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Abstract 

 
Background: 

 
Gaseous ozone therapy is a new modality that has shown increasingly promising results in the 

healing of diabetic foot ulcers and an increased release of growth factors from platelets but presents 

health risks. Since aqueous ozone is safer and may also increase the release of growth factors, it was 

used in this multifaceted five-part study to determine its safety and effect on the release of platelets in 

diabetic participants. The data is expected to provide a proof of concept for a future study to quantify 

the effect of the external application of aqueous ozone on diabetic foot ulcers. 

Methods: 

 
Experiment 1: real time platelet aggregation and adenosine triphosphate (ATP) release from the 

platelets of four non-diabetic participants was analysed via the Chrono-log lumi-aggregometer after 

immediate exposure and a 2hr incubation with phosphate buffered saline (PBS), ozonized PBS (O3PBS) 

or adenosine diphosphate (ADP). 

Experiment 2: Six non-diabetic and six diabetic’s blood plasma collected in citrate tubes was 

treated with either PBS, O3PBS, or ADP and incubated for either 30 min or 2 hrs. Analysis of the growth 

factors was performed via platelet derived growth factor (PDGF-BB) ELISA assay kit. 

Experiment 3: Protocol is identical to experiment 2 however the level of transforming growth factor β 

 

(TGF-β) was analysed via an ELISA assay kit. 

 

Experiment 4: Four non-diabetic and four diabetic’s blood plasma was treated with either PBS, 

O3PBS or ADP and incubated for either 2hrs or 4hrs. Analysis of oxidative stress was determined via 

a protein carbonyl assay. 

Experiment 5: two diabetic volunteers with a diabetic foot ulcer consented to an aqueous ozone 

wash three times per week for 5 weeks or until the ulcer had healed. 
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Results: 

 
The level of ATP release was higher in the O3PBS condition compared to the PBS condition 

in both immediate and 2 hr incubation groups (p < 0.001). No significant difference was seen in level 

of aggregation between O3PBS and ADP and PBS groups (p = 0.1, p = 0.5). In experiment 2 the level 

of PDGF was higher in the ADP group compared to O3PBS and PBS group after 2hrs incubation (p < 

0.001). No other significant differences were seen in any other conditions. No significant differences in 

level of TGF-β were seen in experiment 3. The level of protein carbonyl in experiment 4 was 

significantly higher for both O3PBS and ADP in the diabetic after 2hrs of incubation (p < 0.05) 

compared to PBS. Aqueous ozone significantly decreased ulcer size of both diabetic participants after 

5 weeks of treatment (p < 0.008) in experiment 5. 

Discussion: 

 
These five experiments give evidence towards a healing effect of aqueous ozone without 

causing notable oxidative stress or aggregation in platelets of diabetics. Although O3PBS could cause 

release of dense-alpha granules, demonstrated by ATP release, this healing effect may not be due to 

growth factor interaction as previously thought. For the purpose of this study however, we have 

demonstrated some evidence that aqueous ozone may be a beneficial treatment for diabetic foot ulcers 

but via a different pathway then previously predicted. 
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1.1 Introduction 

Globally, it has been estimated that every 30 seconds a limb is amputated as the result of a 

chronic wound that occurred in patients with diabetes mellitus (1). In Australia alone, the burden of 

chronic wounds costs an estimated $2.85 billion per annum, accounting for 2% of the healthcare budget 

(2). As type 2 diabetes in Australia becomes an epidemic, the incidence of chronic wounds will continue 

to rise. Therefore, research into the treatment, cause and understanding of these chronic wounds 

becomes increasingly vital. 

Ozone therapy is a new modality that has shown increasingly promising results in initiating the 

healing of chronic wounds. Chronic wounds like diabetic foot ulcers (DFU) have shown outstanding 

improvements when subjected to ozone in either gas or oil form (3–6). The modality of ozone delivery 

depends highly on the location and pathology being treated. Gaseous ozone therapy is generally a 

mixture of ozone-oxygen gas in a diverse range of concentrations (10 – 80μg/ml). For chronic wounds, 

gaseous ozone is commonly delivered topically via a sealed container or bag (7). Caution is needed 

however as ozonated gas is poisonous to the respiratory tract (8). Ozonated oils take over 3 weeks to 

develop (9) and are delivered topically over the wound site however careful analysis must take place to 

ensure that a toxic level of peroxides, an unwanted effect of producing ozonated oil, are high enough to 

delay wound healing (10). Aqueous ozone can be produced faster than ozonized oil and has shown to 

be less cytotoxic to cells then gaseous ozone (11–13). Despite the formation of peroxides during the 

ozonation of water, unlike oil, the saturation point of ozone in water is well below toxic limits with the 

added benefit that detrimental levels of peroxides, which could potentially delay healing are not reached 

(14). Yet, factors such as the overall effect of aqueous ozone treatment on wound resolution and the 

underlying mechanisms behind aqueous ozone treatment in healing in diabetic foot ulcers, have not 

been examined. 

It has been reported that diabetes itself, with no other co-morbidities, increases risk of 

hypercoagulability and blood vessel complications especially in those under the age of 60 (15). 

Consequently, the increased risk of diabetic hypercoagulability not only raises the question of the safety 
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of administering aqueous ozone therapy to diabetics but also of whether the platelets of diabetics behave 

differently to the platelets of non-diabetics. 

To examine the effect of aqueous ozone on the platelets of diabetic versus non-diabetic 

participants, an in vitro study focussed on: (i) the immediate effect of ozone exposure on platelet 

activation/aggregation and platelet secretion in platelet rich plasma (PRP) after a 30 min window of 

incubation; (ii) the delayed effect of a two hour incubation of PRP with aqueous ozone on the level of 

two platelet derived growth factors that are involved in wound healing: Platelet Derived Growth Factor 

(PDGF) and Transforming Growth Factor- Beta (TGF-β). These platelet secreted factors: (i) potentiate 

wound repair by acting as powerful chemo-attractants for macrophages and fibroblasts which migrate 

to the wound site to promote healing; (ii) increase collagen synthesis; and (iii) PDGF enhances the 

tensile strength of wound healing over time and stimulates TGF-β production at the wound site (16). 

Ozone decomposes in blood to produce free radicals that readily form reactive oxygen species 

(ROS), mostly hydrogen peroxide (H2O2), and lipid oxidation products (LOP). H2O2 and LOPs 

stimulate a cascade of physiological pathways that can result in the upregulation of antioxidants, in spite 

of a chronic oxidative environment like that of the diabetic (17–19). Therefore, this study will analyse 

the potentially detrimental oxidative effect of ozone by quantifying a marker of oxidative damage, 

protein carbonyl, as well as examining the level of anti-oxidative defence by quantifying the level of 

total antioxidant capacity (TAC). 

The four in vitro studies will serve both as a “proof of concept” and an assessment of safety for 

a larger in vivo study planned for next year, which will quantify the effects of aqueous ozone on key 

plasma markers and a morphometric analysis of healing during a 4 week treatment period of peripheral 

diabetic foot ulcers. A small in vitro pilot study (experiment 5) on the effect of aqueous ozone treatment 

on chronic diabetic foot ulcers is currently underway, in parallel with this in vivo study. 

1.2 Wound Healing 

Wound healing typically follows an intricate but orderly pathway that transitions through 

criteria-based stages of: coagulation, inflammation, fibroplasia and remodelling (20) (Figure 1). 
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Inflammation is a complex, non-binary cascade of cells and signals that are part of the immune system 

needed to recognize and remove harmful stimuli and to initiate the healing process (21). This raises the 

question of whether re-instating the signalling associated with inflammation has the capacity to re-start 

healing 

Ideally, the wound closure should resolve within a few days to weeks, progressing to the final 

remodelling phase of healing. If undisturbed, the result is a small fibrotic scar in an organ or tissue that 

has returned to full pre-injury function. If this process is halted, slowed or deviates from the typical 

stages of progression, the wound is said to be chronic (22) (Figure 2). Common types of chronic wounds 

include skin ulcers. Ulcers can result from a range of factors including pressure necrosis, neuropathies, 

vascular insufficiency, infection, presence of foreign materials, prolonged inflammation and cancer 

(23). It has been proposed that chronic wounds are suspended in one or more phases of the healing 

process, the underlying causes of disruption to the healing process are multifactorial (24). 

Figure 1: Graphic detailing the phases of wound healing sourced from – Goldsmith et al., (2005) (25) 
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Figure 2: Chronic wound physiology vs acute wound physiology, sourced from – Nunan et al., (2014) (26) 

The pathophysiology underpinning chronic wounds is not completely understood for the 

following reasons; the microbial burden is unknown and likely underestimated, the intermediate steps 

between beneficial and pathogenic immune response is unclear and the link between dysfunctional 

mitochondria and impaired wound healing is not completely understood (27). 

What is understood is that external inflammatory inducers, like a chronic oxidative 

environment, can turn a virtuous cycle of healing into the vicious one associated with chronic wounds. 

As represented in Figure 3, the external inflammatory inducers prevents inflammation from progressing 

to the proliferative stage and induces longer lasting inflammation, thus causing further trauma to the 

wound. 

Figure 3: Inflammation is a beneficial and necessary component to healing. However, external inflammatory inducers create 
a vicious cycle by converting acute inflammation into a chronic state causing further trauma to the wound and halting the 
normal wound healing progression. 
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1.3 Platelets in Wound Healing 

Platelets are an important nexus between the phases of healing and inflammation which is 

characterized by the interactions between platelets, endothelial cells and leucocytes (28). When 

activated by trauma, platelets aggregate and adhere to the extra cellular matrix (ECM) to act as a pro- 

coagulant surface from which thrombin may generate and form fibrin to begin repairing the endothelium 

(29,30), trapping activated platelet within the fibrin clot. Activated platelets release apoptotic factors, 

adhesion molecules, enzymes, coagulation/ anti-coagulation factors, chemokines and cytokines 

including, but not limited to, PDGF and TGF-β (31) (Table 1). The release of these molecules reveals 

that the complexity and function of platelets is more diverse than previously thought. This revised 

understanding of platelet function pinpoints several important clinical implications for the role of 

platelets in rapid tissue healing and repair and the value of focussing on alterations in platelet function. 

Therefore, it seems plausible that the activation of platelets at the wound site provides an important 

source of chemokines and cytokines that are vital for the successful resolution of wound healing. 

Consequently, if platelets are impaired by glycation and damage caused by increased oxidative stress 

present in diabetics (see section 1.7), it is likely that necessary growth factors are not released in the 

pattern that promotes wound resolution. 

Table 1: Growth factors from platelet α-granules important in wound healing, compiled from references (32) and (33). 

Growth Factor Source Function Action in Wound healing 

PDGF − Platelets

− Keratinocytes

− Macrophages

− Endothelial

cells

− Fibroblasts

− Inflammation,

− re-epithelisation,

− granulation tissue,

− matrix

formation/remodelling,

− signals fibroblasts,

− activates fibroblasts and

macrophages,

− chemotactic,

− wound contraction,

− angiogenesis

Acute Wounds: 

Increased 

PDGF is secreted by platelets to assist 

migration of neutrophils to combat 

pathogenic invasion. Secreted to also 

increase granulation tissue and 

proliferation of cells (32). 

Chronic Wounds 

Decreased 

Increased neutrophils lead to matrix 

metallic proteinases (MMPs) which are 

not counteracted in the chronic setting 

leading to a decrease in PDGF and cell 
proliferation (33). 
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Vascular 
Endothelial 
Growth Factor 
(VEGF) 

− Platelets

− Neutrophils

− Macrophages

− Endothelial

cells

− Smooth muscle

cells

− Fibroblasts

− Hypoxia

− Increases vascular
permeability,

− signals endothelial cells,

− forms granulation tissue

Acute wounds 

Increased 

Promotes angiogenesis, essential for the 

deposition and organisation of new 

ECM. 

Chronic Wounds 

Decreased 

Decreased due to ischemia of the 

wound environment 

TGF-β − Platelets

− Keratinocytes

− Macrophages

− Lymphocytes

− Fibroblasts

− Inflammation,

− granulation tissue,

− remodelling,

− chemotaxis,

− keratinocyte migration &

proliferation inhibits

proteinases

Acute Wounds 

Increased 

Stimulates several growth factors to 

increase pathogenic protection and 

tissue growth 

Chronic wounds 

Decreased 

Can be inhibited by neutrophil elastase, 

decorin, fibrinogen, albumin and α2‐ 
macroglobulin (32). 

1.4 TGF-β Secretion by Platelets 

The role of TGF-β has been recognised as an intricately complex but integral part of the wound 

healing process (34). TGF-β family consists of TGF-β 1, 2 and 3 which are primarily synthesised by 

platelets, macrophages, keratinocytes and fibroblasts (32,34). In the early wound healing stages, TGF-

β can stimulate monocytes to recruit inflammatory cells to the wound site and elevate the level of 

essential proteins in the ECM, including VEGF (35) and collagen types I and III (31). Additionally 

TGF-β can regulate the inflammatory response by acting as an immunosuppressant by altering 

lymphocyte function, decreasing inflammation and increasing tissue growth (36). The elevation of TGF- 

β can serve as a mechanism by which the wound progresses into the next phases of healing (37). 

Conversely, an over expression of TGF-β leads to a pathological abundance of ECM; excessive cell 

proliferation and fibrogenesis (38). This underlies the pathogenesis of some chronic inflammatory 

disorders including fibrosis of the lung (39), kidney (40) and liver (41). TGF-β’s role as either the 

promotor of normal physiology or the generator of detrimental pathology is determined by the location 

and context in which this growth factor is stimulated. Thus, in the context of wound healing, TGF-β 
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acts as a multifaceted and intriguing double-edged sword. 

1.5 PDGF Secretion by Platelets 

Like TGF-β, PDGF exclusively participates in the wound healing process. PDGF isoforms 

include A, B, C and D which can form dimers e.g. PDGF – AA, PDGF – BB, PDGF – AB etc. to 

activate structurally related tyrosine kinase receptors (42). This growth factor is primarily stored in the 

α-granules of platelets and is the primary stimulus for the migration and proliferation of mesenchymal 

cells, epithelial cells keratinocytes and fibroblasts. In addition, PDGF acts as a chemoattractant for the 

migration of neutrophils and macrophages essential to wound repair (43). In the earlier stages of healing, 

PDGF is essential in formation of the ECM stimulating matrix molecules like fibronectin (44) and 

collagen (45). The macrophages that PDGF attracts and stimulates, act as an intermediate for the 

production of procollagen type 1 from fibroblasts which is important in the later stages of wound healing 

(46). Through observations of the source of PDGF, it is suggested PDGF must be present at the wound 

site to be effective (43), highlighting the need for activated platelets at the wound site to ensure a source 

of PDGF. The continued need for a source of growth factors from platelets may also explain the 

aetiology of non-healing ulcers because past studies have reported the destruction of PDGF and TGF-β 

by the enzyme elastase in chronic conditions (33). Furthermore, the topical application of PDGF to non-

healing ulcers has shown favourable results (47). A study of 922 participants showed that the 

administration of exogenous PDGF had a significant effect in the treatment for chronic diabetic foot 

ulcers (48). The study by Steed et al., (2006) provided additional evidence that the cause of chronic 

wounds could be linked to platelet function and platelet growth factor release or its inhibition (49). 

