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Background and Objective: Until now, ozone has been used in a rather empirical

way. This in-vitro study investigates, for the first time, whether different ozone

treatments of plasma rich in growth factors (PRGF) alter the biological proper-

ties and outcomes of this autologous platelet-rich plasma.

Material and Methods: Human plasma rich in growth factors was treated with

ozone using one of the following protocols: a continuous-flow method; or a syr-

inge method in which constant volumes of ozone and PRGF were mixed. In

both cases, ozone was added before, during and after the addition of calcium

chloride. Three ozone concentrations, of the therapeutic range 20, 40 and 80 lg/
mL, were tested. Fibrin clot properties, growth factor content and the prolifera-

tive effect on primary osteoblasts and gingival fibroblasts were evaluated.

Results: Ozone treatment of PRGF using the continuous flow protocol impaired

formation of the fibrin scaffold, drastically reduced the levels of growth factors

and significantly decreased the proliferative potential of PRGF on primary os-

teoblasts and gingival fibroblasts. In contrast, treatment of PRGF with ozone

using the syringe method, before, during and after the coagulation process, did

not alter the biological outcomes of the autologous therapy.

Conclusion: These findings suggest that ozone dose and the way that ozone com-

bines with PRGF may alter the biological potential and therapeutic outcomes of

PRGF.
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Ozone behaves as a double-edged

sword because of its potent oxidant

properties. It can be used as a ther-

apy (1,2) but it also may damage the

respiratory tract. The most wide-

spread approach is ozonated autohe-

motherapy (O3-AHT), which consists

of collecting blood from the patient,

mixing it with medical ozone (O2+O3,

where the latter represents 5% at

most) and then injecting it back into

the same patient. The use of ozone

as a therapy is based on the belief

that blood behaves as a potent anti-

oxidant system because it contains

several antioxidant molecules, includ-

ing ascorbic acid, uric acid and albu-

min, or several enzymes, such as

catalase. Ozone may enhance the

antioxidant capacity of blood and

therefore improve its potential to

treat chronic infectious diseases or

immunological or neurodegenerative

disorders (3–6).
The extreme reactivity and instabil-

ity of the ozone molecule is a major

limitation of this approach. In fact,

the ozone molecule is more reactive

than oxygen and generates reactive

oxygen species (ROS) such as hydro-

gen peroxide, leading to alterations in

homeostasis (1,5,7). When ozone is

dissolved in blood, it decomposes and
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reacts instantly with antioxidants and

polyunsaturated fatty acids, whose

peroxidation involves the formation

of lipid oxidation products. These

lipid peroxidation products may trig-

ger several reactions, such as the

release of endogenous mediators of

inflammation (2,3,5,8).

Despite the fact that ozone therapy

has not yet been accepted as orthodox

medicine it is used in a rather empiri-

cal way for the treatment of vascular

pathologies, ulcers, and acute and

chronic infectious diseases. In addi-

tion, it can be administered subcuta-

neously, intramuscularly, intradiscally

or intracavitarily (5,9,10). In den-

tistry, ozone has also been used in

either gaseous or aqueous form as a

possible oral antiseptic agent, which

relies on its antimicrobial properties

(4,11–14).
Platelet-rich plasma represents a

new biological therapy for use in den-

tistry, among other clinical specialties,

through stimulating the release of

endogenous growth factors for oral tis-

sue-regeneration purposes (15–25). In

relation to this, the positive effect of

platelet-rich plasma on osteoblast and

periodontal ligament cell function has

been probed (26). Moreover, platelet-

rich fibrin can improve the clinical

parameters associated with human

intrabony periodontal defects (27).

However, until now, little is known

regarding the potential of the combi-

nation of these two therapies. In this

study, we evaluated, for the first time,

whether different protocols of ozone

treatment of plasma rich in growth

factors (PRGF) alter the biological

properties and outcomes of this autol-

ogous platelet-rich plasma. To address

this, two different ozonation protocols

were tested and complete evaluation

of the ozonated PRGF, including its

composition (growth factors) and

biomechanical (fibrin clot properties)

and biological (proliferative effects on

primary oral cells) properties, was

carried out.

Material and methods

The study was performed following

the principles of the Declaration of

Helsinki, as revised in 2008.

Ozone treatment of PRGF

Ozone (O2/O3 gas mixture) was gener-

ated from medical-grade oxygen using

an ozone generator (Hyper Medozon;

Herrmann Apparatebau GmbH,

Weinmann, Hamburg, Germany).

Two protocols were performed to

ozonate the plasma preparations: con-

tinuous-flow ozone treatment; and

treatment with a constant volume of

ozone (by syringe) (Fig. 1). Three

concentrations of ozone (20, 40 and

80 lg/mL), which are within the ther-

apeutic range, were evaluated in all

experiments. The ozone-treatment

period was 10 min in all cases.

Continuous-flow ozonation. After

providing written informed consent,

blood from four human Caucasian

donors was collected into 9-mL

tubes containing 3.8% (wt/vol)

sodium citrate. The blood was cen-

trifuged at 580 g for 8 min (Endo-

ret Dentistry; BTI Biotechnology

Institute, S.L., Mi~nano, �Alava,

Spain) at room temperature, then, a

2-mL volume of plasma above the

buffy coat (F2) was removed from

each donor sample. Thereafter, part

of the plasma from two donors was

ozonated before, and the other part

during the addition of the activator

(calcium chloride) (Endoret Dentistry).

