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Abstract 

Tissue engineering is, despite many advances, still a long way from its aim of being 

able to reproduce in-vitro fully functionalised, vascularised musculoskeletal tissues. Pharmacy 

and research groups are currently in urgent need of reliable, comparable in-vitro testing 

grounds to analyse and test new drugs in order to gather more knowledge about physiology 

and pathology of these tissues and to fight diseases of the musculoskeletal system. This 

research aims to study different cell culture methodologies using a bioreactor to mature and 

differentiate muscle and tendon tissues, engineered tissues from different cell sources. This 

will allow further study on the effects of electrical, mechanical stimuli in-vitro and should lead 

to an analysis of the effect of single and combined stimulation methods applied to the subject 

tissue, this will further allow the finding of optimised parameters to mature and functionalise 

engineered muscle and tendon tissues. Using fibroblast and myoblast cells as the starter cells 

in the cell culture dish, it was observed that cell-cell adherence occurred which helped to 

accelerate the growth of the cells in the culture dish. The resulting two dimensional tissue 

structure needed a period of about 30 days at 37 degree Celsius in the incubator to grow the 

sufficient number of cells to enable further study in three dimensional tissue structure. When 

the required number of cells had been reached, a 3D scaffold made of fibrin was added which 

acted as the extra cellular matrix needed to allow the cells to form a more complex 

functionalised tissue. This was done by mixing solutions of fibrinogen and thrombin with a 

small amount of aprotinin solution. The aprotinin solution helps in delaying cell digesting of 

the fibrin gel and leaves enough fibrin gel to act as the extra cellular matrix for the three 

dimensional tissue formation. 
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It was also observed that cell contamination occurred if the cells were grown to more 

than 60-70% of the culture plate surface area, so cells were needed to be harvested before 

reaching this point as they would begin to start emitting chemicals which inhibit further 

growth. It was also important to prevent the contamination of the equipment as this would 

inhibit the cell growth. This report therefore describes the procedure in the equipment 

sterilization, the effect of different solutions in the cell growth and contamination in the cell 

culture procedure, much research effort was placed on this particular aspect. 
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1.Introduction 

Due to the shortage of organs for transplant in patients, tissue engineering (TE) comes 

to be involved in order to give the ability to restore the function of the cell in term of cell 

reproduction and differentiation. Tissue engineering is also defined as the application of 

principles and methods of engineering and life sciences for the development of biological 

substitutes, to restore, maintain or improve tissue function [1] As a tool to grow such tissues, 

bioreactors or incubators play an important role in achieving that aim. Therefore, bioreactor 

is the crucial device in TE. They are normally used in industry line and majority in fermentation 

process but in TE, bioreactors are described as a device or instrument that increase living cell 

number by using biological and /or biochemical process in term of controlling environmental 

(temperature, culture medium, chemical factor, mechanical environment, fluid flow, 

perfusion, and operational condition. 

There are many types of bioreactor but the principles of creating a bioreactor are the 

same namely to have a controlled environment, reduce contamination/ harmful influences, 

control and monitor experimental intervention, ease of use, and commercially viable. In this 

project, the bioreactor developed by Dr. JB Vorstius (University of Dundee) will be used. 

The aim of this project is to optimise mechanical stimulation, chemical stimulation, 

and electrical stimulation to create a phenotypically functional ligament, tendon or muscle 

that can be used to replace aged or damaged tissue in humans. This will be investigated by 

using fibroblasts and C2C12 cell lines which have been identified due to their resilience in a 

range of 2D and 3D tissue matrices whilst monitoring cell growth and cell behavior. As 

discussed in the following research the main research focused on chemical stimulation due 
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to problems in maintaining a controlled environment and the issue of contamination 

throughout the project.  

Cell culturing consists mainly of two stages, the two-dimensional(2D) and three-

dimensional(3D) stages. For the 2D formation, the controlled conditions in the incubator and 

the issue of contamination are of critical important. For the 3D formation, in addition to the 

conditions as for the 2D stage, there are numbers of factors/chemicals involved. These are 

the scaffold required for the cell to form the 3D, the supplement making up the 3D media, 

the inhibitor(aprotinin) for the degradation of the scaffold. This project describes the method, 

results and the discussion on the various issues as regard to the eventual formation of 3D cell 

structure, particularly highlighting the problems encountered. For the 3D stage, the formation 

of extracellular matrix(ECM), using fibrin gel requiring fibrinogen and thrombin solution as 

components, the appropriate proportion of the two solutions to provide the basis for rapid 

cell growth and limiting the occurrence of the unknown cells was determined. 

The initial experiments on 3D culturing by placing the 2D cells on the fibrin gel, with 

3D media and aprotinin showed the occurrence of unknown cells which caused the myoblast 

cells growth to diminish. 

More investigation was then carried out to determine the levels of fibrinogen and 

thrombin that limit the occurrence of the unknown cells. Additionally, the suitable amount of 

aprotinin as inhibitor for fibrin gel degradation was also determined at 5 mg/ml and 10 mg/ml 

as regards to cell growth and suppressing of the occurrence of the unknown cells. 

It was also important to prevent the contamination of the equipment as this would 

curtail the cell growth. Prior to the three-dimensional tissue structure formation, occurrence 

of unknown cells was also observed which warrants further study in this area. Additionally, 
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breaking down of fibrin gel prior to 3D tissue structure formation was also suspected, this also 

need more study. This report also describes the procedure in the equipment sterilization i.e. 

limiting contamination, the effect of different solutions in the cell growth and the 

recommendation for the further study 
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2. Background 

2.1 Physiological of musculoskeletal system  

 Muscle cells in animals are responsible for controlling important functions, such 

as movement, posture, breathing and blood circulation. There are three types of muscles; 

smooth, cardiac and skeletal. 

 Since skeletal muscles and cardiac muscles are striated in appearance, they are 

also called striated muscles. This striation is due to small stripes that run across the muscle 

cell. In contrast, smooth muscles are not striated. [2] Furthermore, cardiac and smooth 

muscles are controlled involuntarily, while skeletal muscles are predominately voluntarily 

controlled. Every muscle is innervated by one nerve and supplied by a single artery and one 

or more veins. Moreover, whereas skeletal muscles require nerve innervation to contract, 

cardiac and smooth muscles contract spontaneously.  

 Arteries supply a considerable amount of oxygen and nutrients, which the muscle 

fibres need in order to contract. The waste products from the metabolic reaction in the 

muscle are removed by veins. [3] 

 Muscle fibres have a cylindrical shape and run along the length of the whole 

muscle. Individual fibres are wrapped in a layer of connective tissue called the endomysium. 

Bundles of muscle fibres called fascicules are surrounded by another layer of connective 

tissue called the perimysium. The whole muscle is encompassed by a layer of connective 

tissue called the epimysium, which joins individual fascicules together to form the whole 

muscle.[3]  

 Muscle fibres are composed of myofibrils, each of which consists of a repetitive 

contractile unit called a sacromere. The striated appearance of the skeletal muscle is derived 
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from the arrangement of the sacromeres in the myofibrils. [2] This striated appearance causes 

I bands and A bands, which refer to Isotropic and anisotropy, respectively. These bands are 

the result of polarized light. Anisotropy deflects light (dark), but isotropic does not (light). The 

sacromere is the region from the middle line of the I band called the Z line (Z disc) to another 

Z line. The I band consists of a thin filament while the A band is composed of a thick filament. 

The thin filament comprises actin, which is formed by the polymerization of G- actin subunits 

to form F-actin. On the other hand, the thick filaments are composed of myosin. Each myosin 

molecule consists of dimer made up of two chains, each of which has a long tail and a globular 

head region. The area where the myosin and actin do not overlap is called the H zone, which 

has an M line running through the middle of it. The M line is the region in which adjacent thick 

filaments are held together. In addition, the M lines and Z lines are the regions in which the 

myofilaments are bound to the sacrolemma. The Z lines are composed of a number of 

structural proteins, such as alpha actinin, which functions to bind the Z line to the thin 

filaments and titin, which helps to anchor the thick filament to the Z-line[3].  

 The sarcroplasmic recticulum(SR) controls the intracellular concentration of 

calcium ion and releases the calcium when the muscles contract. The SR is a complex network 

of tubules that surrounds each myofibril. While the majority of these tubules run 

longitudinally along the myofibril, there are larger perpendicular tubules known as the 

terminal cisternae at the junction of the A and I bands.   

The T tubule is a narrow long tube that develops from the sarcolemma and reaches 

deep into the cell, where it interacts with a pair of terminal cisternae to form a triad.  Triads 

play an important role in converting a nerve impulse signal from the sarcolemma into muscle 

contractions via the release of calcium ions into the muscle cell. 
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Figure 2. 1; Structure of skeletal muscle 

Image from: http://www.nhecertification.com 

 The contraction of the muscle starts from the nerve endings, which generates 

an electrical current or action potential that regulates the level of calcium ions and transmits 

to the sacrolemma. This event, which involves both an electrical signal and contraction, is 

called an excitation-contraction coupling. 

 The motor neurons of the somatic nervous system play a key role in activating 

skeletal muscles. The ending of the axon forms a circular shape that binds it to the 

sacrolemma of the muscle fibre cell called a neuromuscular junction, which contains a 

synaptic vesicle for the neuro transmitter called acetylcholine (ACh). [4] 

 When the level of calcium-ion changes, it triggers the synaptic vesicle to 

release Ach into the synaptic cleft and then binds it to the Ach receptors located in the 

sacrolemma. The activation of the Ach receptor results in the sacrolemma developing a 

http://www.nhecertification.com/
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQtJm638rMAhXHthQKHRoRBzMQjRwIBw&url=http://www.nhecertification.com/SampleStudyGuideMuscleTypes.html&psig=AFQjCNFTs8TNXkco4J3euTQliAG0jBz3jw&ust=1462806068501127
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greater negative charge by changing the concentration of Calcium(Ca2+) and Potassium(K+) 

ions in the cell by allowing Ca2+ to pass into the cell and K+ ions to pass out of it. This is called 

Depolarization. The action of the Ach is attenuated by the enzyme acetylcholinesterase that 

is bound to the Ach and breaks it down into acetic acid and choline[2]. 

 Action potential is the result of depolarization, a propagating signal along the 

sacrolemma, and repolarization, which returns the sacrolemma to its initial state.  

 Excitation-contraction coupling is a series of events that begin with action 

potential travelling along the sacrolemma and passing through the T-Tubule. This results in 

the terminal cisternea releasing calcium ions into the sacroplasm. The calcium ions in the 

sacroplasm bind with the troponin, which results in a conformation change in the 

tropomiosin. This change exposes the actin sites to which the myotin head can be bound. 

Then myosin head is then bound to the thin actin filaments and draws them toward the M 

line causing the muscle to contract. The pumping of the calcium out of the sacrolemma results 

in a decrease in Ca2+ ions and a release from the troponin, causing the muscle to return to its 

relaxed state[2]. 
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Figure 2.2; Demonstrated muscle sarcromeres 

http://www.anasci.org 

  2.2 Bioreactor in tissue engineering 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

2.2.1 Bioreactor design 

Monolayer culture bioreactors are currently the simplest and best-known bioreactors. 

They can be T-flasks, petri dishes and multi well plates [5], which are low cost, easy to use, 

disposable, and able to be sterilised. However, they require to be handled manually for 

medium exchange and cannot exceed the thickness of tissue more than 100-200 microns or 

make spheroids (round 3D structure tissue) larger than 1 mm in diameter [6] due to 

inadequate oxygen and soluble nutrient exchange. Therefore, stirring systems bioreactors 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiwkbKT48rMAhUHWhQKHfl0AfYQjRwIBw&url=http://www.anasci.org/vB/bodybuilding-articles/29261-understanding-muscle-fiber-types.html&psig=AFQjCNFoAXLax0G8eZT8VPgx8IwMkA542g&ust=1462807064865042
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have become popular because they increase the tissue surface for medium exchange and 

oxygen.[7]. This kind of bioreactor has a magnetic stir bar attached to an impeller to circulate 

the media, hence producing a dynamic flow [8] and the medium is continuously stirred around 

the culture cell construct for better nutrient dispersion. Examples of other bioreactors that 

are normally used today are Fixed-wall bioreactors, Rotating wall vessels (RWV), Pulsatile flow 

bioreactors, Rocker platforms bioreactors, Perfusion system bioreactors, cell seeding 

bioreactors, custom design/ specific bioreactors, etc.  

Fixed-wall bioreactors are motionless culture chambers that enable mechanical stress 

to be easily applied to regenerating tissue and allow the perfusion solution to flow through 

the culture chamber and tissue. This kind of bioreactor is suitable for tendons, ligaments and 

bones because they enable the application of adequate mechanical stress. 

The rotation speed can be adjusted in Rotating wall vessel bioreactors to produce a 

free- falling state chamber. This limits the impact of the cells on the wall of the bioreactor so 

that fragile tissue can be protected from cracking by reducing mechanical stress/ shear stress, 

which helps to generate cardiac tissues and heart valves [9].  

The Pulsatile flow reactor was developed to replace blood vessels and myocardial 

tissue in response to cardiovascular conditions. Functional autologous arteries can be 

cultured using a pulsatile perfusion bioreactor. Autologous vascular cells are cultured on a 

tubular, which is a biodegradable scaffold. The bioreactor applies a pulsatile radial expansion 

to develop vessels at a controlled frequency and radial strain. The pulsatile culture condition 

promotes collagen deposition and mechanical properties to produce blood vessels. Since the 

circulatory system depends on continuous pulsatile input, the cells derived from the 
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cardiovascular system change their behaviour in response to the bioreactor –delivery 

mechanical force [7] [10]. 

 Rocker platforms, also known as wave bioreactors, provide a gentle side-to-side 

motion, thereby producing waves within the media to cause mixing.  

A perfusion system bioreactor can be designed in two ways. The first if by driving 

media past the construct and the second is by placing constructs in line with the fluid flow, 

forcing the fluid through them.  

Cell seeding bioreactors apply cell suspension directly onto the scaffold [8] and they 

also play a critical role in the progress of tissue formation. The distribution of cells in the 

scaffold after seeding has been related to the distribution of the tissue subsequently formed 

within engineered constructs. This suggests that uniform tissue could be generated based on 

uniform seeding [11]. 

Chemical, electrochemical and mechanical elements are also considered in the design 

of bioreactors for many reasons.  

Mechanical inputs are converted by cells into chemical signals to control migration, 

orientation, metabolism, proliferation and survival [12] This means that chemical agents and 

a variety of bioactive factors include growth factor such as hormones and chemical additives. 

These factors, which are usually added to growth media, play a role at different stages in the 

cell culture process. In vivo, electrochemicals in the functional muscles receive electrical 

impulses from the central nervous system. 

Work load and exercise can also mean mechanical loading, which is the key 

component of bioreactor design. This will guide the organisation and structure of tissue 
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formation at the cellular level by mechanotransduction, a process whereby the cells convert 

mechanical stimuli into a cellular signalling response. Furthermore, the direction of loading 

also plays a role in organising and assembling an aligned protein complex in an extracellular 

matrix (ECM). Cell differentiation also has an impact on mechanical stimulation. In stem cell 

research, the fate of the stem cell can be guided by a process called mechano differentiation 

[8]. 

The bioreactor chosen for this experiment is Dr. JB Vorstius’s bioreactor, which can 

stimulate tissues mechanically (Figure 2.3) and electronically (Figure 2.4). It is designed as a 

modular system that consists of a six-well basic system (SBS) and three main modules that 

can be equipped with functions such as sensors or different tissue holders. 

 

Figure 2.3;Modular bioreactor system for Mechanical stimulation 

(picture from Dr. JB Vorstius/JBV Engineered Ltd.) 
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Figure 2.4; Modular bioreactor system for Electrical stimulation 

(picture from Dr. JB Vorstius/JBV Engineered Ltd.) 

Both electrical stimulation [13] and mechanical stimulation [14] have been shown 

to positively impact muscle maturation. Electrical stimulation involves increasing the rate 

of protein synthesis. This is shown three-dimensional engineered muscles were stimulated 

at single or double times rheobase[13].  

 

 2.3 Biomaterial 

William et al. described biomaterial as “nonviable material used in a medical device, 

intended to interact with biological systems”, he also divided materials used in medical field 

into three classes depending on the interaction of biomaterial with surrounding tissue ; class 

1 are all materials that not are directly in contact with the tissue or are only on the surface of 

the body. Class 2 are materials that are invasive but not permanently and class 3 are materials 

that are permanently staying in human body (i.e. Implant material)[15]. 
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Implant biomaterials used for the medical implant can be classified in to 5 groups 

1. Metals and alloys  

The material used in this group are Stainless steel, titanium and its alloys (e.g., Ti-6Al-

4V). They have biocompatibility, ductility, and corrosion resistance. Usually used in many 

kinds of application such as orthopaedics (artificial joints, plates and screws), dentistry 

(braces, dental implants), cardiovascular and neurosurgical devices (artificial heart, staples, 

stents, wires and coils. Compared to polymer and ceramic biomaterials, metals are 

characterised by higher electro-conductivity, and as such have been employed to enclose 

electrodes in artificial electronic organs [16]. 

However, the stiffness of these implants material has to be considered to match the 

stiffness of the tissue to reduce bone resorption (so call stress shielding) that caused from 

unsuitable mechanical stress applied to the bone[17]. 

 

2. Ceramic  

 Ceramics are inorganic and non-metallic materials, which are thermally and 

chemically stable. It is usually used in hard tissue reconstructions rather than in soft tissue 

because of their high strength, wear resistance, and durability. It also possesses many 

advantages, including biocompatibility, hemocompatibility, easy availability, shape ability, 

sterilizability, nontoxicity, and nonimmunogenic. Ceramics that are used for biomedical 

divided into three types; nearly bioinert (i.e. alumina and zirconia), bioactive (i.e. 

Hydroxyapatite (HA) and bioglass), and bioresorbable (i.e. tricalcium phosphate) [17]. 
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3. Polymer  

Most of biomaterial nowadays is polymer with its ability of biodegradable and 

nonbiodegradable. They can be made from natural source (i.e. collagen) or from synthetic 

(e.g., polylactic acid) [18] the combination of its biocompatibility, design -exibility, surface 

modiability, light weight, and ductile nature made it wildly used in medical field., therefore 

they are often used for soft tissue reconstruction in musculoskeletal[15], stent design [19,20], 

drug development (for example disease-specific targeting drug)[21]. 

 

Source Material Properties 

Natural Fibrin, collagen type I, chitosan, 

polyhydroxybutyrate (PHB), polyhydroxybutyrate-

co-hydroxyvalerate (PHBV), alginate 

Hydrophilic, cell adhesive, low 

mechanical 

Synthetic Polylactide (PLA), polyglycolide(PGA), polylactide-

co-glycolide(PLGA), polycaprolactone (PCL) 

Slow degrading, high mechanical 

properties 

Table 1; The commonly used natural and synthetic polymers for tissue engineering   

In musculoskeletal tissue engineering: the polymers are used in different applications 

for example; collagen (cell differentiation), Matrigel (proliferation), Sylgard (matrix 

formation), fibrin gels (cell survival), PGA (vascularization), alginate (adhesion), PCL 

(adhesion), hyaluronic acid (immunogenicity) [22] 

Fibrin gel has been widely investigated for tissue engineering for use in 

Musculoskeletal (Cartilage [23] muscle [24], bone tissues [25]) and often used in combination 

with other biomaterials to incorporate the advantages of both biomaterials.  Due to the 

previous reason; fibrin was chosen to use in the experiments as biodegradable scaffold. It also 
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has good properties for tissue regeneration and wound healing. It comprises of the fibrinogen 

and thrombin to form Fibrin gel [26] Furthermore, the ability to attach to many biological 

surfaces with high adhesion [27] with no toxic degradation or allergic reactions make it more 

suitable choice to use as extracellular matrix or scaffold in cardiovascular tissue engineering 

[28]. Three drawbacks of the fibrin gel that make three dimensional tissue engineering 

unsuccessful, shrinkage of the gel during the formation of flat sheets, low mechanical 

stiffness, and its too early degradation before the proper formation of 3D tissue engineered 

structures [29],[30],[31].To overcome the problem, more components are adding in the 

mixing process. For example; adding exogenous bioactive peptides (exogenous neurite-

promoting heparin-binding peptides.) in progress nerve restoration [30]. Adding poly-L-lysine 

during the culturing process to prevent the shrinkage [29]. Aprotinin is also added to the 

fibrinogen to slowdown fibrinolysis that cause the fibrin gel degradation in tissue engineering 

culture [32]. 