Although there is evidence that application of PDGF may assist healing, it has not been 

definitively demonstrated that PDGF is the absolute, individual requirement in the treatment of chronic 

ulcers and instead a combination of approaches is required (50). This indicates that the cause of a 

chronic wound may not be solely a depletion in growth factors but may have a have multifactorial 

aetiology. The imbalance of skin and wound microflora and the chronic oxidative stress exacerbated by 

generalized environmental factors e.g. footwear and pressure distribution, together with abnormal 

platelet activity, act as inflammatory inducers and play a significant role in contributing to this 
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deleterious pathology. 

1.6 Diabetes 

Type 2 Diabetes Mellitus (T2DM) accounts for 90% of all diabetes cases world-wide (51) and 

is characterised by excessive hepatic glucose production, elevated insulin release accompanied by 

insulin resistance (52). The resulting blood hyperglycaemia can ultimately lead to complications 

including nephropathy (53), retinal vascular dysfunction (54), neuropathy (55), chronic ulcers and 

wounds (49), atherosclerosis and heart disease (56). 

The common biochemical cause of these complications is due to chronic oxidative stress (57). 

This oxidative stress, or production of ROS in excess of antioxidant defence, is caused by 

hyperglycaemia-induced overproduction of superoxide by the mitochondrial electron transport chain 

(Figure 4), which also elicits the other cellular pathways known to cause diabetic complications such 

as: increased metabolism of glucose through the polyol pathway (58); advanced glycation end product 

(AGE) formation (59); activation of protein kinase C (PKC) (60); or hexosamine pathway (61). 

Furthermore, ROS activated stress induced pathways including the NF-κB pathway, can lead to insulin 

resistance and impaired insulin secretion (52). Taken together these findings suggest that oxidative stress 

may not only be an underlying mechanism of diabetic complications, but linked to the development of 

T2DM itself (24). 

Figure 4: Hyperglycaemia-induced production of superoxide by the mitochondrial electron transport chain sourced from – 

Brownlee M (2005) (57) 
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1.7 Platelet Dysfunction in Diabetes 

It is well known that type 2 diabetics have a significantly higher risk of developing 

atherosclerotic coronary heart disease (CHD) (62) and as many as 80% of type two diabetics will die from 

a thrombotic death (63) suggesting those with type two diabetes are in a hypercoagulable state. Glucose 

oxidation, nonenzymatic glycation of proteins and the subsequent oxidative degradation of glycated 

proteins increase levels of free radicals which then decreases the level of the opposing antioxidant 

enzymes glutathione (GSH) and superoxide dismutase (SOD) resulting in chronic oxidative stress 

(64,65). Oxidative stress can also stimulate initial platelet activation and adhesion, shifting endothelial 

cells into a pro-thrombotic, adhesive state (66). The analysis of platelet function reveals hyperglycaemic 

induced oxidative stress stimulates platelets to be overactive; increasing aggregation in the presence of 

fibrinogen and plasminogen (67). Oxidative stress and platelet dysfunction in type 2 diabetes may be 

underpinned by an array of major macro- and micro-complications associated with the disorder 

(66,68,69). Specifically, oxidative stress alters blood rheology and increases the level of fibrinogen in 

plasma which has been associated with the development, presence and complications of peripheral 

artery disease (70). In peripheral nerves, vascular alterations and superoxide accumulation leads to 

impaired function and the eventual apoptosis of Schwann, glial and neural cells, leading to peripheral 

neuropathies (70–72). Additionally, oxidative stress is suggested as an underlying cause of the relentless 

progression of diabetic kidney disease by inducing tubulointerstitial fibrosis and sclerosis formation 

(73–76). The pathophysiology of diabetic retinopathy includes a combination of oxidative stress and an 

increase in VEGF leading to retinal breakdown (77,78). 

1.8 Diabetic Foot Ulcers (DFU) 

“Diabetic Foot” is a condition where there is non-healing ulceration on the feet of diabetics 

(DFUs), attributable to neuropathies and/or peripheral artery disease in patients with diabetes (79). 

Diabetes is the most common cause of neuropathies in the world (80). As a neuropathy develops, 

patients loose sensation in their foot and consequently alter their posture. This altered posture 

predisposes the foot to localised pressure, undetected by the patient, which leads to callus formation 
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and eventual breakdown into an open wound (3). Alternatively, peripheral artery disease can cause 

ischemia in the lower limb and a reduction in sweating. This leads to high pressure areas becoming 

calloused and necrotic, eventually leading to an open wound (81). Subsequently, the macro- micro- 

biological complications; oxidative stress, decrease infection resistance, abnormal platelet activity and 

a decrease in levels of PDGF and TGF-β contribute to an overall decreased healing time, repeated 

hospitalizations and/or the eventual amputation of the limb (82). 

Infection control is a high priority in the treatment of chronic wounds (79). In DFUs, the poor 

circulation leads to the decreased supply oxygen and lower infiltration by cells associated with immune 

defence, thus increasing susceptibility for growth of pathogenic microorganisms and bacterial biofilms. 

It has been proposed that bacterial biofilms are a significant factor in the development of deleterious 

non-healing chronic wounds (83). Unfortunately, antibiotics are ineffective on bacterial biofilms (84), 

and thus, infection control involves surgical debridement or amputation in severe cases. 

1.9 Current Treatments for Diabetic Foot Ulcers 

The current treatments for DFUs include initial debridement and disinfection, metabolic 

control, force offloading and education of self-care by patients (85). Such a conservative method of 

healing a chronic wound can be largely effective, if no other complications arise and the systemic factors 

such as oxidative stress from hyperglycaemia and levels of wound microflora, mentioned earlier are 

under control (86,87). If conservative management fails, aggressive strategies of amputation, 

revascularization surgery or alternative treatments are considered (85). Modern, alternative interventions 

include vacuum assisted wound closure, hyperbaric oxygen therapy, the introduction of stem cells, 

sprays impregnated with fibroblast growth factor and the use of topical antiseptic agents, such as silver 

based wound dressings (47,88). Vacuumed assisted wound closure has shown promising results in both 

surgery and the healing of diabetic foot ulcers, however the therapy is contraindicated in ischemic 

environments such as: deep ulcers exposing tendons and bones, the presence of necrotic tissue and 

osteomyelitis (85,89,90). Hyperbaric oxygen therapy has shown to be significantly effective in the 

treatment of ulcers, however it is unlikely to show results in patients with uncontrollable ischemia (91–

93). Paradoxically, 
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the careful introduction of gas or oil-based ozone, a strong oxidant, can generate an adaptive response 

that is able to diminish a chronic oxidative state and normalize platelet function (17). Ozonated gas and 

oil have also shown promising results in the treatment of chronic wounds (4), however more reliable, 

systematic controlled trials are needed before it can be seriously considered as a conventional treatment 

(3,94). 

1.10 A Role for Ozone in the Treatment of Diabetes 

A number of recent studies have demonstrated the protective ability of ozone to restore the 

antioxidant defence in hyperglycaemic blood (95–97). A study by Saleh et al., (2014) demonstrated a 

direct link between presence of oxidative stress and impaired glucose uptake in diabetes induced rats. 

The study showed that through an adaptive increase in antioxidant defence, ozone diminished oxidative 

stress and improved glucose uptake (98). Additionally, an ozone induced aggregation of platelets in 

vitro has shown to dramatically increase the level of PDGF and TGF-β, especially when heparin is used 

as an anticoagulant (99). This finding suggests ozone may have a two-fold impact in the context of 

healing diabetic wounds: regulating platelet function by diminishing oxidative stress and stimulating 

platelet participation in healing by increasing growth factor levels in situ. However, the specific in vitro 

analysis of the release of PDGF and TGF-β from platelets after ozone exposure has not yet been 

examined using the platelets of diabetic participants. 

1.11 Physiological and Biochemical Actions of Ozone 

Ozone is a naturally occurring molecule made up of three oxygen atoms (O3 – triatomic oxygen) 

and decomposes in blood to produce ROS and LOPs. After contact with blood plasma ozone 

immediately reacts with various biochemicals including uric and ascorbic acids, albumin-thiol groups, 

polyunsaturated fatty acids (100). The outcome is formation of mainly H2O2 and other ROS, oxidized 

antioxidants and ozone specific LOPs (101). If the concentration of ozone is below its threshold limit 

value in the blood, it rapidly autoreacts and decomposes before it can cause cellular damage which 

could be harmful to the host. It should be noted that in the experiments reported in this thesis both the 

recommended therapeutic dose, and the concentration of ozone was lower than its threshold limit value 
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(102). 

It has been proposed that the mechanism of action of ozone as an advanced treatment for 

diabetic complications is via hormesis, which constitutes an adaptive preconditioning of the cellular 

environment by controlled ozone dosages that paradoxically decrease the oxidative stress (103). It has 

been suggested that reactive oxygen species could affect the regulation of antioxidants via a secondary 

pathway: Namely, the overproduction of superoxide anion and H2O2 from pathologic oxidative stress 

which generate an aggressive demand for antioxidants and thereby cause an upregulation in the host’s 

antioxidant defence which in turn decreases the level of unchecked oxidative stress. In addition, ozone 

induced oxidative compounds are reduced by the glutathione GSH pathway and encourage generation 

of antioxidants without contributing to the pathologic oxidative stress (104). More specifically, through 

the GSH pathway, ozone indirectly initiates the Nuclear factor erythroid 2-related factor 2 (Nrf2)-

antioxidant response element signalling pathway (Nrf2 – ARE pathway) to control the expression of 

genes responsible for counteracting the oxidative stress and enhancing antioxidant capacity (Figure 5) 

(105). 

Ozone, through oxygen-dependent redox 

signalling, may directly facilitate the wound 

healing process itself. In controlled doses, ozone 

can accelerate the cell cycle and induce synthesis 

of growth factors by activation of platelet redox 

transcription factors such as nuclear factor kappa 

B (NF-кB) (106). Platelet NF-κB is an activator 

for pro-inflammatory genes including interleukin 

8 (IL-8), Tumour necrosis factor α (TNFα) and 

TGF-β and as such, is a regulator for 

inflammatory responses and the 

entire wound healing process (10,107). Ozone reactions also 

form nitrous oxide (NO). As a powerful vasodilator, NO assists 

the reperfusion ischemic tissues. NO can also generate 

Figure 1Figure 5: Ozone compounds acting via a secondary 

pathway to stimulate cytokines and antioxidants through NF-

кB and Nrf2 respectively. Sourced from – Nguyen T, Nioi P, 

Pickett CB (2009)(105) 

Cytokines 



Aqueous Ozone on the Aggregation and Release of Platelets in Diabetic Participants 

21 

formationof cyclic guanosine monophosphate (cGMP), an important inhibitor of platelet aggregation and regulator of 

smooth muscle proliferation (38). 

Aside from stimulating physiological pathways that benefit healing, ozone has been 

acknowledged as a potent antimicrobial agent since the 1800’s (6). Ozone oxidizes the lipoproteins and 

phospholipids of pathogens causing irreversible damage to bacterial cell walls (108) and viral DNA 

(109) serving as a powerful disinfectant (101,106). The microbial load of the DFU has shown to be a

large contributing factor to the healing process of the wound. Despite continuous debridement of a 

wound and alternative therapies some wounds continue to grow (110). Ozone therapy may have a 

multilevel effect in not only stimulating the healing of a chronic wound but reduce the microbial load 

enough for healthy tissue to proliferate. 

1.12 Ozone Toxicity 

Reservations regarding ozone therapy stems from its toxicity to tissues, especially within the 

respiratory tract (111). In highly concentrated doses, ozone gas may cause vasoconstriction of the 

pulmonary vasculature (112), acute bronchospasm (113) and general airway irritation (114). 

Furthermore, although ROS are crucial signals for immune responses and antioxidant defence, they may 

cause cellular damage depending on their reactivity and concentration. For example, hydroxyl radicals 

and other toxic components may be formed including peroxynitrite (O = NOO-) and the hypochlorite 

anion (ClO-) can be formed in the Fenton reaction (115) providing a highly reactive species that causes 

damage to proteins and lipids. Studies that analysed the effect of highly concentrated ozone exposure on 

the skin of mice showed ozone depletes the skin’s antioxidant levels and increases lipid peroxidation 

(116). 

Since, many studies have demonstrated the threshold limit value of ozone concentration, above 

which ozone becomes harmful (10 - 80μg/L) (102,117,118) there has been persistent confusion and 

circumspection regarding the medical application of ozone therapy despite a large body of research 

demonstrating its benefit. In the worst cases, the injection of ozone intravenously, often by non-medical 

practitioners, has led to disastrous outcomes in recent times despite the practice having being prohibited 

since 1984 (115). Furthermore, Ozone therapy has been confused in South Australia with cesium 
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chloride, a controversial cancer treatment known to have killed 6 people in the area (119). Despite a 

dogma surrounding Ozone therapy, multiple high-quality scientific reviews (4,8,102,118) indicate 

ozone therapy has a strong medical basis if handled by medically trained practitioners. Nonetheless, 

global protocols on the specific concentration and application method have not yet been determined 

and as such, further research into the biological effects of ozone must be conducted. 

1.13 Purpose of the Current Study 

The purpose of this five-experiment study is to assess the impact of aqueous ozone on platelet 

rich plasma prepared from diabetic and non-diabetic volunteers. Experiment 1 will investigate the effect 

of aqueous ozone at two time points, immediate (< 5min) and post-two hours, will be used to 

quantitatively determine whether aqueous ozone: (i) increased platelet aggregation; and (ii) resulted in 

activation and degranulation of platelets, with the concomitant release of contents from the platelets. 

In experiment 2, 3 and 4, the effect of platelet exposure to aqueous ozone on two key markers 

will be quantified after two hours using Enzyme Linked Immuno-Sorbtion Assays (ELISAs) to 

determine: the level of PDGF (experiment 2) and TGF-β (experiment 3) secreted; the total TAC and the 

level of oxidative stress that resulted (experiment 4) (protein carbonyl will be used as a marker). 

The final experiment (experiment 5) will be an in vitro small clinical trial investigating the 

effects of aqueous ozone on the diabetic foot ulcers of two volunteers. 

