 5 minutes at +37°C. Trypsin was neutralized with the FM 

media and by centrifugation for 5 min at 1100 rpm.  

b) Laser-irradiation:                                                                                                                         

Cells grown on scaffolds were irradiated with He: Ne laser at power output of 15mW, 

wavelength of 632 nm, and doses of 1, 2.5 and 5 J/cm
2
 every 48 hours for a duration of 12 
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days. For laser irradiation, the probe was directed perpendicular to each plate at a distance of 

2 cm from the cells. The cells were plated in such a way that was one well, between the 

seeded wells, was left empty to prevent the unintentional dispersion of light between wells 

during laser irradiation. 

c) Scanning electron microscope (SEM):                                                                                                                                          

For morphological examination, cells-materials complex were fixed with 1.5% 

glutaraldehyde (Fisher Scientific, US) for 30 min. The samples were exposed to 2% osmium 

tetroxide (Sigma-Aldrich, US) for 30 min. Following rinse in distilled water, they were 

dehydrated through a graded series of ethanol (50, 70, 90, and 100%) for 2–5 min. The 

dehydration was completed in hexamethyl disilazane (Fluka, Germany) for 10 minutes. After 

air-drying and sputter coating with gold, the cells morphology on the PCL-HA scaffold was 

evaluated by using JSM-5400 Scanning Electron Microscope at 10 kV. 

d) Viability tests: 

Assessment of Cell Viabilities and Functions on Scaffolds 

1. The methyl-tetrazolium assay (MTT) was used for the assessment of cell viability. 

This is a colorimetric assay which has been established as a reliable method of 

assessing cell viability. MTT, 20 μl dissolved in phosphate buffered saline (5 mg 

MTT/ml phosphate buffered saline), was added to the cells. After 4-hour incubation at 

37°C, culture medium containing MTT was removed, 100 μl dimethylsulphoxide 

(DMSO) was added to solubilize the blue formazan formed by the viable cells. The 

plates were read at 570 nm by an ELISA plate reader (Berridg and Tan, 2001).  

2. Measurement of NO, The production of NO by He-Ne laser stimulated neutrophils
 

was determined by the Griess reaction (Miranda et al., 2001). Briefly, the Griess 

reagent was
 
made by mixing equal volumes of 5% orthophosphoric acid containing

 

1% sulfanilamide and 0.1% napthylethylenediamine and was kept at 4°C until used. 

Triplicates of 50 µl
 
of culture supernatant or standards of serially diluted

 
sodium 

nitrite were added to 96-well Immulon 4 microtiter plates, and 50 µl of the Griess 

reagent supplemented with nitrate reductase (final concentration 0.1 U/ml) was then 

added and optical density was measured spectrophotometrically at 570
 
nm using a 

microplate reader.  

3. Thiobarbituric acid reactive substances assay, Concentration of thiobarbituric acid 

reactive substances (TBARS) was evaluated with an assay. BAL fluid was prepared to 

denaturate proteins with 50% trichloroacetic acid. The supernatants were transferred 

to a clean tube and 75 μl of 1.3% thiobarbituric acid (Sigma Chemie, Deisenhofen, 

Germany) in 0.3% NaOH were added. After incubation for 1 h at 90°C and 

subsequent cooling in ice water, samples were centrifuged for 6 min. Finally, 200 μl 

of sample were transferred to a 96-well plate and the absorbance, at 530 nm, was read 

in a microplate reader (Dynex Technologies, Denkendorf, Germany). TBARS were 

quantified by using a standard curve of malondialdehyde (Sigma Chemie, Germany) 

(Dorota et al., 2011). 
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3. Results and Discussion 

3.1. Results 

It is clear that there is more adherence of cells on scaffolds during different time of cell 

culture and at the end of the twelve’s day laser irradiated cells were more compact on the 

scaffolds.The morphological appearance of the electrospun 13% polycaprolactone (PCL) 

dissolved in 1:1 chloroform: dimethyle formamide as a solvent, as shown on the SEM images 

(Figure 1), confirmed high non-uniformity of the fibers. 