 

4. Composite biomaterial 

Composite material is the combination of at least two single-phase or monolithic 

biomaterials used to design and modify the requirement material properties.[18] such as 

stiffness, strength, and toughness. Composite biomaterials can be bioinert, bioactive, and 

bioresorbable. Composite materials can be used for designing the stent to accelerate 

biodegradation of iron base material [19], mimic properties of various types of harder tissues 

[22], restore cardiac muscle function [33].  

Hydrogels are usually used in Cartilage regeneration due to its properties in exhibiting 

similar mechanical, swelling, and lubricating behaviour to articular cartilage [34],[35] The 
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composition of polyethylene glycol (PEG)-based hydrogel with methacrylate groups for 

photo-crosslinking is used for cartilage tissue regeneration [35].  

Bone composed of polymers (collagen) and ceramics (hydroxyapatite). Therefore, the 

use of hydrogel and ceramics can improve implant engraftment both at the cellular (good 

adhesion and fast differentiation) and at the organism level (mechanical properties required 

for bone tissue)[36]. 

 

5. Nano biomaterial  

Nano biomaterials generally refers to biomaterials with a basic structural unit less than 

100 nm (nanostructured). Due to their grain surface, it enhances the cell matrix and increases 

tissue regeneration rate [17]. Musculoskeletal tissues are also constructed with 

nanocomposites composing of nanofibres with different compositions [37][38]. Collagen 

fibrils and hydroxyapatite crystals are natural nanomaterials in the bone tissue which give 

high compressive and tensional strength properties [39].  

2.3.1 Scaffold 

In the field of tissue engineering, scaffold is needed because of its ability to provide a 

suitable conditions for tissue or cell growths [40] combing with a good understanding of the 

properties of the tissue making a best combination for complete tissue regeneration. 

Scaffold is made with biomaterial which defined as the substance or the composite 

material that help in replacement of lost or malfunctioning tissues.[41][42] 
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2.3.1.1 Scaffold requirements 

1.Biocompatibility; The scaffold should not cause any immune reaction [41] 

2.Biodegradability; The scaffold should eventually be replaced by the implanted 

scaffold or tissue engineered constructed by the host cells. The degradation rate of the 

material should match with the growth rate of the new tissue to give the host cells to 

generate their own extracellular matrix [41],[43] 

3.Mechanical properties  

Successful scaffolding, allowing good cells infiltration and vascularization regime 

appropriate scaffold properties. The scaffold material should have a good mechanical 

strength allowing it to be easily handled during the experiment and yet have high porosity for 

cell migration. The mechanical properties of the scaffold also affect the bone formation rate 

and decrease the bone resorption rate[44]. In cartilage, the suitable mechanical properties 

can prevent cell death and lead to greater amounts of cartilage tissue formation[45],[46]. 

4.Scaffold architecture 

Scaffolds should be three-dimensional, highly interconnected porous networks, and 

have the appropriate porosity, pore size, and pore structure for cell growth allowing transport 

of nutrients and metabolic waste [47] 

The conventional ways of producing Scaffold was by fiber bonding/fiber mesh, melt 

molding, solvent casting and particulate-leaching, membrane lamination, gas foaming, 

freeze-drying, and phase separation, but with computer-aided designs (CAD), scaffold can be 

generated by using 3D printing technology [48]. Scaffold with 3D printing technology is 

generated by layer process makeing the properties of the created scaffold similar to that of 

https://www.sciencedirect.com/topics/physics-and-astronomy/strength-of-materials
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the ECM; the size of pore has to be controlled as well as the mechanical properties and 

biodegradable property.[49] 

The example for scaffold creating method for musculoskeletal are as follows, 

Electrospinning; usually used for creating bone scaffold [50] This method using 

electric field to shoot a jet of liquid is shot out of a needle toward a conducting collector [51]. 

The volatile solvent evaporates in the air leaving behind, under the right conditions, a polymer 

fiber with a diameter that can range from tens of nanometers to microns [52]. The difficulty 

for this method is to control the density of fibre to become the structure. Mixing the 

electrospinning system and wet spinning system together is the procedure to overcome the 

problem and also create size and porosity of electrospin scaffolds that is needed [53] 

 

2.4 Contamination 

2.4.1 Source of contamination 

- Contamination can be divided into three classes which is Minor annoyances, Serious 

problems , and major catastrophes [54] 

2.4.1.2 Major cell culture contaminant;  

1. Chemical contamination: refer to any non-living substances that make unwanted result. 

These also include hormone or any growth factor in the serum [55]  

Sources of chemical contamination  

- Cell culture media ; media is the major source of Chemical contamination 
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- Serum ; Serum contamination occurs from uncontrollable lot-to-lot variation in 

hormone and growth factor concentrations  

- Water ; Water that is used for making media or washing glassware is a major source 

of the contamination. 

- Endotoxins; It is lipopolysaccharide -containing by product of gram negative bacteria 

that is found in water , serum and culture additives.  

- Storage Vessels ; The contamination usually occurs from heavy metal or the organic 

compound from the disinfecting process. 

- Fluorescent lights ; The contamination occurs from the reaction of media containing 

HEPES (N-[2-hydroxyethyl] piperazine-N’-[2-ethanesulfonic acid]), riboflavin or tryptophan to 

a fluorescent light. These substances can photoactivate and generate hydroxy peroxide and 

free radical.[56] 

- Incubator ; Usually caused by gas containing toxic impurity (oil, carbon monoxide) 

that is left in the tank by the previous use [57]. 

2. Biological contaminant : this kind of contamination is divided into 2 groups which are easy 

to detect (bacteria, molds, yeast) and difficult to detect (virus, micro plasma)[55]. 

 - Bacteria, Molds, and Yeasts ; Usually occurs because insufficient antibiotics or the 

resistant of microbial to antibiotic. 

 Virus ; These type of contamination is the most difficult to detect because of the size, 

but it requires the specific host to attach. 
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 Mycoplasmas ; These type of microorganism was first detected in 1956 in the 

experiment with HeLa cells and the results also proved that other cell cultures in the same lab 

were also infected with mycoplasma [59],[60]. Mycoplasma have ability to infect many 

cultures with 3 main reasons which are smallest size, lack of cell wall and fastidious growth, 

making it very difficult to wash out.[55] 

3. Cross-contamination by other cell Culture ; This incident occurs when invading cells have 

better growth rate in the culture condition and eventually replace the original cell line.[55]  

2.4.2 How to avoid the contamination 

Reducing the contamination need a good aseptic technique requiring an 

understanding of the source of contamination and evaluate risk assessment to find the 

suitable procedures for decontamination and experiments. Furthermore, laboratory personal 

are needed to be trained in safety protocol in handling and disposal of any hazardous cultures 

and materials.[60] 
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3. Methodology 

A large number of cells is required to create one piece of ligament(tendon) or muscle 

and the steps to build a piece of tendon or muscle include the sterilisation of a culture plate 

and the preparation of a silicone structure and cell culture. 

 The materials, methods and techniques used to complete this research, as well as the 

problems encountered, are described in this chapter, which consists of 6 sections, namely, 

material, cell culture, production technology, silicone structure, the creation of a three-

dimensional loop, and contamination. The first section describes equipments and solutions 

used in the experiment. Next section contains an overview of cell culture and the process by 

which cells are grown. The instruments used to create a mould for the silicone structure are 

described in the production technology section, while the silicone structure section contains 

an explanation of how the material for creating a silicone structure is chosen and how the 

structure is produced. The different procedures used to develop a three-dimensional cell loop 

are described in the fifth section. The problems encountered during this experiment are 

described in the last section. 
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 3.1. Material  

The equipment, plastic and glassware supplies and the reagents used for the cell 

culturing process are described below. 

3.1.1. Equipment  

1. Standard humidified tissue culture incubator (Nuaire) (37°C, 5% Carbon dioxide gas    in 

air); 

2. Tissue-culture laminar flow hood; 

3.Water bath 

4. Table-top centrifuge 

5. Inverted light microscope for monitoring the cell culturing process; 

6. Haemocytometer and cover glass or NucleoCounter NC-250 machine (section 3.2.5) for 

counting the cells 

7. Pipette controller (motorised pipette filler) 

8. Single-channel micropipette 

9. Vacuum pump 

10. Autoclave to sterilise the glassware or plastic equipment 

11. Dimension uPrint ( section 3.3.1); 

12.  CNC Laser cutter (LS 1290 Pro Laser engraving and cutting machine, 2009, HPC laser 

LTD) (section 3.3.2) 
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3.1.2. Plastic and glassware supplies  

1. Glass-plugged Pasteur pipettes, which were filled in the metal box and autoclave before 

use. These pipettes were used to aspirate off-media or liquid from the culture plate or conical 

tube; 

2. Stripette serological pipettes, polystyrene, sterile; 5 mL, 10 mL, 25 mL; 

3. Micropipette tip; 

4. Syringe, sterilised, disposable plastic ; 1 mL, 2mL, 5 mL; 

5. Syringe filters, Millex-LG 0.20 μm, 13 mm., Hydrophilic FluoroporeTM(PTFE) membrane 

(Merck Millipore Ltd); 

6. Steriflip-GV, 0.22 µm, DuraporeR PVDF  membrane, radio-sterilised, 50 mL , Disposable 

vacuum filtration system (SE1M179M6, Merck Millipore Ltd); 

7. Conical Polypropylene Centrifuge Tubes, sterilised, 15 mL and 50 mL; 

8.Tissue culture dishes, 35 mm,100 mm, 150 mm; 

9. Micro centrifuge tubes 1.5 mL; 

10. Cryotube. 

 

3.1.3. Reagents needed for cell culturing  

1. DMEM media; Dulbecco’s Modified Eagle Medium; high glucose (41965, GIBCO); 

2. Ham's F-12 Nutrient Mix (31330,GIBCO);  

3. Penicillin/streptomycin (15140, GIBCO); 
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4. Antibiotics/antimycotic (15240, GIBCO); 

5. Foetal Bovine Serum, South American Origin ( FCS-SA/500-41213, Labtech) 

 FBS. Original bottles had been stored at −80°C for years and then stored at −20°C when 

thawed and aliquoted; 

6. Fetal Horse serum (FH-215,Biosera). Original bottles had been stored at −80°C for years and 

then stored at −20°C when thawed and aliquoted; 

7. Aprotinin bovine (Roche, UK); 

8. Fibrinogen (8360, Sigma Aldrich, UK); 

9. Thrombin (3399, Sigma Aldrich); 

10. Bovine serum albumin (9418, Sigma); 

11. Ascorbic acid (A4544-25G, Sigma Aldrich);  

12. L-proline (P5607-25G, Sigma Aldrich) 

13. Dulbecco’s Phosphate-buffered Saline (DPBS); 

14. Trypsin-EDTA solution (59418C, Sigma Aldrich); 

15.Dimethyl sulfoxide (DMSO)(D2650, Sigma Aldrich); 

16. Copper (II) sulphate pentahydrate, crystallised. 

 

3.1.4. Cell Selected 

1. Fibroblast cell was collected from a rat Achilles and stored in the liquid nitrogen 

2.Myoblast, a myoblast cell line was obtained from the thigh muscle of C3H mice 
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3.2. Cell culture 

Since a large number of cells are required to create a ligament/tendon/muscle, there 

was a need for a cell culture process, which began by storing the minimum number of cells in 

liquid nitrogen in a cryotube. This process was undertaken in controlled conditions which 

included humidity, temperature, pH, buffer, Carbon dioxide gas    etc., in addition to keeping 

the cells alive and increasing the number of cells for multiple uses. A tendon and muscle cell 

line from rats were chosen for this experiment. For the tendon, a fibroblast cell was collected 

from a rat Achilles and stored in the liquid nitrogen and for the muscle cell (myoblast), a 

myoblast cell line was obtained from the thigh muscle of C3H mice from Yaffe and Saxel, 

(1977) by means of a serial passage of myoblast after injuring the muscle with forceps before 

preparing the culture [61]. Both cell lines used the same culture technique for growth and 

increasing the number of cells, which will be explained later in this section.  

A Nuaire Autoflow 5500 Air Jacket Carbon dioxide gas    Incubator was chosen for all 

the requirements in this experiment. It was equipped with a High-Efficiency Particulate Air 

(HEPA) filter system, which was a perfect airlock system for the incubator. The HEPA acted as 

a pressure control to prevent air getting into the incubator when it was opened by increasing 

the pressure inside it. The water bath inside the incubator was filled with distilled water and 

copper sulphate (1g/l), which helped to maintain the humidity and the aseptic-conditioned 

atmosphere inside the incubator. Other conditions in the incubator for cell culture were a 

temperature of 37±1℃, a 5% Carbon dioxide gas     atmosphere and the whole system was 

stabilised at pH 7.2±0.2. 

The risk of contamination was reduced by conducting all the experiments under the 

cell hood. It was crucial to activate the airflow into the cell hood and spray the inside of the 
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hood with 70% ethanol and then leave it for at least 60 minutes before starting the 

experiment. Furthermore, every piece of equipment was sterilised or autoclaved and sprayed 

with 70% alcohol and the hands and forearms of the researcher were also sprayed with 70% 

alcohol before entering the cell hood. 

3.2.1 Preparation of culture media  

1. Experiments involving tendon/ligament (Fibroblast) 

The growth media consisted of F12 Ham media (31330, GIBCO) supplemented with 

20% FBS (Fetal bovine serum, S1810 Biosera) and 1% antibiotics/antimycotic (15240, GIBCO). 

       2.  Work on the muscle cell (C2C12/ myoblast) 

The growth media consisted of DMEM (41965, GIBCO), 10% FBS and 1% 

penicillin/streptomycin (15140, GIBCO). 

- The growth media were changed every other day. 

3.2.2 Thawing of cells from liquid nitrogen 

 Since the cell lines were stored in liquid nitrogen, the cells needed to be unfrozen 

before use and activated using the steps shown in Figure 3. 1 below. 
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Figure 3. 1; Process of thawing the cells from the cryotube (stored in liquid nitrogen) 

 

 

Figure 3. 2; Transfer of active cells from conical tube to culture plate 

Firstly, the cell line in the cryotube was thawed in a bath of warm water (37°C) before 

all the suspended cells in the thawing cryotube were transferred into a bigger conical tube, 

diluted with pre-warmed growth media (37°C) and mixed well using a pipette. Then, the 

conical tube was centrifuged at 2500 rpm for 5 minutes during which time pellets were 

separated from the suspended cells and fell to the bottom of the conical tube. The 
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supernatant was then aspirated by holding the conical tube at an angle of 45 degree (to avoid 

disturbing the cell pallets at the bottom of the conical tube). Lastly, fresh pre-warmed media 

(37°C) were added with a pipette and mixed well. The cell line was then activated and ready 

for use in the next step (transfer to culture plate (Figure 3.2)).  

3.2.3 Seeding of cells   

Two different methods were used to seed the cells, depending on the source of the 

cell line.  These methods were by cryotube and cell culture plate. 

Firstly, the cells from the cryotube were thawed and counted before being transferred 

to the culture plate. Secondly, the cells that had grown to a certain level (60-65% of live cells 

) were harvested in the culture plate and counted before being transferred to new culture 

plates. The different sizes of culture dishes required different volumes of growth media, as 

shown in Table 2 below. The growth media were changed every other day. 

Plate 

Diameter(mm) 

Media volume(ml) 

35 3 

100 10 

150 15 

Table 2; Volume of growth media for different plate sizes 

 

3.2.3.1 Seeding cells in a different area of culture plates 

 The objective of this experiment was to observe whether the number of cells and the 

area of cell culture plate affect the growth of cells. The result of observing many cell culture 
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experiments confirmed that the number of cells in the plate and the area of the cells culture 

plate did affect the cells’ growth. The duration of the test was determined by the time it took 

for the cells to converge in the culture plate (60%-65% of cells culture plate area observed 

under an inverted light microscope). The harvesting time, when the cells reached a confluence 

of 60-65%, usually started from about 5 days but this depended on the state of the primary 

cells, whether from the cryotube or the culture plate, as well as the starting number of cells. 

The experiment began by counting the active cells using an NC-250 machine and dividing 

them into two groups of 50,000 and 100,000 cells, respectively. They were then placed on 

differently sized cell culture plates (Table 3). The growth media were added and changed 

every two days until the cell number reached 60% confluence (Figure 3. 3). Lastly, the cells 

were harvested and counted using a NC-250 machine to determine their number. 

  The number of cells and the duration of each experiment were used as a model for 

further analysis. 

Dish Diameter (mm) Cell number (cells) 

100 50000 100000 

150 50000 100000 

Table 3; Diameter of culture plate and initial number of cells in the experiment 
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Figure 3. 3; Seeding of cells with differently-sized culture plates 

 

3.2.4 Expansion/Cell harvesting 

The cells had to be expanded or harvested when they achieved approximately 60-65% 

confluence, otherwise they would differential. They were harvested within 5-7 days of 

seeding, depending on the initial state of their passage (from cryotube or culture dish). The 

steps taken to harvest the cells are shown in 

Figure 3.4 below. 
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Figure 3.4; Process of harvesting cells from cell culture plates 

Figure above (Figure 3.4) has shown the processes of harvesting cell. Firstly, the media 

were removed from the culture plate and washed with Dulbecco’s Phosphate-buffered Saline 

(DPBS) to further remove all the residue that may have inhibited the effectiveness of the 

trypsin in releasing the cells from the bottom of the plate. This process was repeated 

thoroughly ten times before the DPBS was aspirated off using the pipette. Secondly, pre-

warmed trypsin (37°C) was added to lift the cells out of the bottom of the plate surface (2 ml 
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of trypsin for 150 ml plates, 1.5 ml of trypsin for 100 ml plates). Then the culture plate was 

swirled well under the cell hood until the target cells (fibroblast or myoblast) were separated 

from the bottom (observed under an inverted light microscope). If the cells had failed to 

detach from the bottom of the plate, it was placed in the incubator (37°C) for 1 minute and 

then swirled well again. After obtaining sufficient cells, the trypsin solution and suspended 

cells were transferred to a conical tube, pre-warmed growth media (37˚C) were added and all 

the solution was mixed together. Next, the conical tube was centrifuged at 2500 rpm for 5 

minutes to separate the cell pallet from the suspended cells. The cell pellets fell to the bottom 

of the conical tube after the previous step and the supernatant in the conical tube was 

aspirated and discarded using a pipette by holding the conical tube at a 45-degree angle to 

avoid disturbing the cell pellets, which were then resuspended with new pre-warmed growth 

media (37°C). The suspended cells were gently mixed by being passed repeatedly through the 

pipette until the pellets were loosened and then all the suspended cells were transferred to 

a new culture plate or stored in liquid nitrogen. 

 

3.2.5 Storage of cell samples 

After the cells had been harvested, the contents of some of the conical tubes were 

transferred to a new culture plate, and some were stored in liquid nitrogen for other purposes 

[62]. The process of storing the cells began immediately after harvesting and counting them 

(using an NC-250 machine or Neubauer counting chamber) are shown in 

Figure 3.5. All the active cells were divided into 2×106 cells in 0.5 mL suspension in each 

cryotube. Then, 0.5 mL of freezing media (DMEM+ 20%DMSO (Dimethyl sulfoxide)+ 20%FBS) 

was added dropwise to the suspended cells as a protective freezing agent to protect them 
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from being damaged by osmotic pressure. The process of freezing the cells consisted of 2 

steps. Firstly, all the cryotubes were placed in a freezer at -4 degrees Celsius for 30 minutes 

and then they were moved to another freezer at -70 degrees Celsius for 12 hours. Lastly, they 

were all moved to be stored in liquid nitrogen dewar (-196˚C).
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Figure 3.5; Procedure for collecting cells from culture plates to store in liquid nitrogen 

3.2.6 Counting of cells 

The growth of cells in a cell culture plate was measured by counting the number of cells 

between different cell culture steps. The cells could be counted either by hand or using a 

machine. In terms of manual counting, a Neubauer counting chamber (Haemocytometer) is 

usually used to count a well-defined volume of cells under an inverted light microscope, while 

machine counting consists of using a NucleoCounter NC-250 to analyse the number of cells 

(Figure 3.6). This machine can determine the number of cells, their viability, and the cell cycle 

with many different methods and solutions.  
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Figure 3.6; The NucleoCounter NC-250 machine and computer used in the lab 

source; https://chemometec.com/cell-counters/cell-analyzer-nc-250-nucleocounter/ 

(visit; 19/11/18) 

The NucleoCounter NC-250 is a fluorescent microscope with a magnification of ×1.75 and 

NucleoViewTM software. The test began by choosing the test from the software window. 