Using these five experiments, this study will be the first to not only quantify the effect of 

aqueous ozone on the platelets of diabetics but also serve as a proof of concept for a future study to 

quantify the effect of the external application of aqueous ozone on diabetic foot ulcers. The current 

study is the first step in determining whether aqueous ozone could be a new potential adjunct to 

conventional DFU care and to examine key biochemical markers of wound healing associated with 

aqueous ozone treatment in vitro and in vivo in order to validate reliable tools for further investigations. 
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2.0 Aims and Hypothesis 

2.1 Aims 

1. To examine the effects of aqueous ozone treatment on the aggregation of platelets from non- 

diabetic adults.

2. To examine the effects of aqueous ozone of the activation of platelet secretion in non-diabetic

adults by measuring release of ATP.

3. To measure the level of oxidative stress that occurred in platelet rich plasma (PRP) from

diabetics compared with non-diabetic adults after aqueous ozone exposure in vitro for 2 or 4

hours.

4. To evaluate the levels of TGF-β and PDGF after aqueous ozone exposure in diabetics compared

with non-diabetic adults.

5. To examine the effects of aqueous ozone treatment on the DFU of two diabetic volunteers.

2.2 Hypothesis 

1. Aqueous ozone exposure will have no or little effect on the aggregation of platelets.

2. Aqueous ozone will increase platelet secretion of ATP, which is associated with degranulation

and the release of platelet contents.

3. The concentration of aqueous ozone used would not increase the marker of oxidative stress in

non-diabetics but would increase the marker of oxidative stress in diabetics.

4. TGF-β and PDGF concentration will increase after aqueous ozone exposure in both diabetics

and non-diabetics, due to the release of platelet contents.

5. Aqueous ozone, like gaseous ozone will cause a significant decrease in surface area of the

wound.
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3.0 Materials and Methods: 

Ethics was approved by the Griffith University Human Research Ethics Committee (HREC). 

HREC number: 2018/661. 

3.1 Characteristics of Diabetic Participants: 

A total of 6 participants diagnosed with T2DM took part in this study. Of the participants, 2 

were female (33 %) and the age ranged between 55 and 75 years. All participants had been diagnosed 

with T2DM for > 5 years and were happy to donate a blood sample for the study. Of the 14 participants 

not diagnosed with T2DM, the age range was substantially larger ranging between 25-75 years. 

However, ratios of male to females remained equal across the two groups (33 %). No participant had 

any significant blood disorder that may impact results and platelet count was relatively equal between 

all participants ranging from 180 – 220 x 109 /L of blood (normal range 150 – 350 x 109/L) (120). The 

participant number satisfied the calculated power test for the prevalence of diabetic foot ulcers in 

Australia was n = 4. Potential participants were screened for significant blood disorders including active 

haemorrhage, anaemia, current haematomas or thrombocytopenia. Participants were also excluded if 

they had donated blood within 20 days. Participants were asked not to take non-steroidal anti-

inflammatory drugs for 10 days before sampling and to avoid drinking coffee on the day of collection. 

Diabetic volunteers were gender matched with a non-diabetic control and the recruitment process 

continued until 6 diabetic and 6 non-diabetic volunteers were recruited. Initially, it was intended to match 

body mass index (BMI) and age for diabetic and non-diabetic volunteers however due to participant 

restraints this was not possible at the time of recruitment. It should be noted that with regards to age and 

platelet function, there is little difference among healthy adults under 74 years (121). All non-diabetic 

volunteers were similarly screened by the exclusion criteria as mentioned above and listed in Table 2. 
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Table 2: Inclusion and exclusion criteria 

Inclusion Criteria 

(for diabetic participants) 

Exclusion Criteria 

(for all participants) 

• Age < 80years

• Diagnosis of T2DM

for > 5 years

• severe anaemia

• active haemorrhage

• pregnancy

• thrombocytopenia

• cardiovascular instability

• hyperthyroidism

• a known allergy to ozone

3.2 Blood Sample Preparation: 

Four 5 ml anticoagulated blood samples were taken from a total of 6 diabetic and 10 non-

diabetic volunteers using citrate as an anticoagulant. The blood samples from the additional 4 non-

diabetic volunteers were used to determine if, and the extent to which, ozone exposure stimulated: (i) 

platelet aggregation and (ii) the release of ATP which accompanies α granule release. Immediately after 

blood collection, the platelets were counted using a haematology analyser from Beckham Coulter 

products model DxH 500 (B40601-DxH Hematology Analyser). Samples that had a platelet count in 

excess of 200 x 109 per litre were diluted to match the average platelet count using the autologous 

platelet poor plasma (PPP) from the respective participant, i.e. plasma lacking in platelets was used to 

dilute the number of platelets present to the same target level for each participant. To be exact, to add 

plasma lacking in platelets to dilute the number of platelets present. The blood was centrifuged at 2°C 

at a speed of 200 g for 10 min to yield platelet rich plasma (PRP). For clarification, Table 3 shows each 

participant’s identification denoted by a number and "d" for diabetic or "nd" for non-diabetic as well as 

the use of their blood sample in each experiment.  
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Table 3: Participant identification and their blood contribution to each experiment 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 

Diabetic 

(n=6) 

Non-Diabetic 

(n=6) 

Diabetic 

(n=6) 

Non-Diabetic 

(n=6) 

Diabetic 

(n=6) 

Non-Diabetic 

(n=6) 

Non-Diabetic 

(n=4) 

1d 

2d† 

3d 

4d 

5d† 

6d 

1 nd 

2 nd† 

3 nd 

4 nd 

5 nd† 

6 nd 

1d 

2d† 

3d 

4d 

5d† 

6d 

1 nd 

2 nd† 

3 nd 

4 nd 

5 nd† 

6 nd 

1d 

2d† 

3d 

4d 

5d† 

6d 

1 nd 

2 nd† 

3 nd 

4 nd 

5 nd† 

6 nd 

Participant 7 

Participant 8† 

Participant 9 

Participant 10 

Table 1:Female participants are indicated by †

3.3 Ozone Generation and Measurement: 

Ozone was generated from using medical grade 99% oxygen through an electrical cold corona 

arc discharge unit in a PromoLife, O3 Elite Dual Ozone Generator (SKU:03ELITE-Dual). A 

concentration of 110 μg/L ozone was then bubbled into a capped 2000ml conical flask with an 

attached ozone destruct unit of activated carbon to degrade excess ozone gas. The gas flow rate was 

regulated using the PromoLife oxygen flow regulator (SKU:PL-REGLF6) and kept constant at 1/8 

LPM, recommended flow for optimal aqueous ozone production. 

The ozone gas was bubbled through 1500 ml of phosphate buffered saline (PBS) at 5°C for 1 

Hr or until the ozone saturation point was reached at 0.04ppm or 40μg/L. The determination of time to 

saturation point and saturation point of ozone in PBS was determined in a prior experiment not described 

here. The temperature of the PBS was kept low to optimize ozone concentration and extend the half-

life of gas within the solution. Furthermore, the saturation point of ozone in the PBS solution or the 

ozonized PBS (O3PBS) is higher than deionised water and so will be more likely to generate an effect 

than ozonated water (99). 

Finally, the level of ozone within the water was determined using the Dissolved Ozone Vacucile 

Kit from Ozone solutions (SKU-K-7404). The kit employs the indigo method (122) and determines the 

concentration of ozone using a spectrophotometer up to 0.750 ppm. 
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3.4 Experiment 1 

Does Aqueous Ozone Stimulate Platelet Aggregation and Secretion? 

In order to determine the extent to which aqueous ozone stimulates the release of α granules 

from platelets, a preliminary experiment was performed using the CHRONO-LOG® Model 700 Whole 

Blood/Optical Lumi-Aggregometer from Chrono-log Corporation. The optical Lumi-Aggregometer 

uses electrical impedance for whole blood or optical density in plasma with the simultaneous 

measurement ATP release by a luminescence method. The simultaneous measurement of aggregation 

and ATP secretion provides unequivocal evidence that dense α granules containing ATP and important 

growth factors have released their contents, indicating an increase in the level of TGF-β and PDGF could 

be expected (quantified in experiments 2 and 3). The optical Lumi-Aggrometer software will 

graphically display an increase in electrical impedance (OHMS), with 0 OHMS as the baseline. In 

Platelets aggregate towards the probe circuit which measures electrical resistance. As platelets 

aggregate they release dense α granules, which results in a decrease in the percentage of light 

transmission because more ATP is released and it binds to the Chrono-Lume illuminance agent. Refer 

to Figure 7 for a simplified representation.  

Blood, anti-coagulated using citrate, was sampled from 4 non-diabetic and immediately 

analysed for platelet count. The blood was centrifuged at 200 g for 10 min to extract the PRP. The PRP 

Figure 6: Graphical representation of the distribution of blood samples between experiments. 
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from each participant was then divided into four Eppendorf tubes so each contained 250 μL of PRP. 

The tubes were either mixed with 250μL of PBS or 250μL of the O3PBS (40μg/L) and tested 

immediately. Referring to Table 4, two of the four participant’s provided a blood sample that was 

aliquoted, one aliquot was tested immediately. A separate aliquot was incubated at room temperature 

for 2 hr to ensure optimal ATP release (99). Then, 225μL of the PBS/PRP solution was added to the 

Optical Lumi- Aggregometer curvette and incubated for 3 min. Then 25μL of CHRONO-LUME 

(luciferin-luciferase) which illuminates bound ATP (Model 700 Chrono-log corp.) was added and the in-

time analysis started. After 2 min, 6.25μL of ADP was added to the solution to trigger degranulation 

and the level of ATP release was recorded. This ADP challenge test served as the control since it 

provided the baseline response for ATP release from platelets in the platelet rich plasma (PRP).  The 

ATP release from PRP samples in response to treatments (PBS alone or O3PBS) were compared to the 

results of the ADP test to determine whether either or both treatments had any effect on platelet ATP 

release. This procedure was repeated for the aqueous ozone/PRP solution and the other samples after 

incubation with and without aqueous ozone for 2hrs. This experiment was duplicated on a different day 

and reproduced similar results.  

Table 4: PRP sample treatment to analyse platelet aggregation and ATP release 

Participant 7 Participant 8† Participant 9 Participant 10 

0hrs 

Incubation 

2hrs 

Incubation 

0hrs 

Incubation 

2hrs 

Incubation 

0hrs Incubation 0hrs Incubation 

Sample PRP 

with PBS 

250μL 

PRP 

250μL 

PBS 

250μL 

PRP 

250μL 

PBS 

250μL 

PRP 

250μL 

PBS 

250μL 

PRP 

250μL 

PBS 

250μL PRP 

250μL PBS 

250μL PRP 

250μL PBS 

Sample PRP 

with O3PBS 

250μL 

PRP 

250μL 

O3PBS 

250μL 

PRP 

250μL 

O3PBS 

250μL 

PRP 

250μL 

O3PBS 

250μL 

PRP 

250μL 

O3PBS 

250μL PRP 

250μL O3PBS 

250μL PRP 

250μL O3PBS 

As a typical response, the initial downward slope of the aggregation curve demonstrates initial 

platelet aggregation. This should be followed by a small curve termed the “secondary wave of 

aggregation” indicating the initial release of factors including ADP, fibrinogen, serotonin etc. stimulate 
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Secondary Wave 

of Aggregation 

Initial Aggregation 

(Baseline 0 OHMS) 

Figure 7: Typical response curve for platelet aggregation and ATP release from the Chrono-log 

lumi-aggregometer (123) 

further aggregation. The aggregation curve should be closely followed by the ATP release curve, 

indicating release of dense α-granules (Figure 7) (123). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

3.5 Aqueous Ozone Treatment of Platelet Rich Plasma. 

 
The PRP collected from each of the diabetic and non-diabetic participants were equally divided 

into eight Eppendorf tubes. For consistency, 500 μL of PRP was placed in each tube, it should be noted 

that due to physiological differences between participants, there were differences in the platelet count, 

in the PRP. This was measured post-centrifugation using a haematology analyser from Beckham Coulter 

products model DxH 500 (B40601-DxH Hematology Analyser) so that differences can be considered 

during the analysis of data phase. 

- Tube 1 and 4: 500μL PRP + 500μL PBS 

 
- Tube 2 and 5: 500μL PRP + 250μL PBS + 250μL O3PBS (40ug/L) 

 
- Tube 3 and 6: 500μL PRP + 500μL PBS + 6.25 μL ADP 

 
Tubes 1-3 were incubated at room temperature for 30 min prior to centrifuging at 2000RPM at 

2°C to separate the PPP. By separating the PPP, the reaction between the reagents and platelets could 

be stopped at a controlled time point (30 min). Post centrifugation, 500μL of PPP was collected and 

frozen -80°C until the level of TGF-β, PDGF, TAC and level of damage due to oxidative stress (protein 

ATP Release Curve 

(Baseline 100% light 
transmission) 
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carbonyl levels) were conducted. The same procedure was carried out for tubes 4-6 with an extended 

incubation time of 2 hrs. The two incubation times will demonstrate the speed of the PBS/ozone reaction 

and indicate the speed to which the growth factors of interest are produced. Analysis of Valacchi  

Bocci., (1999) study reveals a 2hr delay is required for a significant release of growth factors after ozone 

exposure, signifying a time lag necessary for synthesis. Therefore, if the current experiment had not 

included a 2hr incubation period, significant differences in the level of TGF-β and PDGF in response 

to ozone treatment could have been missed. 

3.6 Experiment 2 and 3: 

 
Does Aqueous Ozone increase TGF-β and PDGF-BB release from Platelets? 

 
According to Bocci., et al (1999), gaseous ozone can stimulate the release of both TGF-β and 

PDGF, for this experiment the concentration of TGF-β and PDGF were measured using specific ELISA 

kits from Abcam (PLC), “Human TGF beta 1 ELISA Kit (ab100647)” and “Human PDGF BB ELISA 

Kit (ab100624)” respectively. These tests were carried out according to the manufacturer’s directions 

(appendix A and B). Initially the activation procedure was carried out for the TGF-β to convert it to its 

immunoreactive form. All reagents and standards were equilibrated to room temperature. 100 μL of 

assay standards or sample were added to the appropriate wells of a 96 well assay plate. 

 

 

 

 

 

Figure 8: Summary of ELISA kit procedure sourced from Abcam PDGF BB Human ELISA kit manual 

 

After 4 hours of incubation at room temperature, the plate was washed 4 times using the wash 

solution supplied. 100 μL of the biotinylated TGF beta 1 Detection Antibody was then added, the plate 

incubated for 1 hour, then washed as previously described. The pre-prepared horseradish peroxidase 

(HRP) Streptavidin solution was then added and after 45 min incubation, the wash process was 

performed again. TMB One-Step Substrate Reagent was added and the plate was incubated in the dark 

for 30min. 50 μl of Stop Solution was added to each well and then read at 450 nm immediately to 
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determine the concentration of TGF-β in the samples. 

Platelet derived growth factor – BB (PDGF-BB) follows the same procedure as described in 

the ELISA kit manual see appendix, however no activation procedure was required for PDGF. Please 

refer to Figure 8 for visual diagram of the procedure. 