             

Figure 1: Scanning electron microscope (SEM) graphs for 13% electrospun PCL dissolved in 

1:1 chloroform: dimethyle formamide (DMF) as a solvent [magnification 1000(a), 2000(b)]. 

In figure 1, the total ranges of the fiber diameters were between 100 nm and almost 2 µm, 

with thicker fibers having lower quantities. Similarly, the top pore opening area distributions 

were in the range between 2 µm
2
 to 30 µm

2
, with much lower number of observed wider pore 

openings.  

 
Figure 2: SEM graphs of Amnion grown over PCL nanoscaffolds (a before, b after 2 days, c 

after 12 days). 
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Figure 3: SEM graphs of Amnion cells grown over PCL nanoscaffolds (a after 12 days and 

not exposed to laser; b,c,d after 12 days and exposed to He:Ne laser at 1, 2.5 and 5  J/cm
2
, 

respectively). 

Biochemical Tests: 

 

 

 Figure 4: Absorbance of Microculture Tetrazolium Test (MTT assay) from amnion cells 

grown on PCL nanoscaffolds with and without different doses of He:Ne laser irradiation.  

 

a b c d 
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Figure 5: Metabolites: Malondialdehyde in culture media of amnion cells grown on PCL 

nanoscaffolds with and without different doses of He:Ne laser Irradiation. 

 

 

 

Figure 6: Metabolites: Nitric oxide in culture media of amnion cells grown on PCL 

nanoscaffolds with and without different doses of He:Ne laser Irradiation. 

4. Discussion 

Synthetic materials enable better control of scaffold mechanics, geometry, porosity, and rate 

of degradation. Scaffolds with porous structure and specified architecture allow, by different 

size and distribution of pores, spatially oriented cell proliferation and provide desired three-
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dimensional tissue-equivalent. Nanoscaffolds produced from nanofibers show advantages of 

high porosity and surface to volume ratio. They are also biocompatible, cost-effective, and 

easy to design according to custom needs (Vasita and Katti, 2006). For a scaffold to provide 

not only cell attachment, but also in-depth penetration, pores above several tenths of µm in 

diameter are a necessity (Skotak et al., 2011). 13% Polycaprolactone dissolved in 1:1 

chloroform: DMF was neutral. It did not change PH value of water and did not change color 

of media used for cell culture. It did not swell nor fade and were persistent during the applied 

culture period up to 12 days. Sterilization by 25 KGy of Gamma radiation did not change 

their physical nor chemical properties.  

Figure 4 showed that He:Ne laser enhanced cell growth over scaffolds by irradiating the 

scaffolds in culture with He:Ne laser doses 1, 2.5 and 5 Jcm
2 

day after day. Exposure to low 

level laser is known to enhance the growth, proliferation and differentiation of different types 

of cells in culture (Korraa, 2003). It has been suggested that the energy of the laser is 

absorbed by intracellular chromophores and converted into metabolic energy, which is then 

used by the mitochondrial respiratory chain to produce ATP and increase DNA activity and 

the synthesis of RNA and proteins (Shefer et al., 2002). It has been demonstrated that low 

level laser also induces higher levels of the anti-apoptotic protein Bcl-2 and lower amounts of 

the pro-apoptotic protein BAX thus inhibiting apoptosis (Shefer et al., 2002). 

 

In figure 5, Lipid peroxidation was significantly decreased in the media of amnion cells 

grown on scaffolds after 12 days post culture compared to two days. This significant 

decreased in lipid peroxidation observed due to laser irradiation supports previous findings 

that LLLI (low level laser irradiation) induces a decrease in oxidative stress (Vin’cova et al., 

1999). LLLI has been demonstrated to be a non-stressful treatment in vitro that induces the 

expression of the inducible heat shock protein, Hsp70 and Hsp90, which reforms denaturated 

proteins (Abou Hashieh et al., 1997; Novoselova et al., 2006). Studies have shown lately, 

that low-energy laser irradiation increased the level of superoxide dismutase enzyme and 

lowered the increase in lipid peroxidation associated with experimental ischemia and 

reperfusion, and human acute edema (Karageuzyan et al., 1998) and was shown in vivo and 

in vitro to reduce levels of lipid peroxidation (Iakymenko, 2001 ; Shirin Farivar et al., 

2014). 
 

