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Ágrip 

Blóðflögur (BF) eru litlar, flatlaga frumur án kjarna. Þær hafa þrjár gerðir af granúlum; lysósóm, þéttar 

granúlur og alfa granúlur. Alfa granúlur eru í mestri þéttni í BF og innihalda vaxtarþætti (VÞ) og 

frumuboða sem styðja við frumufjölgun. BF eru að þeim kosti tilvaldar sem viðbæti í æti fyrir 

frumuræktun. Með því að setja BF einingar í gegnum þrjá eða fleiri frysta/þýða hringi fáum við allar 

þessar æskilegu sameindir út úr blóðflögunum og myndum blóðflögulýsöt. Blóðflögulýsöt búa yfir getu 

til að styðja vel við frumur í ræktun og gera það betur en kálfasermi (FBS), sem enn er talin hinn „gullni 

staðall“, og notkun á þeim fylgir minni hætta á örveru og prótínsýkils (e. prion) smiti. BF-lýsöt eru flókin 

próteinblanda eins og FBS og gerir það stöðlun erfiða. Til að geta notað BF-lýsöt í klínískum 

aðstæðum verður innihald þeirra og áhrif geymslu á þau að vera vel skoðuð og þekkt. 

Áhrif geymslu voru rannsökuð með því að mæla styrk fjögurra VÞ, albúmíns og heildarprótíns í 

hefðbundnum BF-lýsötum við fyrirfram ákveðna tímapunkta og hitastig og kanna svo hvort geymsla 

hafi áhrif á mesenkímal stofnfrumur í 7 daga ræktun. Einnig voru 48 mismunandi sameindir mældar á 

þremur mismunandi gerðum af BF-lýsötum og áhrif mismunandi framleiðsluþátta skoðuð með tilliti til 

styrk sameinda.   

Í þessari ritgerð sýndu niðurstöður að geymsla hafði áhrif styrk VÞ, albúmíns og heildar próteins en 

áhrif hennar á lífvænleika frumna var engin nema í lysötum sem geymd höfðu verið við 37°C. Þessi 

niðurstaða sýnir að BF lýsöt eru ákjósanlegur kostur fyrir frumuræktun í klínískum aðstæðum og hafa 

getu til að stuðla að frumufjölgun, jafnvel eftir 6 mánaða geymslu.  
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Abstract 
Platelets (PL) are small, uniquely shaped cell with no nucleus. PLs have three types of granules, 

lysosomes, dense granules and alpha granules. Alpha granules are the most abundant type. They 

contain growth factors (GF) and cytokines that support cell proliferation, which makes PLs ideal for 

supplement in cell culturing. By putting PL units through three or more freeze/thaw cycles it is possible 

to get all these desirable molecules out of the PLs and make human platelet lysates (hPL). HPLs have 

the capability to support cells in culture better then fetal bovine serum (FBS) and carries less risk of 

germ and prion contamination. They are a complex protein mixture like FBS and that make them hard 

to standardize. To be able to use hPLs in clinical settings we must know their content and what effects 

storage has on them.  

The effects of storage, in different settings, were examined by measuring the concentration of four 

GFs, albumin and total protein in traditional lysates at set storage time points and temperature and 

then it was tested if storage effected mesenchymal stem cell in a 7 day culture. Furthermore, 48 

different molecules where measured on three differently produced lysates, and concentration of the 

molecules compared between the 3 lysate types.  

In this thesis, results showed that storage effected GF, albumin and total protein concentration but 

had no effect on cell viability, except in lysates stored at 37°C. This result shows that hPLs are a 

reliable candidate for cell culturing in clinical settings, their capability to promote cell proliferation can 

be trusted even after 6 months of storage. 
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1 Introduction 

1.1 Platelet biology 

1.1.1 Platelet biogenesis 

Platelets (PL) are small discoid like cells in the circulation that were first described in 1881 by Giulio 

Bizzozero (1). During fetal development they are produced by hematopoietic stem cells (HSC) in the 

liver and can be seen early in fetal circulation, around 8-9 weeks of gestation. Late in gestation the 

megakaryocytes (MK) in bone marrow take over production of PLs (1, 2).  

As MKs mature they undergo endomitosis and become polyploid through repeated cycles of DNA 

replication without cell division (3-5). When endomitosis begins, the mononuclear MK precursor cells 

exit their diploid state, stop proliferating and begin to differentiate (3). They start the mitotic cycle and 

proceed from prophase to anaphase A, but do not enter anaphase B, telophase or cytokinesis (3, 5). 

Individual chromatids are not moved to the poles and subsequently a nuclear envelope reassembles 

around the complete set of sister chromatids, forming a single enlarged, but lobed, polyploid nucleus 

(3, 5). Resulting cell contains multiples of a normal diploid (2N) chromosomal content (3, 5). MKs can 

achieve ploidy states as high as 128N but more commonly reach ploidy state of 16N (4). 

Polyploidization is vital for efficient PL production and results in a functional gene amplification, which 

most likely causes increased protein synthesis in parallel with cell enlargement (3, 5).  

When MKs are fully mature they migrate into the vascular bed within the marrow stroma and 

release pro-PLs into the circulation (1). Pro-PLs then break apart and form mature PLs. The release of 

pro-PLs from the MK will eventually lead to the dissolution of the MK (1, 6, 7). Complex processes of 

differentiation, maturation and fragmentation of MK results in the daily formation of about 1x1011 PLs 

in the human body (8). Normal PL count is in the range of 150–400×109/L and the average circulation 

time in the blood stream is 8-10 days (8, 9). PLs are cleared by the resident phagocytes in the spleen 

and liver at the end of their life span (1). 

 

1.1.2 Platelet structure 

PLs are small anucleated cells with the average diameter of 2.0-5.0 µm, thickness of 0.5 µm and 

the mean cell volume of 6-10 femtoliters (1, 3, 8). They have a comprehensive cytoskeleton that holds 

the cell shape stabilized in the blood stream and also allows for a shape change after activation (10). 

PLs lack a nucleus and consequently have no DNA, but contain messenger RNA (mRNA) (2, 11). PLs 

have a diverse transcriptome, comprised of about 9500 different mRNAs and different classes of non-

coding RNAs, including microRNA and long non coding RNA (12). They also have a significant 

collection of proteins that contributes to their biological function (12, 13). 

PL structure (Figure 1) can be separated into three zones; the peripheral zone, the sol-gel zone 

and the organelle zone. The peripheral zone is responsible for adhesion and aggregation. It consists 

of the glycocalyx (a sticky coat on the outside of the membrane), PL cell membrane, the open 

canalicular system (a pathway for delivering secretory products of PL granules) and the sub-
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membranous region (14, 15). The sol-gel zone is responsible for contraction and microtubule system 

support. It is known as the structural zone. Sol-gel zone is made up of microtubules and 

microfilaments. The organelle zone is responsible for the metabolic process of PLs. This zone is 

centrally located in the PL and consists of granules, lysosomes, mitochondria, glycogen, a dense 

tubular system and peroxisomes (14, 15). 

Mature PLs have three major types of cytoplasmic storage granules: lysosomes, dense granules 

and alpha granules (1, 17). These storage granules contain a variety of bioactive molecules (Table 1) 

with hemostatic and host defense mechanisms that can be released into bood circulation or 

translocated to the PL surface when the PL is activated. Lysosomes contain glycosidases, proteases 

and other proteins that have a germicidal effect (1). Dense granules store ions, bioactive amines and 

nucleotides (1). Alpha granules contain adhesion molecules, coagulation factors, growth factors (GF), 

cytokines, chemokines and microbicidal proteins. Alpha granules are the most abundant granule type 

in PLs (1, 18) (Table 1). Proteomic studies have suggested that hundreds of soluble proteins are 

released by the alpha granules (8). Alpha granules are essential for normal PL function, they are 

formed in MK and distributed to PLs during megakaryopoiesis. There are approximately 50-80 alpha 

granules per PL. Their function depends on their content (8, 18). They have heterogeneous contents 

consisting of membrane bound proteins that are expressed on the PL surface or after PL activation 

(11). 

 

 

 

 

Figure 1 | Platelet structure  
Structure of PLs and what is inside them. PLs have three types of granules, lysosomal, alpha and dense, these 

granules can secrete growth factors, clotting proteins and factors that affect PL activation. PLs also have multiple 

surface receptors, microtubules, a canalicular system and mitochondria (14, 15) (figure adapted from (16)). 
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Table 1 | Examples of molecules found in platlet granules 
Examples of molecules found in alpha granules, dense granules, lysosomes and the plasma membrane of PLs 

(19). 

Storage location Molecule examples 

Alpha granule Fibrinogen 
Von Willebrand Factor 

P-selectin 
GPIIb-IIIa 

Thrombospondin 
Intergrin αIIbβ3 
Intergrin αvβ3 

Fibronectin 
CXCL-4 (PF4) 

CCL-2 (MCP-1) 
Factor V 

Factor VIII 
Plasminogen 

IL-1β 
PDGF 
bFGF 
EGF 

TGF-β 
VEGF 
HGF 

thymosin β4 
IgG 

Albumin 
Dense granule Histamine 
  Serotonin 
  Ca2+, PO3− 
  ADP, ATP, GTP 
Lysosomes Proteases 

Glycosidase 
Plasma membrane Thromboxane A2 
  PAF 
  TLR1-7 
  TREM1 ligand 
  CD40 ligand 
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1.1.3 Physiological role  

PLs play a central role in hemostasis, they also have a significant role in thrombosis, maintenance of 

vascular integrity, inflammation and wound healing (4, 11, 20, 21). PLs have also been shown to 

participate in the development of the lymphatic system, liver regeneration, tumor metastasis, 

thrombotic disorders and cardiovascular diseases (21, 22).  

Primary physiological role of PLs is to form thrombi that maintain vascular integrity and prevent 

blood loss after wound formation (4, 23). Several pathways can activate PLs in the blood circulation 

(21). In the absence of tissue damage, PLs circulate the blood stream under normal conditions without 

forming stable adhesions with the endothelial cells (1, 8, 24). They are protected from untimely 

activation by the healthy endothelium and by the release of inhibitory mediators from the intact 

endothelium such as nitric oxide (NO) and prostacyclin (PGI2) (20). PLs become activated when the 

subendothelial extracellular matrix becomes exposed upon vessel damage or if inflammation perturbs 

the endothelium (12, 20). Vascular injury allows PL glycoproteins GPVI and GPIbα to come in contact 

with Von Willebrand Factor (VWF) and collagen in the subendothelial matrix (1, 2). The interaction 

between the PL receptors and the exposed endothelium leads to PL activation (8, 12). PL agonists 

such as adenosine diphosphate (ADP), thrombin, or thromboxane A2 also act as activating agents (8). 

Other activating agents include PL derived microparticles and atypical activators such as 

immunoglobulin G (IgG). The activation leads to PL adhesion and starts a cascade of intracellular 

responses that result in amplification of activation signals and leads to further PL recruitment to the 

site of tissue damage or infection site. This cascade causes a change in PL shape, from a smooth, 

rippled surface to spherical with the extrusion of pseudopods and the release of the contents of their 

α‐granules (1, 8). PLs act through the rapid release of a variety of protein and lipid mediators but not 

exclusively, they also act through signal-dependent pre-mRNA splicing and the translation of 

constitutively expressed mRNA (25). 

Activated PLs can secrete more than 300 active substances from their intracellular granules and 

microparticles in a well-regulated and orchestrated manner (20, 26). These bioactive substances help 

PLs to signal other PLs and other cells (20). After the initial PL plug has been formed at the site of 

injury the initiation of the coagulation cascade leads to fibrin web formation that surrounds and 

strengthens the thrombus (20). PLs serve as adhesion sites for coagulation factors as well as being an 

important source of those factors, for example Factors V and XIII, and other components that regulate 

coagulation such as polyphosphates and pro-thrombin (20). 

The most important adhesion molecules on PLs are integrins (8). Integrins are heterodimeric trans-

membrane proteins that mediate interactions with extracellular matrix molecules and other adhesion 

molecules on the blood cells and also play an important role in PL signaling (8, 27). Among the 

integrins expressed by PLs, αIIbβ3 (GPIIb/IIIa) is most abundantly expressed but other integrins 

include β1 and β3 integrins such as α5β1 (VLA-5), α6β1 (VLA-6), α2β1 (GPIa/IIa, VLA-2) (8). PLs also 

express complement receptors, receptors for immunoglobulin’s (FcR) and Toll‐like receptors (8). 
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1.1.4 Cytokines 

Cytokines are a group of signaling proteins (28, 29). They are small proteins, usually less then 80 kDa 

in size (28, 30). They can be sorted into broad families by their structure, but have various functions 

(31). Cytokines take part in many biological functions, including intra- and extracellular signaling, 

innate and acquired immunity, inflammation, hematopoiesis and proliferation (28-30, 32). Many cell 

types secrete cytokines, they can be secreted to effect cells in close proximity of the cell (paracrine) or 

they can effect cells further away (endocrine) (28). Cytokines bind to receptors that send a signal to 

the recipient cell, which leads to a change in function or phenotype (31). Many cytokines function as 

GFs but they also take part in GF regulation (29). 

 

1.1.5 Platelet derived growth factors 

GFs are a diverse group of polypeptides and proteins. Biology of these factors differs from the 

classical hormones because their site(s) of action and their site(s) of synthese is not restricted to 

defined tissues (33). Alpha granules contain GF in enough amounts to promote cell growth and aid in 

angiogenesis and tissue repair (15). They contain epidermal growth factor (EGF), hepatocytes growth 

factor (HGF), fibroblast growth factor (FGF), platelet derived growth factor (PDGF), vascular 

endothelial growth factor (VEGF) and insulin-like growth factor (IGF) in enough amounts to promote 

wound healing and cell growth (15).  

 

1.1.5.1 Growth Factors 

GFs are key players in successful tissue growth and regeneration. Among others, EGF, FGF, VEGF 

and PDGF have been demonstrated to be especially important (34). 

EGF is a 53-aminoacid-polypeptide, which is systematically produced in the kidneys in humans 

(35). It has been shown that EGF accelerates events associated with wound healing. By binding to 

EGF receptor, tyrosine kinase, EGF initiates a series of events that ultimately regulate cell proliferation 

(36).  

FGF has a function in early stages of embryonic development and during organogenesis to 

maintain and mediate the growth, survival, differentiation and patterning of progenitor cells. In adult 

tissues FGF mediate tissue repair, metabolic functions and regeneration (37). 

PDGF is a dimeric protein that plays a well-known role in tissue repair and fibrotic diseases by 

contributing to proliferation and survival of myofibroblasts (38). PDGF consists of A, B, C, and D 

polypeptide chains which form the homodimers PDGF-AA, BB, CC, and DD and the heterodimer 

PDGF-AB (39). 

VEGF is an endothelial cell-specific angiogenic and vasculogenic mitogen and it has multiple 

isoforms that are characterized by different receptor-binding and matrix-binding properties (40, 41). 