3.7 Experiment 4: 

 
Does Aqueous Ozone Increase the Level of Oxidative Stress in Plasma Proteins? 

 
The quantification of protein carbonyl groups are an important and immediate biomarker of 

protein damage after prior exposure to oxidative stress. Therefore, the level of oxidative stress was 

determined by using the Abcam (PLC) Protein Carbonyl Content Assay Kit (ab126287) which uses 1,2- 

dinotrophenylhydrozine (DNPH) tagging to create bi-products that are easily quantifiable. The purpose 

of this experiment was to determine if ozone incubated in PRP would leave signs of oxidative stress. 

Therefore, the incubation times for the samples for experiment 4 was increased from 30 min, used for 

growth factors, to 2hrs and 4hrs and only the post-incubation PPP was analysed. Plasma samples were 

prepared as per section 3.5 Samples for the kit were prepared as per the Protein Carbonyl Content Assay 

Kit manual (Appendix C). 100μL of DNPH was added and incubated at room temperature for 10 min. 

30μL of Trichloroacetic Acid (TCA) was added then spun at 2000g for 2 min so the supernatant could 

be discarded without disturbing the pellet. A cold acetone wash was performed to remove free DNPH 

before 200μl of Guanidine solution was added and the sample was sonicated. After briefly spinning to 

remove any insolubilized material, 100μL of each sample was transferred to a 96-well plate to measure 

OD at ~375 nm in a microplate reader. 

 

 

 

3.8 Statistical Analysis 

 
Differences in the absorbance readings for the PDGF-BB, TGF-β and protein carbonyl assays 

were tested for statistical significance using two-way, repeated measures ANOVA using Microsoft 

Excel software. Analysis for change in wound size was measured via a single factor, without replication 

ANOVA. (Microsoft Excel for Office 365 MSO (16.0.11929.20298) 32-bit). Prior to running each 
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repeated measures ANOVA, Mauchly’s test of sphericity was undertaken to ensure equal variance 

among groups. Following repeated measures ANOVAs, paired t-test was used in the analysis of 

individual groups. 

4.0 Results 

4.1 Experiment 5 

In vivo Pilot Trial using ozone to Treat Human DFUs. 

Ozone therapy is a new modality that has shown increasingly promising results in initiating the 

healing of chronic wounds. Chronic wounds like DFUs have shown outstanding improvements when 

subjected to ozone in either gas or oil form (3–6). A review by both Kushmakov et al., (2018) and 

Fitzpatrick et al., (2017) showed significantly better outcomes and a higher rate of closure after 

receiving oil or gaseous ozone treatment compared to the control (4,124). As mentioned earlier, the 

basis of this current study is to serve as a “proof of concept” of a larger in vivo study planned for next 

year. Therefore, a small trial was conducted to determine whether aqueous ozone, like oil and gaseous 

ozone, could similarly cause an effect on the healing of DFUs. 

The initial plan for this thesis was to perform the in vivo study described in this section. 

However due to ethics application and equipment delays, of the initial eight participants recruited which 

satisfied the calculated power test (n=8), six were lost for various reasons during the delay. The 

remaining two participants consented to take part and provide some evidence to the efficacy of aqueous 

ozone therapy. 

The two male participants were aged 65 and 68 years, having both sustained a chronic ulcer for 

1 and 5 years respectively. Both participants were undergoing conservative treatment of monthly 

debridement and silver dressing changes every two days. One participant had tried advanced therapies 

of vacuum assisted closure and hyperbaric oxygen therapy with little to no significant outcome. 

In this small experiment, a 20ml aqueous-ozone wash of 20μg/ml concentration was used to 

irrigate a diabetic ulcer on two volunteers. The duration of the trial lasted for 6 weeks, or until the ulcer 

had closed. Each participant received 3 X treatments/week on non-consecutive days. Both participants 

took part in a post-treatment survey to analyse any unpredicted outcomes or side effects. 
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The DFU of participant 1 (68 years) initially measured 1.59cm2, showed complete closure after 

4.5 weeks of treatment (100% reduction). The DFU of participant 2 (65 years) initially measured  

 6.81cm2 reduced to 1.37cm2 (80% reduction) after 6 weeks of treatment. The results of this small trial 

revealed that aqueous ozone significantly (p > 0.008) reduced the surface area of both diabetic ulcers. 

However due to a sample size of n = 2 this result is far from conclusive. 

All area calculations were conducted using SketchandCalc computer software. Side effects 

noted by both participants included a reduction in perceived pain of their affected foot, improvement in 

odour, increased exudate and participant 2 noted a slight itching sensation. 

Figure 9: Photographs taken every week of the diabetic foot ulcer at 10cm distance 

The promising results of this small trial suggest that a larger study should be undertaken to 

measure the healing effects of aqueous ozone for DFUs. Observation of the quantitative data and images 

revealed a significant reduction in surface area and depth of both ulcers. Both participants noted 

increased, non-odorous, clear exudate from the third session on the trial. Participants reported needing 

thicker bandages or more regular bandage changes throughout the trial to protect their clothing. It is 

postulated the increased exudate was due to a combination of neovascular formation and vasodilation 

by NO. As an aside, recent studies on the healing effects of aqueous ozone could validate this idea based 

on the report that there was increased activation of VEGF using aqueous ozone in bone healing (125). 

Qualitative analysis of week 6 image of participant 2 shows visible signs of neovascularization 

as there are an increased number of blood vessels compared to the previous weeks. Qualitative analysis 

of all the images demonstrates the typical healing of DFUs; the centre of the ulcer shows healthy 

Week 1 
1.59cm2 

Week 2 
0.96cm2 

Week 3 
0.42cm2 

Week 4 
0.29cm2 

Week 5 
0cm2 

Week 1 
6.81cm2 

Week 2 
3.74cm2 

Week 3 
3.46cm2 

Week 4 
2.55cm2 

Week 5 
1.78cm2 

Week 6 
1.37cm2 
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epithelial tissue growth with an outer layer of granulation tissue indicative of new cell proliferation 

(126). In future, more participants and further analysis is needed to confirm reasons behind noted side 

effects. 

4.2 Experiment 1: Platelet Aggregation and Secretion 

As expected, the ADP  challenge test for all four participants demonstrated both aggregation of 

platelets and consequent ATP release from dense α-granules in an expected pattern, shown in Figure 7 

above (123) (Figures 10: A and B).  

4.2.1 ATP release 

The O3PBS treatment demonstrated a clear increase in ATP release above the starting point at 

100 % light transmission and a statistically significant increase of ATP release compared to PBS for all 

participants (p < 0.001) This was true in both the immediate incubation (p < 0.005) (Figures 10: C and D) 

and 2 hr incubation (p < 0.01) (Figure 10: E). However, there was no significant difference in ATP release 

between 0hrs incubation and 2hrs incubation (p = 0.1) and no significant difference in ATP release in 

O3PBS treated platelets when compared to the ADP challenge test (p = 0.6). Data analysis of the PBS 

(control) treatment revealed little to no increase in ATP release above baseline levels and no significant 

difference between incubation periods (p > 0.4) (Figures 10: C, D and F). Accordingly, there was 

significantly less ATP secretion in the PBS treatment compared to the ATP release in the ADP challenge 

test (p < 0.001). This experiment demonstrated O3PBS condition stimulates more ATP release then the 

PBS control.  

4.2.2 Aggregation 

Within the 0hrs condition, a single factor AVOVA demonstrated overall, no statistically 

significant difference between the aggregation resulting from any in-vitro treatment compared to the 

control (PBS) (p = 0.07). However, a paired t-test revealed that PBS caused significantly more 

aggregation than the ADP standard (p < 0.01) (Figure 10). Furthermore, in the 2hr condition, there was 

no statistically significant difference between the aggregation of O3PBS treatment or PBS control.  
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Figure 10: Level of platelet aggregation (lines originating from the top corner) and ATP release (lines originating 

from the bottom corner). In order: diagram A: ADP standard curves of participant 7 and 8. Diagram B: ADP 

standard curve of participant 9 and 10. Diagram C: No incubation (0hrs) for PBS participant 7 and 8 compared to 

0hrs incubation O3PBS participant 7 and 8. Diagram D: 0hrs incubation PBS participant 9 and 10 compared to 0hrs 

incubation O3PBS for participant 9 and 10. Diagram E: 2 hr incubation (2hrs) for O3PBS participant 7 and 8. 

Diagram F: 2 hrs incubation for PBS for participant 7 and 8. 
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4.3 Experiment 2: PDGF Release from Platelets 

Analysis of the 30 min incubation period via an ANOVA revealed no significant difference 

between the ADP, 03PBS and PBS treatments (p = 0.08). Furthermore, there was no statistically 

significant difference between diabetic and non-diabetic participant groups (p = 0.9) (Figure 11: A). 

Analysis of the 2hr incubation condition revealed PDGF levels were significantly higher in response to 

ADP treatment than in response to PBS (p < 0.001) or O3PBS (p < 0.001) treatments (Figure 11: B). 

However, there was no statistically significant difference between O3PBS and PBS treatment groups (p 

= 0.97) or between diabetic and non-diabetic participant groups (p = 0.67) (Figure 11: B). 

In summary, analysis revealed higher levels of PDGF after exposure to ADP with a 2-hr 

incubation period, but no change when exposed to ozone. Furthermore, according to this data, 

participants with T2DM showed no difference in levels of PDGF when compared to participants without 

T2DM (Figure 11).  
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Figure 11: Level of PDGF-BB after 30 min incubation (A) or 2hrs incubation (B) with PBS, O3PBS or ADP. “d” refers to 
diabetic participants. “nd” refers to non-diabetic participants. Segments marked (*) indicate a statistically significant 
difference compared to PBS. Significant difference observed between ADP and PBS in figure (B) 
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4.4 Experiment 3: TGF-β Release from Platelets 

Statistical analysis of the TGF-β assay revealed no significant difference between ADP, O3PBS 

and PBS treatments in either in response to the 30 min incubations (p = 0.2) or 2hr incubations (p = 

0.84). Furthermore, there was no significant difference between diabetics and non-diabetics for the 30 

min incubation (p = 0.8) or 2hr incubation (p = 0.94). Lastly, there were no significant difference 

between a 30 min incubation period and 2 hr incubation period when comparing both the treatment 

groups (ADP, O3PBS and PBS) and participant groups (diabetic or non-diabetic) (p = 0.8) (Figure 12). 

Taken together these data indicate that there was no significant release of TGF-β from platelets for up 

to 2 hours after the treatments were commenced (discussed further in section 5) 
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Figure 12: Level of TGF-B after 30 min incubation (A) and 2 hr incubation (B) with PBS, O3PBS 
or ADP. “d” refers to diabetic participants. “nd” refers to non-diabetic participants. No 
significant difference when observing all participants in each treatment group, despite variance 
within participants. 
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4.5 Experiment 4: Protein Carbonyl Analysis 

Analysis of the 2hr incubation period, revealed a statistically significant different (p < 0.05) 

increase in level of protein carbonyl in the ADP and O3PBS group when compared to the PBS control 

group. This result, however, was only true for the diabetic participant group. The non-diabetic 

participant group in the 2-hr incubation period did not show a statistically significant difference between 

any of the treatment groups (p = 0.65) (Figure 12: A). Analysis of the 4hr incubation period revealed 

no statistically difference between treatments in either the diabetic (p = 0.51) or non-diabetic (p = 0.56) 

participant groups (Figure 12: B). Furthermore, there was no significant difference between the 2hr and 

4hr incubation periods when comparing treatments of non-diabetics (p = 0.59) or diabetics (p = 0.11). 

The data indicate there were a significant difference in protein carbonyl levels, a marker of oxidative 

stress, between diabetic and non-diabetic subjects (discussed in section 5).   
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Figure 13: Level of plasma Protein Carbonyl after incubation with either PBS, O3PBS or ADP for (A) 2 

hours; and (B) 4 hours. “d” refers to diabetic participants. “nd” refers to non-diabetic participants 

Statistical significance is indicated by (*) for ADP compared to PBS or by (#) for O3PBS compared to PBS. 
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5.0 Discussion: 

5.1 Experiment 1: Platelet Aggregation and Secretion 

The purpose of this small pre-test was to determine if O3PBS could cause release of alpha 

granules from platelets and therefore provide evidence for the likely release of PDGF and TGF-β. 

Analysis of the data revealed that O3PBS not only caused the aggregation of non-diabetic, human 

platelets but also demonstrated a significant increase in the release of ATP from platelets, which was 

similar to the ATP released in response to the ADP standard. 

First, the ADP standard demonstrated the typical curve for platelet aggregation with an almost 

instantaneous release of ATP. This standard test indicated the participant’s platelets were reacting 

normally. The slight curve after the initial response signifies a secondary wave of aggregation, 

signalling the release of factors that stimulate further aggregation e.g. fibrinogen, platelet ADP, 

serotonin etc (124) (Figures 10: A and B). The secondary wave of aggregation will only occur if the 

stimulus is strong enough, otherwise the platelets will disintegrate demonstrated by participants 9 and 

10 in the PBS condition (Figure 10: D). The platelets of participant 9 and 10 reacted normally under the 

ADP standard condition, indicating this disintegration was due to the PBS. 

Interestingly, analysis of the PRP from participants in the 2hr incubation revealed a delayed 

aggregation with a significant release of ATP in the 03PBS condition (Figure 10: E). This suggests that 

O3PBS stimulated platelet secretion of ATP. The secondary wave of aggregation demonstrated that 

O3PBS could cause increased ATP secretion without uniform platelet lysis, due to their degranulation, 

because platelets were present to aggregate following the initial ATP release. Furthermore, the ATP 

released in response to O3PBS was much higher than the ATP release in response ADP treatment. Taken 

together these two findings support the hypothesis that the O3PBS can trigger the release ATP which 

fuels a second wave of aggregation with the secretion more ATP, this pattern did not occur in treatment 

with PBS (control). It was not known at this stage whether the release of ATP was accompanied by the 

release of platelet contents such as PDGF and/or TGF- 

The finding in this study, that O3PBS treatment delayed platelet aggregation but enhanced ATP 

secretion agrees with the previous research of Sakai et al., (2014) which demonstrated a significantly 
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reduced bleeding time after aqueous ozone exposure to an artificially wounded rat tail, but little to no 

aggregation of platelets was observed. The aggregation and thrombus formation is similar between rat 

and human platelets suggesting these results are translatable (127). The suggested the aqueous ozone 

stopped bleeding without the typical denaturalization of protein involved in clotting thereby suggesting 

that no cytotoxicity occurred (128). The finding that ATP release and aggregation were separate events 

has prompted a future investigation proposed for 2020 with more participants to further investigate the 

mechanisms behind these results. 