  

 

https://chemometec.com/cell-counters/cell-analyzer-nc-250-nucleocounter/
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Figure 3.7; Different protocols from the NucleoViewTM NC-250 

 

Click this item for the 
protocol 

Click this item for 
choosing the test . 



37 

 

 

 

After choosing the needed test, the protocol is indicated a list of solutions and necessary 

instruments required in the experiment (Figure 3.8)  In this experiment, the frequency used test 

was viability and cell count assay with two chambers slide. (Appendix 9.1) 

 

Figure 3.8; Protocol for viability and cell count assay. 

 

Figure 3.9; Two-chamber slide (Above; NC-Slide A2) and eight-chamber slide (Below; NC-Slide A8) 
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There are two different testing slide that had been used in the experiment, these are two-

chamber slide (NC-Slide A2) and an eight-chamber slide (NC-Slide A8). The maximum volume of 

each chamber is 16 µl in a two- chamber slide and 5.6 µl in an eight-chamber slide (Figure 3.9). 

The advantage of the eight-chamber slide is to conduct more test at the same time compare to 

two-chamber slide, and also suitable for less volume of the test sample. On the other hand, the 

two-chamber slide is less expensive and more suitable for the single sample. After the samples 

were loaded into the chambers by using micropipettes, the slide was inserted into the sample 

tray (Figure 3.10 ) 

 

 

Figure 3.10; Slide inserted into the sample tray 
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Figure 3.11;  Front page of the software before the experiment 

 

The analysis was made by pressing the “run” button on the software (Figure 3.11).  The 

results emerged a few minutes after the machine started working. The results showed the 

concentration of cell in the suspension and cell viability for each chamber slide.  
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Figure 3.12; Viability and cell count assay showing the total number of cells, dead cells, live cells and cell 
diameter. 

result for this chamber 
only 
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3.3 Production technology 

 The procedure for creating a piece of muscle or tendon construct required the use 

of a mould to build a plastic structure and the main equipment used to make the mould is 

described below. 

3.3.1 Plastic Rapid Manufacturing (Dimension Uprint) 

 

 

Figure 3.13; ABS plus rapid prototype uPrint 

 

The Dimension uPrint rapid printer [63](Figure 3.13) uses the method of fused deposition 

modelling (FDM) of acrylonitrile butadiene styrene plus (ABS plus), also called ABS P430, which 

is around 40% stronger than the standard ABS. The machine builds three-dimensional parts by 

extruding a bead of ABS material through a computer-controlled extrusion head. By importing 
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model data (.STL) to the device, the printer located inside the chamber produces a base material 

using FDM. The layer of ABS was created from the bottom up using FDM as shown in Figure 3.14. 

 

 

Figure 3.14; Production of 3D material using  uPrint Dimension machine 

  

The advantage of this production technology is the fast-manufacturing time, as well as 

the suitability of the material to the environment. The testing of the ABS parts showed good 

durability in the high humidity and temperature inside the environment of the cell incubator. 

Furthermore, the equipment was easily sterilised with 70% ethanol alcohol, making it suitable 

for cell experimentation. 

This machine was used to create a three-dimensional silicone elastomer mould that was 

used in three-dimensional tissue engineering processes. 
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3.3.2 CNC Laser Cutter (Laserscript 1290 pro) 

 

 

Figure 3.15; Laser cutter (Laserscipt 1290) 

 

 

Figure 3.16; Carbon dioxide gas    laser tube 
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Lasers can cut and engrave a variety of materials. The laser cutter used in this project was 

a Laserscript 1290 pro, powered by an 80W water-chilled Carbon dioxide gas    laser tube located 

on the back of the machine (Figure 3.16). This machine is computer numerical controlled (CNC) 

and the laser system programme allows the import of files in a standard drawing exchange format 

(.DXF), generated from standard computer aided design (CAD) programmes using SolidWorks. 

The machine working area is up to 1200 mm × 900 mm. The machine has a resetting accuracy of 

0.015 mm and can cut acrylic material up to 25 mm thick (33). The laser cutting format is designed 

by the colour coding system (Figure 3.17) to indicate the beam power and speed of the laser used 

for cutting or engraving the material. The laser beam cut the material indicated by the file shown 

in Figure 3.18. 

 

Figure 3.17; (.DXF) file from solid work program with different colours used as guideline of the beam power and 
speed of the laser for cutting or engraving the area 
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Figure 3.18; Materials cut by the laser beam 

 

3.4. Silicone structure 

A silicone structure acts as the scaffold or extracellular matrix for the cell, helping the cells 

in a 2D layer form (cells in the culture plate) to create a 3D loop cell structure. The dimensions of 

structures were chosen from the size of 3D loop cell structure needed for further experiment in 

bioreactor equipment that showed in Figure 2.3 and Figure 2.4.  

SYLGARD 184, which is a transparent silicone elastomer designed to protect against 

moisture, was used to construct the silicone structure. It was non-toxic to the cells and was of a 

medical grade. Two differently shaped silicone structures were used, namely, oval and circular 

(Figure 3.19). The oval structure had parallel thin lines in the middle and thicker lines at the edge 

of the loop, while the circular structure had lines of the same thickness along the entire loop.  

The surface circumference of the two different structures should not be too different when 

making the same size of loop (see Appendix 9.3). 
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 The silicone structure moulds were created from the solid work programme. It 

was decided that the mould would have to be able to be disassembled to release the moulded 

silicone. The mould consisted of three layers of an acrylic plate ( 

Figure 3.20). The first two layers were surface layers used for filling in the SYLGARD 184 

silicone elastomer, which had holes the size of the silicone structure. The third layer was the base 

layer and the mould was made by cutting a piece of acrylic plate (4 mm. thick) into rectangular 

plates (210 mm x100mm). The final shape needed to be 8 mm. high, which meant that two sheets 

of acrylic plates were necessary. The three layers were cut with a CNC laser Cutter (Laserscript 

1290 Pro) to form the required shape. Then, they were all aligned and attached together with 

screws (Figure 3.21). This assembly was then filled with SYLGARD 184 silicone elastomer and left 

to set. Unfortunately, leakage occurred between the individual layers of acrylic, so a new method 

was created to overcome it. 

        

              A     B 

Figure 3.19; Three-dimensional shape of silicone cubes made by the solid work programmed 

A : Dimensions ; D= 11.37 mm, H= 8 mm 

B : Dimensions ; L = 15 mm , R= 2.5 mm (D= 5 mm), H= 8 mm 

(D=Diameter, H= Height, L=Length, R= Radius) 
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Figure 3.20; Solid work design for acrylic plate mould 

Dimensions; H (Height) =210 mm, L (Length)= 100 mm 

 

     

Figure 3.21; Finished acrylic mould 

 

OOMOO 30TM rubber was chosen to create a flexible mould, which would allow the 

removal of the cured silicone by pressing it out. This rubber is commonly used in making and 

casting moulds and it can be cured at room temperature. An inverse mould of the required 

shapes was firstly created using solid work programmes and then the shapes were created using 
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a 3D printer (Plastic rapid Manufacturing machine; Dimension uPrint) (Figure 3.22). These inverse 

moulds were then glued to the base of a petri dish and left for 24 hours to be sure that the super 

glue was dry (Figure 3.23). The plate was rinsed with water ten times and left until it was dry to 

avoid any toxic residue of super glue and then the OOMOO 30TM rubber was poured in and left 

for 2-3 days until it was cured. The rubber was subsequently removed from the inverse mould 

(Figure 3.24) and the mould was ready for use. SYLGARD 184 silicone elastomer was poured into 

the rubber mould and left for two days (when the silicone was expected to be cured) to make 

the silicone structures, but it was found that the silicone structures were not cured. This was due 

to organo-tin compounds being present in the OOMOO 30TM rubber, which, according to the 

manufacturer’s datasheet, would inhibit the curing of SYLGARD 184 silicone elastomer (Appendix 

9.3) 

 

Figure 3.22;  Products received from plastic rapid manufacturing machine (Dimension uPrint) 
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A      B 

Figure 3.23; verse mould of plastic insert glued to the culture plate 

plate A : Plastic insert’s dimensions; D= 11.37 mm, H= 8 mm 

plate B : Plastic insert’s dimensions; L = 15 mm , R= 2.5 mm, H= 8 mm 

(D=Diameter, H= Height, L=Length, R= Radius) 

 

Figure 3.24; Finished mould from OOMOO 30TM rubber 
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A different material that did not contain the organo-tin compound needed to be chosen 

for the mould in order to overcome this problem; therefore, Silblone RTV 4420 A/B (cloudy 

silicone) was selected to prove the hypothesis that the organo-tin compound in OOMOO 30TM 

rubber inhibited the curing of SYLGARD 184 silicone elastomer because of its similar bio-

compatibility. The process was the same using the same inverse mould, but a smaller culture 

plate was used to save the volume of Silblone RTV 4420 A/B. Having made the mould of Silblone 

RTV 4420 A/B, it was filled with SYLGARD 184 silicone elastomer and left to cure (Figure 3.25A). 

After two days, it was found that both silicones had adhered to each another and could not be 

separated because of their similar chemical properties (Figure 3.25B). 

 

               

A          B 

Figure 3.25;  Silblone RTV 4420 A/B silicone mould 

A : hole dimensions; D= 11.37 mm, H= 8 mm (with 100 mm. culture dish) 

B : two types of silicone adhered to each another (SYLGARD 184 silicone elastomer is the 

clear silicone inside the hole) with 35 mm culture dish 
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 Finally, a non-assembled mould was manufactured. The design was created with 

a little hole to let air pressure in to release the complete sheet of silicone structure. A rapid Plastic 

Manufacturing machine (Dimension uPrint)(Figure 3.13) was used to create the plastic (ABS) 

mould (Figure 3.26), which was then filled with SYLGARD 184 silicone elastomer.  

SYLGARD 184 composed with 2 solutions (in the preparing box from manufacturing) with 

10:1 ratio. After filled in the mixing solutions in the plastic mould, shake the mould a little bit to 

release bubbles , then left for 12-24 hours in room temperature until it cured. 

 

 

 

 

 

Figure 3.26; Finished product from rapid prototype machine (Dimension uPrint) 

 

 

 

 

Hole inlet for air 
pressure  
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           A            B          C 

Figure 3.27; Mould with SYLGARD 184 silicone elastomer 

Figure 3.27A; Mould filled with SYLGARD 184 silicone elastomer 

Figure 3.27B;SYLGARD 184 silicone elastomer after cured and air pressure applied to the mould (Top left 
edge slightly pushed off) 

Figure 3.27C; SYLGARD 184 silicone elastomer sheet of silicone structure 

 After the silicone structures were cured, air pressure was used to push them out of the 

mould (Figure 3.27B). This procedure enabled the silicone cubes to have a perfect shape (Figure 

3.28). These silicone cubes (SYLGARD 184) were glued to a 35 mm culture dish for further 

experimentation (Figure 3.29). 

        

Figure 3.28; SYLGARD 184 silicone elastomer structure 
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Figure 3.29; 35 mm plates coated with SYLGARD silicone elastomer and assembled with silicone structure 
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3.5. Formation of three-dimensional tissue engineering loop structure 

A three-dimensional tissue loop was created because of the difficulty in attaching a 3D 

single-strand engineering tissue to the anchor in the bioreactor. The 3D loop was to be further 

used in the bioreactor for the mechanical and electronic testing. In this research the method of 

creating 3D single-strand engineering tissue has been adapted from Huang et al.[65] for skeletal 

muscle. The method for engineering tendon has been adapted from Calve et al [66] and Hairfield-

Stein et al [67] work. 

The formation of the 3D tissue loop consisted of many steps as described in  

Figure 3.30 below. 

Firstly, a 35 mm. coated plate was assembled with a silicone structure (SLYGARD 184 

silicone elastomer, Dow Corning Corporation). Then silicone (SLYGARD 184 silicone elastomer) 

was poured in to cover the rest of the plate area and a fibrin gel composition was added after 

the silicone was cured. Next, the cell suspension was added on top of the fibrin gel and lastly, 

fresh media (37°C) was added and changed every two days until a 3D tissue engineering loop 

was created (Figure 3.30)

 

 

35 mm dishes assembled with a 
medical grade silicone structure 
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Figure 3.30; Production of three-dimensional tissue engineering loop structure 

 

3.5.1. Production of Fibrin Gel 

Fibrin gel is a natural protein that allows cells to grow freely on top or within a matrix, 

after which they produce extracellular matrix protein. It was made from a thrombin solution and 

35 mm dishes coated with medical 
grade silicone 

Fibrin gel  

Cell suspension (100,000 
cells/µL)  

Cell media 
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fibrinogen solution, which polymerised to a fibrin gel [23-32]. Both solutions were stored at -

20℃.  

Thrombin solution:  

  A thrombin solution was made by mixing 50 ml of either DMEM media (for myoblast) or 

F12 Ham media (for fibroblasts) and 10,000 units of thrombin (3399, Sigma Aldrich) 

supplemented with 0.1% bovine serum albumin (9418, Sigma Aldrich). 

Fibrinogen solution: 

 A fibrinogen solution (20mg/ml) was made by dissolving 5g granulated fibrinogen (8360, 

Sigma Aldrich, UK) slowly at 37°C in either 255ml of DMEM media (C2C12) or F12 Ham Media 

(fibroblast) under continuous swirling. The solution was then sterilised by filtering it through an 

0.22 μm filter (SE1M179M6-GV 0.22μm PVDF, Steriflip). 

 

3.5.2 Muscle Constructs 

A muscle construct was formed in 35 mm silicone coated plates, the surface of which was 

sprayed with 70% alcohol (twice) and placed under a UV light for 30 minutes. Then all of the 70% 

ethanol was removed with DPBS (Dulbecco’s Phosphate-buffered Saline) and all the DPBS was 

aspirated before the fibrin gel formed and the cell seeding procedure began. The overall process 

is shown in Figure 3.31. 
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Fibrin Gel  

Fibrin gel acts as scaffold or extracellular matrix (ECM) for the muscle cells before they 

can generate their own ECM. The fibrin gel was made in two steps. Firstly, 480μl DMEM growth 

media supplemented with 200U/ml of thrombin solution and 8μl/ml of aprotinin (Roche, UK) was 

poured into the 35mm plate, letting the solution cover all the surface. Secondly, 200μl of 

fibrinogen solution was added dropwise into the plate around the silicone insert. The plate was 

then swirled gently to mix the solutions (gel may form in this step) and placed in the incubator at 

37°C for polymerisation for at least 30 minutes.  

 

Cell Seeding 

The seeding of the cells can be considered to be a process for making the tissue 

engineering construct. It began after the sterilisation of 35 mm silicone coated plates and the 

formation of fibrin gel. The cell seeding procedure are shown in Figure 3.32. The first step was 

seeding 100,000 cells in 1 mL of DMEM cell culture media (DMEM+10%FBS+1% 

penicillin/streptomycin) supplemented with 50 μM of ascorbic acid (A4544-25G, Sigma Aldrich) 

and 50μM L of proline (P5607-25G, Sigma Aldrich)(1st 3D media). This solution was then poured 

onto the fibrin gel. The old media were rinsed off with DPBS and the DPBS was removed before 

adding fresh 1st 3D media (37°C) every other day until the cells achieved a 90% confluence. The 

1st 3D media were rinsed off by DPBS and replaced with differentiation 3D media (DMEM growth 

media supplemented with 2% horse serum+1% penicillin/streptomycin + 50 μM ascorbic acid and 

50μM L-proline)(2nd 3D media), and left for two days. DMEM growth media supplemented with 
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7% FBS and 1% penicillin/streptomycin plus 50 μM of ascorbic acid and 50μM of L-proline (3rd 3D 

media) was added after removing the 2nd 3D media and washing with DPBS. The 3rd 3D media 

were changed every two days until the muscle fibre construct was formed and started rolling up 

within the fibrin gel. The engineered muscle tissue loop structure was built in about ten days and 

removed from the 35 mm silicone culture plate for further experimentation. 
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Figure 3.31; Procedure for muscle cells three-dimensional tissue construct 
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Normal cell seeding 

 

Figure 3.32; Cells seeding procedure and media change during the process of a three-dimensional muscle 
engineering construct 
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3.5.2.1. Other 3D muscle cells construct experiments 

The experiments shown in this section were conducted to assess the effect of 

temperature, UV light, aprotinin etc., on the formation of 3D muscle cells.  

3.5.2.1.1. Temperature 

The aim of the temperature test was to ensure that the temperature in the experiment 

did not affect the gel setting and cell formation at different gel settings. 

 

Table 4; Conditions of temperature test 

Y = silicone culture plate used in the experiment 

Three different culture plates were used, as shown in Table 4. One had a silicone base, 

one a silicone cube, and third had both a silicone base and a silicone cube.  Plates with a 

different silicone culture gave a different views under an inverted light microscope. There was 

only one composition of fibrin in this experiment, which was 200 µL of fibrinogen mixed with 

480 µL of thrombin. 

Test Fibrinogen 

(µL)  

Thrombin 

(µL) 

Culture plates  Aims 

  

 

 

  

 

1.1. room 
temperature at 

20°C 

 

1.2. at 37˚C 

 

200 

200 

 

 

200 

200 

 

 

480 

480 

 

 

480 

480 

 

Y 

Y 

 

 

Y 

Y 

 

Y 

Y 

 

 

Y 

Y 

 

Y 

Y 

 

 

Y 

Y 

- Do different 
temperatures 

affect gel setting? 

- Does the gel 
scaffold affect the 
formation of cells? 
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The fibrin gel setting temperatures were evaluated using two sets of temperatures. 

The first was room temperature (around 20°C) and the second was 37˚C. The gel setting 

process at room temperature was achieved by leaving the already prepared gel on a silicone 

culture plate in the cell culture hood. On the other hand, the 37˚C condition was achieved by 

leaving the prepared gel on a silicone culture plate in the incubator. The duration of both gel 

setting experiments was 30 minutes. (Figure 3.33: red box). The gel was then left outside (in 

the cell hood) for another 10 minutes to determine the setting of fibrin gel in different 

conditions. The next experiment related to the formation of cells could begin if the fibrin gel 

had set properly. 

 The formation of cells was tested starting with the process of warming the gel 

by leaving the fibrin gel silicone culture plate (product from Figure 3.33; red box) in the 

incubator (37˚C) for 10 minutes, making the gel temperature suitable for the cell culture, and 

then the seeding process began (Figure 3.32). 
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Figure 3.33; Procedure for testing different temperatures (in the red box) before processing the seeding cells  
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3.5.2.1.2. Fibrin gel under UV light 

The aim of this experiment was to test the effect of Ultraviolet light on fibrin gel setting 

and subsequent cell growth in the fibrin gel. 

 

Table 5; Condition of Ultraviolet(UV) light test Y = silicone culture plate used in the experiment 

 

Following the temperature test, a second experiment was performed by adding UV 

light as shown in Figure 3.34 below. The difference was that the fibrin gel in the silicone 

culture plates used in this experiment had set properly. Three different culture plates were 

used, namely, a silicone base, silicone cube, and a silicone base plus a silicone cube. These 

different culture plates produced different views under an inverted light microscope. The 

composition of the fibrin in this experiment was 200 µL of fibrinogen mixed with 480 µL of 

thrombin. The temperatures were the same as those in the previous experiments (Table 4; 

20°C, 37°C ). 

 

 

Test Fibrinogen 

(µL)  

Thrombin 

(µL) 

Culture plates  Aim 

  

 

 

  

 

2.1 under an 
UV light for 30 

minutes 

2.2 no UV light 

 

200 

 

200 

 

480 

 

480 

 

Y 

 

Y 

 

Y 

 

Y 

 

Y 

 

Y 

 

- Does UV light affect 
the gel setting and cell 

growth in fibrin gel?  
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Figure 3.34; Overall procedure to investigate the effect of UV light on gel setting and cell formation . The 
“orange box" shows the crucial steps of the UV light experiment when the cell culture plates were divided 

into four groups, which were then all seeded with cells. 

The procedure of the UV light experiment is explained in Figure 3.34 in the "orange 

box". The test began by dividing the fibrin gel silicone culture plates into two groups, each 

with three plates for the different testing conditions. The first group was left at room 
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temperature (under a cell culture hood) and the second group was left in the incubator (37˚C) 

for 30 minutes. Each group was further divided into two groups, one of which for no UV light 

and the other for UV light. The latter group was exposed to UV light for 30 minutes under the 

cell hood before putting all the culture plates to the incubator to warm the gel. On the other 

hand, the former group was transferred to the incubator for the gel warming process after 

completing a different temperature test. All four groups of culture plates were subsequently 

seeded with cells (cell seeding shown in Figure 3.32). Lastly, all the culture plates were 

watched every day under an inverted light microscope to determine the cell growth in the 

fibrin gel. 