In figure 6, Nitric oxide was significantly increased in the media 12 days post culture 

compared to two days. Laser is known to emit no heat, sound, or vibration. Instead of 

generating a thermal effect, LLLT acts by inducing a photochemical reaction in the cell, a 

process referred to as biostimulation or photobiomodulation. LLLT may cause the 

photodissociation of NO from intracellular stores and promotes the synthesis of 

deoxyribonucleic acid (DNA) and RNA and increases the production of proteins. It also 

modulates enzymatic activity, affects intracellular and extracellular pH and accelerates cell 

metabolism (El Batanouny and Korraa, 2003). It is believed that the significant increase in 

NO generation, which is a scavenger of the superoxide anion, could be the cause for the 

observed decrease in oxidative stress which was induced post laser irradiation. It can be 

speculated that the shift in oxidant antioxidant balance induced by He:Ne laser leading to 

increased levels of NO stimulatory functions could be the cause to this decrease in markers of 

oxidative stress measured here in terms of lipid peroxidation (El Batanouny and Korraa, 

2003).  
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5.Conclusion: 

 

It was concluded that scanning electron microscope (SEM) photographs showed good colony 

spreading of seeded amnion cells grown over the electrospun nanoscaffold prepared from 

13% polycaprolactone (PCL) dissolved in 1:1 chloroform: dimethyle formamide (DMF) as a 

solvent by using electrospinning technique and He:Ne laser induced an increase in cell 

proliferation as detected by MTT ,  lipid peroxidation production and nitric oxide . 
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الملخص باللغةالعربية 

 

نيىن ليزر على نمى الخلايا المشيمية المزروعةعلى دعامة - تأثير الهيليىم

 صناعية نانىمترية

  

قشاػت عٓيش    
*
حغٍ ػبذ انشحيى- ايًبٌ انشيخ - يغشاث بكش صذيق ػثًبٌ-  

 *

  –ْيئت انطبقت انزسيت - انقٕيٗ نبحٕد ٔحكُٕنٕجيب الاشؼبع انًشكض*

 جبيؼت ػيٍ شًظ- كهيت انبُبث نلأداة ٔانؼهٕو ٔانخشبيت- قغى انفيضيبء

 

ْٔزا انُٕع يٍ انخلايب نٓب انقذسة .حغبػذ انخلايب انًشيًيت انخٗ ححيط ببنجُيٍ انبششٖ ػهٗ انخئبو انجشٔح

ػهٗ انخكبثشٔالإَقغبو ٔأيضب انخًبيض إنٗ إَٔاع انخلايب يٍ جًيغ انطبقبث انجشثٕييت انثلاثت يثم انخلايب 

َٔظشا لأًْيخٓب  صًًُج ْزِ انذساعت .انؼصبيت ٔانؼضهيت ٔانخلايب انًكَٕت نهؼظى ٔانبُكشيبط ٔغيشْب

 َيٌٕ نيضس بجشػبث يخخهفت ػهٗ ًَْٕزا انُٕع يٍ انخلايب انًضسٔػت ػهٗ –نًؼشفت يذٖ حأثيش انٓيهيٕو 

دػبيت انبٕني كببشٔلاكخٌٕ انُبَٕيخشيت انًصُؼت ببعخخذاو جٓبص انغضل انكٓشببئٗ ٔرنك بخحضيش حشكيض 

 يٍ يبدة انبٕنٗ كببشٔلاكخٌٕ  انزائبت فٗ حشكيض يخغبٖٔ يٍ انذاٖ ييثيم فٕسيبييذ ٔانكهٕسٔفٕسو %13

ٔقذ أٔضحج انُخبئج أٌ انهيضس نّ حأثيشِ الإيجببٗ ػهٗ عشػت ًَٕ انخلايب ٔ انخصبقٓب ببنذػبيت ٔرنك يٍ .

ًُغخذل ػهيّ  خلال انصٕس انُبحجت ػٍ انًيكشٔعكٕة الإنكخشَٔٗ ٔأيضب ػهٗ عشػت حكبثش انخلايب ان

. بٕاعطت بؼض انخجبسة انبيٕنٕجيت
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