After the 2-hr incubation period, PBS showed the expected response of little to no effect on the 

aggregation or secretion of platelets (Figure 10: F). An unexpected finding was that the immediate 

response of platelets to PBS was a significantly elevated level of aggregation without ATP release in 

any PBS participants (Figures 10: C and D). PBS is commonly used as a control as it is not considered 

as an agonist for platelet aggregation. Possible reasons for the result of participants 1 and 2 may have 

been the small force involved in loading samples into the Chrono-log during analysis and/or the sudden 

introduction of PBS, this will need to be investigated further. Further testing will be needed to determine 

the cause of the PBS induced aggregation as an immediate but not long-term response. 

Analysis of the immediate response to O3PBS showed a delayed aggregation response with an 

enhanced ATP release (Figures 10: C and D). The results of this small pilot study, although promising, 

should not be interpreted as strong evidence. This study demonstrated some evidence that O3PBS could 

interact with platelets and cause secretion of dense alpha granules. However, a much larger participant 

pool and further control of variables is needed for these results to be validated. 

5.2 Experiment 2 and 3: PDGF and TGF-β Release from Platelets 

In accordance with Bocci et al., (1999), it was expected that: (i) a significant increase in the 

level of both PDGF and TGF-β would occur via platelet lysis or exocytosis after exposure to aqueous 

ozone; and (ii) there would be an increase in these growth factors after a longer incubation period. 

Although there were significantly higher levels of PDGF in the ADP condition after a 2-hr 

incubation period, there was no significant elevation of PDGF in response to the O3PBS treatment 
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(Figures 11: A and B). However, the pre-test of platelet function (experiment 1) revealed that O3PBS 

can cause ATP release with less aggregation than caused by the addition of ADP, so it is possible that 

degranulation, platelet lysis or exocytosis did not occur in response to O3PBS treatment. Additionally, 

the release of TGF-β did not mirror the increase seen in PDGF, it is likely that the elevation occurred 

via exocytosis rather than the lysis that accompanies degranulation (129). 

Alternatively, a few differences in experimental design may account for differences obtained 

in this study: The blood collection tubes used by Bocci and colleagues were heparinised while collection 

tubes with a citrate-based anticoagulant were used in this experiment due to availability and the need to 

respond to the rapid change in direction of the study. Bocci’s experiment showed that heparinised blood 

collection tubes showed a significantly greater release of both PDGF and TGF-β from platelets in 

response to gaseous ozone (99). A similar finding by Gritters et al., (2006) demonstrated higher 

degranulation using heparin and dalteparin as a coagulant (130). However, citrate tubes have shown a 

higher platelet recovery after first centrifugation thus preserving platelets for analytical study (131). In 

future this experiment will be repeated with heparin tubes to determine whether the change in the 

medium, gas versus aqueous and/or the change in anticoagulant could have resulted in the difference in 

the findings in the current study from those obtained by Bocci et al., (2014). 

A second consideration is that there are several forms of PDGF, so if the decision was made to 

analyse PDGF-AA, instead of PDGF-BB, there may have been a different response. Pierce et al., (1995) 

suggested PDGF-AA was more prevalent in chronic ulcers as is more readily secreted by cells (132). If 

this experiment is to be repeated, analysis of PDGF-AA may show a stronger result. 

Thirdly, the concentration of ozone in the PBS solution may not have been enough to stimulate 

growth factor release. The concentration of ozone in this experiment was at saturation point at 40μg/L. 

Although within the threshold limit value, it was equal to the minimum concentration needed to elicit 

any effect on the release of growth factors from platelets (99) and therefore not at an optimal 

concentration. The concentration of aqueous ozone has previously shown to be a vital consideration 

when eliciting a physiological outcome (125,133). 

It is important to clarify, the studies that agree with this threshold limit value are mostly based on 

gaseous ozone concentrations. Currently, there are no studies that have investigated the in vitro or in 
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vivo effects of aqueous ozone on the platelet release of growth factors. Of the limited literature available, 

it’s apparent there are reported differences in physiological effects of gaseous versus aqueous ozone. 

Huth et al., (2006) demonstrated an increased cell cytotoxicity in response to gaseous ozone compared 

to no cytotoxicity from aqueous ozone administered at the same concentration (13). In addition, Huth el 

at., (2007) suggested that the two mediums containing ozone react differently in a physiological 

setting showing gaseous ozone to be a pro-inflammatory mediator while aqueous ozone acted as an 

inflammatory inhibitor (134). The suggested mechanism for the difference was that gaseous ozone 

generated more oxidative stress which can cause cytotoxicity and stimulate NF-κB, a protein that 

stimulates inflammation (13,134). Taken together these papers by Huth and colleagues provide 

evidence that gaseous and aqueous administration of ozone could be expected to have different 

outcomes. The data reported in this current thesis agree with the divergent effects of aqueous ozone and 

gaseous ozone. 

While O3PBS treatment did not cause a significant release of two key growth factors that play 

a role in wound healing, PDGF or TGF-β, it was clear that O3PBS caused aggregation and the release 

of ATP, demonstrating its capacity to interaction with platelet function. It is highly likely that O3PBS 

may exert effects on wound healing via a different pathway rather than a proposed role of growth factor 

release. As noted earlier, ozone can be reduced by the GSH pathway to stimulate the Nrf2 – ARE 

pathway or the formation of NF-κB (Figure 5). Consequently, it is possible that aqueous ozone could 

favour the Nrf2 – ARE pathway to increase the antioxidants in diabetics to cause healing rather than 

directly stimulating healing via any increase in NF-κB release. This is supported by the research of Qu 

D et al., (2011), on the change in levels of Nrf2 in rat hepatic cells after ozonized saline exposure. The 

study demonstrated a statistically significant increase in Nrf2 and the antioxidants GSH, catalase (CAT) 

and Glutathione peroxidase (GPx) (135). Furthermore, Huth et al., (2007) demonstrated aqueous ozone 

inhibits the NF-кβ pathway, whilst gaseous ozone stimulates it (134). The suggestion that aqueous 

ozone inhibits inflammation and encourages antioxidant formation provides evidence for a beneficial 

role of aqueous ozone not only for the treatment of diabetic ulcers, but even the treatment of T2DM 

itself. 

Another variable to consider that was not investigated in this study is the antimicrobial effect 
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of ozonated water. Many studies on various oral diseases have remarked on the effectiveness and safety 

of aqueous ozone on the inactivation of microbes during dental procedures (136–138). Bacteria can 

slow the healing process by secretion of metalloproteinases, compounds that lead to tissue destruction 

(139). The healing rate of DFUs have been accelerated with antibiotic therapy even in the absence of 

overt infection (140). It is possible the healing effects of the DFUS in the small clinical trial could be 

largely due to a reduction in microbial load. However, in studies mentioned above, aqueous ozone has 

demonstrated enhanced healing as well as advanced sterilization, therefore the biophysiological actions 

of aqueous ozone could be have an important role in wound healing. 

In future, to increase the validity of these findings and reach a sound conclusion, the 

comparative effects of aqueous and gaseous ozone on PDGF and TGF-β should be performed using 

heparin as an anticoagulant. Furthermore, in proposed future in vivo study, thorough testing of the 

microbial load of the wounds will be performed to assist understanding of the mechanisms of aqueous 

ozone. 

 
5.3 Experiment 4: Protein Carbonyl Analysis 

 
In general, the level of oxidation caused by O3PBS in plasma from non-diabetics was not 

statistically significant. This finding is in agreement with Huth et al., (2006) that aqueous ozone results 

in less oxidative stress than gaseous ozone and is less cytotoxic (13). For the purpose of this study, the 

minimal presence of oxidative stress caused by O3PBS provides evidence of the safety of aqueous 

ozone to be used in the future in vivo study as mentioned above. 

The increased oxidative stress caused by O3PBS in plasma from diabetics after a 2-hour 

exposure was expected (Figure 13). It is known that diabetics have a higher level of oxidative stress 

compared to non-diabetics so the addition of the oxidant, ozone, would logically increase the level of 

oxidative stress. Analysis of diabetic three in the 4hr incubation group shows an arbitrary spike in 

protein carbonyl after O3PBS. A possible physiological reason for this outlier may be due the oxidative 

stress caused by the O3PBS was greater than antioxidants present to counteract ozone’s effects. As this 

participant had diabetes, it is possible that they not only had existing oxidative stress but also may have 
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had a lower antioxidant capacity. However, as all other participants had a similar level of oxidative, this 

elevated result may be solely due to an artefact or a mechanical error. Nonetheless, in future 

experiments, it would be prudent to test the total antioxidant capacity of each participant before and 

after ozone exposure. Furthermore, due to the large variability between and within participants, a much 

larger participant pool is needed to confirm the findings reported in this thesis. 

6.0 Conclusion 

Ozone therapy is a new modality that has shown increasingly promising results in initiating the 

healing of chronic wounds. Whilst much of the literature has examined the effect of gaseous ozone or 

ozonated oil on the healing of DFUs, no papers have analysed the effect of aqueous ozone on DFUs or 

on the platelets from diabetics. 

The results reported in this thesis demonstrated that aqueous ozone could cause aggregation 

and release of ATP (experiment 1). This experiment demonstrated aqueous ozone has the potential to 

interact with platelets over an extended time course and could in theory cause release of vital growth 

factors. However, aqueous ozone was not observed to stimulate a significant increase in the release of 

PDGF-BB or TGF-β (experiment 2 and 3) in this study. Further research is needed to determine the 

mechanism behind ozone’s effects seen in experiment 1. 

Despite a surprising difference between the results reported for PDGF and TGF-β levels by 

Bocci et al., (1999) using gaseous ozone and those reported here with aqueous ozone (experiments 2 

and 3), the effect of aqueous ozone should not yet be dismissed, and a follow up study is planned (97). 

As expected, aqueous ozone did not show high levels of oxidative stress in non-diabetics in 

experiment 4, despite a long exposure time to the oxidative environment provided by the presence of 

ozone. The results of this experiment concur with countless studies that disagree with the dogma that 

“ozone is always toxic”. The diabetic condition where oxidative stress was significant suggests since 

ozone could increase the free radical load,  diabetics should increase their antioxidants by ingestion 

e.g. vitamin C supplements, prior to ozone exposure (94).”. However, as aqueous ozone did not

greatly elevate oxidative stress and demonstrated some evidence of healing chronic DFUs in 

experiment 5, this study provides optimism for the planned future clinical trial. 
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6.1 Limitations: 

Availability of materials. Citrate blood collection tubes were used rather than the more 

favourable heparin tubes due to material availability and a rapid change in study direction. In future 

studies, heparin tubes will be used as the anticoagulant may alter results more than originally 

anticipated. 

Concentration of Ozone. The allocated funding of the project was insufficient to purchase an 

ideal aqueous ozone machine. Rather aqueous ozone was created through bubbling ozone gas in 

water. Due to the reactivity of ozone, the concentration may have decreased during handling. Also, by 

adding the aqueous ozone solution to PBS, the ozone will have been diluted and concentration 

decreased. This decrease in concentration may have been insufficient to produce a significant result in 

experiment 2 and 3.  

In vivo vs in vitro. Although in vivo experiments provide researchers with valuable 

knowledge, the controlled environment may detract effects only witnessed in in vitro conditions.  

Use of Animal Models. As mentioned earlier a study that complimented the findings of 

Experiment 1 used rats. Platelets in rats are fairly comparable to human platelets (127,141), however 

there is always the consideration that humans are the ideal subject.  

 

In general, the in vitro experiments undertaken within this study quantified the effect of aqueous 

ozone on the platelets of diabetics and together with the small in vivo study (experiment 5) using aqueous 

ozone on DFUs provide some proof of concept for a future study to quantify the effect of the external 

application of aqueous ozone on diabetic foot ulcers. 
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1. Overview

Abcam’s TGF beta 1 Human ELISA (Enzyme-Linked Immunosorbent 

Assay) kit is an in vitro enzyme-linked immunosorbent assay for the 

quantitative measurement of Human TGF beta 1 in serum, plasma and 

cell culture supernatants. 

This assay employs an antibody specific for Human TGF beta 1 coated 

on a 96-well plate. Standards and samples are pipetted into the wells 

and TGF beta 1 present in a sample is bound to the wells by the 

immobilized antibody. The wells are washed and biotinylated anti- 

Human TGF beta 1 antibody is added. After washing away unbound 

biotinylated antibody, HRP-conjugated streptavidin is pipetted to the 

wells. The wells are again washed, a TMB substrate solution is added to 

the wells and color develops in proportion to the amount of TGF beta 1 

bound. The Stop Solution changes the color from blue to yellow, and 

the intensity of the color is measured at 450 nm. 
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2. Protocol Summary 

Prepare all reagents, samples, and standards as instructed 

Add standard or sample to appropriate wells. 

Incubate at room temperature. 

Wash and add prepared biotin antibody to each well. Incubate at 

room temperature. 

 
Wash and add prepared Streptavidin Solution. Incubate at room 

temperature. 

 
Add TMB One-Step Development Solution to each well. Incubate at 

room temperature 

 
Add Stop Solution to each well. Read at 450 nm immediately. 
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3. Precautions 

Please read these instructions carefully prior to beginning the assay. 

− All kit components have been formulated and quality control 

tested to function successfully as a kit. 

− We understand that, occasionally, experimental protocols might 

need to be modified to meet unique experimental circumstances. 

However, we cannot guarantee the performance of the product 

outside the conditions detailed in this protocol booklet. 

− Reagents should be treated as possible mutagens and should be 

handled with care and disposed of properly. Please review the 

Safety Datasheet (SDS) provided with the product for information 

on the specific components. 

− Observe good laboratory practices. Gloves, lab coat, and 

protective eyewear should always be worn. Never pipet by mouth. 

Do not eat, drink or smoke in the laboratory areas. 

− All biological materials should be treated as potentially hazardous 

and handled as such. They should be disposed of in accordance 

with established safety procedures. 

 

4. Storage and Stability 

Store kit at -20°C immediately upon receipt. Kit has a storage time of 

1 year from receipt, providing components have not been 

reconstituted. 

Refer to list of materials supplied for storage conditions of individual 

components. Observe the storage conditions for individual prepared 

components in the Materials Supplied section. 
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5. Limitations

− Assay kit intended for research use only. Not for use in diagnostic

procedures.

− Do not mix or substitute reagents or materials from other kit lots or

vendors. Kits are QC tested as a set of components and

performance cannot be guaranteed if utilized separately or

substituted.

6. Materials Supplied

Item Quantity 
Storage 

Condition 

TGF beta 1 Microplate (12 x 8 wells) 96 wells -20°C

20X Wash Buffer Concentrate 25 ml -20°C

5X Assay Diluent 15 ml -20°C

Biotinylated anti-Human TGF beta 1 2 vials -20°C

Recombinant Human TGF beta 1 Standard 2 vials -20°C

500X HRP-Streptavidin Concentrate 200 µl -20°C

TMB One-Step Substrate Reagent 12 ml -20°C

Stop Solution 8 ml -20°C
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7. Materials Required, Not Supplied 

These materials are not included in the kit, but will be required to 

successfully perform this assay: 

- 1 Microplate reader capable of measuring absorbance at 450 
nm. 