3.5.2.1.3.  Effect of aprotinin concentration 

The purpose of this experiment was to determine the effect of aprotinin on the 

disintegration of fibrin gel and the growth of cells. The parameters used in the experiment 

are shown below.  

- Aprotinin solution at 8 μL/mL of media 

Table 6; Condition of aprotinin concentration test; Y = silicone culture plate used in the experiment 

Test Fibrinogen 
(µL) 

Thrombin 
(µL) 

Culture plates Aim 

   

 

3.1. 5 mg/mL of 
Aprotinin 

3.2 10 mg/mL 

3.3 First time only 

3.4 Every time 

 

200 

 

200 

200 

200 

 

480 

 

480 

480 

480 

 

Y 

 

Y 

Y 

Y 

 

Y 

 

Y 

Y 

Y 

 

Y 

  

Y 

Y 

Y 

 -Do different 
concentrations of 
aprotinin affect fibrin 
gel disintegration? 

-  Do different 
concentrations of 
aprotinin affect cell 
growth? 
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  The guideline for this experiment (Table 6) was based on the final results of 

the second experiment (the effect of UV light on fibrin gel in Table 5), which were used as the 

primary step in this investigation. Two different concentrations of aprotinin were used, being 

5 mg/mL and 10 mg/mL. Each concentration of aprotinin was divided into two groups, which 

were “first time added”, and "every time added". "First time added" referred to a case in 

which the aprotinin was only added when the cells were first seeded in the culture plate 

(Figure 3.35 with light blue 4 µL of aprotinin). Another group of aprotinin was added every 

time the media were changed (Figure 3.35 with light blue and red colour; 4 µL of aprotinin). 

The same three different culture plates were also used,  which were silicone base, silicone 

cube, and both silicone base plus silicone cube. The composition of fibrin in this experiment 

was 200 µL of fibrinogen mixed with 480 µL of thrombin. The procedure for the experiment 

is explained in Figure 3.35
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Figure 3.35; Procedure for testing the effect of aprotinin solution on cell growth and fibrin gel disintegration 
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Figure 3.35 shown the whole procedure for testing the effect of aprotinin. The test 

began after sterilisation of the silicone culture plate, and the fibrin gel was set properly. 

Firstly, the fibrin gel culture plates were exposed to UV light for 30 minutes under the cell 

hood before all the fibrin gel silicone culture plates were transferred to the incubator (37˚C) 

and left there until the fibrin gel set properly. Next, 100,000 seeded cells myoblast with 3D 

cell culture media and 4 µL of aprotinin were put onto the culture plate (the cell seeding 

process is shown in Figure 3.32). The media were changed every two days without adding 

aprotinin as in the "first time added" experiment. In the "Every time added" experiment, 

aprotinin was added every time the media changed until the end of the test. The changes in 

cell growth and the disintegration of the fibrin gel were observed under an inverted light 

microscope. 

3.5.2.1.4. Volume of Fibrinogen and Thrombin 

These tests were designed in an attempt to verify the effect of a concentration of 

aprotinin on fibrin gel and cell growth, and the best ratio of fibrinogen and thrombin for 

setting fibrin gel under two different concentrations of aprotinin.   

Test Fibrinogen 
(µL) 

Thrombin 
(µL) 

Culture plates Aim 

   

 

4.1. Aprotinin;  5 
mg/mL 

 

 

 

 

200 

400 

200 

480 

 

 

480 

480 

240 

200 

 

N 

N 

N 

N 

 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

 

-Do different 
compositions of fibrin 

gel and aprotinin 
solution affect cell 

growth? 
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Table 3.1; Condition of fibrin gel composition and aprotinin concentration tests. 

Y = silicone culture plate used in the experiment, N= silicone culture plate not used in 

the experiment 

Since the results of the concentration of aprotinin on cell growth under a fixed ratio 

of fibrinogen and thrombin from the previous experiment showed no correlation and a higher 

concentration of aprotinin did not produce higher cell growth, new tests were conducted to 

study the effect of different ratios of fibrinogen and thrombin. Two groups of experiments 

had the same ratio of fibrinogen and thrombin to form the fibrin gel. Two types of culture 

plates were used in these experiments, namely, silicone cube only culture plates and both 

silicone base plus silicone cube cell culture plates. The main reason for choosing just these 

two culture plates was that the production of three-dimensional tissue engineering needs a 

loop structure for the final product. The results were observed every day under an inverted 

light microscope. The procedure of the experiment are shown in Figure 3.36.

 

4.2. Aprotinin ; 10 
mg/mL 

 

 

 

 

200 

400 

200 

480 

 

 

480 

480 

240 

200 

 

N 

N 

N 

N 

 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

- Are the best ratios 
for setting fibrin gel 
when there is more 

fibrinogen than 
thrombin? 
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Figure 3.36; Procedure for testing the concentration of aprotinin and the best ratio of fibrinogen and 
thrombin for gel formation 
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In the Figure 3.36 experimental procedure began with the addition of the composition of 

fibrin gel (fibrinogen +thrombin + aprotinin) to the silicone culture plate as indicated in Table 3.1. 

Then the plate was swirled gently to mix all the solution and it was left under the UV light for 30 

minutes. Next, the fibrin gel silicone culture plate was transferred to the incubator (37˚C) to warm 

the gel. If the gel did not set properly, it was left in the incubator for at least 30 minutes. Then, 

100,000 cells were seeded with 1st 3D media supplemented with 4 µL of aprotinin (concentration 

of 5 mg/mL or 10 mg/mL). The media were changed every two days with aprotinin added every 

time (cells seeding procedure shown in Figure 3.32). The first media (1st 3D media) was added 

until the cell reached 90% confluence, then the second media (2nd 3D media) was added, and the 

third media (3rd 3D media) in the next two days. The third media (3rd 3D media) was added to the 

cell culture plate and changed every two days until an engineering muscle tissue loop structure 

was formed.  
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3.5.2.2 Unknown cells tests 

An unknown cells test was conducted due to the appearance of unknown cells during the 

three-dimensional engineered muscle construct process to determine the type of unknown cells 

and how they occurred. Three parameters are used in this section namely; C2C12 (myoblast) 

media, 3D media, and C2C12 cells. 

3.5.2.2.1. Media tests 

The first test for unknown cells that occurred during the experiment was a test of the 

media to determine if they were the cause of the unknown cells. The media chosen for the test 

were those fed to the cell culture when the unknown cells occurred and details of the test are 

shown in Table 7. 

 

 

 

 

 

 

 

 

 



74 

 

 

 

Table 7; Guideline for media test for unknown cells; Y = silicone culture plate used in the experiment; N= silicone 
culture plate not used in the experiment 

 

Three experiments were performed with the media, namely, C2C12 (myoblast) media, 3D 

media and a composition of the media. The hypothesis for this experiment was that the media 

or the formation of the media caused the occurrence of the unknown cells. Three different types 

of silicone culture plates were used, namely, silicone base, silicone cube, and both silicone base 

Test Fibrinogen 

(µL)  

Thrombin 

(µL) 

Aprotinin 

5mg/ml 

(µL) 

Culture plates  Aim 

  

 

 

  

1.  C2C12 Media 

1.1 normal C2C12 
media 

(DMEM+10%FBS+1% 
Penstrep) 

 

1.2 3D media 

(DMEM+10%FBS+1% 
Penstrep 

+ L-Proline + 
Ascorbic acid) 

 

1.3 Composition of 
Media 

- DMEM solution 

- FBS (Fetal bovine 
serum) 

- Penicillin/ 

Streptomycin 

- L- Proline 

- Ascorbic acid 

 

200 

 

480 

 

480 

 

200 

 

4 

 

4 

 

 

Y 

 

Y 

 

Y 

 

Y 

 

 

Y 

 

Y 

 

 

 

 

 

 

 

- What solution caused the 
unknown cells? 

 

 

 

 

 

200 

 

480 

 

480 

 

200 

 

4 

 

4 

 

Y 

 

Y 

 

Y 

 

Y 

 

Y 

 

Y 

 

 

480 

480 

 

480 

 

480 

480 

 

 

200 

200 

 

200 

 

200 

200 

 

 

4 

4 

 

4 

 

4 

4 

 

 

Y 

Y 

 

Y 

 

Y 

Y 

 

 

N 

N 

 

N 

 

N 

N 

 

 

N 

N 

 

N 

 

N 

N 
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plus silicone cube. Furthermore, there were two different compositions of fibrin gel in the 

experiment, namely, 200 µL of fibrinogen mixed with 480 µL of thrombin, and 480 µL of 

fibrinogen mixed with 200 µL of thrombin, respectively. The first (C2C12 media) and the second 

(3D media) experiments were formed under the same conditions, namely, two different 

compositions of fibrin gel and three types of silicone culture plates. Only one formation of fibrin 

gel and one kind of silicone culture plate were used in the third test, a composition of the 

media(Table 7) The duration of the experiments was around one week and the results were 

observed under an inverted light microscope every day. The procedures of the experiment are 

demonstrated in Figure 3.37 and Figure 3.38. 
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Figure 3.37; Media testing procedure for C2C12 media and 3D media in unknown cells experiment 

 

 



77 

 

 

 

 

 

Figure 3.38; Media testing procedure for the composition of media in unknown cells experiment 

Figure 3.37 and Figure 3.38 are demonstrated three significant steps in the media testing 

experiment, namely, the sterilisation of the silicone culture plate, the sterilisation of the fibrin 

gel (by UV light), and the testing of the media. After the fibrin gel sterilisation step (fibrin gel left 

under UV light for 30 minutes), 2 mL of media was added to the culture plate according to the 

type of media indicated in Table 7. The C2C12 (myoblast) culture media or 3D culture media were 

replaced by fresh media after the old media were rinsed off with a DPBS solution every two days 

are shown in Figure 3.37. On the other hand, for the test of the composition of media, the media 

were left on the fibrin gel silicone culture plate for the entire experiment are shown in Figure 

3.38. All the culture plates were left in the incubator (37˚C) and observed under an inverted light 

microscope.  
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3.5.2.2.2. Fibrin gel test 

The second test for unknown cells was conducted in order to identify the cells that 

occurred from the fibrin gel by using UV light to sterilise the fibrin gel before feeding it with the 

cell media. The parameters are shown in Table 8 

 

Table 8; Protocols for Fibrinogen and Thrombin testing for unknown cells 

Y = silicone culture plate used in the experiment; N= silicone culture plate not used in 

the experiment 

 Furthermore, the two plates used in the experiment were the silicone cube only culture 

plate and the silicone cube plus silicone base culture plate. The reason for choosing the silicone 

cube was to create a three-dimensional tissue engineering construct in the form of a loop 

structure for further purposes. The composition of the fibrin gel was 480 µL of fibrinogen mixed 

with 200 µL of thrombin plus 4 µL of aprotinin (5 mg/mL).  

This experiment was divided into no UV light and UV light and the method was the same 

for both, namely, the sterilisation of the silicone culture plate, the formation of the fibrin gel, UV 

Test Fibrinogen 

(µL)  

Thrombin 

(µL) 

Aprotinin 

5mg/ml 

(µL) 

Culture plates  Aims 

  

 

 

  

2.1 under the UV 
light for 30 mins 

 

2.2 no UV light 

480 200 4 N Y Y - Is the composition of 
contaminated fibrin gel the 
cause of the unknown cells?  

 

 

480 200 4 N Y Y 
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light exposure/no exposure, warming the gel, media feeding, media changing, incubating, and 

observation. The duration of the entire process was around five days. The procedures of the 

experiment are demonstrated in  

Figure 3.39. 

 

 

Figure 3.39: Procedure of testing the fibrin gel for unknown cells  
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3.5.2.2.3. Cell ( Myoblast/C2C12) tests 

The cell culture test was the last test of the unknown cells experiment. The aim was to 

identify the unknown cells that occurred from the C2C12 cells, which were seeded in the silicone 

cultures plate during the test. The other conditions are shown in Table 9. 

Table 9; Guideline for cell culture testing for unknown cells. 

Y = silicone culture plate used in the experiment; N= silicone culture plate not used in 

the experiment 

   Two different cell types were used, namely, the old C2C12 batch and the new C2C12 

batch. The composition of the fibrin gel was 200 µL of fibrinogen mixed with 480 µL of thrombin 

plus 4 µL of aprotinin (5 mg/mL). The same culture plates were used as in the previous 

experiment, namely, silicone cube only and silicone cube plus silicone base. (Table 9). The 

procedures of this experiment are demonstrated in Figure 3.40 . 

Old C2C12 mean that C2C12 cell ( myoblast/ muscle cell )that have passage 16 already 

New C2C12 mean that passage is only not more than 5 passages. 

Test Fibrinogen 

(µL)  

Thrombin 

(µL) 

Aprotinin 

5mg/ml 

(µL) 

Culture plates  Aim 

  

 

 

  

 

- Old C2C12 
culture 

 

- New C2C12 
culture 

 

 

200 

 

200 

 

480 

 

480 
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Figure 3.40 ; Procedure for testing C2C12 cells for unknown cells 

 

  The test began with the sterilisation of the silicone cube plate by exposing it to UV 

light for 30 minutes and spraying it with 70% ethanol. Then, the 70% ethanol that remained on 

the silicone culture plates was rinsed off with DPBS and the plates were left until all the liquid 

(DPBS) was depleted. Subsequently, the composition of fibrin gel (fibrinogen + thrombin + 

aprotinin) was added to the silicone culture plate and swirled gently to mix the solution and form 
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the fibrin gel. Then, the fibrin gel silicone culture plates were left under the UV light for 30 

minutes before warming the fibrin gel by leaving the fibrin gel silicone cube plates in the 

incubator at 37˚C. If the fibrin gel was already completely set, the plate was only placed in the 

incubator (37˚C) for 10 minutes; on the other hand, if it was still in a liquid state (fibrin gel not 

properly set), the fibrin gel silicone culture plate was left in the incubator for at least 30 minutes 

before seeding 100,000 cells of C2C12(myoblast) with 3D culture media in the prepared fibrin gel 

silicone culture plates. Finally, all the culture plates were transferred to the incubator (37˚C) and 

observed under an inverted light microscope every day. The old media was rinsed off with DPBS 

solution and replaced with fresh 3D media (37°C) every two days. The duration of the experiment 

was 14 days. 

Figure 3.40 3D media; DMEM+10%FBS+1% Penicillin/streptomycin + L-proline+ Ascorbic 

acid. 
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3.5.3. Tendon Construct  

The tendon construct was also formed in 35 mm silicone culture plates using the same 

sterilising protocol as was used for the muscle.   

   

Oval Silicone Insert: 

Silicone (SLYGLAD 184 silicone elastomer) inserts were needed for the formation of the 

tendon construct in a loop form. They were made by the process of moulding and silicone casting 

described in Sections 3.3 and 3.4. After removing the silicone inserts, they were sterilised with 

70% ethanol solution before being placed in the centre of the silicone coated plates. 

 

Production of Fibrin Gel:  

Fibrin gel was needed for the cells to grow into a tendon construct as described in Section 

3.5.1. The production of fibrin gel involved two steps. In the first step, solution Ham F12 growth 

media 500μl was supplemented with 200U/ml thrombin solution and 2μl/ml aprotinin (Roche, 

UK). The solution was then added to the 35mm plate. Aprotinin served as an inhibitor of 

plasminogen to avoid the early degradation of the fibrin gel. 

In the second step, 200 μL of fibrinogen solution was added dropwise to the plate around 

the insert before placing the plate in the incubator for at least 1 hour for polymerization at 37°C.   



84 

 

 

 

Cell Seeding: 

Cell seeding is considered to be the first step to obtain a piece of three-dimensional tissue 

engineering tendon. The procedures for creating three dimensional tissue construct for tendon 

are demonstrated in Figure3.41.

Figure 3.41;  Production of engineering tendon fibre 
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The cell seeding began after the sterilisation of the silicone culture plates and the fibrin 

gel. Three types of silicone culture plates were chosen for this experiment. All the culture plates 

were exposed to UV light for 30 minutes before being sprayed with 70% ethanol and left in the 

cell culture hood until dry. Then, a DPBS solution was added to the plates to rinse off all the 

remaining ethanol, and then all the DPBS solution was also removed. The fibrin gel was 

subsequently formed by adding fibrinogen, thrombin and aprotinin to the silicone culture plates. 

The fibrin gel silicone culture plates were sterilised under UV light for 30 minutes and left in the 

incubator (37°C) until the fibrin gel had set. Next, 100,000 cells of fibroblast resuspended in 1 mL 

Ham F12 growth media supplement with 50 μM ascorbic acid (A4544-25G, Sigma Aldrich) and 

50μM L-proline (P5607-25G, Sigma Aldrich) using a pipette, were added to the fibrin gel. The 

media were replaced every two days with fresh 3D media (37°C) and the old media was rinsed 

off using DPBS solution. The cells began to roll up in the fibrin gel after about 3 days and a loop 

of engineered tendon tissue was built around the silicone insert after 7-9 days. This tendon tissue 

could then be used for further experimentation. 
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3.6 Contamination 

The contamination in the lab was usually caused by the media and it was visible to the 

naked eye in the form of cloudy particles in the media in the cell culture plate (cells already dead) 

or a spot of fungus. Contamination could be caused by three main elements in the lab, namely, 

laboratory/people, cells, and media. Firstly, contamination from the laboratory/people usually 

occurred because of poor hygiene and the solution was to clean the lab hood and the incubator 

with 70% ethanol alcohol, as well as the researcher's forearm and hand needed to be sprayed 

with 70% ethanol alcohol before entering the culture hood/incubator. Next, cell contamination 

can also be determined by observing cells under an inverted light microscope for movement (no 

movement means dead cells) and counting the live cells. Media contamination was identified by 

putting 5 mL of media (or the supplement of media) in a 35mm petri dish (or 100 mm petri dish) 

and left in the incubator at 37°C for at least two days (t=1-4)  

Due to the problem of contamination during the experiments at Dundee university, it was 

then suggested that the parallel experiment involving cell culturing, the cells were cultured in 

two different locations at the same time, at Ninewells hospital as well as the University of 

Dundee, and the difference in cell numbers and the amount of contamination was observed. 
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4 Result 

4.1 Cell Culture 

Cell culture refers to regenerating or creating new cells from original cells in an optimum 

condition (Temperature, Carbon dioxide gas, cells medium, etc.) outside the body of the living 

organism. The optimum condition varies for different types of cells. Two types of cells have been 

used in these experiments, namely Fibroblast cells and myoblast(C2C12) cells. A different 

condition was utilized for each type of cell (see protocol in Methodology chapter) to gain the 

highest number of cells and the best condition of the 3D tissue construct.  

The result under the microscope showed growth of two different cells, being, firstly, cells 

from Fibroblast that were obtained from a rat’s Achilles tendon and stored in liquid nitrogen and, 

secondly, cells from C2C12 (the C2C12 cell line was collected by Yaffe and Saxel, 1977 from the 

thigh muscle of a C3H rat (30)). The Fibroblast cells and C2C12 cells in these experiments came 

from two different sources, which makes two different cells’ growth. There were cells from the 

cryotube that were stored in liquid Nitrogen and cells from the culture dish after harvest. Both 

types of cells grow as a cylindrical shape and start from around 100,000 cells per plate.  

The Fibroblast cells from the cryotube (stored in liquid nitrogen) started seeding from day 

1 (t=0,) and were cultured until day 11(t=10)(Figure 4.3 to Figure 4.3), whereas the fibroblast cells 

collected from the harvest were cultured from day 1 until day 9(Figure 4.4 to Figure 4.6). The 

culturing process stops when the cells have narcosis. The sphere-shaped cells indicated that the 

cells had started to die due to there being too many cells and inadequate nutrients.  
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The C2C12(myoblast) cells have two similar sources and are of the same amount as the 

Fibroblast cells. The cells that had been stored in the myotube in liquid nitrogen and cell 

harvesting were cultured for 11 days and 7 days, respectively. 
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Fibroblast Cell 

            

Figure 4. 1: The growth of the fibroblast cells in the culture plate from day 1(picture A) to day 3(picture B) under 
an inverted light microscope (magnification 100x) 

Figures above showed that the cell culture for the Fibroblast cells from the myotube in liquid 

Nitrogen (procedure in Figure 3. 1 and Figure 3. 2); started with a single cell on day 1 (picture A). 