VEGF promotes angiogenesis and is a part of a system that restores the oxygen supply to tissues 

when blood circulation is insufficient (42). VEGF participates in pathogenic vascularization, which is 

connected with a number of clinical disorders, including cancer and rheumatoid arthritis (41). 
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Transforming growth factor-alpha (TGF-α) is as part of a human 160-amino-acid transmembrane 

precursor and a member of the EGF family (43). Membrane-bound pro-TGF-alpha plays a role in 

mediation of cell-cell adhesion and is biologically active. Expression of TGF-alpha is widespread in 

tumors and transformed cells but is also expressed in normal tissues during embryogenesis and in 

adult tissues, for example macrophages. TGF-alpha binds and activates the EGF receptor and it 

induces fibroblast proliferation, epithelial development, keratinocyte migration and angiogenesis (44-

46). 

The transforming growth factor-beta (TGF-β) family consists of a group of three isoforms, TGF-β1, 

TGF-β2, and TGF-β3 (47). TGF-β family plays a big role in the maintenance and development of 

metazoan organisms (48). The pleiotropic and redundant functions of the TGF-β family take part in 

controlling numerous aspects and effects of cell functions, including proliferation, differentiation and 

migration in all tissues of the human body (47). In most cell types, TGF-β signaling also controls the 

expression of a plethora of homeostatic genes whose activity determines cell proliferation, paracrine 

factor secretion, cell-cell contacts, extracellular matrix production, immune function, and tissue repair 

(48). TGF-β family is considered a group playing a key role in control of physiological maintenance of 

metabolic homeostasis in bone tissue (47). 

 

1.2 Platelet transfusion medicine and storage 
Millions of blood products are transfused every year all over the world. These blood products provide 

life-saving therapy as a part of cancer treatments, surgical interventions and replacement of proteins 

or cells due to congenital or acquired diseases (2, 49). Clinical use of PLs involves mainly PL 

transfusion in the case of thrombocytopenia and PL dysfunction (14). Platelet concentrates (PC) for 

transfusion therapies are either prepared from whole blood or by apheresis using automated cell 

separators (3). PCs prepared from whole blood are either made using buffy coats (BC) or by making 

platelet rich plasma (PRP). Before whole blood can be separated to make BCs or PRP it must first be 

left undisturbed at room temperature for a short time because PLs are activated during blood 

collection and need time to stabilize. Several PRP units are combined prior to use for a more 

convenient transfusion. BCs are also pooled together, the pooling for BC-PC is however done during 

the production (3). One pool usually consists of one BC-PC unit from 4-6 donors (3).The collection, 

processing, testing, production and storage procedures performed at blood banks are closely 

regulated by laws or directives issued by government agencies (49, 50). 

PCs have a short shelf life compared to other blood products. PC shelf life is usually no more than 

5 days due to increased risk of bacterial growth as well as deterioration of quality of PLs in the PC 

during storage, the latter referred to as platelet storage lesion (PSL) (2, 14). PSLs refer to in vitro 

changes that occur from the time PLs are donated to the time they are transfused to the recipient. 

These changes are characterized by altered morphological, biochemical and functional features like 

loss of disk shape, increased release of alpha-granules and cytosolic proteins, increased pro-

coagulant activity and altered glycoprotein expression (2, 25). 
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PCs are stored at room temperature (RT) (20-24°C) under constant movement. When stored at 

warmer or colder temperatures their viability for transfusion is compromised (3). PLs have a high 

metabolic rate and if they are stored at higher temperatures they quickly use up most of their energy 

reservoir. If stored at lower than RT PLs develop a change in morphology, sphere like shape, and they 

are removed fast from blood circulation after transfusion (3). Storing PLs at RT makes the risk of 

bacterial infection much greater, about 50-fold, compared to the refrigerated blood products (14). PLs 

are stored in special plastic, gas-permeable, bags that allow the right flow of oxygen (O2) and carbon 

dioxide (CO2) in the PC. PLs are best kept in a storage solution which ensures that their pH level is 

stable around 6 (3).  

Pathogen inactivation is used to minimize the risk of pathogen transmission when blood transfusion 

is given and it also prolongs the shelf life of PLs from 5 days to 7 days (14). Numerous blood banks 

have adopted the INTERCEPT Blood SystemTM for pathogen inactivation of PLs. INTERCEPT Blood 

SystemTM uses ultraviolet-A (UV-A) light and amotosalen to inactivate pathogens in PLs. Amotosalen 

is a synthetic psoralen that passes the pathogen’s cellular membrane and reacts with the nucleic acids 

by interacting with the helical section of DNA and RNA. Amotosalen is photo-activated during UV-A 

illumination and the strands of the nucleic acids are permanently cross-linked. This prevents pathogen 

multiplication. Because PL are anucleated they remain unaffected by the amotosalen (14). Pathogen 

inactivation on human platelet lysates (hPL) does not affect the support of growth and expansion of 

various human cell lines (51).  

 

1.3 Serum alternatives for cell cultures 

1.3.1 Cell-culture media 

In vitro culturing of cells requires the right culture medium (52). An environment that resembles the 

cells natural habitat as closely as possible, including appropriate pH, temperature, gas concentration, 

nutrients, osmolality and other vital factors. At the present time there are many types of different 

growth media available for different cell lines and choosing the right medium is extremely important 

(53).  

Complete growth medium contains all the necessary supplements and factors and is sufficient for 

the use it has been specified for (54). Most growth media are enriched with amino acids and contain 

salts, glucose and vitamins. In the appropriate incubation conditions medium can also provide cells 

with stable pH from 7,0-7,4, accurate osmolality and allows exchange of gases such as CO2 and O2 

(54). 

Growth media is often enriched with blood derived serum, e.g. fetal bovine serum (FBS) (52, 54). 

The serum adds lipids, hormones, minerals, adhesion factors and GFs to the media. The addition of 

serum to the media increases its ability to support cells, it improves the viscosity of the medium, which 

protects the cells from rupture and damage when handled and adhesion factors and antitrypsin activity 

in the serum furthermore improves the cell attachment (15, 54). 
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Serum used for cell culture is however usually an undefined blend of the above mentioned factors 

and can also contain factors that reduce the viability of cells. Albumin is the most common plasma 

protein found in serum, accounts for more than 50% of the total protein in the blood stream (55). It is 

primarily produced by the liver and has the main function to maintain colloidal osmotic blood pressure. 

Albumin helps maintain the balance of fluid between the vascular compartment and the extravascular 

tissue. It also acts as a transport protein, carrying fatty acids, bilirubin, and various drugs and 

hormones, as well as having anti-oxidant and anti-inflammatory actions (56). Many of the GF found in 

serum originate from the alpha granules of circulating PLs. Serum used for tissue cultures can be 

obtained from adult horses, humans, bovine calves and fetuses. FBS is most widely used (54). For 

many years FBS has been the gold standard medium supplement for laboratory-scale mesenchymal 

stem cell (MSC) cultures (57). 

1.3.2 Fetal bovine serum 

FBS is obtained from bovine fetuses that are older than three months. The fetuses are obtained from 

pregnant cows that are being sent to slaughter (52, 58). FBS is commonly harvested by cardiac 

puncture (58), a procedure that requires special skills and well-trained staff. The blood is collected 

directly from the heart and 300-1100 mL drained depending on the age of the fetus The blood is 

collected into a sterile blood-collection bag with the aid of vacuum extraction or by using gravity and 

massage (52). When the blood has been obtained the blood is allowed to clot at low temperatures and 

then centrifuged. After centrifugation the serum is separated from the clot. Many disagree with this 

method of collection and usage of FBS, mainly because how inhumane it is (52). In 2002 the 

estimated annual production of FBS was around 500.000 L from more than 1.000.000 bovine fetuses 

(52). 

FBS has several scientific and technical problems for application in cell cultures. The pricing and 

availability can be unpredictable do to variations in importation regulations, worldwide livestock size 

and feeding costs, and weather conditions (52). FBS also has a poorly characterized composition and 

two batches will never be the same (batch-batch variation) (57). FBS can impede genotypic and 

phenotypic cell stability and can affect experimental outcomes (57). The serum can also inhibit cell 

spreading, cell attachment and tissue differentiation (52). FBS can pose risk, as it can be a source of 

xenogeneic antigens and zoonotic infections (57), it can also be contaminated with bacteria, viruses, 

yeast, fungi, endotoxins, immunoglobulin’s and prions (52).   

 

1.3.3 Platelet derived alternatives  

For more than 15 years human alternatives have been tested for their ability to support proliferation 

and differentiation of cell cultures (59). It has been shown that the use of autologous human serum 

(HS) for culture expansion of MSC is achievable without compromising the cell surface 

immunophenotype or differentiation capacity. Still, allogeneic HS showed low proliferation of MSCs 

and the confluence was not adequate (59). The use of PRP in MSCs cultures has been shown to 

enhance proliferation, but the debris in the plasma can disturb the cell culture (59). It was also shown 

that not all GF were released in the PRP without the activation of thrombocytes. Using pooled HS and 
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thrombin-activated PRP in isolation and expansion of human MSC was shown, by Bieback et al., to 

provide significantly higher proliferative effect on adipose tissue derived MSC than FBS. PRP is 

frequently frozen before it is added to a culture medium, which closely resembles hPL (59). 

Like FBS, hPLs are a complex protein mixture. Table 2 shows the protein content and GF 

composition of hPLs (51). HPL is a highly efficient substitute for FBS (59, 60). It provides an adjuvant 

for accelerated expansion, maintenance of phenotype stability and shows absence of clonal 

chromosomal aberrancy in MSC and adipose tissue MSC cultures (61). HPL has the safety benefits 

from the pathogen safety measures in place for producing PCs for transfusion and also because it 

avoids the risk of immunological reactions against xenoproteins (62). 

HPLs are mainly prepared from PC by four different methods, direct PL activation, sonication, 

solvent/detergent (S/D) treatment and repeated freeze/thaw (F/T) cycles as shown in table 3. HPLs 

are commonly made by using the F/T method (59) (Figure 2). These methods all induce the release of 

GF and other bioactive molecules from PL and result in hPL products that can be used for supporting 

expansions of MSC from various origins. It can also be used for isolation of different cell types such as 

human endothelial cells and human fibroblasts (51, 59). 

 

Table 2 | Protein content and growth factor composition of platelet lysates 
Mean protein content in hPLs in the plasma compartment and in the PL compartment (51). 

 Mean protein and growth factor content 

Plasma 
compartment 

Total protein 55-65 mg/mL 

Albumin 35-40 mg/mL 
immunoglobulin g 8-12 mg/mL 
Fibrinogen 1.5-3 mg/mL 
IGF-1 50-200 ng/mL 

Platelet 
compartment 

PDGF-AB 50-300 ng/mL 
PDGF-BB 10-30 ng/mL 
PDGF-AA 1-10 ng/mL 
TGF-β1 50-300 ng/mL 
TGF-β2 ∼ 0.5 ng/mL 
BDNF 10-50 ng/mL 
VEGF 5-10 ng/mL 
EGF 0.5-10 ng/mL 
HGF 0.1-2 ng/mL 
b-FGF 1-5 ng/mL 
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Table 3 | Methods to make human platelet lysates 
Methods used to make hPLs. Repeated freeze/thaw cycles are the most commonly used method today (59). 

  Method The process 

I Repeated freeze/thaw 
cycles 

− The platelet concentrates are shock-frozen and then 
subsequently thawed at 37°C to fragment the platelets. 
Around one to five cycles are preformed. 

II Direct platelet activation  

− Add calcium salt solution (usually CaCl2) to induce 
endogenous thrombin generation, fibrin formation and 
platelet degranulation. 

− Direct activation by human or recombinant thrombin 
has been performed. 

III Sonication 

− Sonication for up to 30 min at a frequency of 20 kHz is 
efficient to release the platelet granule content. 

− Sonication can also be used in combination with 
additional freeze/thaw cycles.  

IV Solvent/detergent (S/D) 
treatment 

− S/D treatment achieves the double goal of platelet lysis 
and inactivation of lipid-enveloped viruses.  

− Uses solvents/detergents to fragment the platelets 
 

 PLs from allogeneic donors are easy to 

come by and a good source for making hPL, 

whereas the use of autologous PLs imposes 

challenges and limitations especially on the 

quantity that can be obtained. An advantage 

of using autologous PLs is the reduced risk of 

pathogen transmission. However, with the 

use of pathogen-inactivation techniques, the 

risk associated with allogeneic PLs is 

decreased significantly (63). Partnering up 

with blood banks can be a huge advantage 

when making hPLs because you can use the 

expired PL units for making hPL (64). In 

countries with mature regulatory control the 

blood establishments are responsible for 

producing blood components and should 

have a strict quality system in place based on principles of good manufacturing practice (GMP) (clean 

room, trained operators and qualified industrial process) and submit to local regulations to ensure 

quality (57, 65). This means the expired units coming from the blood bank should be well handled and 

in good conditions to make hPLs. Many blood banks also pathogen inactivate their PLs and that 

means that the risk of pathogen transmission is smaller (64).  

 

 

Figure 2 | The freeze/thaw method 
The F/T method is used to lyse human PLs so all the GFs 

and cytokines are released. Cycle is repeated 3 times on 

each PL unit. 

Platelet units put 
in 37°C water 

bath 

Platelet units put 
back in -20°C 

	Platelet units in 
-20°C taken out 

of freezer 
Freeze/thaw cycle 

Repeated 3x on each unit 
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1.3.4 Human platelet lysate proteome 

Proteomics has brought new approach to hematology and transfusion medicine (2). Because of its 

sensitivity and high throughput capabilities it has become a key method in protein research for the 

analysis of complex protein samples (2, 10). Proteomics is an advocate for new discoveries of 

molecular mechanisms by looking at protein expression, post-translational modifications and protein 

interactions (2). 

Traditional genomic techniques are inadequate to study PLs since they lack a nucleus. They are 

better suited to be evaluated through proteomic research (10). Studying the PL proteome is a strong 

approach to understand their biology and function (21). Mass spectrometry-based proteomics is a 

major asset for scrutinizing PL releasates in vitro, as it allows for identification of released proteins, 

their quantities and dynamics of their release. But for the result of modern proteomic techniques to be 

reliable and relevant to study PL biology, it is essential that the experimental design and samples are 

standardized (26). 

PL proteome comprises of more than 5000 proteins, the largest part of identified proteins are 

signaling and cytoskeletal proteins (22, 24). Many subproteomes have been characterized, for 

example PL releasates (alpha and dense granules), membrane and cytoskeletal proteins and PL-

derived microparticles. Proteomic data about PLs are now increasingly available in integrated 

databases and that makes the research of their proteins and interactions more accessible (25).  

Many researches have been done on the PL proteome but very few of the hPL proteome. The 

high-throughput of proteomic analysis provides a merit platform to dissect the proteome of the hPL 

(26, 66). The proteomic dissection of the hPL has identified pathways that are central to healing and 

are involved in cell culture proliferation and uncovered clear canonical pathways collectively compliant 

with the repair paradigm. Identified pathways of hPL are PDGF, VEGF, members of the FGF family, 

EGF, TGF-β superfamily and monocyte chemo-attractant proteins pathways (66). The role for these 

signaling effectors on stem cell (SC) proliferation has been noted before but additional studies of the 

sub-networks through direct activation or inhibition of identified downstream targets are required. 

These studies will shine a light on the specific mechanism that hPL regulate in MSC growth, 

maintenance and chromosomal stability (34, 66). 