- Precision pipettes to deliver 2 µL to 1 mL volumes. 

- Adjustable 1-25 mL pipettes for reagent preparation. 

- 100 mL and 1 liter graduated cylinders. 

- Absorbent paper. 

- Distilled or deionized water. 

- Log-log graph paper or computer and software for ELISA data 
analysis. 

- Tubes to prepare standard or sample dilutions. 

- Reagents required for Sample activation: 

o 1 N HCl (100 ml) – Slowly add 8.33 mL of 12 N HCl into 

91.67 ml deionized water. Mix bottle. 

o 1.2 N NaOH/0.5 M HEPES (100 ml) - Slowly add 12 ml of 

10 N NaOH into 75 mL deionized water. Mix bottle. Add 

11.9 g HEPES. Mix through. Bring final volume to 100 mL 

with deionized water. 
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8. Technical Hints 

- This kit is sold based on number of tests. A ‘test’ simply refers to a 

single assay well. The number of wells that contain sample, control 

or standard will vary by product. Review the protocol completely to 

confirm this kit meets your requirements. Please contact our 

Technical Support staff with any questions. 

- Selected components in this kit are supplied in surplus amount to 

account for additional dilutions, evaporation, or instrumentation 

settings where higher volumes are required. They should be 

disposed of in accordance with established safety procedures. 

- Ensure plates are properly sealed or covered during incubation 
steps. 

- When preparing your standards, it is critical to briefly centrifuge the 

vial first. The powder may adhere to the cap and not be included 

in the standard solution resulting in an incorrect concentration. Be 

sure to dissolve the powder thoroughly when reconstituting. After 

adding Assay Diluent to the vial, we recommend inverting the tube 

a few times, then flick the tube a few times, and centrifuge briefly; 

repeat this procedure 3-4 times. This is an effective technique for 

thorough mixing of the standard without using excessive 

mechanical force. 

- Do not vortex the standard during reconstitution, as this will 
destabilize the protein. 

- Once your standard has been reconstituted, it should be used right 
away or else frozen for later use. 

- Keep the standard dilutions on ice while during preparation, but the 
ELISA procedure should be done at room temperature. 

- Be sure to discard the working standard dilutions after use – they do 
not store well. 

− Samples generating values higher than the highest standard should 

be further diluted in the appropriate sample dilution buffers. 

− Avoid foaming or bubbles when mixing or reconstituting 

components. 

- Avoid cross contamination of samples or reagents by changing tips 
between sample, standard and reagent additions. 

− Ensure plates are properly sealed or covered during incubation 

steps. 

− Complete removal of all solutions and buffers during wash steps. 
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− Make sure the microplate reader is switched on before starting the 

experiment. 

 

9. Reagent Preparation 

− Equilibrate all reagents to room temperature (18-25°C) prior to use. 

The kit contains enough reagents for 96 wells. 

− Prepare only as much reagent as is needed on the day of the 

experiment. 

 
9.1 1X Assay Diluent 

5X Assay Diluent should be diluted 5-fold with deionized or 

distilled water before use. 

9.2 1X Wash Solution 

If the 20X Wash Concentrate contains visible crystals, equilibrate 

to room temperature and mix gently until dissolved. Dilute 20 ml 

of 20X Wash Solution Concentrate into deionized or distilled water 

to yield 400 ml of 1X Wash Solution. 

9.3 1X Biotinylated TGF beta 1 Detection Antibody 

Briefly spin the Biotinylated anti-Human TGF beta 1 vial before 

use. Add 100 μL of 1X Assay Diluent into the vial to prepare a 

detection antibody concentrate. Pipette up and down to mix 

gently (the concentrate can either be stored at 4°C for 5 days or 

aliquoted and frozen at -20°C for 2 months). The detection 

antibody concentrate must be diluted 80-fold with 1X Assay 

Diluent prior to use in the Assay Procedure. 

9.4 1X HRP-Streptavidin Solution 

Briefly spin the 500X HRP-Streptavidin concentrate vial before use. 

HRP-Streptavidin concentrate must be diluted 500-fold with 1X 

Assay Diluent prior to use in the Assay Procedure. 
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10. Standard Preparation

− Prepare serially diluted standards immediately prior to use. Always

prepare a fresh set of standards for every use.

− Standard (recombinant protein) should be stored at -20°C or -80°C

(recommended at -80°C) after reconstitution.

− The following section describes the preparation of a standard curve

for duplicate measurements (recommended).

10.1 Briefly spin the vial of TGF beta 1 Standard. Prepare a 125 ng/mL 

TGF beta 1 Stock Standard by adding 400 μL Assay Diluent. 

10.2 Ensure the powder is thoroughly dissolved by gentle mixing. 

10.3 Label tubes #1 – 8. 

10.4 Prepare Standard #1 by adding 20 μL of the 125 ng/mL Stock 

Standard to 605 μL Assay Diluent into tube 1#. Mix thoroughly and 

gently. 

10.5 Pipette 300 μL Assay Diluent into each tube. 

10.6 Prepare Standard #2 by transferring 200 μL from tube #1 to #2, 

mix thoroughly. 

10.7 Prepare Standard #3 by transferring 200 μL from tube #2 to #3, 

mix thoroughly. 

10.8 Using the table below as a guide, prepare subsequent serial 

dilutions. Standard #8 contains no protein and is the Blank control. 
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Standard 

# 

Volume 

to  

dilute 

(µL) 

Diluent 

(µL) 

Total 

Volume 

(µL) 

Starting 

Conc. 

(pg/mL) 

Final 

Conc. 

(pg/mL) 

1 20 605 625 125ng/ml 4000 

2 200 300 500 4000 1600 

3 200 300 500 1600 640 

4 200 300 500 640 256 

5 200 300 500 256 102.4 

6 200 300 500 102.4 40.96 

7 200 300 500 40.96 16.38 

8 (Blank) 0 300 300 
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11. Sample Preparation

11.1 TGF beta 1 Sample Activation Procedure 

To activate latent TGF beta 1 to the immunoreactive form, 

follow the activation procedure outlined below. Assay samples 

after neutralization (pH 7.0 – 7.6). Use polypropylene test tubes. 

 Note: Do not activate the kit standards. The kit standards 

contain active rhTGF beta 1. 

11.2 Cell Culture Supernates 

Add 0.1 mL 1 N HCL into 0.5 mL cell culture supernate. Mix tube 

thoroughly. Incubate for 10 minutes at room temperature. 

Neutalize the acidified sample by adding 0.1 mL 1.2 N 

NaOH/0.5 M HEPES (pH 7.0 – 7.6). Mix tubes thoroughly. Assay 

immediately. The activated sample may be diluted with 1X 

Assay Diluent. The concentration read off the standard curve 

must be multiplied by the dilution factor. 

11.3 Serum/Plasma 

Add 0.05 mL 1 N HCl to 0.1 mL serum. Mix tube thoroughly. 

Incubate for 10 minutes at room temperature. Neutralize the 

acidified sample by adding 0.05 mL 1.2 N NaOH/0.5 M HEPES. 

Mix tube thoroughly. Assay immediately. The activated sample 

may be diluted with 1X Assay Diluent. The concentration read 

off the standard curve must be multiplied by the dilution factor. 
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12. Plate Preparation

− The 96 well plate strips included with this kit are supplied ready to

use. It is not necessary to rinse the plate prior to adding reagents.

− Unused well strips should be returned to the plate packet and

stored at 4°C.

− For each assay performed, a minimum of 2 wells must be used as

blanks, omitting primary antibody from well additions.

− For statistical reasons, we recommend each sample should be

assayed with a minimum of two replicates (duplicates).

− Well effects have not been observed with this assay.
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13. Assay Procedure 

− Equilibrate all materials and prepared reagents to room 

temperature prior to use. 

− We recommend that you assay all standards, controls and samples 

in duplicate. 

 
13.1 Add 100 μl of each standard (see Standard Preparation section 

10) and sample into appropriate wells. Cover well and incubate 

for 2.5 hours at room temperature or overnight at 4°C with gentle 

shaking. 

13.2 Discard the solution and wash 4 times with 1X Wash Solution. 

Wash by filling each well with 1X Wash Solution (300 μl) using a 

multi-channel Pipette or autowasher. Complete removal of liquid 

at each step is essential to good performance. After the last 

wash, remove any remaining 1X Wash Buffer by aspirating or 

decanting. Invert the plate and blot it against clean paper 

towels. 

13.3 Add 100 μL of 1X Biotinylated TGF beta 1 Detection Antibody 

(Reagent Preparation section 9) to each well. Incubate for 1 hour 

at room temperature with gentle shaking. 

13.4 Discard the solution. Repeat the wash as in step 13.2. 

13.5 Add 100 μL of 1X HRP-Streptavidin solution (see Reagent 

Preparation section 9) to each well. Incubate for 45 minutes at 

room temperature with gentle shaking. 

13.6 Discard the solution. Repeat the wash as in step 13.2. 

13.7 Add 100 μl of TMB One-Step Substrate Reagent to each well. 

Incubate for 30 minutes at room temperature in the dark with 

gentle shaking. 

13.8 Add 50 μl of Stop Solution to each well. Read at 450 nm 

immediately. 

13.9 Analyze the data as described below. 

13.9.1 Calculate the mean absorbance for each set of duplicate 

standards, controls and samples, and subtract the average 

Blank absorbance value. 

13.9.2 Plot the standard curve on log-log graph paper, with standard 

concentration on the x-axis and absorbance on the y-axis. Draw 

the best-fit straight line through the standard points. 

13.9.3 Determine the unknown sample concentration from the 

Standard Curve and multiply the value by the dilution factor. 
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14. Typical Data

Typical standard curve – data provided for demonstration purposes 

only. A new standard curve must be generated for each assay 

performed. 
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15. Typical Sample Values 

SENSITIVITY – 

The minimum detectable dose (MDD) of TGF beta 1 is typically 

18 pg/mL. 

 
PRECISION – 

 
 Intra-Assay Inter-Assay 

CV (%) <10% <12% 

 
RECOVERY – 

Recovery was determined by spiking various levels of recombinant 

Human TGF beta 1 into Human serum, plasma and cell culture media. 

Mean recoveries are as follows: 

 

Sample Type 
Average % 

Recovery 
Range (%) 

Serum 95.80 83-103 

Plasma 83.71 75-94 

Cell Culture Media 121.7 113-127 
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Linearity of Dilution 
 

Serum Dilution 
Average % Expected 

Value 
Range (%) 

1:2 124.5 118-131 

1:4 98.08 77-120 

 

Plasma Dilution 
Average % Expected 

Value 
Range (%) 

1:2 121.2 116-125 

1:4 133.5 129-141 

 
Cell Culture 

Media Dilution 

Average % Expected 

Value 
Range (%) 

1:2 103.9 88-119 

1:4 105.7 97-114 

 
 

16. Assay Specificity 

The antibodies used within this ELISA kit detect human TGF beta 1. 

Cross Reactivity: This ELISA kit shows no cross-reactivity with any of the 

cytokines tested; ANG, CD23, Eotaxin, GCSF, GM-CSF, GRO-α, GRO-β, 

GRO-γ, I-309, IFN-γ, IL-1α, IL-1β, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 

(p40), IL-12 (p70), IL-15, IL-16, IP-10, MCP-1, MCP-2, MCP-3, MCP-4, 

MCSF, MIG, MIP-1α, MIP-1β, NAP-2, PDGF, PF-4, PARC, SCF, SDF-1α, 

TIMP-1, TIMP-2, TNFβ, TGFβ2, TGFβ3, VEGF). 
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17. Species Reactivity 

This kit recognizes human TGF beta 1. 

 

 

 

 
Please contact our Technical Support team for more information. 
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18. Troubleshooting

Problem Reason Solution 

Poor standard 

curve 

Inaccurate 

pipetting 

Check pipettes 

Improper standards 

dilution 

Prior to opening, briefly spin the 

stock standard tube and dissolve 

the powder thoroughly by gentle 

mixing 

Low Signal 

Incubation times 

too brief 

Ensure sufficient incubation times; 

change to overnight 

standard/sample incubation 

Inadequate 

reagent volumes or 

improper dilution 

Check pipettes and ensure correct 

preparation 

High 

background 

Plate is insufficiently 

washed 

Review manual for proper wash 

technique. If using a plate washer, 

check all ports for obstructions 

Contaminated 

wash buffer 
Prepare fresh wash buffer 

Low sensitivity 

Improper storage of 

the ELISA kit 

Store the reconstituted protein at 

-80°C, all other assay components

4°C. Keep substrate solution 

protected from light. 

Stop solution 
Stop solution should be added to 

each well before measure. 
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Technical Support 

Copyright © 2017 Abcam, All Rights Reserved. The Abcam logo is a registered trademark. All information / detail is correct at 

time of going to print. 

 

Austria 

wissenschaftlicherdienst@abcam.com | 019-288-259 

France 

supportscientifique@abcam.com | 01.46.94.62.96 

Germany 

wissenschaftlicherdienst@abcam.com | 030-896-779-154 

Spain 

soportecientifico@abcam.com | 91-114-65-60 

 

Switzerland 

technical@abcam.com 

Deutsch: 043-501-64-24 | Français: 061-500-05-30 

UK, EU and ROW 

technical@abcam.com | +44(0)1223-696000 

 

Canada 

ca.technical@abcam.com | 877-749-8807 US and Latin America 

us.technical@abcam.com | 888-772-2226 

 

Asia Pacific 

hk.technical@abcam.com | (852) 2603-6823 

China 

cn.technical@abcam.com | 400 921 0189 / +86 21 2070 0500 

Japan 

technical@abcam.co.jp | +81-(0)3-6231-0940 

Singapore 

sg.technical@abcam.com | 800 188-5244 

 

Australia 

au.technical@abcam.com | +61-(0)3-8652-1450 

New Zealand 

nz.technical@abcam.com | +64-(0)9-909-7829 
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9.2 Appendix B 
 

 

 

 

 

 

ab184860 – 
PDGF BB Human 
SimpleStep ELISA® Kit 

 
 
 
 
 
 

Instructions for Use 

 
For the quantitative measurement of PDGF BB in human serum, 

plasma, and cell culture supernatant. 

 
 
 

This product is for research use only and is not intended for diagnostic 

use. 

 
 
 
 

Last Updated 05/02/2019 
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INTRODUCTION 

1. BACKGROUND

Abcam’s PDGF BB in vitro SimpleStep ELISA® (Enzyme-Linked 

Immunosorbent Assay) kit is designed for the quantitative measurement 

of PDGF-BB protein in human serum, plasma, and cell culture 

supernatant. 