Then, the circular cells started elongating to fiber cells and accounted for 10% of the 100 mm 

plate’s area (picture B).  

  

Figure 4.2: The growth of the fibroblast cells on the culture plate from day 5 (picture C) to day 7(picture D) 
under an inverted light microscope (magnification 100x) 

A= Day 1                                                                      B=Day 3                                                                       

C;Day 5                                                                    D; Day 7                                                                      
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Figures above showed the Fiber cells generated more branches and covered 30-40% of 

the culture plate (100 mm) on day 5. Then, the optimal condition for the cells harvest was 

reached on day 7, being 60-70% of the total plate area.  

 

Figure 4.3: The growth of the fibroblast cells on the culture plate from day 9(picture E) to day 11 (picture F) 

under an inverted light microscope (magnification 100x) 

The figures demonstrated that the cells look more packed together with less space on day 

9, covering 80-90% of the 100mm plate area. Due to having less space, the cells overlapped each 

other and created sphere like cells (in red circles), which are 3D structure cells. These cells are 

dead cells surrounded by living cells, due to them being unable to reach the media and oxygen. 

 

E: Day 9                                                                       F: Day 11                                                                       
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Fibroblast cells harvest from the culture plate 

 

Figure 4.4: The growth of fibroblast cells that were harvested from the culture plate from day 1(picture A) to day 

3 (picture B) under an inverted light microscope (magnification 100x) 

 

The figures above (Figure 4.4) showed the growth of fibroblast cells from seeding to day 

three. Regarding the cell culture of the fibroblast cells that were harvested from 60-70% of the 

cells confluence plate, the culture started with single circular cells mixed with attached cells 

(figure A: Day 1). After two days (figure B), some cells had grown to a cylindrical shape and were 

attached to each other, although some cells grew individually.  

 

A:Day 1                                                                       B: Day 3  



92 

 

 

 

        

Figure 4.5: The growth of fibroblast cells harvested from the culture plate from day 5 (picture C) to day 7 

(picture D) under an inverted light microscope (magnification 100x) 

A clear figure of the group of cells that were attached to each other is shown in picture C 

(Figure 4.5C). On day 7 (Figure 4.5D), the fibroblast cultures were more attached to each other, 

providing the cells with less space to grow and begin to overlap to each other. 

 

Figure 4.6:The growth of fibroblast cells culture after harvest under a microscope (magnification 100X) on day 9 
(picture E).  

C: Day 5                                                                     D: Day 7                                                                     

E: Day 9                                                                      
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Due to having inadequate space, the cells overlapped each other and created 3D structure 

spheroid cells, as showed in the red circles, on Day 9. These cells are composed of dead cells 

caused by lack of media and oxygen (Figure 4.7) 

 

 

Figure 4.7; the fibroblast cells detached from the bottom of the culture plate after trypsinization for harvesting 

the cells under an inverted light microscope (magnification 100x).  

- The trypsinization for harvesting procedure described by Figure 3.4 

Comparison between two types of Fibroblast cells 

The overall results from the different sources of Fibroblast cell culture are shown in Table 

10. This table demonstrates that the Fibroblast cell culture that started from harvesting the cells 

had a higher growth rate than the Fibroblast cells from the myotube.  
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Table 10: Comparison of the cells growth and cells characteristics of the Fibroblast cell culture between the 
myotube that was preserved in liquid nitrogen and the harvesting cells. 

  The optimum day for harvesting cells for the Fibroblast was between day 5 and 

day 7 (cells confluence around 65% of the culture dish’s area) in the cryotube’s cells (Figure 

4.2Error! Reference source not found.), but on day 5 or day 6 for cells from the culture dish 

(Figure 4.5C). In this experiment narcosis (3D Sphere shape cell) happened on day 11(t=10) and 

day 9(T=8) on the culture plate, which originate from cells in the cryotube (Figure 4.3F), and 

harvested from the culture dish (Figure 4.6), respectively 

 

 

Fibroblast cells from:      myotube in liquid nitrogen harvest from culture plate 

 

Cells on day 1 Single cells separated from each 
other 

Some cells attached to each 
other 

The growth of the cells Cells grow slower Cells grow faster 

Time for harvesting cells Day 7 Day 5 or Day 6 

Time of 3D Sphere shape 
occurring 

Day 11 Day 9 
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Myoblast (C2C12 or Muscle cell) 

Source: from the myotube that had been stored in liquid nitrogen 

 

Figure 4.8: The growth of muscle cells (C2C12) on the culture plate from day 1(picture A) to day 3 (picture 
B) under an inverted light microscope (magnification 100x) 

Figure 4.8 above demonstrated that the muscle cells (C2C12) culture started from 

individual separate circular cells (picture A). Then, each circular shape muscle cell elongated 

into a cylindrical shape cell with small branches on day 3 (picture B).        

 

Figure 4.9: The growth of muscle cells (C2C12) on the culture plate from day 5 (picture C) to day 7 (picture 

D) under an inverted light microscope (magnification 100x). 

A: Day 1  B: Day 3  

C: Day 5  D: Day 7  
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The picture showed four days after seeding cells to the culture plate, the cells had 

grown bigger and accumulated an area of around 20-30% of the 100 mm culture plate (Figure 

C). The C2C12 cells continued to elongate and gained a larger area on the culture plate of 

around 40-50% on day 7 (picture D). 

 

Figure 4.10: The growth of the C2C12 cells culture from the cryotube from day 9 to day11 under an inverted 

light microscope with magnification 100x 

Figures above showed that C2C12 cells reached the optimum period for harvesting on 

Day 9, when the cells had migrated to 60-70% of the culture plate area (picture E). However, 

on day 11 (picture F), the C2C12 cells started to overlap each other, which can be the cause 

of the differentiation afterwards. 

  

E: Day 9  F: Day 11  



97 

 

 

 

 

                    A: Day 1           B: Day 3  

Figure 4.11: The growth of muscle cells (C2C12) from harvesting cells on the culture plate from day 1(picture 

A) to day 3 (picture B) under an inverted light microscope (magnification 100x) 

The figure from day 1 and day 3 showed the growth of the cells after the cells on the 

culture plate reached 60-70% confluence, the cells were harvested and fed to the new culture 

plate (100 mm). The C2C12 started from 100,000 cells on Day 1(Figure 4.11A) with circular 

cells and then elongated to a cylindrical shape cell (Figure 4.11B).  

 

      C: Day 5                                                           D: Day 7  

Figure 4.12: The growth of muscle cells (C2C12) from harvesting cells on the culture plate from day 5 

(picture C) to day 7 (picture D) under an inverted light microscope (magnification 100x). 
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Figures above showed that the C2C12 cells elongated and generated more C2C12 cells 

and also gained 30-40% of the culture plate area on day 5 (Figure 4.12C). The optimum stage 

for harvesting was on Day 7 when the cells reached 60-70% confluence (Figure 4.12D). 

 

   Day 7 in Trypsinization 

Figure 4.13: C2C12 cells under an inverted microscope after trypsinization (magnification 100x). 

Figure in day 7 showed the optimum stage for harvesting (C2C12 cells reach 60-70% 

confluence), a trysin solution will play the role of detaching the C2C12 cells from the bottom 

of the culture plate (see protocal in Methodology section). Then, the C2C12 cylindrical shape 

cell will transform back into single circular shape cells floating in the solution ready for 

collecting. 

Comparison between two types of C2C12 cells 

The overall results of the C2C12 cell culture from the myotube in liquid nitrogen and 

the culture plate are shown in Table 11. The table demonstrates that the C2C12 cell culture 

that started from the culture plate (harvesting cells) grew faster than the C2C12 cells from 

the myotube that had been stored in liquid nitrogen. The C2C12 cells from the myotube that 

had been stored in liquid nitrogen were ready to harvest on Day 9 (Figure 4.10), whereas the 

C2C12 cells from the harvesting were ready to harvest on Day 7 (Figure 4.12). 
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Table 11; Comparison of the cells growth and cells characteristics of the C2C12 cell culture between the 
myotube that was preserved in liquid nitrogen and the harvesting of cells from the culture plate. 

 

Area difference and cells number 

 This experiment divided the C2C12 cells into two groups of 50,000 and 100,000 

cells. The cells were then placed on two differently sized cell culture plates, which are 100 

mm and 150 mm, respectively.   

 Figures 4.14 to 4.19 demonstrate the growth of 50,000 C2C12 cells from the 

cryotube that were stored in liquid nitrogen in two differently sized culture dishes. The cells 

in the 100 mm culture dish showed significant cells growth compared with the cells in the 150 

mm dish. The cells in the 100 mm dish were ready to harvest on day 9 ( 

Figure 4.18), whereas the cells in the 150 mm dish would be ready to harvest around 

day 10 (Figure 4.19).  

Figures in day 1 demonstrating a greater density of cells in the 100mm culture plate 

than in the 150mm cell culture plate with the same amount of C2C12 cells were seeded to 

the 100 mm and 150 mm  plates.  

C2C12 cells from: myotube in liquid nitrogen harvest from culture plate 

Cells on day 1 Single cell separated from each 
other 

Some cells attached to each 
other 

The growth of the cells Cells grew slower Cells grew faster 

Time for harvesting the cells Day 9 Day 7 
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  100 mm     150 mm 

 Day 1  

Figure 4.14: The growth of 50,000 muscle cells (C2C12 from the cryotube that had been store in liquid 

nitrogen) in two differently sized culture plates (100mm and 150 mm) on day 1 under an inverted light 

microscope (magnification 100x) 

     100 mm              150 mm 

         Day 2    

Day 3   

Figure 4.15: The growth of 50,000 muscle cells (C2C12 from the cryotube that had been store in liquid 

nitrogen) in two differently sized culture plates (100mm and 150 mm) on day 2 and day 3 under an inverted 

light microscope (magnification 100x) 
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     Figures above demonstrated that there was not much difference in the two cell 

culture plates between day 2 and day 3 in cell growth, except for the cell size. A significant 

difference in terms of cells compacity and growth started to show on day 4. 

 100 mm     150 mm 

Day 4 
      

Day 5  

Figure 4.16: The growth of 50,000 muscle cells (C2C12 from the cryotube that had been store in liquid 

nitrogen) in two differently sized culture plates (100mm and 150 mm) on day 4 and day 5 under an inverted 

light microscope (magnification 100x) 

Figures above demonstarted that the C2C12 cells generated as a group on the 100 mm 

culture plate , whereas they were more separate on the 150 mm cells culture plate.  
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  100 mm     150 mm 

Day 6   

Day 7   

Day 8   

Figure 4.17: The growth of 50,000 muscle cells (C2C12 from the Cryotube that had been stored in liquid 
nitrogen) on two differently sized culture plates (100mm and 150 mm) from day 6 to day 8 under an 

inverted light microscope (magnification 10x).  

Figures above demonstrated cell growth under the cell culture plate from day 6 to day 

8 under inverted light microscope with magnification of 10x.  The pictures show the way of 

the cells growth on the surface of two different cell culture plate (100 mm and 150 mm). The 
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results suggest that the cells grew more evenly and seperately on 150 mm cell culture plate 

than on the 100 mm cells culture plate. 

 100 mm     150 mm 

Day 9  

 

Figure 4.18: The growth of 50,000 muscle cells (C2C12 from the cryotube that had been store in liquid 

nitrogen) in two differently sized culture plates (100mm and 150 mm) on day 9 under an inverted light 

microscope (magnification 100x) 

Above figures ( 

Figure 4.18) showed the cell growth before harvesting. Despite the C2C12 cell culture 

on the 100 mm cell plate looking very compact on day 9, it had still not even reached 60-70% 

confluence. Harvesting was performed at this stage in order to avoid the cells overlapping and 

causing a 3D spere shape that leads to cell death from inadequent nutreints. 

  

Cell harvest = 2.245×106 cells 
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 100 mm      150 mm 

Day 10                                                                         

Day 11                                                                        
             

 

Figure 4.19: The growth of 50,000 muscle cells (C2C12 from the cryotube that has been stored in liquid 
nitrogen) on the 150 mm cell culture plate from day 10 to day 11 under an inverted light microscope 

(magnification 100x) 

Figures showed that the C2C12 cells culture on the 150 mm cells plate continued to 

culture until day 11, as there was a lot of space for cell growth on the culture plate. However, 

C2C12 cells were detached from the bottom of the plate and were deformed, due to the 

depletion of C02  in the incubator in the laboratory. 

The next Figures (Figure 4.20 and Figure 4.21) demomstrate the growth of 50,000  

C2C12 cells that were harvested from the previous experiment (from the 100 mm cell 

culture plate ( 

Cells died due to CARBON DIOXIDE 
GAS  depletion 

Cells had already 
harvested  
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Figure 4.18)). The C2C12 cells were cultured in the 100 mm and 150 mm cell culture 

plates until the cells reached the optimum condition for harvesting (cells reach 60-70% 

confluence).  

  100 mm                150 mm 

Day 3  

Day 4  

Day 5  
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Day 6    

 

Figure 4.20: The growth of 50,000 C2C12 cells that were harvested from the 100 mm cell culture plate from 

day 3 to day 6 under an inverted light microscope (magnification 100x) 

Figure 4.20 showed that the cells growth from Day 3 to Day 5  on the 100 mm cell 

culture plate was a significant increase in the cells number and cells size compared to the 150 

mm cells culture plate. The C2C12 cells on the 100 mm cells culture plate reached 60-70% 

confluence on day 6 and were ready for harvest. The cells number after harvest and counted 

by a NucleoCounter (NC-250) machince was 2.3×106 cells. 

  

Cell harvest = 2.3×106 cells 
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 100 mm                150 mm 

Day 7                                                                             

Day 8                                                                              

Day 9                                                                                                                               

Day 10                                                                                
  

 

Figure 4.21: The growth of 50,000 C2C12 cells on the 150 mm cell culture dish between day 7 and day 10. 

under an inverted light microscope (magnification 100x) 

Cell harvest = 1.8×106 cells 

Cells had already 
harvested. 

Cells had already 
harvested. 

Cells had already 
harvested. 

Cells had already 
harvested. 
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Figure 4.21 shows that from day 7 the cells continued growing in number until they 

reached around 70% confluence on day 10. The number of cells harvested was 1.8×106 cells.  

The following Figures 4.22 to 4.24 showed the growth of 100,000  C2C12 cells that 

were harvested from the previous experiment (from the 100 mm cell culture plate in  

Figure 4.18  and cultured on 100 mm and 150 mm cell culture plates ready for 

harvesting (cells reach 60-70% confluence).  

  100 mm                150 mm 

Day 3  

Figure 4.22: The growth of 100,000 C2C12 cells on 100 mm and 150 mm cell culture plates on Day 3. under 

an inverted light microscope (magnification 100x) 

The figures on day 3 (Figure 4.22) show that the cylindrical shape C2C12 cells had 

seperately grown on the 100 mm cell culture plate, whereas the cells grew as a group on the 

150 mm cell culture plate 
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 100 mm                150 mm 

Day 4   

Day 5   

 

Figure 4.23: The growth of 100,000 C2C12 cells on 100 mm and 150 mm cell culture plates between Day 4 

and Day 5 under an inverted light microscope (magnification 100x) 

Figure 4.23 showed that the C2C12 cells on the 100 mm cells plate kept increasing in 

number until they reached the optimum state to harvest on day 5, whereas the C2C12 cells 

on the 150 mm plate reached only around 40% confluence.  

  

Cell harvest = 2.475×106 

cells 
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 100 mm                150 mm 

Day 6                                                                                 

Day 7                                                                                

  Day 8                             

 

Figure 4.24: The growth of 100,000  C2C12 cells on the 150 mm cell culture dish from day 6 to day 8 under 

an inverted light microscope (magnification 100x) 

 

        Cell harvest = 1.65×106 cells 

Cells have 
already 

harvested. 

Cells have 
already 

harvested. 

Cells have 
already 

harvested. 
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Figure 4.24 showed that the C2C12 cells on the 150 mm cells culture plate gradually 

increased in cell number and reached the optimum state for harvesting on day 8. The cell 

number collected was 1.65×106 cells. 

Figures 4.22 to 4.24 show the growth of the C2C12 cells from the culture dishes after 

harvest that were placed on two differently sized culture dishes with an amount of 100,000 

cells. The C2C12 cells on the 100 mm culture dish were harvested on day 5, while the ones on 

the 150 mm culture dish would be harvested on day 8 ( 

Figure 4.24). The amount of C2C12 cells that were harvested from the different culture 

dishes suggests that a smaller plate can provide a higher cells growth than a larger plate when 

comparing the plate sizes of 100mm and 150 mm. Furthermore, a smaller plate (i.e. higher 

concentration) can provide cell yield larger than a larger plate can provide. A comparison of 

the cell numbers with the culture dish sizes is shown in Table 12;. 

Table 12; The number of C2C12 cells after harvesting from the differently sized cell culture dishes. 

Start cell number(cells) Cells count after harvest (cells) 

100 mm culture dish 150 mm culture dish 

50,000 2.3 × 106 1.8 × 106 

100,000 2.475× 106 1.85 × 106 
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4.2 Contamination Test 

With many contaminations in the past the contamination test was always done before 

culturing the cells to prevent media contamination. Other types of contamination that can 

occur during experiments will vary and be from different sources. The contaminations in the 

lab occurred from two sources. The first was from media contamination (Figure 4.25) and the 

second was from fungus and bacteria (Figure 4.26). As the experiment were carried out at 

Dundee University and Ninewell’s hospital, the result obtained were compare. 

  

4.2.1 Media Contamination 

The media contamination could be noticed by the cloudy particles appearing and 

transforming the media from being clear to being cloudy (Figure 4.25). The cloudy media will 

occur in a period of two or three days after leaving some liquid media in the incubator (37 

degree Celsius). 

 

Figure 4.25: The non-contaminated media (on the left) compared with the contaminated media (on the 

right) 



113 

 

 

 

4.2.2. Contamination by other sources 

The contamination test of other sources (places, handing) was done by culturing the 

cells in two places, being Ninewells Hospital and the University of Dundee. Both culture dishes 

came from one cryotube  seeding and were cultured in two different places at the same time 

and in the same condition. The contamination from mold started to occur in the University of 

Dundee cell culture dish after 10 days of culturing (Figure 4.26 and Figure 4.27) and from 

bacteria in day 11 (Figure 4.28). In NInewell’s hospital as well as in Dundee University the 

contamination occurred on one of the shelf in the incubator(Figure 4.29), so the experiment 

had to be started again. Similar experiment were carried out at dundee university. 

  

Figure 4.26: The contamination from mold on day 10 under an inverted light microscope (magnification 

100x and magnification 10x) 

 Figures above showed the contamination from mold with the fiber like cells 

floating in the cell media under inverted light microscope. 
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Figure 4.27: The contamination on day 11(t=10). Cell culture contamination from mold with the naked 
eye(above)and under inverted light microscope (below)  with the magnification 10x.  

Figures showed cells culture contamination from mold during the experiment. The 

first row showed round yellow shape mold that can easily notice for the mold contamination 

with the naked eye. The second row demonstrated that the yellow mold shape consists of 

fibers accommodate together. 
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Figure 4.28: The contamination on day 11(t=10). Cell culture contamination from bacteria under an 

inverted light microscope (magnification 100x). 

The contamination from bacteria could not be seen from the naked eye. The early 

contamination could notice from the cell growth on the culture plate with the slow growth 

rate and sometime the cell fibers shrink. There were also many tiny dots floating in the cell 

culture media under the microscope as shown in Figure 4.28.  

 

Figure 4.29: The contamination in the incubator with the naked eye. 
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The figures above show the contamination of mold in the incubator in red circle. On 

the left figure show the white spots of mold occur from the water released from the 

incubator. The right figure shows the spot of white mold occurs on the shelf of the incubator 

4.2.3 Prevention of contamination 

Due to many contaminations occurring during the experiment, a prevention protocol 

was carried out. The prevention before and during the experiment was to test every solution 

that would be used in the experiment on the 35mm culture dish to test for contamination 

along with the cell culture in the incubator (Figure 4.30). 

 

Figure 4.30: The different solutions that were used in the experiment were put in 35 mm culture dishes and 
placed in the incubator (37 degree Celsius). 
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4.3 Three dimensional tissue culture construct 

4.3.1. Temperature for gel setting  

- The procedure for the following results are described by Figure 3.33 

 

Table 13; shows the temperature involved with the gel formation  

Table 13 shows the result of the fibrin gel setting between room temperature (16 

degrees Celsius) and the incubator temperature (37 degrees Celsius). The result indicates that 

the fibrin gel plates at room temperature had more liquid (Figure 4.31) than the fibrin gel 

plate that had been left in the incubator (Figure 4.32) for the same amount of time. 