 

1.3.5 Standardization  

Production of a GMP‐grade hPL derived from blood donations has become a key aspect for animal 

serum‐free cell manufacturing, empowering applications in advanced cell therapy and tissue 

engineering (60). HPL can be made out of fresh and/or expired PCs that have or have not been 

pathogen inactivated (15, 64). Currently hPLs are the most favorable culture supplement to replace 

FBS in human cell cultures (51, 60). Despite that fact there is great variability in hPL sources and 

production protocols and that can result in incompatibility in product quality, safety and batch-to-batch 

standardization (62, 65). When hPL is used for the production of cell-based medical products 

regulatory issues have to be considered because they may become part of the final cell product, at 
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least at trace levels (60). Variation between the PC makes standardizing of hPLs challenging. Some 

units are from only one donor (apheresis) and others are a pool from many donors (BC) (59, 62).  

There are regulations for the manufacture of cell therapeutics but there are only few specific 

descriptions; raw materials must be predefined for key parameters, identity, purity and biological 

activity. For now it is not possible to formulate common recommendations for a standardization of hPL 

production. Because the definition of specifications and the release criteria to control the high 

variability in starting material characteristics, crucial preparation steps and quality, as well as 

functionality of the final product (60).  

HPL is a complex mixture and by pooling large amount of it, more than 50 units, it is possible to 

minimize the batch-to-batch variation. This generates large volumes of homogeneous culture media 

(59, 62). For now the development of performance testing is considered more suitable then the 

identification and characterization of hPL, that is assessing the characteristic of ancillary materials by 

showing promotion of cell proliferation in a lot‐to‐lot comparison (60). But if we want to broden 

applications in cell therapy and regenerative medicine it is necessary to improve hPLs saftey and 

standardization profile. We can do so by getting more familiar with hPLs composition and by doing 

systematic studies of the impact of the mode of production in the isolation and expansion of various 

human cell types (62). 

 

1.4 Mesenchymal stem cells 

1.4.1 Historical background 

The SC concept originated at the end of the 19th century when scientists postulated about the ability of 

some tissue types, like skin and blood, to self-renew for the lifespan of an organism even though they 

are made of short-lived cells (67). German pathologist Julius Friedrich Cohnheim hypothesized that 

fibroblastic cells that take part in injury repair come from the bone marrow (BM) and created the 

concept of HSC. In the beginning of the 20th century, Russian scientist, Alexander Maximov 

conjectured that committed blood cells descend from a HSC through signals from BM stromal cells 

(68). More than 50 years later Alexander Friedenstein and his collages showed that the osteogenic 

potential was connected with minor BM cell subpopulations and that these cells were easily identified 

from the majority of the hematopoietic cells by their quick adherence to tissue culture vessels (67). 

MSC were also found in other tissues after further studies of the cells (69). Friedenstein's 

groundbreaking work, demonstrating the in vivo plasticity of MSC, their ability to differentiate into 

multiple skeletal tissues, including bone, fat and cartilage, is the base for exploitation of MSC in early 

clinical trials (70). 
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1.4.2 Definition and characterization 

SC are unspecialized cells able to renew themselves through cell division and can under fixed 

physiologic/experimental conditions become tissue or organ specific cells (71, 72). In certain adult 

tissues like BM, muscles and the brain, a small populations of adult SCs generate new cells instead of 

the cells that are lost through normal wear and tear, injury or disease, these cells are called MSCs 

(71). 

MSCs were first identified in the bone marrow and later detected and isolated from various other 

tissues including adipose, umbilical cord, muscle and tooth root (9, 69). MSCs are relatively easy to 

isolate and culture, and they have a high ex-vivo expansive potential (73). The standard definition for 

MSCs, regardless of their origin or method of isolation (14, 73, 74), is:  

- Adhesion to plastic in standard culture conditions 

- Tri-lineage differentiation into adipo-, chondro- and osteocytic cells in vitro 

- Expression of CD105, CD90 and CD73  

- No expression of CD79alpha, CD45, CD34, CD19, CD14, CD11 and HLA-DR  

Along with the common tri-lineage of bone, cartilage and fat, MSCs have been shown to retain the 

ability to differentiate beyond the conventional mesodermal lineage and that they can also differentiate 

into cells of ectodermal and endodermal origin, such as hepatocytes, neurons, and cardiomyocytes 

(73, 74). At the present time, no selection based on single surface marker is capable of isolating 

MSCs from various tissue environments (69, 70, 75).  

 

1.4.3 Immunobiology 

MSCs are immunosuppressive and non‐immunogenic, they have the ability to inhibit the maturation of 

dendritic cells (DC) and suppress the function of natural killer (NK) cells, memory and naive T cells 

and B cells (74-77). MSCs have a limited immunogenicity and are poorly recognized by human 

leukocyte antigen (HLA)-incompatible hosts (77). MSCs retain DC in an immature state by 

suppressing pro-inflammatory cytokine production and by inhibiting the expression of major 

histocompatibility complex (MHC) class II, CD1-α, CD40, CD80 and CD86 (9, 78). They also induce 

interleukin (IL)-10-secreting macrophages both in vitro and in vivo. MSCs can also inhibit IL-2- or IL-

15-driven NK cell proliferation (9).  

MSCs can migrate to sites of inflammation and deploy powerful immunosuppressive and anti-

inflammatory effects. They are deployed through interactions between lymphocytes associated with 

both the innate and adaptive immune system (74). MSCs ability to inhibit immune cell activity is 

licensed by inflammatory environment. Interferon (IFN)-γ in fusion with one of the pro-inflammatory 

cytokines, tumor necrosis factor (TNF)-α, IL-1α or IL-1β, can stimulate MSCs to induce very high 

levels of immunosuppressive factors, as well as a burst of chemokine and adhesion molecule 

expression, including CXCR3 ligands, CCR5 ligands, intercellular adhesion molecule-1 (ICAM-1) and 

vascular cell adhesion molecule-1 (VCAM-1) (79, 80). Their cooperative action leads to an 
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accumulation of immune cells in close proximity to MSCs, thereby fabricating a microenvironment 

where the effects of the locally acting factors produced by MSCs are increased and lead to potent 

immunosuppression (9). MSCs can exert immunosuppressive effects by direct cell-to-cell contact. 

Their primary mechanism is production of soluble factors that include TGF-β, hepatocyte GF, nitric 

oxide, and indoleamine 2,3-dioxygenase (IDO) (74). 

 

1.4.4 Towards standardized cell cultures 

Cellular therapy is a fast growing industry that has high demands to have clinically and scientifically 

appropriate technology for cell propagation (60). Interest in MSCs and their clinical potential has 

grown rapidly over the last 25 years (70). They are promising candidates for cellular therapy because 

of their therapeutic potential to treat diseases in humans and animals through their capability to 

modulate the local tissue environment and stimulate a healing response (74, 81, 82). MSCs are 

relatively easy to access, isolate and expand ex vivo (70, 73, 74). They retain the ability to expand 

over a long period of time without serious technical problem (82). They also have the ability to 

differentiate over various lineages, provide therapeutic benefits through secretion of soluble factors to 

prompt immunomodulatory environment and capacity to home to the sites of injury and tumor 

microenvironments (9, 74). The last mechanism allows MSCs to serve as delivery vehicles for 

targeted therapy (74). Many clinical trials using MSCs have had favorable outcomes but they have 

also pointed out critical challenges that must be addressed in the future (74). More research is needed 

to answer the multiple questions that have to be answered in preclinical and clinical studies about the 

biological characteristics of MSCs before they can be used in wider clinical practice and in order to 

obtain therapeutic effects (74, 82). 

 Clinical grade production of MSCs for clinical application requires a large number of cells and that 

makes in vitro expansion of MSC necessary (82). Importance of in vitro age/passage number has to 

be noted when looking at MSC efficacy (70). MSCs expansion in vitro can be safe until passage 25 

but continuous passaging of MSCs can lead to cell transformation and that has to be considered when 

producing them for therapeutic use (70, 82). It has been shown that freshly isolated MSCs are better 

since at least 5 MHC II molecules can be increased during in vitro expansion (83).  

Standardization of protocols and procedures in MSC cultures, both for production and quality 

control, is very important so MSCs can be released as advanced therapy medicinal product (ATMP) 

for the application of clinical trials (71, 84). It is also very important to establish cell culture conditions, 

source, passage and cell density as they may impact MSC phenotype as well as functions (74, 83). If 

using MSCs as a advanced therapy products it must satisfy all the requirements for human use of 

medicinal products and aim to maintain their quality and safety (85).  

GMP-compliant MSC production is an important step to standardize cell cultures. GMP establishes 

that cell preparations are produced and controlled through all the processing of intermediate products, 

quality controls, storage, labeling, packaging and release of the product (85). Clinical transition has to 

provide tools to implement the efficacy of cell therapy in trials and requirements to address 

transplantation related issues, such as engraftment, angiogenesis, tissue remodeling, and modulation 
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of the immune response (82). Parameters for monitoring clinical effectiveness after administration 

also need to be established as they are likely to vary for different disorders (83). Numerous 

scientific issues remain to be resolved before the establishment of clinical standards and 

governmental regulations for MSC cultures for cellular therapy can be made (83). Lack of 

standardized procedures for MSC cultures and the large number of different cell sources used for 

clinical trials makes data interpretation and comparison form multiple research groups and clinical 

trials extremely difficult (70). 

Cultures of MSCs were first established using FBS, an adjuvant routinely used in cell culture (66, 

70). This standard practice has the risk of virus and prion transfer and zoonotic protein carryover and 

internalization (61). There have as well been reports on potential immunogenic reaction at the time of 

transplantation due to the xenogeneic proteins transmitted from FBS to MSCs during culture (66). 

HPLs are superior to FBS when expediting derivation and proliferation of MSCs regardless of the 

source. They also preserve cellular phenotype and maintain chromosomal integrity over extended 

culture periods (61). The use of hPL provides a humanized serum replacement adjuvant that complies 

with GMP guidelines to be used in derivation and stable expansion of MSCs for clinical applications 

(61). If hPLs are produced under standardized conditions and safety they can become the future 

gold standard supplement for ex vivo production of MSCs for medical use (57). 
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2 Objectives 
This project involves the observation of shelf life and composition of platelet lysates (PIPL) made from 

expired and pathogen inactivated PC. The objectives of this research project were split into two parts: 

1. Investigate the effect of storage at different temperatures over time on concentrations of major 

GFs, total protein and albumin in PIPL and then examine the bioactivity in a cell model with 

mesencymal stem cells (Part I). 

2. Compare the concentration of 48 different GFs and cytokines in conventional PIPL and two 

types of PL lysates produced by refined methods (R-PIPL and PILA) (Part II). 
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3 Materials & methods 

3.1 Experimental setup  

3.1.1 Part I – Storage stability 

Four separate lots of PIPL were prepared by using the freeze-thaw method. Samples were taken from 

each lot and stored at different temperatures for various amount of time (between 3 days and 6 

months). Four different GFs and albumin were evaluated using enzyme-linked immunosorbent assay 

(ELISA), metabolites were evaluated using ABL measurements and total protein quantified using BCA 

protein assay. Bioactivity was evaluated after growing MSCs from three donors and performing presto 

blue assay on the cells. All data was then collected and organized in Excel and data analysis and 

statistics done in GraphPad Prism 7 (Figure 3).  

3.1.2 Part II – Human platelet lysate composition  

Samples of three different types of lysates (PIPL, PILA and R-PIPL) were sent to Norway (University 

of Oslo, Institute of Clinical Dentistry) for multiplex ELISA. 48 different GF and cytokines were 

measured and then the data was analized and the results for each type of lysate compared to the 

other to see whether the methods to refine conventional lysate affect the substances contained 

therein. This was also done to find out the content of GF and cytokines and in what quantities in order 

to better define the content of hPLs and to work towards standardizing them. All data was organized in 

Excel and then analysis and statistics done in GraphPad Prism 7 (Figure 4).  
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Figure 3 | Experimental setup for part I 
Experimental setup for part I of the experiment. Four lots of lysates prepared by freeze-thaw method. Samples 

taken from each lot and stored. Five ELISA’s were performed for 4 different GFs and albumin. Metabolites were 

evaluated using a blood gas analyzer and total protein quantified using BCA protein assay. Bioactivity was 

measured by performing presto blue assay on the cells. Data analysis was than performed in GraphPad Prism 7 
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Figure 4 | Experimental setup for part II 
Experimental setup for part II of experiment. After production of PIPL, PILA and R-PIPL samples were sent to 

Norway for multiplex ELISA. 48 different GF and cytokines were measured to get further ideas on GF and 

cytokines content and quantity. Samples were also compared to see if methods to refine conventional lysate 

affect the substances contained therein. GraphPad Prism 7 was used for data analyses. * = Conventional method 

of lysate production, ** = PL units don’t go through customary pathogen inactivation before the lysate are made, 

pathogen inactivation is performed after lysates are complete and *** = Conventional method of lysate production 

and then citrate phosphate dextrose (CPD) is added. 

Data analysis 

Mul$plex	ELISA	

3x freeze/thaw cycles 

PIPL PILA R-PIPL 

*	 **	 ***	
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3.2 Part I 

3.2.1 Preparation of human platelet lysates 

Twelve expired PC (Blood bank, Reykjavík, Iceland) were submitted to three F/T cycles by alternating 

the temperature between -20°C and 37°C. The rapid change in temperature stimulates PL lysis and 

complete release of the desired PL derived factors.  

Four lots of lysates (PIPL) were prepared (Table 3, Table 4). Following the last F/T step the 

resulting PIPLs were transferred into several 50 mL tubes (Falcon, Corning Science México, México), 

one lot at a time, and then centrifuged (Thermo Scientific Heraeus Multifuge X3 centrifuge, Thermo 

Fisher Scientific, Osterode, Germany) at 5000 rpm/4975 g for 20:00 min. The liquid is then separated 

from the pellet and put in new 50 mL tubes (Falcon) and centrifuged again at 4975 g for 20:00 min. 

The liquid is then separated from the pellet again and each lot put into a separate 500 mL storage 

bottle (Costar, Corning Incorporated, Corning, NY, USA) and mixed gently.  

 

Table 4 | Information about the platelet units used in the experiment 
All known information about PCs used in this experiment. Blood type of the donor/s, when the units were taken 

and when they expired. It also shows mass of the PC, if it was an apheresis or a BC and in what lot of lysates the 

unit went in. 

Lot 
number Blood type Date taken Best before Mass 

(g) 
Apheresis 
(1 donor) 

Buffy coat     
 (8 donors) 

1 O RhD neg 28.1.16 4.2.16 182 x  
1 O RhD pos 6.1.16 13.1.16 187 x  1 O RhD pos 3.2.16 10.2.16 199  x 
2 O RhD neg 28.1.16 4.2.16 182 x  2 O RhD pos 29.12.15 5.1.16 192 x  2 O RhD pos 26.2.16 5.3.16 190  x 
3 O RhD pos 29.12.15 5.1.16 192 x  3 O RhD pos 11.12.14 18.12.14 189,2 x  
3 O RhD pos 8.3.16 15.3.16 199  x 
4 O RhD pos 7.7.16 14.7.16 193 x  4 O RhD pos 29.12.15 5.1.16 192 x  4 O RhD pos 29.12.15 5.1.16 194  x 

 

3.2.2 Sample preparation and collection 

Several samples were taken from each PIPL lot and stored at different temperatures for various 

amount of time (Table 5). In total 552 small samples (1 mL) were prepared and stored in plastic 

mictotubes (Microtube, SARSTEDT, 51588 Nümbrecht, Germany) and 52 large samples (14 mL) in 15 

mL tubes (Falcon). Controls were put into -80°C right after the PIPL production (Day 0) but other 

samples were put in appropriate temperatures to initiate the experiment. All samples stored at -20°C, 

4°C, 22°C were collected after 3, 7, 14 and 28 days and 3 and 6 months of storage. Samples stored at 

37°C were collected after 3, 7, 14 and 28 days of storage. 
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Table 5 | Overview of samples and their storage arrangements 
All samples made for the experiment and how many samples there at each point in time at all temperatures. 