The SimpleStep ELISA® employs an affinity tag labeled capture 

antibody and a reporter conjugated detector antibody which 

immunocapture the sample analyte in solution. This entire complex 

(capture antibody/analyte/detector antibody) is in turn immobilized via 

immunoaffinity of an anti-tag antibody coating the well. To perform the 

assay, samples or standards are added to the wells, followed by the 

antibody mix. After incubation, the wells are washed to remove unbound 

material. TMB substrate is added and during incubation is catalyzed by 

HRP, generating blue coloration. This reaction is then stopped by 

addition of Stop Solution completing any color change from blue to 

yellow. Signal is generated proportionally to the amount of bound 

analyte and the intensity is measured at 450 nm. Optionally, instead of 

the endpoint reading, development of TMB can be recorded kinetically 

at 600 nm. 

Platelet derived growth factor B chain plays an essential role in the 

regulation of embryonic development, cell proliferation, cell migration, 

survival and chemotaxis. As a homodimer it is a potent mitogen for cells 

of mesenchymal origin and is required for normal proliferation and 

recruitment of pericytes and vascular smooth muscle cells in the central 

nervous system, skin, lung, heart and placenta. PDGF-BB is essential 

for normal blood vessel development, for normal development of kidney 

glomeruli and in wound healing. Signaling is modulated by the formation 

of heterodimers with PDGF A chain to yield PDGF-AB. 

http://www.abcam.com/
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2. ASSAY SUMMARY 
 
 
 

 
Remove appropriate number of 

antibody coated well strips. 

Equilibrate all reagents to room 

temperature. Prepare all 

reagents, samples, and 

standards as instructed. 

 
 
 
 

Add standard or sample to 
appropriate wells. 

 
 
 
 
 

Add Antibody Cocktail to all 
wells. Incubate at room 
temperature. 

 
 
 
 

 
Aspirate and wash each well. 
Add TMB Substrate to each well 
and incubate. Add Stop Solution 
at a defined endpoint. 
Alternatively, record color 
development kinetically after 
TMB substrate addition. 

http://www.abcam.com/
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3. PRECAUTIONS 

Please read these instructions carefully prior to beginning the 

assay. 

All kit components have been formulated and quality control tested to 

function successfully as a kit. Modifications to the kit components or 

procedures may result in loss of performance. 

 
4. STORAGE AND STABILITY 

Store kit at 2-8ºC immediately upon receipt. 

Refer to list of materials supplied for storage conditions of individual 

components. Observe the storage conditions for individual prepared 

components in sections 9 & 10. 

 
5. MATERIALS SUPPLIED 

 
Item 

 
Amount 

Storage 
Condition 

(Before 
Preparation) 

10X PDGF BB Capture Antibody 600 µL +2-8ºC 

10X PDGF BB Detector Antibody 600 µL +2-8ºC 

PDGF BB Human Lyophilized Recombinant 
Protein 

2 Vials +2-8ºC 

Antibody Diluent 4BI 6 mL +2-8ºC 

10X Wash Buffer PT 20 mL +2-8ºC 

TMB Substrate 12 mL +2-8ºC 

Stop Solution 12 mL +2-8ºC 

Sample Diluent NS 50 mL +2-8ºC 

Pre-Coated 96 Well Microplate (12 x 8 well 
strips) 

96 Wells +2-8ºC 

Plate Seal 1 +2-8ºC 

http://www.abcam.com/
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6. MATERIALS REQUIRED, NOT SUPPLIED

These materials are not included in the kit, but will be required to 

successfully utilize this assay: 

Microplate reader capable of measuring absorbance at  450  or 

600 nm. 

Method for determining protein concentration (BCA assay 

recommended). 

Deionized water. 

PBS (1.4 mM KH2PO4, 8 mM Na2HPO4, 140 mM NaCl, 

2.7 mM KCl, pH 7.4). 

Multi- and single-channel pipettes. 

Tubes for standard dilution. 

Plate shaker for all incubation steps. 

Optional: Phenylmethylsulfonyl Fluoride (PMSF) (or other protease 

inhibitors) 

7. LIMITATIONS

Assay kit intended for research use only. Not for use in diagnostic

procedures.

Do not mix or substitute reagents or materials from other kit lots or

vendors. Kits are QC tested as a set of components and

performance cannot be guaranteed if utilized separately or

substituted.

8. TECHNICAL HINTS

Samples generating values higher than the highest standard

should be further diluted in the appropriate sample dilution buffers.

Avoid foaming or bubbles when mixing or reconstituting

components.

Avoid cross contamination of samples or reagents by changing tips

between sample, standard and reagent additions.

http://www.abcam.com/
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 Ensure plates are properly sealed or covered during incubation 

steps. 

 Complete removal of all solutions and buffers during wash steps is 

necessary to minimize background. 

 As a guide, typical ranges of sample concentration for commonly 

used sample types are shown below in Sample Preparation (section 

11). 

 All samples should be mixed thoroughly and gently. 

 Avoid multiple freeze/thaw of samples. 

 Incubate ELISA plates on a plate shaker during all incubation steps. 

 When generating positive control samples, it is advisable to change 

pipette tips after each step. 

 To avoid high background always add samples or standards to 

the well before the addition of the antibody cocktail 

• This kit is sold based on number of tests. A ‘test’ simply refers 

to a single assay well. The number of wells  that  contain 

sample, control or standard will vary by product. Review the 

protocol completely to confirm this kit meets your 

requirements. Please contact our Technical Support  staff with 

any questions. 
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  ASSAY PREPARATION  
 

 

 
 

 

9. REAGENT PREPARATION 

• Equilibrate all reagents to room temperature (18-25°C) prior to use. 

The kit contains enough reagents for 96 wells. The sample 

volumes below are sufficient for 48 wells (6 x 8-well strips); 

adjust volumes as needed for the number of strips in your 

experiment. 

 Prepare only as much reagent as is needed on the day of the 

experiment. Capture and Detector Antibodies have only been tested 

for stability in the provided 10X formulations. 

 

9.1 1X Wash Buffer PT 

Prepare 1X Wash Buffer PT by diluting 10X Wash Buffer PT 

with deionized water. To make 50 mL 1X Wash Buffer PT 

combine 5 mL 10X Wash Buffer PT with 45 mL deionized 

water. Mix thoroughly and gently. 

9.2 Antibody Cocktail 

Prepare Antibody Cocktail by diluting the capture and detector 

antibodies in Antibody Diluent 4BI. To make 3 mL  of the 

Antibody Cocktail combine 300 µL 10X Capture Antibody and 

300 µL 10X Detector Antibody with 2.4 mL Antibody Diluent 

4BI. Mix thoroughly and gently. 

http://www.abcam.com/
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  ASSAY PREPARATION  
 

 

 
 

 

10. STANDARD PREPARATION 

Prepare serially diluted standards immediately prior to use. Always 

prepare a fresh set of positive controls for every use. 

The following section describes the preparation of a standard curve for 

duplicate measurements (recommended). 

10.1 Reconstitute the PDGF BB standard  sample  by  adding  100 

µL water by pipette. Mix thoroughly and gently. Hold at room 

temperature for 10 minutes and mix gently. This is the 10,000 

pg/mL Stock Standard Solution. 

10.2 Label eight tubes with numbers 1 – 8. 

10.3 Add 340 µL of Sample Diluent NS to tube #1 and 200 μL 

Sample Diluent NS into tube numbers 2-8. 

10.4 Use the Stock Standard to prepare the following dilution 

series. Standard #8 contains no protein and is the Blank 

control: 

 
60 µL  

100 µL   100 µL  100 µ 100 µL 100 µL 100 µL 

 
 
 
 
 

 
10,000 
pg/mL 

 
1,500 
pg/mL 

 
500 

pg/mL 

 
167 

pg/mL 

 
55.6 

pg/mL 

 
18.5 

pg/mL 

 
6.17 

pg/mL 

 
2.06 

pg/mL 

 
0 

pg/mL 
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  ASSAY PREPARATION  
 

 

 
 

 

11. SAMPLE PREPARATION 
 

TYPICAL SAMPLE DYNAMIC RANGE 

Sample Type Range 

PBMC Cell Culture 
Supernatant 

1:10 - Neat 

Human Serum 1:60 - Neat 

Human Plasma - EDTA 1:60 - Neat 

Human Plasma - Citrate 1:60 - Neat 

Human Plasma - Heparin 1:60 - Neat 

 
11.1 Plasma 

Collect plasma using citrate, EDTA or heparin. Centrifuge 

samples at 2,000 x g for 10 minutes. Dilute samples into 

Sample Diluent NS and assay. Store un-diluted plasma 

samples at -20ºC or below for up to 3 months. Avoid repeated 

freeze-thaw cycles. 

11.2 Serum 

Samples should be collected into a serum separator tube. 

After clot formation, centrifuge samples at 2,000 x g for 10 

minutes and collect serum. Dilute samples into Sample 

Diluent NS and assay. Store un-diluted serum at -20ºC or 

below. Avoid repeated freeze-thaw cycles. 

11.3 Cell Culture Supernatants 

Centrifuge cell culture media at 2,000 x g for 10 minutes to 

remove debris. Collect supernatants and assay. Store 

samples at -20°C or below. Avoid repeated freeze-thaw 

cycles. 
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12. PLATE PREPARATION

The 96 well plate strips included with this kit are supplied ready to

use. It is not necessary to rinse the plate prior to adding reagents.

• Unused plate strips should be immediately returned to the foil

pouch containing the desiccant pack, resealed and stored at 4°C.

For each assay performed, a minimum of two wells must be used

as the zero control.

For statistical reasons, we recommend each sample should be

assayed with a minimum of two replicates (duplicates).

• Differences in well absorbance or “edge effects” have not been

observed with this assay.
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  ASSAY PROCEDURE  
 

 

 
 
 

13. ASSAY PROCEDURE 

 Equilibrate all materials and prepared reagents to room 

temperature prior to use. 

 It is recommended to assay all standards, controls and 

samples in duplicate. 

13.1 Prepare all reagents, working standards, and samples as 

directed in the previous sections. 

13.2 Remove excess microplate strips from the plate frame, return 

them to the foil pouch containing the desiccant pack, reseal 

and return to 4ºC storage. 

13.3 Add 50 µL of all sample or standard to appropriate wells. 

13.4 Add 50 µL of the Antibody Cocktail to each well. 

13.5 Seal the plate and incubate for 1 hour at room temperature on 

a plate shaker set to 400 rpm. 

13.6 Wash each well with 3 x 350 µL 1X Wash Buffer PT. Wash by 

aspirating or decanting from wells then dispensing 350 µL 1X 

Wash Buffer PT into each well. Complete removal of liquid at 

each step is essential for good performance. After the last 

wash invert the plate and blot it against clean paper towels to 

remove excess liquid. 

13.7 Add 100 µL of TMB Substrate to each well and incubate for 

10 minutes in the dark on a plate shaker set to 400 rpm. 

13.8 Add 100 µL of Stop Solution to each well. Shake plate on a 

plate shaker for 1 minute to mix. Record the OD at 450 nm. 

This is an endpoint reading. 

Alternative to 13.7 – 13.8: Instead of the endpoint reading at 

450 nm, record the development of TMB Substrate kinetically. 

Immediately after addition of TMB Development Solution 

begin recording the blue color development with elapsed time 

in the microplate reader prepared with the following settings: 

http://www.abcam.com/
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ASSAY PROCEDURE 

Mode: Kinetic 

Wavelength: 600 nm 

Time: up to 15 min 

Interval: 20 sec - 1 min 

Shaking: Shake between readings 

Note that an endpoint reading can also be recorded at the 

completion of the kinetic read by adding 100 µL Stop Solution 

to each well and recording the OD at 450 nm. 

13.9 Analyze the data as described below. 
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  DATA ANALYSIS  
 

 

 
 
 

14. CALCULATIONS 

14.1 Calculate the average absorbance value for the blank control 

(zero) standards. Subtract the average blank control standard 

absorbance value from all other absorbance values. 

14.2 Create a standard curve by plotting the average blank control 

subtracted absorbance value for each standard concentration 

(y-axis) against the target protein concentration (x-axis) of the 

standard. Use graphing software to draw the best smooth 

curve through these points to construct the standard curve. 

Note: Most microplate reader software or graphing software 

will plot these values and fit a curve to the data. A four 

parameter curve fit (4PL) is often the best choice; however, 

other algorithms (e.g. linear, semi-log, log/log, 4 parameter 

logistic) can also be tested to determine if it provides a better 

curve fit to the standard values. 

14.3 Determine the concentration of the target protein in the 

sample by interpolating the blank control subtracted 

absorbance values against the standard curve. Multiply the 

resulting value by the appropriate sample dilution factor, if 

used, to obtain the concentration of target protein in the 

sample. 

14.4 Samples generating absorbance values greater than that of 

the highest standard should be further diluted and reanalyzed. 

Similarly, samples which measure at an absorbance values 

less than that of the lowest standard should be retested in a 

less dilute form. 
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DATA ANALYSIS 

 

 

 

 

15. TYPICAL DATA 

TYPICAL STANDARD CURVE – Data provided for demonstration 

purposes only. A new standard curve must be generated for each 

assay performed. 

 

 

Standard Curve Measurements 

Conc. 

(pg/mL) 

O.D. 450 nm Mean 

O.D. 1 2 

0 0.075 0.077 0.076 

2.06 0.094 0.087 0.090 

6.17 0.110 0.103 0.106 

18.5 0.160 0.155 0.154 

55.6 0.324 0.309 0.311 

167 0.807 0.794 0.781 

500 2.233 2.201 2.150 

1,500 3.923 3.860 3.885 

 
Figure 1. Example of PDGF-BB standard curve. The PDGF-BB standard  curve 

was prepared as described in Section 10.  Raw data values are shown  in the 

table. Background-subtracted data values (mean +/- SD) are graphed.. 
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16. CALIBRATION 

This immunoassay is calibrated against a highly purified human PDGF- 

BB. The NIBSC/WHO unclassified purified human PDGF-BB 

preparation 94/728 was evaluated in this kit. 

 

The dose response curve of the unclassified standard 94/728 parallels 

the SimpleStep standard curve. To convert sample values obtained with 

the SimpleStep human PDGF-BB kit to approximate NIBSC IU/mL units, 

use the equation below. 

 

NIBSC (94/728) approximate value (IU/mL) = 0.0114 x SimpleStep 

Human PDGF-BB value (pg/mL). 

 

17. TYPICAL SAMPLE VALUES 

SENSITIVITY – 

The calculated minimal detectable dose (MDD) is 2.1 pg/mL. The  MDD 

was determined by calculating the mean of zero standard replicates 

(n=25) and adding 2 standard deviations then extrapolating the 

corresponding concentrations. 