 

Figure 4.31: The fibrin gel setting at room temperature 

Condition Leave it at room temperature for 1 
hour (16˚C) 

In the incubator at 37˚C for 1 hour 

 

 

 

- gel formation at one side of the 
plate  

- A lot of liquid left 

 

 

 

 

- gel set around 80% -90% 

- A little bit of liquid left  
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Figure 4.32: The fibrin gel plate at 37 degrees Celsius. 

 

4.3.2. Cell growth with UV light fibrin gel and no UV light fibrin gel, with 5mg/mL Aprotinin. 

- The procedure for the following results are described by Figure 3.34 

Table 14; Cell growth and fibrin gel setting under a UV and non-UV light condition on 3 different cell culture 
dishes. 

Table 14 demonstrate the fibrin gel setting and cell growth under a UV light condition 

and a non-UV light condition. The results indicate no difference in either condition, with the 

fibrin gel in each condition setting properly and the C2C12 cells growing normally

Plate Under UV light for 1 hour Without UV light 

  

 

 

-C2C12 Cell growth normal 

-Fibrin gel setting properly at 37˚C 
(leave in the incubator for 30 mins) 

 

 

 

- C2C12 Cell growth normal 

- Fibrin gel setting properly at 37˚C 

(leave in the incubator for 30 mins) 
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4.3.3 The effect of Aprotinin  

In this experiment the sample had been separated into two groups: Group A and Group 

B. In group A aprotinin was added at the beginning, but at the subsequence change of the media 

no more aprotinin was added, whereas in group B aprotinin solution was added at the beginning 

and also every time the new media was replaced. (more pictures in Appendix 9.5) 

4.3.3.1 Comparison between 5 mg/ml the first time (Group A) and 5 mg/ mL every time (Group 

B) 

- The procedure for the following results is described by Figure 3.35 

 

Day 3 

First time (Group A) Every times(Group B) 

Day 2 
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Figure 4.33: Comparison of the cell growth on the fibrin gel plates with an aprotinin concentration of 5 mg/ml 

between First time (Group A) and Every time (Group B) on day 2 and day 3 of the cell culturing process under the 

inverted light microscope (magnification 10) 

The above pictures (Figure 4.33) of day 2 and day 3 show that on day 2 the C2C12 cells 

fibre in group A had significantly elongated when compared to the cells fibre in group B, where 

fibre hardly grew on the fibrin gel. However, the cell fibre in group A on day 3 had gradually 

decreased in growth, while group B had significantly generated C2C12 cells fibre. 

 

Figure 4.34: Comparison of the cell growth on the fibrin gel plates with an aprotinin concentration of 5 mg/ml 
between First time (Group A) and Every time (Group B) on day 4 and day 5 of the cell culturing process under the 

inverted light microscope (magnification 10) 

Day 5 

Group A Group B 

Day 4 



121 

 

 

 

The pictures of day 4 and day 5 (Figure 4.34) showed that the growth of the cells fibre in 

group A had continuously decreased on day 4 and kept decreasing until day 5. On the contrary, 

the cells fibre in group B had steadily grown and generated a shape like a rope with a lot of knots 

in it. 

 

Figure 4.35: Comparison of the cell growth on the fibrin gel plates with an aprotinin concentration of 5 mg/ml 

between First time (Group A) and Every time (Group B) on day 6 and day 7 of the cell culturing process under the 

inverted light microscope (magnification 10) 

The pictures of day 6 and day 7 (Figure 4.35) show there was not much difference 

between the cell growth in group A and group B, which had a significant increase in the size of 

the cell fibre on day 6, but this gradually changed to a smaller cell fibre on day 7. 

Group A Group B 

Day 6 

Day 7 
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Figure 4.36: Comparison of the cell growth on the fibrin gel plates with an aprotinin concentration of 5 mg/ml 
between First time (Group A) and Every time (Group B) on day 8 and day 9 of the cell culturing process under the 

inverted light microscope (magnification 10) 

The above pictures (Figure 4.36) on day 8 and day 9 show there was not much difference 

in the cell growth between group A and group B. Both groups had a similar shape of cells fibre, 

which was like a star shape, and each of the star shape fibre cells showed they had their own 

fibrin gel base. Furthermore, the pictures show that the fibrin gel from group A and group B had 

detached from the bottom of the cell culture plate and disintegrated a lot. 

Group A Group B 

Day 8 

Day 9 

D

ay 9 
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Figure 4.37: Comparison of the cell growth on the fibrin gel plates with an aprotinin concentration of 5 mg/ml 
between First time (Group A) and Every time (Group B) on day 10 of the cell culturing process under the inverted 

light microscope (magnification 10) 

The pictures on day 10 (Figure 4.37) show that the fibrin gel had completely disappeared 

in group A. In group B unknown cells appeared and were attached to the fibrin gel. There was 

around 20% of fibrin gel left on the plate of group B. Then, the fibrin gel completely dissolved on 

day 11.  

Overall, in group A, when aprotinin was added, it can only be observed at the beginning 

that the cells had significantly grown after a few days, but, with the subsequent change of media, 

Group A Group B 

Day 10 

Unknown cell grows on the fibrin 
gel 

All the fibrin gel disintegrated 
(no fibrin gel left on the 

silicone plate) 
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without adding further aprotinin, the cell growth diminished. However, group B showed a slow 

growth in the first few days, but with the subsequent media, coupled with additional aprotinin 

solution, the growth became significant. Furthermore, the fibrin gel disintegrated in group A 

faster than in group B. The fibrin gel in group A totally disintegrated by day 10, whilst in group B 

it disintegrated on day 11 (Figure 4.36 and Figure 4.37). 
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4.3.3.2 Comparison between 10 mg/ml first time and 10 mg/ml every time 

 The following figure demonstrates group A (10 mg/ml first time) in comparison to group 

B (10 mg/ml every time).  In group A aprotinin was added at a concentration of 10 mg/ml (8 µL) 

only at the beginning without adding more after changing the media. The procedure for the 

following results is described by Figure 3.35 

 

Day 4 

First time (Group A) Every times (Group B) 

Day 2 

Day 3 
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Figure 4.38: The comparison of the cell growth on the fibrin gel plate with Aprotinin concentration of 10 mg/ml 
between the First time (Group A) and Every time (Group B) from day 2 to day 4 of the cell culturing process 

under an inverted light microscope (magnification 10) 

The pictures on day 2 and day 4 (Figure 4.38) demonstrated there was not much 

difference in the growth of the cell fibre in group A and group B. Both of the two groups showed 

some cell fibres growing on day 2 and the fibre gradually shrunk to a circular shape. 

 

Figure 4.39: The comparison of the cell growth on the fibrin gel plate with Aprotinin concentration of 10 mg/ml 
between the First time (Group A) and Every time (Group B) on Day 5 of the cell culturing process under an 

inverted light microscope (magnification 10) 

The pictures on day 5 (Figure 4.39) showed that there was some regeneration of the fibre 

cells from group B, whereas group B had not significantly changed in cell shape and cell number. 

 

First time (Group A)_ Every times ( Group B) 

Day 
5 

Group A Group B 

Day 6 
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Figure 4.40: The comparison of the cell growth on the fibrin gel plate with Aprotinin concentration of 10 mg/ml 
between the First time (Group A) and Every time (Group B) on Day 6 of the cell culturing process under an 

inverted light microscope (magnification 10) 

 The pictures on day 6 (Figure 4.40) showed that the group of fiber cells was more 

compacted together, due to the disintegration of the fibrin gel. Group A had around 50-60% of 

fibrin gel left while Group B had around 70%. 

 

Day 7 

unknown cells grow on the fibrin 
gel 

Group A Group B 
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Figure 4.41: The comparison of the cell growth on the fibrin gel plate with Aprotinin concentration of 10 mg/ml 
between the First time (Group A) and Every time (Group B) from day 7 to day 9 of the cell culturing process 

under an inverted light microscope (magnification 10) 

The Figure 4.41 in group B demonstrate that there were unknown cells attached to the 

edge and on the surface of the fibrin gel on day 7. The unknown cells had a circular shape 

composed of many circular cells attached to each other as a group. The pictures of group A show 

that around 20-30% of the fibrin gel was left on Day 7, and it had further disintegrated on day 8. 

Then, the fibrin gel had completely dissolved on the cell culture plate on day 9. There was no cell 

culture plate to observe in group B on day 8 because of the unknown cells appearing, and the 

culture can be considered as being contaminated. 

 

Overall, these pictures show a decrease in the growth of the cells after each addition of 

the media. Group B shows an increase in the growth of the cells at each subsequent change of 

the media with the addition of aprotinin. The disintegration of the fibrin gel in Group A seemed 

faster than in group B (Figure 4.41). The fibrin gel in group A had totally disintegrated by day 8 

and unknown cells appeared on day 7. 

  

No plate to observe 
because unsuspected 

cells grow on the fibrin 
gel 

Day 8 
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4.3.3.3. Comparison between an aprotinin solution of 5-mg/ ml first time only and an 

aprotinin solution of 10 mg/ml first time only.( The procedure for the following results is 

described by Figure 3.36) 

 

 

Aprotinin solution 5 mg/ml(A5) Aprotinin solution 10 mg/ml(A10) 

Day 2 

Day 3 

Day 4 
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Figure 4.42: Comparison of the cell growth on the fibrin gel plate with an aprotinin concentration of 5 mg/ml 
First time (Group A5) and 10 mg/ml First time (Group A10) from day 2 to day 6 of the cell culturing process 

under an inverted light microscope (magnification 10) 

The above pictures (Figure 4.42) demonstrated that on day 2 the cells fibre grew better 

in A5 solution than in A10 solution. The pictures from day 3 to day 6 show that the cell fibre had 

gradually shrunk and transformed to a circular shape. 

Aprotinin solution 5 mg/ml(A5) Aprotinin solution 10 mg/ml (A10) 

Day 5 

Day 6 
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Figure 4.43: Comparison of the cell growth on the fibrin gel plate with an aprotinin concentration of 5 mg/ml 
First time (Group A5) and 10 mg/ml First time (Group A10) from day 7 to day 8 of the cell culturing process 

under an inverted light microscope (magnification 10) 

The pictures on day 7 and day 8 (Figure 4.43) showed that the fibrin gel in group A10 had 

a higher disintegration rate than group A5. 

Day 7 

Aprotinin solution 5 mg/ml(A5) Aprotinin solution 10 mg/mL (A10) 

Day 8 
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Figure 4.44: Comparison of the cell growth on the fibrin gel plate with an aprotinin concentration of 5 mg/ml 
First time (Group A5) and 10 mg/ml First time (Group A10) from day 9 to day 10 of the cell culturing process 

under an inverted light microscope (magnification 10) 

Day 9 

Aprotinin solution 5 mg/ml(A5) Aprotinin solution 10 mg/mL (A10) 

Day 10 

No plate to observe 
because the fibrin gel 

disintegrates 
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 The pictures on day 9 and day 10 (Figure 4.44) showed that the cell culture 

continued in group A5 until day 10 and stopped at day 11 due to the gel completely 

disintegrating. 

The above pictures (Figure 4.42 to Figure 4.44) show that the figures in row A5 (Aprotinin 

solution 5 mg/ ml) demonstrate a significant growth in the cells from day 1 to day 6. It can be 

seen that the cells were significantly growing until day 3. The growth slowed down from day 4 

coming to a standstill on day 6. The A10 (Aprotinin solution 10 mg/ml) demonstrates cells growth 

at a slower place, especially from day 4 to day 6, when the growth was significantly slower and 

then reached a standstill.    

Furthermore, in the comparison of the effect of aprotinin, as shown in Figure 4.42 to 

Figure 4.44, when the aprotinin was added only in the beginning with no subsequent adding after 

changing the media, the observation was that, with a concentration of 5 mg/ml(8 µL), the cells 

growth was much higher than with a concentration of 10 mg/ml. 
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4.3.3.4. Comparison between an aprotinin solution 5 mg/ml every time and an aprotinin 

solution 10 mg/ml every time.   

(The procedure for the following results is described by Figure 3.36) 

 

Figure 4.45: Comparison of the cell growth on the fibrin gel plate with an aprotinin concentration of 5 mg/ml 
Every time (Group B5) and 10 mg/ml Every time (Group B10) from day 2 to day 3 of the cell culturing process 

under an inverted light microscope (magnification 10) 

The pictures on day 2 and day 3 (Figure 4.45) showed that the growth of the cells fibre in 

B10 was better than that in B5 on day 2, but on the following day the cells in group B5 grew at a 

significant rate, whereas the fibre cells in Group B10 shrunk to a group. 

 

Aprotinin solution 5 mg/ml(B5) Aprotinin solution 10 mg/ml(B10) 

Day 2 

Day 3 
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Day 6 

Day 5 

Aprotinin solution 5 mg/ml(B5) Aprotinin solution 10 mg/ml(B10) 

Day 4 
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Figure 4.46; Comparison of the cell growth on the fibrin gel plate with an aprotinin concentration of 5 mg/ml 
Every time (Group B5) and 10 mg/ml Every time (Group B10) between day 4 to day 7 of the cell culturing 

process under an inverted light microscope (magnification 10) 

 The pictures of group B5 and group B10 from day 4 to day 7 (Figure 4.46) 

demonstrate that the fibre in group B5 continued to grow until day 7, whilst group B10 generated 

more fibre from day 5. The pictures on day 7 also show that unknown cells had appeared in Group 

B10. 

 

Aprotinin solution 5 mg/ml (B5) Aprotinin solution 10 mg/ml(B10) 

Day 7 

Unknown cells 
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  Figure 4.47: Comparison of the cell growth on the fibrin gel plate with an aprotinin concentration of 5 
mg/ml Every time (Group B5) and 10 mg/ml Every time (Group B10) between day 8 to day 10 of the cell 

culturing process under an inverted light microscope (magnification 10) 

Aprotinin solution 5 mg/ml (B5) Aprotinin solution 10 mg/ml(B10) 

Day 8 

No plate to observe 
because the unknown 
cells grow on the fibrin 

gel 

Day 9 

Day 10 

No plate to observe 
because unknown cells 
grow on the fibrin gel 

Unknown cells 
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The above pictures show that the cell culture processing in group B5 had continued until 

unknown cells appeared in the cell culture plate, which happened on day 10. 

The previous pictures (Figure 4.45 to Figure 4.47) suggest that Figure B5 (solution 5 mg/ml 

every times) shows the growth of cells with regard to the addition of 5 mg/ml(8µL) of aprotinin 

concentration every time the media was changed. Each figure shows a substantial growth of the 

cells from day 2 to day 10. However, unknown cells made an appearance on day 10. Figure B10 

(Aprotinin solution 10 mg/ml every time) shows the growth of the cells when a concentration of 

10 mg/ml(8µL) was added every time the media was changed. Each figure shows a slower growth 

of the cells from day 2 to day 6 and unknown cells appeared and became attached to the fibrin 

gel on day 7. In the comparison between aprotinin concentrations of 5 mg/ml and 10 mg/ml with 

regard to cell growth, the pictures show that with aprotinin at a concentration of 5mg/ml there 

was a faster cell growth (from day 2 to day 10). Furthermore, unknown cells appeared on day 10 

with an aprotinin concentration of 5mg/mL, whereas unknown cells appeared on day 7 with an 

aprotinin concentration of 10mg/ml(Figure 4.45 to Figure 4.47). 

 

4.3.4 Ratio for Fibrin Gel and Aprotinin solution 

Fibrin gel plays the role of the scaffold for 3D cell culture. Fibrin gel is composed of 

Fibrinogen solution(F) and Thrombin solution(T) mixed together. The correct ratio for fibrin gel 

could create a better cell growth condition. The following figures in this section will demonstrate 

the growth of the cell fibre in three different compositions of fibrin gel, which are type 1 

(Fibrinogen solution 200 µL+ Thrombin solution 480 µL), type 2 (Fibrinogen solution 400 µL+ 
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Thrombin solution 480 µL) and type 3 (Fibrinogen solution 200 µL+ Thrombin solution 240 µL). 

These three types of fibrin gel were added with 5 mg/ml, or 10 mg/ml, of aprotinin solution every 

time the cell culture media had been changed. Following this, the different compositions of fibrin 

gel with aprotinin solution were compared in order to determine the most suitable condition for 

the cell growth. This process can lead the way for future 3D structure tissue culture. -The 

procedure for the following results is described by Figure 3.36 

4.3.4.1. Fibrin gel with Aprotinin 5 mg/ml solution. 

 

Figure 4.48: Comparison between three types of fibrin gel composition : type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with aprotinin 5 mg/ml solution under an inverted light 
microscope(magnification 10x) on day 2. 

The pictures on day 2 (Figure 4.48) showed that the fibre cells grew best in type 3, 

followed by type 2 and then type 1. The type 3 picture also provides the clearest vision of the cell 

growth on the fibrin gel. 

  

F=200 + T=480 (Type 1) F= 200 + T= 240 (type 3) F= 400 + T=480(Type 2) 

Day 2 
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Figure 4.49: Comparison between three types of fibrin gel composition : type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin  solution 240 µL) with aprotinin 5 mg/ml solution under an inverted light 
microscope(magnification 10x) on day 3. 

The pictures on day 3 (Figure 4.49) showed that the cell growth in type 1 had decreased 

in cell fibre, whilst type 2 and type 3 had a steady cell growth. 

 

Figure 4.50: Comparison between three types of fibrin gel composition  type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with aprotinin 5 mg/ml solution under an inverted light 
microscope (magnification 10x) Between Day 4 and Day 5. 

 

Day 3 

F=200 + T=480 (Type 1) F= 200 + T= 240 (type 3) F= 400 + T=480(Type 2) 

Day 4 

F=200 + T=480 (Type 1) F= 200 + T= 240 (type 3) F= 400 + T=480(Type 2) 

Day 5 
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The pictures above ( 

Figure 4.50) show that on day 4 the cell fibre in type 1 was still decreasing, whilst the fibre in type 

2 and type 3 had started to intersect together to form a group. The same result was found from 

the pictures ( 

Figure 4.50) on the following day (Day 5), although there were less fibre cells in type 2 and type 

3.  

 

Figure 4.51: Comparison between three types of fibrin gel composition : type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with aprotinin 5 mg/ml solution under an inverted light 
microscope (magnification 10x) Between Day 6 and Day 7 

 The figures on day 6 and day 7 show that the fibre cells in all three types were 

gathered in a group, and each group seemed to have its own fibrin gel base surrounding it in a 

Day 6 

Day 7 

F=200 + T=480 (Type 1) F= 200 + T= 240 (type 3) F= 400 + T=480(Type 2) 
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circular shape. The difference between the three groups was the group numbers: Type 3 had the 

highest cell number, followed by Type 2 and then Type 1. 

 

 

Figure 4.52: Comparison between three types of fibrin gel composition : type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with aprotinin 5 mg/ml solution under an inverted light 
microscope (magnification 10x) Between Day 8 and Day 9 

Figures above shows the disintegration of the fibrin gel in the three different conditions. 

The pictures show that there was a little fibrin gel sheet left in the Type 1 and Type 2 conditions, 

whereas the most fibrin gel was left in the Type 3 condition. Figure 4.52 also shows that there 

was no difference in the cell growth from the previous Figure 4.51.  

Day 8 

Day 9 

F=200 + T=480 (Type 1) F= 200 + T= 240 (Type 3) F= 400 + T=480(Type 2) 



143 

 

 

 

 

Figure 4.53: The growth of the cell fibre in the type 3 (Fibrinogen solution 200 µL+ Thrombin solution 240 µL) 
fibrin gel culture plate under an inverted light microscope (magnification 10x) from day 10 to day 14 

F=200+T=480(Type 1) F=400+T=480 (Type 2) F=200+T=240 (Type 3) 

Day 10 No fibrin gel left No fibrin gel left 

Day 11 

Day 12 

Day 13 

Day 14 
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Figures above (Figure 4.53) demonstrates that no fibrin gel sheets were left in the type 1 

and type 2 conditions. The cell culturing process continued until the type 3 fibrin gel sheet 

completely disintegrated on day 15. The pictures of the type3 group show a slightly difference in 

the cell shape, due to the fibrin gel disintegrating. The cells seemed more compact and torn apart 

after the fibrin gel breakdown (day 12 to day 14). 