  
Time of storage (days) 

Time of storage 
(months) 

 
  0 3 7 14 28 3 6 

 

Temperature in 
study (°C) 

Samples at every temperature and what 
 day they are put in storage 

Lot 1 - 1 mL sample Control 6             

 
-20   6 6 6 6 6 6 

 
4   6 6 6 6 6 6 

 
22   6 6 6 6 6 6 

 
37   6 6 6 6     

Lot 1 - 14 mL sample Control 1             

 
-20       1 1 1 1 

 
4       1 1 1 1 

 
22       1 1     

 
37       1 1     

Lot 2 - 1 mL sample Control 6             

 
-20   6 6 6 6 6 6 

 
4   6 6 6 6 6 6 

 
22   6 6 6 6 6 6 

 
37   6 6 6 6     

Lot 2 - 14 mL sample Control 1             

 
-20       1 1 1 1 

 
4       1 1 1 1 

 
22       1 1     

 
37       1 1     

Lot 3 - 1 mL sample Control 6             

 
-20   6 6 6 6 6 6 

 
4   6 6 6 6 6 6 

 
22   6 6 6 6 6 6 

 
37   6 6 6 6     

Lot 3 - 14 mL sample Control 1             

 
-20       1 1 1 1 

 
4       1 1 1 1 

 
22       1 1     

 
37       1 1     

Lot 4 - 1 mL sample Control 6             

 
-20   6 6 6 6 6 6 

 
4   6 6 6 6 6 6 

 
22   6 6 6 6 6 6 

 
37   6 6 6 6     

Lot 4 - 14 mL sample Control 1             

 
-20       1 1 1 1 

 
4       1 1 1 1 

 
22       1 1     

 
37       1 1     
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3.2.3 Measurements 

3.2.3.1 BCA protein assay 

A PierceTM BCA protein assay (Thermo ScientificTM, Rockford, IL, USA) was used to measure the total 

protein in PIPL. The assay is based on bicinchoninic acid (BCA) for the colorimetric detection and 

quantitation of total protein. The assay is made by two known methods, the reduction of Cu+2 to Cu+ by 

protein in an alkaline medium and the highly sensitive and selective colorimetric detection of the 

cuprous cation (Cu+) using a unique reagent containing bicinchoninic acid (86). Dilution of BCA 

standard (micro plate setup), storage and preparation of BCA working reagent was all prepared 

according to manufacturer´s instructions (Thermo ScientificTM). 25 µL of each standard and samples 

(ratio 1:20) were added to four 96-well microplates (96 well microplate, NuncTM, Denmark) in triplicates 

and 200 µL of working reagent was added to the wells. The plate was put on a plate shaker (UNIMAX 

1010, Heidolph, Germany) for 30 seconds and then incubated (INKUBATOR 1000, Heidolph, 

Germany) for 30 min at 37°C. Plates cooled down to room temperature and then the absorbance 

measured at 562 nm (Thermo Scientific Multiscan Spectrum 1500, Thermo Fisher Scientific, Finland). 

 

3.2.3.2 Blood gas analysis 

ABL90 blood gas analyzer (RADIOMETER, Bønshøj, Denmark) was used to measure pH, pressure of 

CO2, O2, concentration of K+, Na+, Ca2+, Cl-, glucose and lactate according to manufacturer’s protocol. 

Samples were centrifuged (Centrifuge 5415R, Eppendorf AG, Germany) before measuring to prevent 

the device from clogging.  

 

3.2.3.3  Enzyme-linked immunosorbent assay (ELISA) 

3.2.3.3.1 EGF, FGF & VEGF 
ELISA was used to determine the amount of EGF, FGF and VEGF in PIPL. Human Standard ABTS 

ELISA Development Kit (PeproTech, Rocky Hill, NJ, USA) was used. Dilution of standard, capture and 

detection antibody (ab), storage and final dilution of avidin-HRP conjugate, dilution of wash buffer, 

diluent and PBS was prepared according to manufacturer´s instructions (PeproTeck). The day before 

the measurements the 96-well plates (Nunc-ImmunoTM Moaule MaxiSorpTM Surface, Nalge Nunc 

International, Denmark) were coated with the capture ab, 100 µL in each well, covered and incubated 

at RT over night. The day after the plates were aspirated and washed 4 times with wash buffer, then 

inverted and blotted on a paper towel. Then 300 µL of blocking buffer was added to all wells and 

incubated at RT for 60 min. The plates were aspirated and washed 4 times, then inverted and blotted 

on a paper towel. Samples where diluted in the ratio 1:2. 100 µL of diluted sample was added to wells 

3-12 (A-H), each sample in triplicate, and 200 µL standard put in wells A1, A2 & A3 and 100 µL of 

diluent in B1-3 to H1-3 and then serial diluting the standard by taking 100 µL from well A1 and putting 
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Figure 5 | Plate layout for ELISA measurements 
This plate setup was used when samples were measured with ELISA. There were always 

standards to make a standard-curve and blanks to subtract the background interference. 

 

it in to well B1 and then taking 100 µL from B1 putting it in well C1 and so on until in well G1, 100 µL 

were taken out and thrown away then repeated for wells A2 & A3. Wells H1-3 are blanks (Figure 5 for 

plate layout). Plates incubated for 2 hours at RT. The plates were aspirated and washed 4 times, then 

inverted and blotted on a paper towel. 100 µL of detection ab added to all wells and then incubated for 

2 hours at RT. The plates were aspirated and washed 4 times, then inverted and blotted on a paper 

towel. 100 µL of working dilution of avidin-HPR conjugate was added to all wells and incubated for 30 

min at RT away from direct light. The plates were aspirated and washed 4 times, then inverted and 

blotted on a paper towel. 100 µL of substrate solution was added to all wells and incubated at RT for 

color change. Finally, the absorbance (optical density (OD)) was measured (Thermo Scientific 

Multiscan Spectrum 1500) at 405 nm and 650 nm for specified time with 5 min intervals. See Table 18 

in appendix A for specified times for each assay. 

 

3.2.3.3.2 TGF-β1 
TGF-β1 ELISA was used to determine the amount of TGF-β1 in PIPL. Human TGF-β1 DuoSet ELISA 

development system (R&D systems, Minneapolis, MN, USA) was used. Dilution of TGF-β1 standard, 

capture and detection ab, storage and final dilution of streptavidin-HRP, dilution of wash buffer, 

reagent diluent 1 & 3 (Ancillary Reagent kit 1) and activation of TGF- β1 was prepared according to 

manufacturer´s instructions (R&D systems) using sample activation kit 1 (R&D systems). The day 
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before the measurements the 96-well plates (Nunc-ImmunoTM Moaule MaxiSorpTM Surface, Nalge 

Nunc International, Denmark) were coated with capture ab, 100 µL in each well, covered and 

incubated at RT over night. The day after the plates where aspirated, washed 3 times with wash 

buffer, then inverted and blotted on a paper towel and 300 µL of blocking buffer added to all wells and 

incubated at RT for 60 min. Samples needed to be activated, to activate latent TGF-ß1 to the 

immunoreactive form 20 µL of 1 N HCI were added to 40 µL of sample and mixed well. Then 

incubated for 10 min at room temperature. To neutralize the acidified sample 20 µL of 1.2 N NaOH/0.5 

M HEPES was added and mixed well. Sample was then diluted. The dilution of samples was not 

according to instruction, samples had to be diluted 40-fold instead of 20-fold after TGF- β1 activation. 

The plates were aspirated and washed 3 times, then inverted and blotted on a paper towel. Samples 

and standard were added to the wells and incubated for 2 hours at RT. The plates were aspirated and 

washed 3 times, then inverted and blotted on a paper towel. 100 µL of detection ab was added to all 

wells and then incubated for 2 hours at RT. The plates were aspirated and washed 3 times, then 

inverted and blotted on a paper towel. 100 µL of working dilution of streptavidin-HPR was added to all 

wells and incubated for 20 min at RT away from direct light. The plates were aspirated and washed 3 

times, then inverted and blotted on a paper towel. 100 µL of substrate solution was added to all wells 

and incubated for 20 min at RT away from direct light. 50 µL of stop solution was then added to all 

wells and gently tapped to ensure thorough mixing. Finally, the absorbance (OD) was measured 

(Thermo Scientific Multiscan Spectrum 1500) at 450 nm and 540 nm. 

 

3.2.3.3.3 Albumin 
Albumin ELISA is used to determine the amount of albumin in PIPL. HS Albumin DuoSet ELISA 

development system (R&D systems, Minneapolis, MN, USA) was used. Dilution of albumin standard, 

capture and detection ab, storage and final dilution of streptavidin-HRP, dilution of wash buffer, 

reagent diluent 2 (Ancillary Reagent kit 2) was prepared according to manufacturer´s instructions 

(R&D systems). The day before the measurements the 96-well plates (Nunc-ImmunoTM Moaule 

MaxiSorpTM Surface, Nalge Nunc International, Denmark) were coated with capture ab, 100 µL in each 

well, covered and incubated at RT over night. The day after the plates were aspirated, washed 3 times 

with wash buffer, then inverted and blotted on a paper towel and 300 µL of blocking buffer added to all 

wells and incubated at RT for 60 min. The plates were aspirated and washed 3 times, then inverted 

and blotted on a paper towel. Samples (ratio 1:2) and standard were added to the wells and incubated 

for 2 hours at RT. The plates were aspirated and washed 3 times, then inverted and blotted on a 

paper towel. 100 µL of detection ab added to all wells and then incubated for 2 hours at RT. The 

plates were aspirated and washed 3 times, then inverted and blotted on a paper towel. 100 µL of 

working dilution of streptavidin-HPR was added to all wells and incubated for 20 min at RT away from 

direct light. The plates were aspirated and washed 3 times, then inverted and blotted on a paper towel. 

100 µL of substrate solution was then added to all wells and incubated for 20 min at RT away from 

direct light. 50 µL of stop solution was added to all wells and gentry tapped to ensure thorough mixing. 
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Finally, the absorbance (OD) measured (Thermo Scientific Multiscan Spectrum 1500) at 450 nm and 

540 nm. 

 

3.2.4 Preparation of culture media 

Culture media was prepared according to protocol. All media made had 10% PIPL in them. 

 

Ingredients for PIPL used as a control: 

- 500 ml DMEM/F12 + Glutamax medium (Gibco, Grand Island, NY, USA) 

- 5 mL penicillin/streptomycin (P/S)(Gibco) 

- 200 µL heparin (LEO Pharma A/S, Ballerup, Denmark) 

- 50 ml platelet lysate (thawed and centrifuged at 4975 g for 10 min before adding into mixture) 

The stock bottle was closed and gently rolled to blend thoroughly. The media was stored at -20°C in 

50 mL tubes (Falcon). Complete working media reached 37°C before use.  

 

Ingredients for 30 mL of PIPL from each sample in the experiment: 

- 27 mL DMEM/F12 + Gutamax medium with P/S (5 mL P/S + 500 mL DMEM/F12) 

- 12 µL heparin (LEO pharma) 

- 3 mL appropriate platelet lysate sample (thawed and centrifuged at 4975 g for 10 min before 
adding into mixture) 

All ingredients gently mixed by rolling 50 mL tube (Falcon) gently. Three 10 mL aliquots in 15 mL 

tubes (Falcon) made and stored at -20°C. Complete working media reached 37°C before use. 

 

3.2.5 Cell culture  

3.2.5.1 Cell seeding 

Cryovials of frozen human BM derived MSCs (Lonza, Basel, Switzerland) were removed from liquid 

nitrogen storage and placed in a sterile working hood (Holten LaminAir, Modle 1.5, Thermo). The cap 

was loosened to prevent pressure build up and then retightened. The vials containing the cells were 

then placed in a 37°C water bath until the last pice of ice was about to melt. The cells were then 

transferred to a 15 mL tube (Falcon) with 5 mL of media at 37°C. This tube was then centrifuged for 5 

min at 609 g. The supernatant was discarded and the cells re-suspended in 1 mL of culture media. 

The re-suspended cells were then transfered to a 75 cm2 cell culture flask (Nunc, Penfield, NY, USA) 

along with 22 ml of culture media. The culture flask was incubated at 37°C, 5% CO2 with 95% humidity 

(Steri-Cult CO2 Incubator HEPA class 100, Thermo) and monitored daily until splitting was needed. 

Media was changed every 2-3 days. 
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3.2.5.2 Harvesting of cells 

When the cell culture had reached 80-90% confluence, the culture flasks were obtained and the media 

poured off. Then 5 mL of PBS (67 µL/cm2) (Gibco) was transferred into the cell flask and allowed to 

float over the cells to rinse of the culture 

medium. PBS was then discarded and 5 mL 

of warmed trypsin (Gibco) was added and 

incubated for 5 min at 37°C to loosen the cells 

from the culture flask wall. 5 mL of pre-heated 

media was then added into the flask and used 

to wash the interior of the flask to allow the 

cells to be suspended in the solution. The 

solution with the cells was then transferred to 

a 15 mL tube (Falcon) and then centrifuge for 

5 min at 609 g. The supernatant was 

discarded and the cell pellet re-suspended in 

1 mL of warm culture media. The cells where 

then counted and an appropriate number of 

cells reseeded or used for experimentation. 

 

3.2.5.2.1 Counting cells with hemocytometer 
Small amount of the counting medium containing cells was transferred into the hemocytometer and all 

cells, excluding the cells that stained blue, were counted. Total amount of cells in all four parts (red 

squares in Figure 6) of the counting chamber is the total cell count. Cell count per mL was determined 

by formula 1. 

 

Counting media with cell solution: 

50 µL trypan blue stain (Gibco) 

30 µL PBS 

20 µL cell solution 

All the ingredients of the counting medium were added in to a microtube and mixed well.  

 

 

 

 

 

 

Figure 6 | Counting chamber of a hemocytometer 
Cells were counted in all four red squares 
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Formula 1 | Cell concentration per milliliter  

Cell concentration per mL was determined 

for each passage by this formula. 

 

 

 

 

3.2.6 Cell expansion using differently stored PIPL 

3.2.6.1 Cell culture setup 

MSC from three different donors (donor 6 passage 6, donor 12 passage 4 and donor 15 passage 5) 

were seeded in 48-well plates and cultured using samples from all temperatures and time-points as 

supplement as well as control PIPL. A well containing no cells was included on every plate as a blank. 

Day 0, 300 µL of appropriate media was put in each well and 4500 MSCs added. Cells were cultured 

under standard conditions at 37°C, 5% CO2 with 95% humidity. Cell viability was evaluated after day 

1, 3, 5 & 7 using presto blue assay (chapter 3.2.6.2). After the assay all wells were washed two times 

with PBS and 300 µL of appropriate media was put in the wells again, except on day 7 then the cells 

were discarded. At every time point in the experiment (day 1, 3, 5 & 7) the appearance and density of 

the MSCs was monitored. 