 

RECOVERY – 

Three concentrations of PDGF-BB human Recombinant Protein were 

spiked in duplicate to the indicated biological matrix to evaluate signal 

recovery in the working range of the assay. 

Sample Type 
Average % 
Recovery 

Range (%) 

50% Conditioned Media 104 101 – 106 

10% Human Serum 95 85 – 100 

10% Human Plasma - Citrate 109 100 – 114 

10% Human Plasma - EDTA 99 91 – 107 

10% Human Plasma - Heparin 104 92 – 114 
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PRECISION – 

Mean coefficient of variations of interpolated values from 3 dilutions of 

Human serum within the working range of the assay. 

 Intra- 
Assay 

Inter- 
Assay 

n= 8 3 

CV (%) 3.3 5.3 

 
 

LINEARITY OF DILUTION – 

Recombinant PDGF-BB was spiked into the following biological 

samples and diluted in a 2-fold dilution series in Sample Diluent NS. 

Linearity of dilution is determined based on interpolated values from the 

standard curve. Linearity of dilution defines a sample  concentration 

interval in which interpolated target concentrations are directly 

proportional to sample dilution. 

 

Dilution 
Factor 

 
Interpolated value 

10% 
Human 
Plasma 
(Citrate) 

10% 
Human 
Plasma 
(EDTA) 

10% 
Human 

Plasma 
(Heparin) 

Undiluted 
PDGF-BB pg/mL 1,475.9 1,475.9 1,475.9 

% Expected value 100 100 100 

2 
PDGF-BB pg/mL 836.5 858.6 799.5 

% Expected value 113 116 108 

4 
PDGF-BB pg/mL 418.8 415.2 425.1 

% Expected value 114 113 115 

8 
PDGF-BB pg/mL 208.1 222.6 216.4 

% Expected value 113 121 117 

16 
PDGF-BB pg/mL 101.8 110.9 108.5 

% Expected value 110 120 118 
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Dilution 
Factor 

 
Interpolated value 

10% 
Human 
Serum 

50% 
Cell Culture 
Supernatant 

Undiluted 
PDGF-BB pg/mL 1,462.6 1,475.9 

% Expected value 100 100 

2 
PDGF-BB pg/mL 894.5 876.8 

% Expected value 122 119 

4 
PDGF-BB pg/mL 431.6 416.2 

% Expected value 118 113 

8 
PDGF-BB pg/mL 207.9 212.4 

% Expected value 114 115 

16 
PDGF-BB pg/mL 100.2 103.6 

% Expected value 110 112 
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Figure 2. Titration of human serum within the working range of the assay. 

Background subtracted data from duplicate measurements are plotted. 

 
 

 

Figure 3. Observed PDGF-BB levels in pooled donor normal human plasma and 

normal human platelet-poor plasma (PP-Plasma). Mean human PDGF- BB 

values fall within expected normal reference ranges (WHO). 
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Figure 4. Observed PDGF-BB levels in individual donor normal hHuman serum 

(n=10). Mean human PDGF-BB is 145 pg/mL and values fall within expected 

normal reference ranges (WHO). 

 

18. ASSAY SPECIFICITY 

Figure 5. Human peripheral blood cells (1x106 cells/mL) were cultured in RPMI 

media supplemented with 10% fetal calf  serum,  100  U/mL  penicillin,  and 100 

µg/mL streptomycin sulfate. Cells were cultured unstimulated  or stimulated with 

10 µg/mL PHA. Conditioned media was harvested after 48 hours aliquoted and 

assayed for endogenous PDGF-BB levels. 
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Figure 6. The PDGF-BB SimpleStep ELISA was validated for assay specificity 

against PDGF-A protein. Standard curve was prepared as described in Section 

10. Background-subtracted data values (mean +/- SD) are graphed. In addition,

PDGF-A was prepared at 15 ng/mL and assayed for cross reactivity. No cross

reactivity or interference was observed.

19. SPECIES REACTIVITY

This kit recognizes both native and recombinant human PDGF-BB 

protein in the human serum, plasma and cell culture supernatant 

samples only. 

Human cell extracts, tissue extracts, urine or saliva samples have not 

been tested with this kit. 

Other species such as mouse or rat samples have not been tested with 

this kit. Please contact our Technical Support team for more information. 

http://www.abcam.com/


Discover more at www.abcam.com 21 

 

 

  RESOURCES  
 
 

 

20. TROUBLESHOOTING 
 

 

Problem Cause Solution 

Difficulty pipetting 
lysate; viscous 

lysate. 

 
Genomic DNA 

solubilized 

Prepare 1X Cell Extraction 
Buffer PTR (without 

enhancer). Add enhancer to 
lysate after extraction. 

 

 
Poor standard 

curve 

Inaccurate Pipetting Check pipettes 

 
Improper standard 

dilution 

Prior to opening, briefly spin 
the stock standard tube and 

dissolve the powder 
thoroughly by gentle mixing 

 
 
 

 
Low Signal 

Incubation times too 
brief 

Ensure sufficient incubation 
times; increase to 2 or 3 hour 
standard/sample incubation 

Inadequate reagent 
volumes or improper 

dilution 

Check pipettes and ensure 
correct preparation 

 

Incubation times with 
TMB too brief 

Ensure sufficient incubation 
time until blue color develops 
prior addition of Stop solution 

 
 

Large CV 

 
Plate is insufficiently 

washed 

Review manual for proper 
wash technique. If using a 

plate washer, check all ports 
for obstructions. 

Contaminated wash 
buffer 

Prepare fresh wash buffer 

 

 
Low sensitivity 

 

Improper storage of 
the ELISA kit 

Store your reconstituted 
standards at -80°C, all other 

assay components 4°C. 
Keep TMB substrate solution 

protected from light. 

 

Precipitate in 
Diluent 

Precipitation and/or 
coagulation of 

components within 
the Diluent. 

 
Precipitate can be removed 

by gently warming the 
Diluent to 37ºC. 
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9.3 Appendix C 

ab126287 

Protein Carbonyl Content 

Assay Kit 

Instructions for Use 

For the rapid, sensitive and accurate 
measurement of Protein Carbonyl content in 
various samples 

This product is for research use only and is not 
intended for diagnostic use. 

Version: 4 Last Updated: 24 May 2013 
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1. Overview 
 

 

 
Protein carbonyl groups are an important and immediate biomarker of 

oxidative stress. DNPH tagging of protein carbonyls has been one of 

the most common measures of oxidative stress. DNP hydrazones 

formed from the reaction are easily quantifiable at 375 nm. 

 
ab126287 Protein Carbonyl Content Assay Kit is designed to provide 

a simple and accurate method of quantifying carbonyls in protein 

samples. Using BSA as an example, a 1 mg (~15 nmol) sample has a 

detection limit of about 0.15 nmol carbonyl, where BSA typically 

contains approximately 1-3 nmol carbonyl/mg. 

 

2. Protocol Summary 
 

 

Sample Preparation 

Removal of Nucleic acids 

Standard Curve Preparation 

Add Reaction Mix 

Measure Optical Density 
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3. Components and Storage 
 

 

 

A. Kit Components 

 
Item Quantity 

 

 
DNPH Solution 11 mL 

 
87% TCA Solution 3 mL 

 
10% Streptozocin Solution 1 mL 

 
6 M Guanidine Solution 20 mL 

 
96-Well Clear Plate 1 each 

 

* Store the kit at +4°C and protect from light. Please read the entire 

protocol before performing the assay. Avoid repeated freeze/thaw 

cycles. 

We suggest the use 1.5 ml microcentrifuge tubes for all reactions, 

since they are very convenient for all processing steps. 

REAGENTS: Place 10 ml acetone (not provided) in freezer (-20°C) 

prior to starting the following procedure. 

DNPH, TCA, STREPOZOCIN, GUANIDINE: All solutions are ready to 

use as supplied. Store at 4°C in the dark. Warm the DNPH, 

Streptozocin and Guanidine to room temperature before use. Keep 

TCA on ice. 
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B. Additional Materials Required

• Microcentrifuge

• Protein Assay Reagents

• Acetone

• Pipettes and pipette tips

• Microplate reader

• 96 well plate

• Orbital shaker
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4. Assay Protocol 
 

 

A. DNPH Assay 

1. Sample Preparation: 

Dissolve samples in dH2O and centrifuge to spin down any 

insolubles. Dilute samples with dH2O to approx. 10 mg/ml protein. 

If the protein is very dilute, it can be concentrated using a 10 kDa 

spin filter (ab93349). Use 100 μl of sample containing 

approximately 0.5-2 mg protein per assay. Include a reagent 

background control by using 100 μl of dH2O alone. 

 
Note: 

Nucleic acids interfere with the assay. Samples containing 

significant nucleic acid should be treated with Streptozocin (10 μl 

per 100 μl sample). Leave for 15 min at room temperature, spin at 

maximum speed for 5 min and transfer supernatant to a new tube. 

Check 280/260 nm ratio to make sure it is greater than 1. 

 
2. Add 100 μl DNPH to  each  sample,  vortex  and  incubate  for 

10 min at room temperature. 

 
3. Add 30 μl of TCA to each sample, vortex, place on ice for 5 min, 

spin at maximum speed for 2 min, remove and discard 

supernatant without disturbing pellet. 
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4. Add 500 μl of cold acetone to each tube and wash the pellet.   30

seconds in a sonicating bath is typically sufficient to effectively

disperse the pellets. Place at -20°C for 5 min then centrifuge for 2

min and carefully remove the acetone.

Caution: 

The acetone pellet is much more easily disturbed than the TCA 

pellet. Repeat the acetone wash step once more to remove free 

DNPH. 

5. Add 200 μl of Guanidine solution and sonicate briefly. Most

proteins will be resolubilized easily at this point. If your protein is

resistant to resolubilization sonicate for a few seconds then let the

solution sit at 60°C for 15-30 min. Spin very briefly to pellet any

unsolubilized material and transfer 100 μl of each sample to the

96-well plate.

Note: 

You must use the 96-Well plate included for accurate calculation 

of carbonyl content. 

6. Measure OD at ~375 nm in a microplate reader.
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B. Protein Assay: 

Transfer 5 μl of each sample to another set of wells and perform 

a protein assay to precisely determine the amount of protein per 

sample (use BSA as the standard protein when generating your 

standard curve). 

 
Notes: 

a) If you are using more than 1 mg protein per sample, it must 

be diluted so that no more than 25 μg protein is used in the 

protein assay. Important to correct for any sample losses 

 
b) The BCA Protein Quantification Assay (ab102536) shows 

minimal interference. The Bradford protein assay is 

inappropriate for this purpose since guanidine interferes. 
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5. Data Analysis 
 

 

Correct background by subtracting the value derived from the reagent 

background control from all readings. The background reading should 

not be very high but must be subtracted. 

Determine protein content of samples from protein standard curve. 

Note: 

The BCA Protein Quantification Assay is best fit by a 2nd order curve 

rather than a straight line. Determine the carbonyl content as follows: 

 
 
 

 
Where: 

C = [(OD 375 nm)/6.364) x (100)] nmol/well 

CP = nmol carbonyl per mg protein 

= (C/P) x 1000 x D 

6.364 is the extinction coefficient using the enclosed 96 well plate    

in mM (= 22 mM-1 cm-1 x 0.2893 cm path length in well) 

C is the Carbonyl in your sample well (nmol) 

P is the protein from standard curve x 20 = μg/well 

D is the dilution or concentration step applied to sample 

1000 is the factor to convert μg to mg 



10 

 

 

 

 

Representative Data Obtained Using the Protein Carbonyl Content 

Assay Kit 

 

Typical Standard Curve (from BCA Protein Quantification Assay) 
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6. Troubleshooting

Problem Reason Solution 

Assay not 
working 

Assay buffer at 
wrong temperature 

Assay buffer must not be chilled 
- needs to be at RT

Protocol step missed 
Re-read and follow the protocol 
exactly 

Plate read at 
incorrect wavelength 

Ensure you are using 
appropriate reader and filter 
settings (refer to datasheet) 

Unsuitable microtiter 
plate for assay 

Fluorescence: Black plates 
(clear bottoms); 
Luminescence: White plates; 
Colorimetry: Clear plates. 
If critical, datasheet will indicate 
whether to use flat- or U-shaped 
wells 

Unexpected 
results 

Measured at wrong 
wavelength 

Use appropriate reader and filter 
settings described in datasheet 

Samples contain 
impeding substances 

Troubleshoot and also consider 
deproteinizing samples 

Unsuitable sample 
type 

Use recommended samples 
types as listed on the datasheet 

Sample readings are 
outside linear range 

Concentrate/ dilute samples to 
be in linear range 
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Problem Reason Solution 

Samples 
with 
inconsistent 
readings 

Unsuitable sample 
type 

Refer to datasheet for details 
about incompatible samples 

Samples prepared in 
the wrong buffer 

Use the assay buffer provided 
(or refer to datasheet for 
instructions) 

Samples not 
deproteinized (if 
indicated on 
datasheet) 

 

Use the 10kDa spin column 
(ab93349) 

Cell/ tissue samples 
not sufficiently 
homogenized 

Increase sonication time/ 
number of strokes with the 
Dounce homogenizer 

Too many freeze- 
thaw cycles 

Aliquot samples to reduce the 
number of freeze-thaw cycles 

Samples contain 
impeding substances 

Troubleshoot and also consider 
deproteinizing samples 

Samples are too old 
or incorrectly stored 

Use freshly made samples and 
store at recommended 
temperature until use 

Lower/ 
Higher 
readings in 
samples 
and 
standards 

Not fully thawed kit 
components 

Wait for components to thaw 
completely and gently mix prior 
use 

Out-of-date kit or 
incorrectly stored 
reagents 

Always check expiry date and 
store kit components as 
recommended on the datasheet 

Reagents sitting for 
extended periods on 
ice 

Try to prepare a fresh reaction 
mix prior to each use 

Incorrect incubation 
time/ temperature 

Refer to datasheet for 
recommended incubation time 
and/ or temperature 

 
Incorrect amounts 
used 

Check pipette is calibrated 
correctly (always use smallest 
volume pipette that can pipette 
entire volume) 
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Problem Reason Solution 

Standard 
curve is not 
linear 

Not fully thawed kit 
components 

Wait for components to thaw 
completely and gently mix prior 
use 

Pipetting errors when 
setting up the 
standard curve 

Try not to pipette too small 
volumes 

Incorrect pipetting 
when preparing the 
reaction mix 

Always prepare a master mix 

Air bubbles in wells 

Air bubbles will interfere with 
readings; try to avoid producing 
air bubbles and always remove 
bubbles prior to reading plates 

Concentration of 
standard stock 
incorrect 

Recheck datasheet for 
recommended concentrations of 
standard stocks 

Errors in standard 
curve calculations 

Refer to datasheet and re-check 
the calculations 

Use of other 
reagents than those 
provided with the kit 

Use fresh components from the 
same kit 
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