 Overall, the pictures of the type 1 condition show no significant change in the cells 

growth and cells number for the whole process. In contrast, the pictures of the type 2 and type 

3 conditions show significant changes in cell number, cell size and cell shape during the cell 

culture process. The best condition of cells growth was the type 3 fibrin gel, followed by type 2 

and type 1, respectively. Moreover, the fibrin gel had totally disintegrated from day 10 in the 

type 1 and type 2 conditions. Then, the cell culture process continued for only type 3 until the 

fibrin gel had gone on day 15 (Figure 4.48 to Figure 4.53).( see the figure more in Appendix 9.4.1) 
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4.3.4.2. Fibrin gel condition with Aprotinin 10 mg/ml solution 

 

Figure 4.54: Comparison between the three types of Fibrin gel composition: type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with Aprotinin 10 mg/ml solution under an inverted 
light microscope(magnification 10x) on day 2. 

 The above pictures (Figure 4.54) from day 2 showed that type 3 had the best fibre 

cells number, followed by type 2, and the cell fibre could hardly be seen in type 1. 

 

Figure 4.55 : Comparison between the three types of Fibrin gel composition: type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with Aprotinin 10 mg/ml solution under an inverted 
light microscope(magnification 10x) on day 3. 

The above pictures (Figure 4.55) from day 3 show that the type 3 cells fibre had 

dramatically increased in growth compared to type 2, which had significantly decreased in fibre 

F=200 + T=480(type 1) F=400 + T=480(Type 2) F=200 + T=240(type 3) 

Day 2 

 

Day 3 

 

F=200 + T=480(type 1) F=400 + T=480(Type 2) F=200 + T=240(type 3) 
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cells and had transformed to a circular cell group. Furthermore, the picture of the type 1 fibrin 

gel shows a circular cell attached to the fibrin gel. 

 

Figure 4.56:Comparison between the three types of Fibrin gel composition: type 1( Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with Aprotinin 10 mg/ml solution under an inverted 
light microscope(magnification 10x) between Day 2 to Day 7.  

F=200 + T=480(type 1) F=400 + T=480(type 2) F=200 + T=240 (type 3) 

Day 4 

 

Day 5 

 

Day 6 

 

Day 7 
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The above pictures ( 

Figure 4.56) from day 4 to day 7 demonstrate that there had been no significant change in the 

fibre cells growth in the three types of fibrin gel. The pictures of type 1 show numerous circular 

cell shapes on the fibrin gel, which clearly disintegrated the fibrin gel over time. The pictures of 

type 2 show a circular cell shape with some cell fibre from day 4 to day 7, but the cell fibre 

completely vanished on day 7. In contrast, there were still many fibre cells on the fibrin gel sheet 

in the fibrin gel type 3, with only a few circular cells. 

 

Figure 4.57: Comparison between the three types of Fibrin gel composition: type 1 (Fibrinogen solution 200 µL+ 
Thrombin solution 480 µL), type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) and type 3( 

Fibrinogen solution 200 µL+ Thrombin solution 240 µL) with Aprotinin 10 mg/ml solution under an inverted 
light microscope(magnification 10x) between Day 8 to Day 9. 

The above pictures (Figure 4.57) from day 8 and day 9 demonstrate that the type 2 fibrin 

gel had unknown cells attached to the fibrin gel sheet on day 8. It was shown in the other two 

F=200 + T=480 (type 1) F=400 + T=480 (type 2) F=200 + T=240 (type 3) 

Day 8 

 

No plate to observe 
because unknown 
cells grow on the 

fibrin gel 

D
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types of fibrin gel that many fibrin gel sheets had disintegrated. Fibrin gel type 1 and fibrin gel 

type 3 had vanished on day 9 and day 10, respectively.  

Overall, it can be clearly seen in the above pictures of the fibrin gel condition with 

Aprotinin 10 mg/ml solution (Figure 4.54 to Figure 4.57) that the cell fibre grows easily in the type 

3 fibrin gel condition, followed by type 2, and then type 1.  Unknown cells were observed on day 

8 (Figure 4.57) in the type 2 condition. Moreover, the fibrin gel completely disintegrated on day 

9 for type 1 and day 10 for type 3.  

*Fibrin gel: type 1( Fibrinogen solution 200 µL+ Thrombin solution 480 µL) 

 *Fibrin gel: type 2( Fibrinogen solution 400 µL+ Thrombin solution 480 µL) 

* Fibrin gel: type 3 ( Fibrinogen solution 200 µL+ Thrombin solution 240 µL) 

 

4.3.4.3. Comparison between the best Fibrin gel type and the best Aprotinin concentration. 

The figures from the comparison between the three types of fibrin gel and Aprotinin 

solution (5 mg/ml or 10 mg/ml) suggest that type 3 (Fibrinogen solution 200 µL+ Thrombin 

solution 240 µL) was the best fibrin gel, followed by type 2 (Fibrinogen solution 400 µL+ Thrombin 

solution 480 µL). The following pictures will show the difference in the cells growth between the 

type 2 and type 3 fibrin gel conditions with two different concentrations of Aprotinin solution. 
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4.3.4.3.1 Fibrinogen 400 µL and Thrombin 480 µL (Type 2) with aprotinin 5 mg/mL and 10 

mg/mL 

 

 

 

Aprotinin solution 5 mg/ml Aprotinin solution 10 mg/ml 

Day 2 

Day 3 
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Figure 4.58: Comparison between fibrin gel composition type 2 (Fibrinogen solution 400 µL+ Thrombin solution 
480 µL) with Aprotinin 5 mg/ml and with Aprotinin 10 mg/ml solution under an inverted light microscope 

(magnification 10x) from day 2 to day 7. 

Day 7 

Day 5 

Aprotinin solution 5 mg/ml Aprotinin solution 10 mg/ml 

Day 6 
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 The above pictures (Figure 4.58) from day 2 to day 7 show that there was 

significantly better cells growth in the type 2 fibrin gel condition with Aprotinin solution 5 mg/ml 

than with Aprotinin solution 10 mg/ml.  

 

 

Figure 4.59: Comparison between fibrin gel composition type 2 (Fibrinogen solution 400 µL+ Thrombin solution 
480 µL) with Aprotinin 5 mg/ml and with Aprotinin 10 mg/ml solution under an inverted light microscope 

(magnification 10x) from day 8 to day 9. 

 The above pictures (Figure 4.59) from day 8 demonstrate that unknown cells 

appeared on the fibrin gel sheet with Aprotinin 10 mg/ml. However, the pictures for Aprotinin 5 

mg/ml show that no unknown cells appeared on the fibrin gel, but that the fibrin gel sheet had 

been disintegrating on day 8 and day 9, and completely vanishing on day 10. 

Day 8 No plate to observe 
because unknown cells 
grow on the fibrin gel 

Aprotinin solution 5 mg/ml Aprotinin solution 10 mg/ml 

Day 9 

No plate to observe 
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Overall, the above figures (Figure 4.58 and Figure 4.59) indicated that Aprotinin 5 mg/ml 

solution was the best concentration for cells growth in the type 2 (Fibrinogen solution 400 µL+ 

Thrombin solution 480 µL) Fibrin gel composition, due to the cells fibre generating better and 

unknown cells appearing.  
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4.3.4.3.2 Fibrinogen 200 µL and Thrombin 240 µL with Aprotinin 5 mg/mL and 10 mg/mL 

 

 

Aprotinin solution 5 mg/ml Aprotinin solution 10 mg/ml 

Day 2 

Day 3 

Day 4 
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Day 6 

Day 5 

Aprotinin solution 5 mg/ml Aprotinin solution 10 mg/ml 

Day 10 
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 Figure 4.60: Comparison between Fibrin gel composition type 3 (Fibrinogen solution 200 µL+ Thrombin 
solution 240 µL) with Aprotinin 5 mg/ml and with Aprotinin 10 mg/ml solution under an inverted light 

microscope (magnification 10x). between Day 2 and Day 14. 

Figures above demonstrates that there is no significant difference in the cells growth 

between Aprotinin 5 mg/ml and Aprotinin 10 mg/ml solution in the type 3 fibrin gel condition, 

but the Aprotinin 10 mg/ml solution appears to cause the fibrin gel sheet to disintegrate faster 

than it would with the Aprotinin 5 mg/ml. 

Overall, the figures from the comparison between the two fibrin gel conditions (type 2 

and type 3) and Aprotinin solution (5 mg/mL or 10 mg/mL) suggest that the Aprotinin solution 5 

mg/mL concentration was suitable for cell growth in the type 2 fibrin gel (Fibrinogen solution 400 

Aprotinin solution 5 mg/ml Aprotinin solution 10 mg/ml 

Day 12 

Day 14 

No plate to observe 
because fibrin gel was 

disintegrated 
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µL+ Thrombin solution 480) and type 3 fibrin gel (Fibrinogen solution 200 µL+ Thrombin solution 

240 µL).   
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4.3.5 Unknown cells 

When the aprotinin had been added to the cells after media was added unknown cells 

were observed. The unknown cells had a circular structure, as oppose to muscle that has an 

elongated structure. It was also shown that the unknown cells would float on the media, whereas 

the muscle cells that adhered to the fibrin gel kept on reducing in size and number. It can be 

assumed that the unknown cells had been transformed from the muscle cells. This assumption is 

derived from the experiment where the muscle cell was not added at the beginning, i.e. no 

muscle cells, no unknown cells. This is a topic for further experimentation and identification of 

unknown cells, and an aspects that may warrant further investigation of the unknown cells, by 

way of their identity, source and other characteristics.  

The following pictures ( 

Figure 4.61 show the results from aiming to determine the source of unknown cells from 

mixing solutions of the media, fibrin gel and 2D cell culture.  
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4.3.5.1 Media test 

 

  

                            

   

 

  

A       B 

Figure 4.61: The culture plate filled with FBS (Fetal bovine serum) under the naked eyes 

Figure 4.61A: Old batch of FBS and new batch of FBS with spot 

 Figure 4.61B: New batch of FBS mixed with DMEM media  

Figure above demonstrates the comparison between the old bath of Foetal Bovine serum 

(FBS) with the new bath of FBS in a 100 mm cell culture dish. The old batch of FBS showed a clear 

yellow liquid, while the new batch of FBS showed some cloudy particles. Although the cloudy 

particles should have disappeared after being mixed with the other cell culture media (DMEM 

media), the particles are still visible to the naked eye ( 

Figure 4.61B) 

Old FBS New  FBS 
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A      B 

 

  C      D 

Figure 4.62: The solution of the new batch of FBS under an inverted light microscope (magnification 10x and 
100x) 

 

The Figure 4.62A showed all of the particles in the batch under an inverted light 

microscope with magnification 10x, which consisted of fibre like particles (B) and square shaped 

particles (C and D) 
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Figures above showed that there were some particles in the Penicillin/ streptomycin, 

which was used as the mixing solution for the cell culture media, as well as in the FBS. 

4.3.5.2. Fibrin gel test 

This test used the type 3 condition solution of fibrin gel leaving it to set as a gel under an 

ultraviolet light and without an ultraviolet light. 3D cell culture media was then added on top and 

the media was changed every other day without cell feeding. This process took around one week. 

The results showed that nothing occurred relating to unknown cells under an inverted light 

microscope in both conditions of the fibrin gel plate. 

4.3.5.3. Cell culture 

 The cell culture experiment related to a new batch (less passage) and old batch 

(more passage) of C2C12 cells, by feeding the C2C12 cells with 3D cell culture media on a normal 

cell culture plate (without fibrin gel). This process took around one week. The results indicated 

that no unknown cells appeared during the experiment that had been seen under an inverted 

light microscope with magnification 100x. 
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4.4 Limitations 

Some problems did occur during the experiment that obstructed the cell culture process, 

or caused the cells to completely die. Some major issues are provided below and are numbered. 

4.4.1. Inhibition of cell growth on Fibrin 

The 3D structure tissue process requires the fibrin gel to act as an extracellular matrix of 

the cell, but sometimes C2C12 cells were attached to the surface of the cell culture dish under 

the fibrin gel layer. However, even though the C2C12 cells were attached to the fibrin gel surface, 

they stayed in a circular shape for the whole process without generating cell fibre. Furthermore, 

fibrin gel, itself, may not cure properly and become detached from the surface of the cell culture 

dish too early to form 3D structure tissue, which obstructs the cell growth.  

 

4.4.2 Unknown cells appearing during the cell culturing process. 

The most obvious characteristic to differentiate the unknown cell and the C2C12 cell was 

the growth of the cells. C2C12 cells always become attached to the surface of the cell culture dish 

or fibrin gel in a cylindrical shape or a fibre shape, respectively, whereas unknown cells always 

float on the cell media solution and make their own colony shape like many small circular cells 

attached to each other. When unknown cells grow to a certain stage (a colony) they sometimes 

become attached to the fibrin gel and make the C2C12 cells fibre diminish or transform to a 

circular shape. Furthermore, these unknown cells cannot be rinsed off completely with DPBS, 

which is the standard solution for removing a product from cells in a cell culture dish before 

feeding new fresh cell culture media to the cell culture plate.  
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4.4.3 The fibrin gel disintegrated too early to form the three-dimensional structure. 

Fibrin gel is crucial to growing a 3D tissue structure. When the fibrin gel starts to 

disintegrate there is less space for fibre cell growth. If the fibrin gel disintegrates before the 3D 

tissue structure is formed, then the process would fail to retrieve a 3D structure.  

 

4.4.4 Running out, or overloading, of Carbon dioxide gas  (Carbon dioxide gas   ). 

Carbon dioxide gas is indispensable gas that cells need to stay alive. When Carbon dioxide 

gas becomes depleted or is overloaded (over the optimum point that a living cell needs for 

growing), the cells will either grow in an abnormal way (slow growth) or die (cells detach from 

the surface of the cell culture dish).  
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5.Discussion 

5.1. Cell culture 

Cell culture refers to regenerating cells outside the natural living organism in the most 

suitable conditions. The conditions may vary with the different types of cells. Based on an 

experiment using two different types of cell culture (fibroblast and c2c12) with two different 

sources (a cryotube stored in liquid nitrogen and a cell harvested from a cell culture plate), it was 

found that the cells retrieved from the former cell culture plate had significantly increased in 

growth compared to those derived from the cryotube and they were also cultured in less time. 

The space of the culture plate and the number of cells per area also played an important role in 

the cell growth and the number of cells. It was found by using the same number of cells seeding 

that the cells grew more in a smaller plate than a larger plate and the process was less time 

consuming. The contamination that usually occurred during the experiment had two different 

sources, namely, the media and the equipment. Media contamination was easily observed by the 

change in colour from clear to cloudy media. Fibre-like or little circle spot particles could be seen 

floating in the solution under the microscope. The contamination from the equipment came 

directly from the incubator itself, there was mould on one of the shelves. After this, to avoid 

contamination in the lab and ensure that everything was sterile, the incubator was regularly 

sterilised and the changes in the media were constantly monitored by experimenting with the 

supplements that had been used in the process alongside the cell culture experiment, as well as 

making observations under the microscope every single day. 
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The next step after constructing the two-dimensional cell culture was to construct a 

three-dimensional tissue culture. This process began with a seeding cell in the prepared culture 

plate where a mimic extracellular matrix (fibrin gel) had been prepared to transform a two-

dimensional tissue structure into three dimensions. A mixed solution of fibrinogen and thrombin, 

called fibrin gel, was selected for this purpose. This solution was placed in the incubator for a 

period of time to be properly set into a solid/gel-like state to be ready for use before seeding the 

cells. Aprotinin solution is believed to play a role as the delay solution for the cells’ digestion rate 

of fibrin gel leaving the enough fibrin gel to mimic the pseudo-extracellular matrix of the cells 

until the tissue is properly transformed from a two-dimensional to a three-dimensional structure. 

The results of an experiment using two different concentrations of aprotinin solution, namely, 5 

mg/ml and 10 mg/ml, with the subsequent change of media, coupled with additional aprotinin 

solution showed that the cell growth was much higher with a concentration of 5 mg/ml than with 

a concentration of 10 mg/ml. Also, the fibrin gel seemed to disintegrate faster with the 

concentration of 10 mg/ml aprotinin solution and unknown cells occurred during the process. 

Different compositions of fibrin gel and aprotinin solution were used in this experiment 

in order to investigate the effect of the aprotinin concentration on the disintegration of the fibrin 

gel and cell growth. The result indicated that the best concentration of aprotinin solution for cell 

growth was 5 mg/ml, and type 3 fibrin gel mixing solution (Fibrinogen solution 200 µL+ Thrombin 

solution 240 µL) was the best fibrin gel, followed by type 2 (Fibrinogen solution 400 µL+ Thrombin 

solution 480 µL), and type 1 (Fibrinogen solution 200 µL+ Thrombin solution 480 µL).. 
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The limitations that occurred during these experiments were the controlled environment 

and cell contamination, either by mould or unknown cells, followed by the fibrin gel 

disintegration too early for cells to form a three-dimensional tissue structure, as well as the 

unknown cells that inhibited the growth of the c2c12 cells. The most critical situation was the 

depletion of Carbon dioxide gas, which the cells needed to survive; therefore, the level of Carbon 

dioxide gas needs to be carefully monitored to prevent this unfortunate event. 

Overall, cells not only need a suitable environment to grow, but they also need space to 

interact with each other to generate more cells in a short period of time. Furthermore, it is also 

very important to use the best protocol for preventing contamination throughout the 

experiment.  

It was also observed that cell contamination occurred if the cells were grown to more 

than 60-70% of the culture plate surface area, so cells need to be harvested before reaching this 

point as they would begin to start emitting chemical which inhibit further growth 

Three-dimensional tissue structure formation 

3D formation could not be obtained due to many factors. Firstly, the formation of 

unknown cells resulting in C2c12 cells growth slowing down. Secondly, when the growth of c2c12 

reach 90% of the fibrin gel area, and the media changed to the secondary 3D media resulting in 

cell disintegration. Lastly, C2c12 cells did not attached in the sufficient numbers or not attach at 

all with in the fibrin gel body.  
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In order to prepare the C2C12 cells used in 3D tissue structure, the cell culture of 2D tissue 

structure needed to prepare enough number of cells with the same passage to generate 3D tissue 

culture,  

 

5.2. Fibrin gel 

In order to construct three dimensional tissue structure, a type of cell scaffold is needed. 

Previously, collagen gel had been used as the required scaffold, but recently it had been reported 

that fibrin gel could be the most suitable for three dimensional formation. The fibrin gel had been 

selected as the extra cellular matrix due to its structure and characteristics. Fibrin gel allows cells 

to migrate and grow within itself where the cell will produce their own extra cellular matrix 

protein and degrade the excess fibrin gel. Furthermore, it has been reported that fibrin gel also 

binds to the growth factor hence suggest that fibrin gel may be most suitable scaffold for rapid 

growth of 3D cells. 

 Fibrin gel was produced by mixing Fibrinogen and Thrombin solutions at various 

compositions and placed in an incubator at 37 degrees Celsius. The mixed solutions will transform 

to solid-gel like structure. In the experiment, it was found that the ratio for the mixing solution 

was Fibrinogen to Thrombin at 1.2:1 was the most appropriate for using in the experiment. At 

this ratio, extracellular matrix was suitably formed and the C2C12 cell growth for 3D tissue 

structure was most evident. Attempts were made to produce fibrin gel at different fibrin gel 

ratios, namely type 1 (Fibrinogen solution 200 µL+ Thrombin solution 480 µL), type 2 (Fibrinogen 

solution 400 µL+ Thrombin solution 480 µL) and type 3 (Fibrinogen solution 200 µL+ Thrombin 
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solution 240 µL). However, it was observed that in the current experiment fibrin gel stayed on 

the culture plate for the maximum of two weeks but it has been reported that EMC protein will 

be produced in the fibrin gel over the period of three to four weeks, indicating that fibrin gel 

stayed longer than in the current experiment[65]. This lead to future work to investigate the best 

condition to allow fibrin gel to exist longer  

5.3. Aprotinin  

Aprotinin was used in this experiment as a delaying agent to slowdown the consumption 

of fibrin gel by the cells. In cell biology, aprotinin is used as an enzyme inhibitor to prevent protein 

degradation during lysis or homogenization of cells and tissues. For the formation of 3D cell 

structure, after fibrin gel had been prepared and place in the culture plated in the culture plate, 

the 2d cells are introduced along with the 3D media, a small amount of aprotinin was added.  