 

3.2.6.2 Presto blue assay 

100 µL of media was removed from all wells of the 48-well plates (Falcon MuiltiwellTM 48 well tissue 

culture plate, Becton Dickinson Labware, Franklin Lakes, NJ USA) and 22 µL of PrestoBlueTM cell 

viability reagent (Invitrogen by Thermo Fisher Scientific, Life Technologies Corporation, Eugene, OR 

97402 USA) put into all wells. The plates were incubated for 120 min in a cell incubator (Steri-Cult CO2 

Incubator HEPA class 100, Thermo). Then 100 µL of each sample was put into a 96-well plate (Falcon 

MuiltiwellTM 96 well tissue culture plate, Becton Dickinson Labware, Franklin Lakes, NJ USA) in 

duplicates and the absorbance (OD) measured at 570 nm and 600 nm (Thermo Scientific Multiscan 

Spectrum 1500). 

 

3.3 Part II 

3.3.1 Preparation of PIPL, PILA & R-PIPL 

PIPL for part II was made like PIPL in part I (chapter 3.2.1). R-PIPL was made like PIPL with one 

change, when the lysate was ready CPD was added. PILA was made from hPL that had not been 

Pathogen inactivated. The PCs (Blood bank, Reykjavík, Iceland) were submitted to three F/T cycles by 

alternating the temperature between -20°C and 37°C. The rapid change in temperature stimulated PL 

lysis and release of the desired PL derived factors. Following the last F/T step the resulting lysates 

𝐶𝑒𝑙𝑙𝑠 𝑚𝐿⁄ =  
𝑇𝑜𝑡𝑎𝑙 𝑐𝑒𝑙𝑙 𝑐𝑜𝑢𝑛𝑡

4
∗ 5 ∗  10! 
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were transferred into several 50 mL tubes (Falcon, Corning Science México, México) and then 

centrifuged (Thermo Scientific Heraeus Multifuge X3 centrifuge, Thermo Fisher Scientific, Osterode, 

Germany) at 5000 rpm/4975 g for 20:00 min. The liquid was then separated from the pellet and put in 

new 50 mL tubes (Falcon) and centrifuged again at 4975 g for 20:00 min. The liquid was then 

separated from the pellet again and the content of the tubes transferred to blood donation bags (Trima 

Accel Automated Blood Collection System, Terumo BCT, Inc., Lakewood, CO 80215, USA) and mixed 

gently. When the lysate was ready it was put through INTERCEPT Blood SystemTM for pathogen 

inactivation (chapter 1.2.). 

 

3.3.2 Multiplex ELISA 

Samples (PIPL, PILA, R-PIPL) were sent to Norway (Håvard Jostein Haugen and Jenne Elin 

Roseland, University of Oslo, Institute of Clinical Dentistry) for Multiplex ELISA. The main difference 

between conventional PIPL, R-PIPL and PILA is that R-PIPL is made without animal-based 

anticoagulants and PILA is handled specially in pathogen inactivation, unlike PIPL.  

EGF, FGF-2, Eotaxin, TGF-α, Granulocyte colony-stimulating factor (G-CSF), FMS-like tyrosine 

kinase 3 ligand (Flt-3L), Granulocyte-macrophage colony-stimulating factor (GM-CSF), Fractalkine, 

IFN-α2, IFN-𝛄, growth-regulated oncogene (GRO), IL-10, monocyte-chemotactic protein (MCP)-3, IL-

12p40, Macrophage-derived chemokine (MDC), IL-12p70, PDGF-AA, IL-13, PDGF-AB/BB, IL-15, 

Soluble cluster of differentiation ligand (sCD40L), IL-17α, IL-1RA, IL-1α, IL-9, IL-1β, IL-2, IL-3, IL-4, IL-

5, IL-6, IL-7, IL-8, IP-10, MCP-1, Monocyte chemo-attractant protein (MIP)-1α, MIP-1𝛽, regulated on 

activation, normal T cell expressed and secreted (RANTES), tumor necrosis factor (TNF)-α, TNF-β 

and VEGF were measured using Human cytokine/chemokine magnetic bead panel (EMD Millipore 

Corporation, Billerica, MA 01821 USA). Adrenocorticotropic hormone (ACTH), Dickkopf-related 

protein-1 (DKK-1), IL-6, insulin, leptin, TNF-α, Osteoprotegerin (OPG), osteocalsin (OC), Osteopontin 

(OPN), Sclerostin (SOST), IL-1β, Parathyroid hormone (PTH) and FGF-23 was measured using 

Human bone magnetic bead panel (EMD Millipore Corporation, Billerica, MA 01821 USA). See 

Appendix A for detailed procedure. 

 

3.4 Data and statistical analysis 
Data was pre-analyzed in Microsoft excel. Statistical analysis was done in GraphPad Prism 7 for Mac 

OS X (Version 7.0, GraphPad software Inc., 7825 Fay Avenue, CA 92037 USA). One-way ANOVA 

with multiple comparisons was used to analyse the data and unpaired t test with Welch's correction 

was used to confirm the significans of the ANOVA results. Results for the storage and the cell vialbility 

datasets were presented with the standard error of the mean (SEM) or as Δmean ± ΔSEM. The results 

for the multiplex ELISA dataset were presented with standard deviation (SD) or as Δmean ± ΔSD. 
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4 Results 

4.1 Storage stability 

4.1.1 Total Protein content  

Total protein was measured for all samples, showing a significant change over time in total protein 

concentration (Figure 7). Samples stored at -20°C and 4°C showed a significant decrease in total 

protein concentration compared to control samples after being stored for 14 days and for 3 months 

(Table 6). Samples stored at 22°C showed a significant decrease in total protein concentration after 

being stored for 7 and 14 days compared to control samples but after 28 days the protein 

concentration increased again (Table 6). Samples stored at 37 °C showed a significant decrease in 

total protein concentration after storage for 7 days (Table 6, Figure 9)  

Samples for each temperature were analyzed considering relevance between each time point 

(Figure 8). There was significant increase in protein concentration from day 14 to day 28 at -20°C 

(8.28 ± 0.81 µg/mL, n=12, P<0.001). 

 

 

Figure 7 | Total protein concentration 
Total protein concentration of PIPL over time at different temperatures. Protein concentration decreases at a few 

time points. Data points are represented as Δmean ± ΔSEM (n=12). 
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Table 6 | Change in total protein concentration  
Seven samples showed a significant change in total protein concentration compared to the control. Two at -20°C, 

two at 4°C, two at 22°C and one at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

 

 

 

Figure 8 | Effects of storage temperatures on total protein concentration 
Samples for each temperature a) -20°C, b) 4°C, c) 22°C and d) 37°C were analyzed considering relevance from 

one time point to another. Values are represented as the mean ± SEM. Significant increase in total protein from 

day 14 to day 28 was observed for samples stored at -20°C. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 

 

BCA
* ≤0.05  
**≤0.01 
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Day 3 ↑ 2.38 ± 0.92 - ↑ 6.38 ± 2.74 - ↓ 1.28 ± 0.45 - ↓ 2.74 ± 0.88 -
Day 7 ↓ 0.91 ± 0.03 - ↓ 0.65 ± 2.42 - ↓ 6.50 ± 0.51 * ↓ 5.65 ± 0.69 *
Day 14 ↓ 7.30 ± 0.74 ** ↓ 6.06 ± 0.48 * ↓ 6.78 ± 0.70 ** ↓ 2.35 ± 1.02 -
Day 28 ↑ 0.98 ± 0.07 - ↓ 2.16 ± 1.02 - ↑ 2.20 ± 0.12 - ↑ 1.40 ± 2.84 -
3 months ↓ 5.09 ± 0.28 * ↓ 4.76 ± 0.30 * ↑ 2.73 ± 1.07 - - - -
6 months ↓ 3.44 ± 0.45 - ↑ 0.91 ± 2.20 - ↑ 9.19 ± 3.60 - - - -

Δmean ± ΔSEM  
(µg/mL)

Δmean ± ΔSEM  
(µg/mL)

Δmean ± ΔSEM  
(µg/mL)

Δmean ± ΔSEM  
(µg/mL)

Control vs. -20 °C Control vs. 4 °C Control vs. 22 °C Control vs. 37 °C
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Figure 9 | Total protein concentration at different time points 
Total protein concentration of PIPL after a) 3 days, b) 7 days, c) 14 days, e) 28 days, f) 3 months and g) 6 months 

of storage. Study temperatures were compared to the control. Values are represented as the mean ± SEM. Total 

protein concentration showed a decrease in samples stored at 22°C and 37°C for 7 days, -20°C, 4°C and 22°C 

for 14 days and -20°C and 4°C for 3 months. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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4.1.2 VEGF 

VEGF concentration in all samples was measured using ELISA. All samples were compared to the 

control sample. VEGF showed significant decrease in concentration over time (Figure 10). A 

significant decrease in VEGF concentration was observed for all samples after being stored for 3 days 

(Table 7). The VEGF concentration in samples stored at 22°C and 37°C continued to decrease 

throughout the study period with the exception of day 7 for 22°C where a significant increase was 

seen followed by a decrease (Table 7Table 8). VEGF levels measured in samples stored at -20°C and 

4°C were not significantly lower than what was observed for the control until after 3 months of storage, 

then the VEGF levels decreased significantly (Table 7, Table 8, Figure 11, Figure 12). 

 

 

 

Figure 10 | VEGF concentration  
Concentration of VEGF in PIPL, over time at different temperatures. VEGF concentration decreases over time. 

Data points are represented Δmean ± ΔSEM (n=12). 
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Table 7 | Change in VEGF concentration compared to control 
Eighteen samples showed a significant change in VEGF concentration compared to the control. Four at -20°C, 

four at 4°C, six at 22°C and four at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

Table 8 | Change in VEGF concentration between time points 
Eight samples showed a significant change in VEGF concentration from time point to time point. Two at -20°C, 

one at 4°C, four at 22°C and one at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

VEGF
* ≤0.05  
**≤0.01 
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Day 3 ↓ 569.45 ± 83.60 ** ↓ 526.83 ± 56.89 ** ↓ 590.08 ± 36.97 ** ↓ 423.38 ± 94.59 *
Day 7 ↓ 448.88 ± 197.56 - ↓ 164.39 ± 221.52 - ↓ 253.32 ± 13.12 ** ↓ 394.41 ± 48.71 **
Day 14 ↓ 173.66 ± 2.99 ** ↓ 213.60 ± 69.77 - ↓ 550.18 ± 3.58 *** ↓ 432.34 ± 60.85 *
Day 28 ↓ 69.50 ± 19.31 - ↓ 447.13 ± 67.48 * ↓ 508.72 ± 7.99 *** ↓ 770.79 ± 60.88 ***
3 months ↓ 1058.73 ± 4.44 *** ↓ 1121.67 ± 14.72 *** ↓ 1163.11 ± 2.08 *** - - -
6 months ↓ 952.88 ± 66.54 *** ↓ 982.77 ± 58.73 *** ↓ 1065.08 ± 19.89 *** - - -

Control vs. -20 °C Control vs. 4 °C Control vs. 22 °C Control vs. 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

VEGF
* ≤0.05                  
**≤0.01           
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Control to day 3 ↓ 569.45 ± 83.60 * ↓ 526.83 ± 56.89 - ↓ 590.08 ± 36.97 *** ↓ 423.38 ± 94.59 *
Day 3 to day 7 ↑ 120.58 ± 113.96 - ↑ 362.44 ± 164.63 - ↑ 336.75 ± 23.85 *** ↑ 28.96 ± 45.87 -
Day 7 to day 14 ↑ 275.22 ± 194.56 - ↓ 49.21 ± 151.76 - ↓ 296.86 ± 9.45 *** ↓ 37.93 ± 12.13 -
Day 14 to day 28 ↑ 104.16 ± 16.31 - ↓ 233.53 ± 2.29 - ↑ 41.46 ± 4.42 - ↓ 338.45 ± 0.03 -
Day 28 to 3 months ↓ 989.23 ± 14.87 *** ↓ 674.54 ± 52.76 ** ↓ 654.39 ± 10.07 *** - - -
3 months to 6 months ↑ 105.85 ± 62.10 - ↑ 138.90 ± 44.01 - ↑ 98.03 ± 21.97 - - - -

 -20 °C 4 °C 22 °C 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)
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Figure 11 | Effects of storage temperatures on VEGF concentration 
Samples for each temperature a) -20°C, b) 4°C, c) 22°C and d) 37°C were analyzed considering relevance from 

one time point to another. Values are represented as the mean ± SEM. At, a) -20°C was a significant decrease in 

VEGF from the control to day 3 and day 28 to 3 months, b) 4°C was a significant decrease in VEGF from day 28 

to 3 months, c) 22°C was a significant decrease in VEGF from the control to day 3, day 7 to day 14 and day 28 to 

3 months and a significant increase in VEGF from day 3 to day 7, d) 37°C was a significant decrease in VEGF 

from the control to day 3. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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Figure 12 | VEGF concentration at different time points 
Concentration of VEGF in PIPL after a) 3 days, b) 7 days, c) 14 days, e) 28 days, f) 3 months and g) 6 months of 

storage. The study temperatures were compared to the control. Values are represented as the mean ± SEM. All 

time points show a decrease in concentration of VEGF a) at all temperatures, b) at -20°C and 37°C, c) -20°C, 

22°C and 37°C, d) at 4°C, 22°C and 37°C and e), f) at -20°C, 4°C and 22°C. *P≤0.05, **P≤0.01 and ***P≤0.001, 

n=12. 

 



54 

4.1.3 FGF 

FGF concentration in all samples was measured using ELISA. All samples were compared to the 

control sample. FGF decreased significantly in concentration over time (Figure 13). A significant 

decrease was observed for all samples after 3 days of storage (Table 9, Figure 13, Figure 15). No 

significant decrease in FGF was observed between day 3 and 14 for samples stored at 4°C and 

between day 3 and 28 for samples stored at -20°C and 22°C (Table 10, Figure 15). A significant 

decrease in FGF levels was however seen after 14 days for samples stored at 4°C and after 28 days 

for samples stored at -20°C and 22°C (Table 10, Figure 15). 

 

 

 

Figure 13 | FGF concentration 
Concentration of FGF in PIPL, over time at different temperatures. FGF concentration decreases significantly over 

time at all temperatures. Data points are represented Δmean ± ΔSEM (n=12). 
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Table 9 | Change in FGF concentration compared to control 
Twenty-two samples showed a significant change in FGF concentration compared to the control. Six at -20°C, six 

at 4°C, six at 22°C and four at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

Table 10 | Change in FGF concentration between time points 
Seven samples showed a significant change in FGF concentration from time point to time point. Two at -20°C, 

two at 4°C, two at 22°C and one at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

 

FGF
* ≤0.05  
**≤0.01 
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Day 3 ↓ 3785.16 ± 251.20 ** ↓ 2729.59 ± 333.92 ** ↓ 4067.71 ± 240.91 *** ↓ 3855.88 ± 203.97 ***
Day 7 ↓ 3459.09 ± 242.17 ** ↓ 2885.85 ± 388.88 ** ↓ 4556.45 ± 264.45 *** ↓ 4654.33 ± 137.66 ***
Day 14 ↓ 3489.81 ± 271.65 ** ↓ 3100.40 ± 342.42 ** ↓ 4753.00 ± 261.77 *** ↓ 4941.18 ± 147.34 ***
Day 28 ↓ 3653.96 ± 550.66 * ↓ 5401.42 ± 398.86 ** ↓ 4541.73 ± 12.00 *** ↓ 6186.99 ± 408.65 ***
3 months ↓ 6152.31 ± 455.18 *** ↓ 6207.89 ± 453.47 *** ↓ 6247.60 ± 451.57 *** - - -
6 months ↓ 6192.61 ± 438.77 *** ↓ 6266.89 ± 440.54 *** ↓ 6297.42 ± 459.19 *** - - -

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Control vs. -20 °C Control vs. 4 °C Control vs. 22 °C Control vs. 37 °C

FGF
* ≤0.05                  
**≤0.01           
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Control to day 3 ↓ 3785.16 ± 251.20 *** ↓ 2729.59 ± 333.92 *** ↓ 4067.71 ± 240.91 *** ↓ 3855.88 ± 203.97 ***
Day 3 to day 7 ↑ 326.07 ± 9.03 - ↓ 156.26 ± 54.96 - ↓ 488.74 ± 23.55 - ↓ 798.45 ± 66.31 -
Day 7 to day 14 ↓ 30.72 ± 29.48 - ↓ 214.55 ± 46.47 - ↓ 196.55 ± 2.69 - ↓ 286.85 ± 9.69 -
Day 14 to day 28 ↓ 164.15 ± 822.32 - ↓ 2301.02 ± 56.45 *** ↑ 211.27 ± 249.76 - ↓ 1245.81 ± 261.31 -
Day 28 to 3 months ↓ 2498.35 ± 1005.85 * ↓ 806.47 ± 54.61 - ↓ 1705.87 ± 439.57 ** - - -
3 months to 6 months ↓ 40.30 ± 16.41 - ↓ 59.00 ± 12.93 - ↓ 49.83 ± 7.61 - - - -

 -20 °C 4 °C 22 °C 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)
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Figure 14 | Effects of storage temperatures on FGF concentration 
Samples for each temperature a) -20°C, b) 4°C, c) 22°C and d) 37°C were analyzed considering relevance from 

one time point to another. Values are represented as the mean ± SEM. At, a) -20°C was a significant decrease in 

FGF from the control to day 3 and day 28 to 3 months, b) 4°C was a significant decrease in FGF from the control 

to day 3 and day 14 to day 28, c) 22°C was a significant decrease in FGF from the control to day 3 and day 28 to 

3 months, d) 37°C was a significant decrease in FGF from the control to day 3. *P≤0.05, **P≤0.01 and 

***P≤0.001, n=12. 
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Figure 15 | FGF concentration at different time points 
Concentration of FGF in PIPL after a) 3 days, b) 7 days, c) 14 days, e) 28 days, f) 3 months and g) 6 months of 

storage. The study temperatures were compared to the control. Values are represented as the mean ± SEM. All 

time points a), b), c), d), e) and f) show a significant decrease in FGF concentration at all temperatures. *P≤0.05, 

**P≤0.01 and ***P≤0.001, n=12. 
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4.1.4 EGF 

EGF concentration in all samples was measured using ELISA. All samples were compared to the 

control sample. Dynamics of EGF concentration over time can be seen in Figure 16. EGF 

concentration increased significantly in the first three days for samples stored at -20°C and 37°C and 

in the first 7 days for samples stored at 4°C (Table 11, Figure 16). FGF levels in samples stored at 4°C 

decreased significantly after 7 days of storage but still remained significantly higher than FGF levels of 

the control (Table 12, Figure 17). No significant change in FGF was seen for samples stored at 22°C 

until after 3 months when a decrease was observed (Table 12, Figure 17). After six months of storage 

at -20°C the EGF levels measured significantly higher than in the control (Table 11, Figure 16). 

 

 

 

Figure 16 | EGF concentration 
Concentration of EGF in PIPL over time at different temperatures. EGF concentration decreases at 4°C and 22°C 

after 3 months. Data points are represented Δmean ± ΔSEM (n=12). 
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Table 11 | Change in EGF concentration compared to control 
Ten samples showed a significant change in EGF concentration compared to the control. Two at -20°C, five at 

4°C, two at 22°C and one at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

Table 12 | Change in EGF concentration between time points 
Seven samples showed a significant change in EGF concentration from time point to time point. Three at 4°C, two 

at 22°C and two at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

 

 

EGF
* ≤0.05  
**≤0.01 
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Day 3 ↑ 106.38 ± 8.10 * ↑ 251.31 ± 14.98 ** ↑ 54.13 ± 17.79 - ↑ 211.09 ± 1.14 **
Day 7 ↑ 102.50 ± 3.69 - ↑ 339.14 ± 18.19 *** ↑ 29.55 ± 11.17 - ↑ 45.90 ± 0.10 -
Day 14 ↑ 30.61 ± 2.32 - ↑ 157.46 ± 13.15 ** ↓ 57.22 ± 21.81 - ↑ 45.81 ± 14.31 -
Day 28 ↑ 45.81 ± 14.31 - ↑ 144.49 ± 1.84 * ↓ 3.55 ± 2.11 - ↑ 142.04 ± 36.57 -
3 months ↑ 101.66 ± 3.17 - ↓ 121.40 ± 5.77 * ↓ 245.67 ± 24.67 ** - - -
6 months ↑ 262.96 ± 58.26 * ↓ 25.24 ± 12.22 - ↓ 115.54 ± 3.39 * - - -

Control vs. -20 °C Control vs. 4 °C Control vs. 22 °C Control vs. 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

EGF
* ≤0.05                  
**≤0.01           
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Control to day 3 ↑ 106.38 ± 8.10 - ↑ 251.31± 14.98 *** ↑ 54.13 ± 17.79 - ↑ 211.09 ± 1.14 **
Day 3 to day 7 ↓ 3.88 ± 11.79 - ↑ 87.83 ± 33.17 - ↓ 24.58 ± 6.62 - ↓ 165.19 ± 1.23 *
Day 7 to day 14 ↓ 71.89 ± 6.01 - ↓ 181.67 ± 5.04 *** ↓ 86.77 ± 10.64 - ↓ 0.10 ± 14.21 -
Day 14 to day 28 ↑ 15.20 ± 11.99 - ↓ 12.97 ± 14.99 - ↑ 53.67 ± 19.70 - ↑ 96.23 ± 50.88 -
Day 28 to 3 months ↑ 55.86 ± 17.48 - ↓ 265.89 ± 7.60 *** ↓ 242.12 ± 22.65 *** - - -
3 months to 6 months ↑ 161.30 ± 55.08 - ↑ 96.16 ± 6.46 - ↑ 130.13 ± 28.15 ** - - -

 -20 °C 4 °C 22 °C 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)
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Figure 17 | Effects of storage temperatures on EGF concentration 
Samples for each temperature a) -20°C, b) 4°C, c) 22°C and d) 37°C were analyzed considering relevance from 

one time point to another. Values are represented as the mean ± SEM. At, a) -20°C was no significant change in 

EGF concentration from one time point to the next, b) 4°C was a significant increase in EGF from the control to 

day 3 and a significant decrease from day 7 to day 14 and day 28 to 3 months, c) 22°C was a significant decrease 

in EGF from day 28 to 3 months and a significant increase from 3 months to 6 months, d) 37°C was a significant 

decrease in EGF from the control to day 3. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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Figure 18 | EGF concentration at different time points 
Concentration of EGF in PIPL after a) 3 days, b) 7 days, c) 14 days, e) 28 days, f) 3 months and g) 6 months of 

storage. The study temperatures were compared to the control. Values are represented as the mean ± SEM. 

Time points a) show a significant increase in EGF at -20°C, 4°C and 37°C, b), c) and d) show a significant 

increase at 4°C, e) shows a significant decrease in concentration at 4°C and 22°C and f) shows a increase in 

concentration at -20°C and a decrease at 22°C. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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4.1.5 TGF-beta 

TGF-beta concentration in all samples was measured using ELISA. All samples were compared to the 

control sample. Significantly higher levels of TGF-beta were observed for all samples at day 3 and 7 

compared to the control, except for those stored at -20°C which had higher levels at day 14 and 28. 

Samples stored at 4°C and 22°C furthermore had significantly higher levels of TGF-beta at day 28 

than the control samples (Table 13, Figure 21). No significant change in TGF-beta concentration was 

observed over time for samples stored at -20°C (Table 14). TGF-beta levels in other samples both 

increased and decreased with time (Figure 19). A significant increase was seen by day 3 followed by a 

significant decrease that occurred between day 7 and 14. A subsequent increase took place between 

day 14 and 28 for all samples (except -20°C) followed by a decrease between day 28 and 3 months 

for samples stored at 4°C only (Table 14, Figure 20). 

 

 

 

Figure 19 | TGF-beta concentration 
Concentration of TGF-beta in PIPL, over time at different temperatures. TGF-beta concentration varies over time. 

Data points are represented Δmean ± ΔSEM (n=12). 
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Table 13 | Change in TGF-beta concentration compared to control 
Ten samples showed a significant change in TGF-beta concentration compared to the control. Two at -20°C, 

three at 4°C, three at 22°C and two at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

Table 14 | Change in TGF-beta concentration between time points 
Nine samples showed a significant change in EGF concentration from time point to time point. Three at 4°C, three 

at 22°C and three at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

 

TGF beta
* ≤0.05  
**≤0.01 
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Day 3 ↑ 18250.99 ± 2320.65 - ↑ 25991.80 ± 705.54 ** ↑ 44016.30 ± 892.15 *** ↑ 43086.88 ± 1229.83 **
Day 7 ↑ 30749.34 ± 6332.90 - ↑ 31194.04 ± 2016.83 ** ↑ 30424.12 ± 784.90 ** ↑ 23760.00 ± 653.28 *
Day 14 ↑ 17657.74 ±2068.24 * ↑ 2229.04 ± 828.96 - ↓ 5185.65 ± 2309.11 - ↓ 11090.52 ± 869.18 -
Day 28 ↑ 20783.55 ± 1704.29 * ↑ 22312.99 ± 1485.82 * ↑ 16551.40 ± 2372.39 * ↑ 12868.48 ± 3113.10 -
3 months ↑ 6276.76 ± 2300.45 - ↓ 6994.34 ± 829.67 - ↑ 6063.53 ± 131.80 - - - -
6 months ↑ 262.22 ± 604.63 - ↑ 1798.04 ± 2797.28 - ↑ 7565.61 ± 1208.55 - - - -

Control vs. -20 °C Control vs. 4 °C Control vs. 22 °C Control vs. 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

TGF-beta
* ≤0.05                  
**≤0.01           
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Control to day 3 ↑ 18250.99 ± 2320.65 - ↑ 25991.80 ± 705.54 ** ↑ 44016.30 ± 892.15 *** ↑ 43086.88 ± 1229.83 ***
Day 3 to day 7 ↑ 12498.35 ± 4012.25 - ↑ 5202.24 ± 2722.37 - ↓ 13592.18 ± 107.25 - ↓ 19326.88 ± 576.55 -
Day 7 to day 14 ↓ 130910 ± 8401.13 - ↓ 28965.00 ± 1187.87 ** ↓ 35609.77 ± 1524.21 *** ↓ 34850.51 ± 215.90 ***
Day 14 to day 28 ↑ 3125.81 ± 3772.52 - ↑ 20083.95 ± 656.86 - ↑ 21737.05 ± 63.28 ** ↑ 23959.00 ± 3982.28 *
Day 28 to 3 months ↓ 14506.79 ± 596.16 - ↓ 29307.33 ± 2315.50 ** ↓ 10487.87 ± 2504.20 - - - -
3 months to 6 months ↓ 6014.54 ± 2905.08 - ↑ 8792.38 ± 1967.61 - ↑ 1502.08 ± 1340.35 - - - -

 -20 °C 4 °C 22 °C 37 °C

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)
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Figure 20 | Effects of storage temperatures on TGF-beta 
Samples for each temperature a) -20°C, b) 4°C, c) 22°C and d) 37°C were analyzed considering relevance from 

one time point to another. Values are represented as the mean ± SEM. At, a) -20°C was no significant change in 

TGF-beta concentration from one time point to the next, b) 4°C was a significant increase in TGF-beta from the 

control to day 3 and a significant decrease from day 7 to day 14 and day 28 to 3 months, c) 22°C was a significant 

increase in TGF-beta from the control to day 3 and a significant decrease from day 7 to day 14 and day 14 to day 

28, d) 37°C was a significant increase in TGF-beta from the control to day 3 and day 14 to day 28 and a 

significant decrease from day 7 to day 14. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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Figure 21 | TGF-beta concentration at different time points 
Concentration of TGF-beta in PIPL after a) 3 days, b) 7 days, c) 14 days, e) 28 days, f) 3 months and g) 6 months 

of storage. The study temperatures were compared to the control. Values are represented as the mean ± SEM. 

Time point a) shows a significant increase in TGF-beta concentration at 4°C, 22°C and 37°C, b) shows a increase 

in concentration at 4°C, 22°C and 37°C, c) shows a significant increase at -20°C, d) show a increase in 

concentration at -20°C, 4°C and 22°C and c), e) and f) show no significant change in concentration. *P≤0.05, 

**P≤0.01 and ***P≤0.001, n=12. 
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4.1.6 Albumin 

Albumin concentration in all samples was measured using ELISA. All samples were compared to the 

control sample. Albumin first showed significant decrease in concentration and then it showed 

significant increase in concentration (Figure 22). Significantly lower levels of albumin were seen at day 

3 for all samples and at day 7 for all samples stored at 4°C and -20°C. Samples stored at 37°C had 

significantly higher albumin levels than the control for all time pointes evaluated after day 3. Higher 

levels of albumin were detected in samples stored at 4°C and 22°C after 6 and 3 months respectively. 

Albumin levels in samples stored at -20°C remained however lower than what was seen for the control 

samples despite a significant increase between day 7 and 14 (Table 15, Table 16, Figure 23, Figure 

24). An increase in albumin levels was seen for samples stored at 22°C and 37°C after day 3 and after 

7 for samples stored at 4°C (Table 16, Figure 23). 

 

 

Figure 22 | Albumin concentration 
Concentration of albumin in PIPL, over time at different temperatures. Albumin concentration increases over time. 

Data points are represented Δmean ± ΔSEM (n=12). 
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Table 15 | Change in albumin concentration compared to control 
Fifteen samples showed a significant change in albumin concentration compared to control. Five at -20°C, three 

at 4°C, three at 22°C and four at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

Table 16 | Change in albumin concentration between time points 
Eleven samples showed a significant change in albumin concentration from time point to time point. Two at -20°C, 

three at 4°C, four at 22°C and two at 37°C. Arrows indicate an increase (↑) or a decrease (↓) in concentration. 