To determine the appropriate amount of aprotinin, experiments on the effects of the 

concentration of aprotinin, experiments on the effects of the concentration of aprotinin at 

5mg/ml and 10 mg/ml on cell growth, the reduction in the amount of fibrin gel and occurrence 

of unknown cells were carried out. The detail procedures of the experiment were described in 

Methodology section. The result showed that the concentration of 5 mg/ml of aprotinin solution 

added to the fibrin gel ( at Fibrinogen and Thrombin solution ratio 1.2:1) was the most suitable 

concentration for cells growth. Adding 10 mg/ml of aprotinin resulted in earlier onset. of the 

unknown cells which will inhibit or slow down the C2C12 cell growth, than that at 5 mg/ml 

concentration.  
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5.4. Unknown cells 

The unknown cells is defined as the cells that occur during the experiment to construct three 

dimensional tissue structure. The unknown cell was not seen in the two dimensional tissue 

structure. The main difference in the two environments was that in the 3D tissue cell structure, 

fibrin gel, 3D media supplement and aprotinin were added to the basic cell culture media. These 

unknown cells exclude mold and bacteria as described for contamination. The characteristic of 

unknown cells are different from C2C12. C2C12 cells are attached to the cell culture plate surface 

whereas the unknown cells are floating in the cell culture media. When the unknown cells 

appeared, cells started from the single cells and generate their own colony as the group of single 

cells attached to each other. Then afterward these unknown cells will attach to the fibrin gel and 

obstruct the growth of the C2C12 cells. The unknown cell could not be rinsed off by DPBS buffer 

solution, which is the standard solution for cleaning the waste generated from cells. The way to 

prevent the reoccurrence of unknown cells was to try to find their source. The experiments to 

identify the possible cause of the unknown cells included culturing the c2c12 cells with the 3D 

cell media; placing fibrin gel with the 3D cell media; and fibrin gel with the supplementary 

solution for the same period of time. The results suggested that no unknown cells occurred 

during the experiment. This finding led to a further experiment to identify the unknown cells 
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5.5.Incubator  

5.5.1 Controlled environment 

The incubator is the most crucial instrument in the cell tissue culture process. The Carbon 

dioxide gas level that circulate in the incubator affects the growth and development of the cells. 

The small change in the Carbon dioxide gas level can affect the pH balance in the cells media and 

create the inappropriate condition for the cells to grow, and the cell cannot stay alive in the lack 

of Carbon dioxide gas condition. The buffer in the water bath keeps the humidified condition and 

sterile for the machine system. The incubator’s shelves and the incubator itself need to be sterile 

every week, also the filter needs to be replaced after some period of time to avoid the 

contamination from the incubator itself. Not only the incubator but all the instrument in the lab 

(water bath, cell hood) need to have the regular routine for the sterilization to decrease the 

source of contamination. Furthermore, as the incubator was also used for the other experiments, 

arranging the time specifically for cell culture process would help avoiding the contamination 

from the other experiment that have to use the same incubator. This shows that cell culture 

process have a lot of variation to be successful and to overcome the contamination problem, cell 

culture process need to be developed according to the sterilization protocol. Moreover, cells 

number need to be counted before seeding to culture plate in order to follow the cell number 

and cell growth. In University of Dundee laboratory, there is the machine called NC 250 which 

can be called cell analysis machine. This gives the results more accurate than the normal 

Hemocytometer. After seeding the cell into the culture dish, incubator play the important role in 

cell development. 
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5.5.2 Importance of Carbon dioxide gas   and temperature 

It was observed that the presence of Carbon dioxide gas and concentration of Carbon dioxide gas 

were of paramount importance. At too high or too low the small change in the Carbon dioxide 

gas   level can affect the pH balance in the cells media and create the inappropriate condition for 

the cells to growth, and the cell cannot stay alive in lack of Carbon dioxide gas   condition. The 

level of carbon dioxide gas   that should be maintained was 5% in volume. 

During the experiment over the period of six months, Carbon dioxide gas suddenly ran 

out twice causing the cells to die. This was after two months of cells culturing i.e. causing a failure 

after two months. Hence a mechanism to monitor the level of Carbon dioxide gas   available is 

important. Furthermore, carbon dioxide gas   concentration in the incubator must have proper 

control to maintain the optimum level to encourage the cell growth. 

Another important factor to foster successful cell growth is temperature. During the 

experiment there were times when the temperature went too high and too low indicating the 

lack of proper temperature control. This is another area of improvement as the fluctuation in 

temperature affect the cell growth. The temperature should be controlled at 37 degree Celsius. 

The problem on the temperature occurs covering the period of one to two months. And 

eventually this incubator was removed from further experiments.  

5.5.3 Contamination 

During many experiments on cell culture very much from the beginning, it was observed 

that the contamination which were seen as mould and bacteria in the experiment cell culture 

plate and even spreading to the various part of the incubator. Attempts were made to sterilize 
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the incubator by spraying all part of the incubator and related equipment (cell hood, pipette etc.) 

with the 70% of alcohol. The extent of the spray was to the level that the corresponding parts 

were virtually soaked and dripping with the alcohol and allow to dry under the cell hood before 

the experiment began. These procedures were conducted every times when the cell culture 

experiment was performed. Nevertheless, about 70-80% of the time, contamination still 

occurred on the plate and the inside the incubator. It was suspected that the source of the 

contamination might come from the atmosphere inside the lab and possible from the experiment 

nearby within the same incubator. Consequencely, in order to avoid the possible contamination, 

future experiment on cell culture ought to be conducted in an enclosed space and without other 

experiments nearby. 

In order to try to identify and avoid the cause of contamination, the experiment was 

carried out in parallel at both places, i.e. the Dundee university laboratory and the biology 

laboratory in Ninewells Hospital (Dundee, Scotland). However, contamination still occur at both 

places, either from the other people’s experiment using the same incubator or the incubator 

itself. Even though, there were attempts in every possible way to avoid the contamination, it still 

happened during the cell culture process. As both places did not have similar equipment, 

frequent travelling between the two places occurred. 

The initial result of cell growth at Ninewells hospital in comparison with Dundee university 

showed that similar contamination in the incubator as before still existed. Furthermore, it was 

noticed that cell growth at Ninewells hospital was slower than that at Dundee university, this was 

suspected to be due to cells concentration on the plate. This led to more experiments at Dundee 
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university to investigate the effect of cell growth versus culture plate area i.e. how cell 

concentration affect cell growth. 

The contamination occurred in the incubator was the main cause of the problems over 

almost the two years period of the experiment covering over one hundred samples. The 

incubator was initially steriled by using 70% alcohol as recommended. However, by discussing 

with a number of various lecturers and researchers it was later suggested that 70% alcohol should 

be replaced by a disinfectant (Biogard) coupled with autoclaving every part of the incubator that 

could be dismantled. These later sterilization procedures were carried out on monthly basis but 

ideally these oughts to be done every week, but this was not possible because of the ongoing 

experiments and only one incubator was available. Since these new sterilization procedures were 

carried out, no more contamination was observed 
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6. Conclusion 

The aim of this project was to produce three-dimensional tissue structure and to find 

the optimal condition in the bioreactor to improve the physiology of the cell and also to 

generate angiogenesis. However, due to the problems from the incubator related to the 

controlled conditions and the contamination, the focus of the experiment was modified. The 

result, knowledge and the experience gained from the project as regard to cell culture, the 

incubator, the construction of fibrin gel acting as scaffold, the use of aprotinin solution, and 

the appearance of the unknown cells can be summarized as below. 

Cell culture is the process in which cells are regenerated and grown in a controlled 

environment starting with the certain number of cells, they were cultured and increased in 

number in the two dimensional tissue structure. Once the required numbers of cell is reached, 

the cells from 2D culture tissue were transferred into the culture plate with fibrin gel 

(produced by mixing solutions of fibrinogen and Thrombin at ratio 1.2:1) that act as the 

extracellular matrix to assist in the three dimensional tissue structure formation. To assist in 

the formation of three dimensional tissue structure after the fibrin gel had been placed in the 

cell culture plate, a small amount of aprotinin solution (5mg/ml) was added. This is to help in 

slowing down the rate in which the gel is digested by the cells, leaving a fibrin gel structure 

for the 3D tissue structure formation. The culture plate was then placed in the incubator at 

the same control environment. 

During the cell culture process the cell culture plate was placed in the incubator where 

the conditions of the environment were controlled. The parameters that could be manually 

adjusted in the incubator were the temperature and the concentration of Carbon dioxide gas 
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For the cells to grow, the temperature had to be maintained at 37 degree Celsius with Carbon 

dioxide gas    level at 5% of the volume in the incubator. Fluctuation in the temperature and 

the level of Carbon dioxide gas directly affected the cell growth and cell attachment. 

The main obstacle to the cell growth was the contamination in the incubator and on 

the cell culture plate. Prior to the cell culturing process, the incubator had to be completely 

sterilized by using disinfectant (bioguard) and autoclaved various removable parts. To avoid 

contamination on the culture plate, the culturing process must be done in a controlled 

environment and in the absence of any other experiments which may cross contaminate. 

Another observation which was worthy of further investigation was the appearance 

of unknown cells. When the two dimensional tissue structure were placed in the culture plate 

together with the fibrin gel, aprotinin at 5 mg/ml, and 3D media and placed in the incubator 

(37°C) after 4 days, the unknown cells started to appear. This caused the growth of C2C12 

cells on the fibrin gel to slow down and even change in its physiology. 

To conclude, for the formation of 2D structure, uttermost attention should be paid to 

the controlled environment (temperature and Carbon dioxide gas) in the incubator together 

with the contamination in the incubator and on the culture plate. For the three dimensional 

tissue structure more study should be made on the cause and nature of unknown cells and 

the effect of fibrin gel together with 3D media on the 2D cell formation. Additionally, different 

three dimensional cell media could be used to investigate the formation of functionalized 

tissue structure and also the effect on unknown cell populations 
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7.Future work 

The future work recommended are categorized into three groups, namely during the 

two-dimensional tissue culture, three-dimensional tissue culture, and Identify the 

Contamination. 

During two-dimensional tissue culture 

The problems encountered were related to the controlled environment in the 

incubator and contamination both in the incubator and on the cell plate. On the controlled 

environment, the temperature control instrument need to be sensitive to the fluctuation in 

temperature as small changes in temperature, even at a few tenth of a degree, can affect cell 

growth [68]. The amount of Carbon dioxide gas needed to be maintained at 5% Volume, the 

incubator then ought to have an instrument that can measure and control the level of Carbon 

dioxide gas. To avoid the contamination the incubator need to be regularly disinfected by 

using Biogard and then autoclaved all the removable part. Ideally this sterilization procedure 

ought to be carried out on the weekly/biweekly basis. 

 

During three-dimensional tissue culture. 

The factors involved in 3D formation include fibrin gel, 3D media, aprotinin and the 

unknown cells. 

Fibrin gel was chosen to be the scaffold for the cells but during the cell growth process, 

fibrin gel appeared to disintegrate too soon whereas it has been reported that fibrin gel will 

exist for over 3-4 weeks [65]. Therefore, the correct composition of fibrin gel ought to be 

investigated, i.e. the ratio of fibrinogen solution to thrombin solution. 
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The occurrence of unknown cell causing the C2C12 cell growth to diminish. In order to 

avoid the unknown cells, the cause and nature of unknown cells ought to be investigated. 

Attempts to identify the cause of unknown cells were made as describe in section 

Methodology and result, where contaminations of factors influencing the 3D formation were 

made, for example, two dimensional mixing with fibrin gel and 2D with 3D media. However, 

it was observed that the unknown cells only seen when all the constituents were put together. 

This leads to the suspicious that the unknown cell could be created by the resultant mixture 

of fibrin gel, 3D media and aprotinin acting on the C2C12 cells. Investigation could be made 

by placing C2C12 cells in only two constitutes, for example, fibrin gel mix with 3D media 

without aprotinin added and C2C12 cells in 3D media and aprotinin in the absence of fibrin 

gel. 

 

Identify the cause of Contamination 

Due to the contamination usually occur during the experiment . The way to find the 

cause of contamination can relate the success rate of experiment. The Major sources of 

contamination are Chemical contamination and Biological contamination. To find the source 

of contamination need to thoroughly observe the procedure of the experiment. The examples 

of the contamination and the way to detect them as follow. 

- Endotoxin; effect the growth or performance of the culture usually in sera which 

can detect by using quantified using the Limulus Amebocyte Lysate assay 

(LAL).[69] 

- Mycoplasma ; detect by Hoechst DNA Staining [70] 
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9. Appendix 

9.1 Nucleocounter NC 250  
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9.2 Silicone cube structure 

Solid work data sheet 

Mass properties circle part 

Density = 0.00 grams per cubic millimeter 

Mass = 0.81 grams 

Volume = 812.27 cubic millimeters 

Surface area = 488.83  square millimeters 

Center of mass: ( millimeters ) 

 X = 0.00 

 Y = 4.00 

 Z = 0.00 

Mass properties of Oval part 

Density = 0.00 grams per cubic millimeter 

Mass = 0.56 grams 

Volume = 557.08 cubic millimeters 

Surface area = 424.93  square millimeters 

Center of mass: ( millimeters ) 

 X = -5.00 

 Y = 4.00 

 Z = 0.00 
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9.3 Aprotinin 
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9.4 The effect of aprotinin 

9.4.1 Aprotinin 5 mg/mL (First time( A5) and every times (B5)) in Condition: 200 μL Fibrinogen+ 480 μL Thrombin 

 

 

 

First time(A5) Every times (B5) 

P1 

Day 2 

P2 
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First time(A5) Every times (B5) 

Day 3 

P1 

M

ould 

P2 

D
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P2 

Day 4 

First time(A5) Every times(B5) 

Day 5 

P1 

P2 
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First time (A5) Every times(B5) 

Day 6 

P1 

P2 

P1 

Day 7 
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First time(A5) Every times(B5) 

P1 

Day 7 

Day 8 

P1 

P2 
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First time(A5) Every times(B5) 

P1 

P2 

Day 9 

Day 10 

P1 

Unknown cell grows on the 
fibrin gel 
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First time(A5) Every times(B5) 

Day 11 

P1 

P2 

No plate to observe 

No plate to observe No fibrin gel left 

All the fibrin gel disintegrated 
(no fibrin gel left on the 

silicone plate) 
P2 

Day 10 
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First time(A5) Every times(B5) 

Day 12 

P1 

P2 

No plate to observe 

No plate to observe No plate to observe 

Day 13 

P1 

P2 

No plate to observe 

No plate to observe No plate to observe 
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Day 14 

P1 

P2 No plate to observe 
No plate to observe 

No plate to observe 

First time(A5) Every times(B5) 
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9.4.2 Aprotinin 10 mg/mL (First time( A10) and every times (B10)) in Condition: 200 μL Fibrinogen+ 480 μL Thrombin 

 

First time (A10) Every times(B10) 

Day 2 

P1 

P2 

Day 3 

P1 



207 

 

 

 

First time(A10) Every times (B10) 

Day 3 

P2 

Day 4 

P1 

P2 
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First time (A10) Every times(B10) 

Day 5 

P1 

P
2 

Day 6 

P1 

P2 



209 

 

 

 

First time(A10) Every times(B10) 

Day 7 

P1 

P2 

Day 8 

P1 

P2 

No plate to observe because unsuspected cells 
grow on the fibrin gel 
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9.5 Ratio for Fibrin Gel and Aprotinin solution 

9.5.1 Volume of Fibrinogen solution and Thrombin solution at Aprotinin 5 mg/mL (8 µL/mL)  

Condition 1; Thrombin solution 480 µL+ Fibrinogen solution 200 µL and supplement with 5 mg/mL of Aprotinin (8 µL/mL) ( first time only) 

Condition 2; Thrombin solution 480 µL+ Fibrinogen solution 200 µL and supplement with 5 mg/mL of Aprotinin (8 µL/mL) ( Everytimes ) 

Condition 3; Thrombin solution 480 µL+ Fibrinogen solution 400 µL and supplement with 5 mg/mL of Aprotinin (8 µL/mL)( first time only) 

Condition 4; Thrombin solution 240 µL+ Fibrinogen solution 200 µL and supplement with 5 mg/mL of Aprotinin (8 µL/mL) ( first time only) 

 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 1 

 

P1 

Day 2 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P2 

Day 2 

 

Day 3 

 

P2 

P1 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P2 

Day 4 

 P1 

Unknown cells 
were floating in 
the cell media 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P1 

Day 5 

 

P2 

Unknown cells were floating 
in the cell media 
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P1 

Day 6 

 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Unknown cells were floating in 
the cell media 

Unknown cells were floating 
in the cell media 
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P2 

Day 6 

 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Unknown cells were floating 
in the cell media 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 7 

 P1 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 
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Unknown cells were floating 
in the cell media 

P2 

Day 7 

 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 
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Day 8 

 
P1 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P2 

Day 8 

 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 
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P2 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 9 

 P1 

Unknown cells were floating 
in the cell media 

Unknown cells were floating 
in the cell media 
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Condition 1(T480+F240) Condition 2 (T480+F240+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 10 

 
P1 

P2 
No fibrin gel 

left 

No fibrin gel 
left 

Bin it because the unknown 
cells grow on the fibrin gel 

Unknown 
cell 
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Condition 1 (T480+F240) Condition 2 (T480+F240+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 11 

P1 

P2 

The unknown cells float all 
over the cell media but not 

attach with fibrin gel. 

Unknown cells 

No fibrin gel 
left 

No plate to observe 

No plate to observe 

No plate to observe 
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Condition 1 (T480+F240) Condition 2 (T480+F240+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 12 

P1 

P2 
No plate to observe No plate to observe 

No plate to observe No plate to observe 

Unknown cells 

The unknown cells float all 
over the cell media but not 

attach with fibrin gel. 

Fibrin gel torn apart 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 13 

P1 

P2 

No plate to observe 

No plate to observe 

No plate to observe 

No plate to observe 

No plate to observe 

Day 14 

A little bit of Fibrin gel left 

No plate to observe No plate to observe 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P2 

Day 14 

Fibrin gel left around 10% of 
the area. 

Part of fibrin gel 
left 

No plate to observe No plate to observe 
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9.5.2 Volume of Fibrinogen solution and Thrombin solution at Aprotinin 10 mg/mL (8 µL/mL) 

 

 

Condition 1; Thrombin solution 480 µL+ Fibrinogen solution 200 µL and supplement with 10 mg/mL of Aprotinin (8 µL/mL)( first time only) 

Condition 2; Thrombin solution 480 µL+ Fibrinogen solution 200 µL and supplement with 10 mg/mL of Aprotinin (8 µL/mL)( Everytimes ) 

Condition 3; Thrombin solution 480 µL+ Fibrinogen solution 400 µL and supplement with 10 mg/mL of Aprotinin (8 µL/mL)( first time only) 

Condition 4; Thrombin solution 240 µL+ Fibrinogen solution 200 µL and supplement with 10 mg/mL of Aprotinin (8 µL/mL)( first time only) 

 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 1 

 

P1 

Day 2 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P2 

Day 2 

 

Day 3 

 
P1 

Unknown cell seem to attach 
the fibrin gel 



228 

 

 

 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P2 

Day 3 

 

Day 4 

 
P1 

Unknown cell float in the cell 
media 

Unknown cell float in the cell 
media 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 4 

P2 

Unknown cell 

Unknown cell 

Unknown cell 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P1 

Day 5 

 

Unknown cell seem to attach 
the fibrin gel 

Unknown cell 

Unknown cell 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 5 

 

P2 

Unknown cell Unknown cell 

Unknown cell 

Unknown cell 
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Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

P1 

Day 6 

 

Unknown cell 

Unknown cell attached to the 
fibrin gel 

Unknown cell 

Unknown cell 
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Condition 1(T480+F240) Condition 2(T480+F240+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 6 

 

P2 

Unknown cell Unknown cell attached to the 
fibrin gel 

Unknown cell Unknown cell 
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Condition 1(T480+F240) Condition 2(T480+F240) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 7 

 

P1 

P2 

Unknown cell attached to the 
fibrin gel 

Unknown cell attached to the 
fibrin gel 

Unknown cell attached to the 
fibrin gel 
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Condition 1(T480+F240) Condition 2(T480+F240) Condition 3 (T480+F400) Condition 4 (T240+F200) 

Day 8 

 
P1 

P2 

No plate to observe 
because unsuspected cells 

grow on the fibrin gel 

No plate to observe 
because unsuspected cells 

grow on the fibrin gel 

No plate to observe 
because unsuspected cells 

grow on the fibrin gel 

No plate to observe 
because unsuspected cells 

grow on the fibrin gel 
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Day 9 

P1 

P2 

Condition 1(T480+F200) Condition 2(T480+F200+A) Condition 3 (T480+F400) Condition 4 (T240+F200) 

No plate to observe 
because the fibrin gel 

disintegrate 

No plate to 
observe  

No plate to 
observe  
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