 

 

 

Albumin
* ≤0.05  
**≤0.01 
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Day 3 ↓ 142.81 ± 2.82 *** ↓ 138.23 ± 5.70 *** ↓ 152.51 ± 0.40 *** ↓ 47.15 ± 6.68 **
Day 7 ↓ 163.27 ± 5.95 *** ↓ 189.61 ± 7.77 *** ↓ 54.50 ± 16.15 - ↑ 30.96 ± 7.46 *
Day 14 ↓ 76.14 ± 18.72 - ↓ 51.70 ± 10.55 - ↓ 54.50 ± 16.15 - ↑ 47.83 ± 6.75 **
Day 28 ↓ 89.53 ± 3.36 *** ↓ 43.74 ± 9.31 - ↑ 23.73 ± 6.79 - ↑ 32.98 ±8.24 *
3 months ↓ 117.64 ± 1.85 *** ↓ 13.53 ± 4.73 - ↑ 134.06  ± 6.20 *** - - -
6 months ↓ 105.36 ± 0.70 ** ↑ 77.58 ± 0.75 ** ↑ 154.31 ± 7.89 *** - - -

Δmean ± ΔSEM  
(ng/mL)

Control vs. -20 °C Control vs. 4 °C Control vs. 22 °C Control vs. 37 °C

Δmean ± ΔSEM  
(ng/mL)

Δmean ± ΔSEM  
(ng/mL)

Δmean ± ΔSEM  
(ng/mL)

Albumin
* ≤0.05                  
**≤0.01           
***≤0.001 

P-
value

P-
value

P-
value

P-
value

Control to day 3 ↓ 142.81 ± 2.82 *** ↓ 138.23 ± 5.70 *** ↓ 152.51 ± 0.40 *** ↓ 47.15 ± 6.68 ***
Day 3 to day 7 ↓ 20.47 ± 3.12 - ↓ 51.37 ± 13.47 - ↑ 98.01 ± 16.55 ** ↑ 78.11 ± 0.77 ***
Day 7 to day 14 ↑ 87.13 ± 12.78 * ↑ 137.91 ± 18.32 *** - 0.00 ± 0.00 - ↑ 16.86 ±0.70 -
Day 14 to day 28 ↓ 13.39 ± 22.08 - ↑ 7.96 ± 1.24 - ↑ 78.23 ± 22.94 * ↓ 14.84 ± 1.49 -
Day 28 to 3 months ↓ 28.10 ± 1.51 - ↑ 30.21 ± 4.58 - ↑ 110.33 ± 0.59 ** - - -
3 months to 6 months ↑ 12.28 ± 1.15 - ↑ 91.12 ± 3.97 ** ↑ 20.25 ± 1.69 - - - -

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

Δmean ± ΔSEM  
(pg/mL)

 -20 °C 4 °C 22 °C 37 °C



68 

 

Figure 23 | Effects of storage temperatures on albumin concentration 
Samples for each temperature a) -20°C, b) 4°C, c) 22°C and d) 37°C were analyzed considering relevance from 

one time point to another. Values are represented as the mean ± SEM. At, a) -20°C was a significant decrease in 

albumin from the control to day 3 and a significant increase from day 7 to day 14, b) 4°C was a significant 

decrease in albumin from the control to day 3 and a significant increase from day 7 to day 14 and 3 months to 6 

months, c) 22°C was a significant decrease in albumin from the control to day 3 and a significant increase from 

day 3 to day 7, day 14 to day 28 and day 28 to 3 months, d) 37°C was a significant decrease in albumin from the 

control to day 3 and a significant increase from day 3 to day 7. *P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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Figure 24 | Albumin concentration at different time points 
Concentration of albumin in PIPL after a) 3 days, b) 7 days, c) 14 days, e) 28 days, f) 3 months and g) 6 months 

of storage. The study temperatures were compared to the control. Values are represented as the mean ± SEM. 

Time point a) shows a significant decrease in albumin concentration at -20°C, 4°C, 22°C and 37°C, b) show a 

significant decrease in concentration at -20°C and 4°C, c) shows a significant increase at 37°C, d) show a 

significant decrease in concentration at -20°C, e) shows a significant decrease in concentration at -20°C and 

increase at 22°C and f) shows a significant decrease in concentration at -20°C and increase at 4°C and 22°C. 

*P≤0.05, **P≤0.01 and ***P≤0.001, n=12. 
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4.2 Cell cultures 
All samples were tested in triplicate with three separate donors. Samples stored at -20°C (Figure 25), 

4°C (Figure 26) and 22°C (Figure 27) did not show any significant difference in their ability to support 

cell cultures at any time point during the experiments compared to the control. Samples stored at 37°C 

supported cell culture to less extend than the control (Figure 28). After 7 days of cell culture for 

samples that had been stored for 14 days (0.0764 ± 0.0071 OD, n=18, P<0.001) and 28 days (0.0876 

± 0.0101 OD, n=18, P<0,001) as shown in Figure 29. 

 

 

 

Figure 25 | Cell viability 
Cell viability for PIPL samples stored at -20°C was measured using presto blue assay. No significant difference is 

between the samples and the control. OD stands for optical density and is used to measure absorbance. Data 

points are represented as Δmean ± ΔSEM (n=12). 
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Figure 26 | Cell viability (II) 
Cell viability for PIPL samples stored at 4°C was measured using presto blue assay. No significant difference is 

between the samples and the control. OD stands for optical density and is used to measure absorbance. Data 

points are represented as Δmean ± ΔSEM (n=12). 

 

 

Figure 27 | Cell viability (III) 
Cell viability for PIPL samples stored at 22°C was measured using presto blue assay. No significant difference is 

between the samples and the control. OD stands for optical density and is used to measure absorbance. Data 

points are represented as Δmean ± ΔSEM (n=12) 
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Figure 28 | Cell viability (IV) 
Cell viability for PIPL samples stored at 37°C was measured using presto blue assay. There is a difference in cell 

viability in samples stored at 37°C for 14 and 28 days. OD stands for optical density and is used to 

measure absorbance. Data points are represented as Δmean ± ΔSEM (n=12). 

 

 

 

 

Figure 29 | Cell viability at day 7 of cell culture 
A significant drop in cell viability shows at day 7 of cell culture for samples stored at 37°C for 14 and 28 days. OD 

stands for optical density and is used to measure absorbance. Data points are represented as Δmean ± ΔSEM 

(n=12). *P≤0.05, **P≤0.01 and ***P≤0.001. 
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4.3 Multiplex ELISA  
Samples (PIPL, PILA and R-PIPL) were sent to Norway (Håvard Jostein Haugen and Janne Elin 

Rereland, University of Oslo, Institute of Clinical Dentistry) for multiplex ELISA analysis with two 

different assays; Human Cytokine/Chemokine panel and Human Bone Panel.  

Three GFs that were analysed showed significant difference in concentration in samples, EGF 

concentration in R-PIPL was significantly higher than in PILA and PIPL, TGF-a concentration in R-

PIPL was significantly lower than in PIPL and VEGF concentration was significantly higher in R-PIPL 

than in PIPL and PILA (Table 17). FGF-2, PDGF-AA and PDGF-AB/BB showed no significant 

difference in concentration on PIPL, PILA and R-PIPL (Figure 30).  

Five ILs showed a difference in concentration, IL-3 and IL-9 concentration in R-PIPL was 

significantly lower than in PIPL and PILA, IL-6 and IL-17A concentration in R-PIPL was significantly 

lower than in PIPL, IL-7 concentration was significantly higher in R-PIPL than in PIPL and PILA (Table 

17, Figure 31, Figure 32). IL-1a, IL-1b, IL-1RA, IL-4, IL-5, IL-8, IL-10, IL-12p70, IL-13 and L-15 did not 

show significant difference in concentration in PIPL, PILA and R-PIPL (Figure 31, Figure 32).  

Ten other molecules showed significant difference in concentration (Figure 33, Figure 34, Figure 

35), DKK-1 and PTH concentration was significantly higher in R-PIPL than in PIPL and PILA, GM-

CSF, IFN-a2, IFN-γ, MCP-3 and OPG concentration was significantly lower in R-PIPL than in PIPL, 

TNF-a concentration was significantly higher in R-PIPL than in PILA and insulin and MIP-1a was 

significantly lover in R-PIPL than in PIPL and PILA. Eotaxin, fractalkine, G-CSF, IP-10, leptin, MCP-1, 

MDC, MIP-1b, OC, OPN, SOST, TNF-b did not show significant difference in concentration in PIPL, 

PILA and R-PIPL (Figure 33, Figure 34, Figure 35). Concentration of five molecules was too low to be 

measured; IL-2, IL-12p40, FGF-23, ACTH and Flt-3L. Concentration of three molecules was too high 

to be measured; GRO, RANTES and sCD40L.  
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Table 17 | The significant change in concentration for the selected molecules 
Eighteen of the selected molecules showed a significant change in concentration between R-PIPL, PIPL and/or 

PILA. No significance was found between PIPL and PILA. PIPL n=4, PILA n=4, R-PIPL n=2. Other cytokines did 

not show any statistical difference in concentration between PIPL, PILA and R-PIPL. Arrows indicate an increase 

(↑) or a decrease (↓) in concentration. 

 

 

 

 

 

* ≤0,05  
**≤0,01 
***≤0,001 

P-value P-value

EGF ↑ 3012,62 ± 755,73 ** ↑ 3184 ± 62,27 **
TGFa ↓ 3,27 ± 0,67 * ↓ 2,43 ± 0,91 -
VEGF ↑ 511,22 ± 19,74 *** ↑ 576,42 ± 47,64 ***
IL-3 ↓ 3,38 ± 0,12 ** ↓ 2,12 ± 0,90 *
IL-6 ↓ 7,53 ± 0,85 * ↓ 4,05 ± 2,90 -
IL-7 ↑ 20,57 ± 3,56 * ↑ 26,67 ± 0,83 **
IL-9 ↓ 5,79 ± 0,78 * ↓ 4,40 ± 1,04 *

IL-17A ↓ 8,43 ± 2,26 * ↓ 7,25 ± 3,69 -
DKK-1 ↑ 2063,19 ± 360,10 * ↑ 2978,96 ± 91,37 **

GM-CSF ↓ 16,62 ± 4,38 * ↓ 11,66 ± 1,30 -
IFN-a2 ↓ 46,23 ± 0,31 * ↓ 29,70 ± 15,11 -
IFN-g ↓ 6,13 ± 1,11 * ↓ 4,03 ± 1,57 -

Insulin ↓ 558,64 ± 192,43 * ↓ 534,48 ± 185,87 *
MCP-3 ↓ 320,99 ± 121,18 * ↓ 307,32 ± 120,25 -
MIP-1a ↓ 16,86 ± 4,27 * ↓ 15,47 ± 4,23 *
OPG ↓ 36,11 ± 0,41 * ↓ 24,05 ± 2,77 -
PTH ↑ 3,74 ± 0,47 ** ↓ 4,64 ± 0,39 ***

TNF-a ↑ 4,79 ± 1,49 - ↑ 9,62 ± 1,71 *

Δmean ± ΔSD 
(pg/mL) 

Δmean ± ΔSD 
(pg/mL) 

PIPL vs. R-PIPL PILA vs. R-PIPL
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Figure 30 | Concentration of growth factors in PIPL, PILA & R-PIPL 
Concentration of GFs in traditional PIPL and then in two other lysates made with refined methods, PILA and R-

PIPL. Values are represented as the mean ± SD. a) shows a significant difference in EGF concentration between 

PIPL and PILA vs. R-PIPL, b), c) and d) shows no significant difference in concentration, e) shows a significant 

difference in concentration of TFG-alpha between PIPL and R-PIPL and f) shows a significant difference in 

concentration of VEGF between PIPL and PILA vs. R-PIPL. *P≤0.05, **P≤0.01 and ***P≤0.001, PIPL n=4, PILA 

n=4, R-PIPL n=2. 
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Figure 31 | Interleukin concentration in PIPL, PILA & R-PIPL 
Concentration of ILs in traditional PIPL and then in two other lysates made with refined methods, PILA and R-

PIPL. Values are represented as the mean ± SD. a), b), c), e) and f) show no significant difference in 

concentration, d) shows a significant difference in concentration of IL-3 between PIPL and PILA vs. R-PIPL, g) 

shows a significant difference in concentration of IL-6 between PIPL and R-PIPL and h) shows a significant 

difference in concentration of IL-7 between PIPL and PILA vs. R-PIPL. *P≤0.05, **P≤0.01 and ***P≤0.001, PIPL 

n=4, PILA n=4, R-PIPL n=2. 
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Figure 32 | Interleukin concentration in PIPL, PILA & R-PIPL (II) 
Concentration of ILs in traditional PIPL and then in two other lysates made with refined methods, PILA and R-

PIPL. Values are represented as the mean ± SD. a), c), d), e) and f) show no significant difference in 

concentration, b) shows a significant difference in concentration of IL-9 between PIPL and PILA vs. R-PIPL and g) 

shows a significant difference in concentration of IL-17A between PIPL and R-PIPL. *P≤0.05, **P≤0.01 and 

***P≤0.001, PIPL n=4, PILA n=4, R-PIPL n=2. 
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Figure 33 | Concentration of selected molecules in PIPL, PILA & R-PIPL 
Concentration of selected molecules in traditional PIPL and then in two other lysates made with refined methods, 

PILA and R-PIPL. Values are represented as the mean ± SD. Molecules b), c) and d) show no significant 

difference in concentration, a) shows a significant difference in concentration of DKK-1 between PIPL and PILA 

vs. R-PIPL, f) shows a significant difference in concentration of IFN-a2 between PIPL and R-PIPL, g) shows a 

significant difference in concentration of IFN-gamma between PIPL and R-PIPL and h) shows a significant 

difference in concentration of insulin between PIPL and PILA vs. R-PIPL. *P≤0.05, **P≤0.01 and ***P≤0.001, PIPL 

n=4, PILA n=4, R-PIPL n=2. 
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Figure 34 | Concentration of selected molecules in PIPL, PILA & R-PIPL (II) 
Concentration of selected molecules in traditional PIPL and then in two other lysates made with refined methods, 

PILA and R-PIPL. Values are represented as the mean ± SD. Molecules a), b), c), e) g) and h) show no significant 

difference in concentration, d) shows a significant difference in concentration of MCP-3 between PIPL and R-PIPL 

and f) shows a significant difference in concentration of MIP-1a between PIPL and PILA vs. R-PIPL. *P≤0.05, 

**P≤0.01 and ***P≤0.001, PIPL n=4, PILA n=4, R-PIPL n=2. 
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Figure 35 | Concentration of selected molecules in PIPL, PILA & R-PIPL (III) 
Concentration of selected molecules in traditional PIPL and then in two other lysates made with refined methods, 

PILA and R-PIPL. Values are represented as the mean ± SD. Molecules b), d) and f) show no significant 

difference in concentration, a) shows a significant difference in concentration of OPG between PIPL and R-PIPL, 

c) shows a significant difference in concentration of PTH between PIPL and PILA vs. R-PIPL and e) shows a 

significant difference in concentration of TNF-alpha between PILA and R-PIPL. *P≤0.05, **P≤0.01 and 

***P≤0.001, n=12. PIPL n=4, PILA n=4, R-PIPL n=2. 
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5 Discussion 
In this thesis, the composition of hPLs was explored and what effects storing them at different 

temperatures have on their composition and their ability to support MSC culturing. Stability in hPLs is 

what we are looking for to make the production method and storing as standardized as possible to be 

able to use hPLs as a gold standard for all types of cell cultures. 

 

5.1 Storage stability 
Concentration of the molecules showed some variation at different temperatures. Albumin is the most 

abundant protein in the blood (87). GFs are also proteins, they have many roles in cellular function 

(88). Freezing proteins can lead to loss in biological activity do to stress that impacts the proteins 

stability (89). Protein degradation is a cellular process that is incompletely understood but we do know 

that PLs can synthesize and secrete proteases and store them in their granules (90-92). PLs contain 

for example matrix metalloproteases (MPP) that can destroy GFs, cytokines and extracellular matrix 

(93). The decrease in GFs and total protein over time can be explained by biological degradation 

(brake down) of proteins. PL granules also contain albumin that has been incorporate via pinocytosis 

(91). It has been found that neither PL activation nor PL disruption by freezing leads to a full release of 

all GFs from intracellular granules. This means that molecules that remain within the granules may be 

undetectable in immunoassays (94). Meaning that when samples were put in -80°C freezer before 

they were measured, there by adding one more F/T cycle, some of these granules could have 

unleashed their content. This could explain the rise in albumin and the small rise that occur in TGF-

beta and EGF concentration. 

 

5.2 Cell viability 
All samples showed support for MSCs except samples that were kept at 37°C for 14 and 28 days. 

Storage at other temperatures did not have any significant effect on the cells, making PIPL a stable 

candidate for MSC culturing. Since the concentration of VEGF, FGF, EGF, TGF-beta, albumin and 

total protein was affected during many of researched time points at all four temperatures. We can 

speculate that there is a biomolecular agent that was not measured, which degrades faster at 37°C, 

that has affects on cell viability or that the combination of a few or all chemicals lowering are 

responsible for the lowered cell viability in samples stored at 37°C. 
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5.3 Multiplex ELISA 
The following chemicals show a decrease in concentration in R-PIPL, IL-3, IL-6, IL-9, IL-17A, GM-

CSF, IFN-a2, IFN-gamma, Insulin, MCP-3, MIP-1a, OPG and TGF-a. There were also some 

chemicals that increased in R-PIPL, IL-7, DKK-1, PTH, TNF-a, EGF and VEGF. Since all the 

significant changes in concentration are only in R-PIPL it is highly likely that that CPD that was added 

to it is causing them. CPD has been shown to have reducing effect on GFs (94) and could therefore 

have some effects on the cytokines. Further studies of CPDs effect on cytokine are needed to confirm 

these speculations.  

GRO, RANTES and soluble CD40L concentrations were too high to be measured. These three 

chemicals can be found in plasma and in PLs (95, 96). From this we assume that PLs have a high 

concentration of these molecules which are relished when PLs are lysed (95, 97). 

IL-2, IL-12p40, FGF-23, ACTH and flt-3L concentration was too low to be measured. IL-2 is 

predominantly produced by activated T lymphocytes and should not be in high concentration in the 

blood unless T lymphocytes have been activated (98). IL-12p40 is one of two subunits that form the 

bioactive IL-12p70 (99). Since there is some measurable amount of IL-12p70 it is possible that the 

concentration of its subunit cannot be detected because it is all bound in IL-12p70. FGF-23 is a 

peptide hormone mostly produced in osteocytes, in normal conditions FGF-23 is produced and then 

split into inactive fragments before it is secreted into the blood circulation (100). That can explain why 

FGF-23 concentration is below measurable amounts. ACTH is an endocrine hormone secreted from 

the pituitary, normal plasma levels range from 7-56 pg/mL (101, 102). Since our PL units are PL 

concentrates there is not a high amount of plasma and therefor the concentration of ACTH is low. Flt-

3L is an essential GF for dendritic cells and is majorly produced in mast cells. Serum levels of Flt-3L 

increase in response to infections and since the material we are using for the lysates the levels of it is 

low (103). The multiplex ELISA gives a small reference as to what molecules can be found in PIPLs. It 

also shows that direct handling does affect the molecular concentration, but does not tell if the change 

in concentration effects cells in culture. 

5.4 Future directions 
Results presented in this thesis all point to that hPLs are a stable supplement for cell culturing when 

stored for 6 months at -20, 4 and 22. To be able to support that theory it is necessary to study the 

affects of storage by testing hPL for a longer period (for example 9, 12, 15, 18 and 21 months), using 

the stored hPLs for longer in cell cultures to see if they promote long term proliferation and 

furthermore examining the molecules that are effected by the storage and if their deration effects cells 

in culture. There is also the matter of the increase in albumin concentration; it would be 

knowledgeable to look closer at those results. To be able to examine the molecules and standardizing 

hPL for clinical use, molecule composition needs to be established. Mass spectrometry would be ideal 

for identifying hPL molecules because of it´s complex protein composition.  
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6 Conclusion 
In this thesis, results showed that storage does effected GFs, albumin and total protein concentration 

but had no effect on cell viability, except in lysates stored at 37°C. This result shows that hPL are a 

reliable candidate for cell culturing in clinical settings, their capability to promote cell proliferation can 

be trusted even after 6 months of storage. To support these findings, further research is necessary. 

Results also showed that there is some difference in molecular concentration when hPL are made by 

different methods. 
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Appendix A 

Measuring of EGF, FGF, and VEGF with ELISA all shared the same procedure but they had different 

times to be measured to be able to capture the top of the OD curve. Table 18 shows the times. 

 

Table 18 | Measurement time for EGF, FGF and VEGF ELISA 
The table shows the measurement time for EGF, FGF and VEGF ELISA in minutes. 

 EGF VEGF FGF 
Measurement time (min) 30 40 25 

 

 

Human Cytokine/Chemokine Magnetic Bead Panel 

Immunoassay procedure 

1. 200µL of Wash Buffer added into each well of the plate. Sealed and mixed on a plate shaker 
for 10 minutes at room temperature (20-25°C). 

2. Wash Buffer poured off and the residual amount from all wells removed by inverting the 
plate and tapping it smartly onto absorbent towels a few times. 

3. 25µL of each Standard or Control added into the appropriate wells. Assay Buffer used for 0 
pg/mL standard (Background/blank). 

4. 25µL of Assay Buffer added to the sample wells. 

5. 25µL of appropriate matrix solution added to the background, standards, and control wells. 
When assaying serum or plasma the Serum Matrix provided in the kit is used. When 
assaying tissue culture or other supernatant proper control culture medium as the matrix 
solution is used. 

6. 25µL of serum/plasma Sample (1:100dilutionfor RANTES, PDGF-AA, and PDGF-AB/BB, 
Neat for all other 38 cytokines) or 25 µl cell culture sample is added into the appropriate 
wells. 

7. Mixing Bottle put on a vortex and 25µL of the Mixedor Premixed Beads added to each well. 
During addition of Beads, shake bead bottle intermittently to avoid settling. 

8. Plate sealed with a plate sealer. The plate wrapped with foil and incubated with agitation on 
a plate shaker overnight at 4°C or 2 hours at room temperature (20- 25°C). Overnight 
incubation, 16-18 hours, may improve assay sensitivity for some analytes. 

9. Well contents gently removed and plate washed 2 times following instructions listed below in 
the Plate washing section. 

10. 25µL of Detection Antibodies added into each well. Detection Antibodies allowed to warm 
to room temperature prior to addition. 

11. Plate sealed, covered with foil and incubated with agitation on a plate shaker for 1 hour at 
room temperature (20- 25°C). DO NOT ASPIRATE AFTER INCUBATION. 
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12. 25µL Streptavidin-Phycoerythrin added to each well containing the 25µL of Detection 
Antibodies. 

13. Plate sealed, covered with foil and incubated with agitation on a plate shaker for 30 
minutes at room temperature (20- 25°C). 

14. Well contents gently removed and plate washed 2 times following instructions listed in the 
Plate washing section. 

15. 150µL of Sheath Fluid (or Drive Fluid if using MAGPIX®) added to all wells. The beads 
resuspended on a plate shaker for 5 minutes. 

16. Run plate on Luminex 200TM, HTS, FLEXMAP 3D® or MAGPIX® with xPONENT® 
software. 

17. Save and analyze the Median Fluorescent Intensity (MFI) data using a 5-parameter logistic 
or spline curve-fitting method for calculating cytokine/chemokines concentrations in 
samples. (Note: For diluted samples, multiply the calculated concentration by the dilution 
factor.) 

 

Human Bone Magnetic Bead Panel 

Immunoassay procedure 

1. 200µL of Wash Buffer added into each well of the plate. Sealed and mixed on a plate shaker 
for 10 minutes at room temperature (20-25°C). 

2. Wash Buffer poured off and the residual amount from all wells removed by inverting the 
plate and tapping it smartly onto absorbent towels a few times. 

3. 25µL of each Standard or Control added into the appropriate wells. Assay Buffer used for 0 
pg/mL standard (Background/blank). 

4. 25µL of Assay Buffer added to the sample wells. 

5. 25µL of appropriate matrix solution added to the background, standards, and control wells. 
When assaying serum or plasma the Serum Matrix provided in the kit is used. When 
assaying tissue culture or other supernatant proper control culture medium as the matrix 
solution is used. 

6. 25µL of Sample (1:2 diluted) added into the appropriate wells. 

7. Mixing Bottle put on a vortex and 25µL of the Mixedor Premixed Beads added to each well. 
During addition of Beads, shake bead bottle intermittently to avoid settling. 

8. Plate sealed with a plate sealer. The plate wrapped with foil and incubated with agitation on 
a plate shaker overnight at 4°C or 2 hours at room temperature (20- 25°C). Overnight 
incubation, 16-18 hours, may improve assay sensitivity for some analytes. 

9. Well contents gently removed and plate washed 3 times following instructions listed below in 
the Plate washing section. 

10. 50µL of Detection Antibodies added into each well. Detection Antibodies allowed to warm 
to room temperature prior to addition. 



93 

11. Plate sealed, covered with foil and incubated with agitation on a plate shaker for 30 
minutes at room temperature (20- 25°C). DO NOT ASPIRATE AFTER INCUBATION. 

12. 50µL Streptavidin-Phycoerythrin added to each well containing the 50µL of Detection 
Antibodies. 

13. Plate sealed, covered with foil and incubated with agitation on a plate shaker for 30 
minutes at room temperature (20- 25°C). 

14. Well contents gently removed and plate washed 3 times following instructions listed in the 
Plate washing section. 

15. 100µL of Sheath Fluid (or Drive Fluid if using MAGPIX®) added to all wells. The beads 
resuspended on a plate shaker for 5 minutes. 

16. Run plate on Luminex 200TM, HTS, FLEXMAP 3D® or MAGPIX® with xPONENT® 
software. 

17. Save and analyze the Median Fluorescent Intensity (MFI) data using a 5-parameter logistic 
or spline curve-fitting method for calculating analyte concentrations in samples. Note: For 
diluted samples, multiply the calculated concentration by the dilution factor.) 

 

Plate washing 

Solid Plate: 

If using a solid plate, use either a handheld magnet or magnetic plate washer.  

A.) Handheld magnet (EMD Millipore Catalog # 40-285) - Rest plate on magnet for 60 seconds 
to allow complete settling of magnetic beads. Remove well contents by gently decanting 
the plate in an appropriate waste receptacle and gently tapping on absorbent pads to 
remove residual liquid. Wash plate with 200 µL of Wash Buffer by removing plate from 
magnet, adding Wash Buffer, shaking for 30 seconds, reattaching to magnet, letting beads 
settle for 60 seconds and removing well contents as previously described after each wash. 
Repeat wash steps as recommended in Assay Procedure. 

B.) Magnetic plate washer (EMD Millipore Catalog # 40-094, # 40-095, # 40-096 and # 40-097) 
Please refer to specific automatic plate washer manual for appropriate equipment settings. 
Please note that after the final aspiration, there will be approximately 25 µL of residual 
wash buffer in each well. This is expected when using the BioTek plate washer and this 
volume does not nev ed to be aspirated from the plate. If using an automatic plate washer 
other than BioTek® 405 LS or 405 TS, please refer to the manufacturer’s 
recommendations for programming instructions. 

 

Filter Plate: 

If using a filter plate, use a vacuum filtration manifold to remove well contents. Wash plate by adding 

200µL of Wash Buffer in each well. Removing Wash Buffer by vacuum filtration after each wash. 

Repeat wash steps as recommended in the Assay Procedure. 
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Appendix B 

Blood gas analysis was performed on all the samples. Pressure of O2 and CO2, concentration of K+, 

Na+, Ca2+, Cl-, glucose and lactose and acidity (pH) were measured. Some variation was between 

samples, but statistically they were not different. No valid measurements for CO2 and Ca2+ were 

obteined. Glucose concentration (Figure 36) and acidity (Figure 37) is stable over the whole research 

period. The results from the blood gas analysis are stable, data shows no significant change in o2 

pressure, K+, NA+, Cl-, glucose and lactose concentration (Figure 38, Table 19). 

 

 

Figure 36 | Glucose concentration over time at all temperatures 
Glucose concentration holds stable over the whole research period. Data points are represented Δmean ± ΔSD 

(n=4). 

 

 

Figure 37 | Acidity of PIPL over time at all temperatures 
Acidity holds stable over the whole research period. Data points are represented Δmean ± ΔSD (n=4). 
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Figure 38 | Blood gas analysis results 
Blood gas analysis results, a) is a overview of o2 pressure changes over time at -20°C, 4°C, 22°C and 37°C, b) is 

a overview of K+ concentration changes over time at -20°C, 4°C, 22°C and 37°C, c) is a overview of NA+ 

concentration changes over time at -20°C, 4°C, 22°C and 37°C, d) is a overview of Cl- concentration changes 

over time at -20°C, 4°C, 22°C and 37°C, e) is a overview of glucose concentration changes over time at -20°C, 

4°C, 22°C and 37°C, f) is a overview of lactose concentration changes over time at -20°C, 4°C, 22°C and 37°C 

and g) is a overview of acidity changes over time at -20°C, 4°C, 22°C and 37°C. 
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Table 19 | Results of blood gas analysis 
Blood gas analysis measurement demonstrated consistency between samples. 

 

 

a)
Control -20 4 22 37 -20 4 22 37

pH 7,32 7,32 7,31 7,30 7,29 7,32 7,31 7,29 7,28
O2	(mmHg) 250,00 251,75 270,75 250,75 241,00 261,25 269,75 251,50 238,25
K+	(mmol/L) 5,00 5,03 5,20 5,23 5,23 5,20 5,20 5,23 5,10
Na+(mmol/L) 153,25 153,25 160,50 160,75 160,75 160,75 160,25 160,50 155,50
Cl-	(mmol/L) 75,25 74,50 77,00 77,25 77,25 76,75 77,25 77,25 76,25
Glucose	(mmol/L) 0,53 0,53 0,55 0,60 0,60 0,55 0,55 0,63 0,60
Lactose	(mmol/L) 14,03 13,83 14,60 14,85 14,88 14,53 14,53 14,55 14,40

b)
Control -20 4 22 37 -20 4 22 37

pH 7,32 7,33 7,30 7,28 7,26 7,32 7,31 7,29 7,24
O2	(mmHg) 250,00 257,50 271,00 250,75 237,50 256,75 268,25 248,25 237,00
K+	(mmol/L) 5,00 5,00 5,23 5,23 5,25 5,20 4,75 4,63 4,88
Na+(mmol/L) 153,25 153,25 160,75 160,50 160,75 159,75 143,50 135,25 145,75
Cl-	(mmol/L) 75,25 74,75 77,75 77,25 77,50 77,00 72,50 69,00 73,00
Glucose	(mmol/L) 0,53 0,50 0,60 0,63 0,63 0,55 0,53 0,50 0,60
Lactose	(mmol/L) 14,03 13,73 14,68 14,45 14,50 14,30 13,30 12,03 13,10

Day	14 Day	28

Day	3 Day	7