The plasma of the other two donors

was ozonated after the addition of

calcium chloride. To achieve this

ozonation, one end of a cannula

was connected to the “permanent”

output of the ozone generator and

the other was inserted in the tube

containing the plasma using a syr-

inge needle. Then, the desired ozone

concentration was selected and the

ozonation was performed continu-

ously for 10 min. In the case of

ozonation before addition of the

activator, the plasma was ozonated

for 10 min and calcium chloride

was added immediately thereafter.

Then, the plasma was divided into

five aliquots: four were maintained

at 37°C for measurement of coagu-

lation time and clot retraction; and

the fifth aliquot was maintained for

1 h at 37°C in order to provide a

sample, after centrifugation at

3000 g for 15 min, of ozonated

supernatant that was then filtered,

aliquoted and stored at �80°C.
The latter was used to determine

the content of growth factors and

to perform the cell-proliferation

assay.

Fig. 1. Illustrative representation of the experimental procedure. Two different ozonation

protocols were followed: continuous flow; and constant volume (by syringe). In both pro-

tocols ozone was added before, during and after addition of the activator (calcium chlo-

ride). All parameters evaluated were compared with nonozonated plasma rich in growth

factors (PRGF).
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In the case of ozonation during the

addition of calcium chloride, calcium

chloride was added to the plasma,

which was ozonated immediately

thereafter. Ten minutes later, the

same protocol, as described above,

was followed, dividing the ozonated

plasma into different aliquots for

either evaluation of the fibrin proper-

ties or to obtain supernatant for

further analysis.

Finally, calcium chloride was added

to the plasma of the other two

donors, and this plasma was stored at

37°C for 1 h, the clot was centrifuged

(at 3000 g, for 15 min at 4°C) and the

supernatant was obtained. Then, that

supernatant was ozonated as previ-

ously described, and finally stored at

�80°C to be used later.

2. Ozonation with constant volume

(by syringe). As in the protocol

described above, blood from two

human Caucasian donors was

collected into 9-mL tubes con-

taining 3.8% (wt/vol) sodium cit-

rate, after obtaining written

informed consent. After the

tubes were centrifuged at 580 g

for 8 min (Endoret Dentistry) at

room temperature, a 2-mL

volume of plasma above the

buffy coat (F2) was removed

from each donor sample. In this

protocol, ozonation was also

performed before, during and

after coagulation. However, in

this case a volume of ozone was

collected with a syringe and

immediately introduced into a

second syringe, via a multidirec-

tional stopcock, containing an

identical volume of plasma. Sam-

ples were gently and continu-

ously mixed with the gas for

10 min. Once the samples were

ozonated, the experiment was

continued as described for the

first protocol.

Determination of the effect of

plasma ozonation on coagulation

and retraction

In both protocols, part of the plasma

samples that were ozonated both

before and during the addition of

calcium chloride, as well as samples of

nonozonated plasma, were divided into

four aliquots of equal volume to deter-

mine the coagulation time. Once the

samples had coagulated, each aliquot

was used to quantify the volume of

plasma released after clot retraction at

the study time points 15, 30, 45 and

60 min. Samples were assayed in tripli-

cate and the results are expressed in

percentage of released volume, taking

into account the initial volume of the

clot.

Quantification of the content of

growth factors

In order to determine the effect of

ozone on the content of the main

growth factors in plasma, the concen-

trations of platelet-derived growth fac-

tor AB, transforming growth factor

beta1, hepatocyte growth factor and

insulin-like growth factor 1 (R&D

Systems, Minneapolis, MN, USA)

were determined using ELISA kits.

These growth factors were quantified

in the supernatant of plasma ozonated

using all procedures described earlier

in the Material and methods, as well

as in the supernatant of nonozonated

plasma. Samples were assayed in trip-

licate.

Cell proliferation assay

Primary human gingival fibroblasts

and primary human alveolar osteo-

blasts, isolated as previously described

(28,29), were used to assess the effect

of ozone on the ability of PRGF to

induce cell proliferation.

Gingival fibroblasts and alveolar

osteoblasts were seeded at a density

of 5000 cells per cm2 and 8000 cells

per cm2, respectively, on 96-well opti-

cal bottom black plates. Gingival and

osteoblast cultures were maintained

with a final concentration of 20% of

the corresponding plasma samples in

serum-free Dulbecco’s modified

Eagle’s medium/F12 (Gibco-Invitro-

gen, Grand Island, NY, USA) and

osteoblast basal medium without

other growth supplements (Sciencell

Research Laboratories, Carlsbad,

CA, USA), respectively, for 72 h.

Cell proliferation was evaluated using

the CYQUANT cell proliferation

assay (Molecular Probes-Invitrogen,

Grand Island, NY, USA). Briefly,

treatments were discarded and wells

were washed carefully with phos-

phate-buffered saline. Then the

microplates were frozen at �80°C
until required for assay. After thaw-

ing the plates at room temperature,

the wells were incubated for 1 h at

room temperature with RNase A

(1.35 Ku/mL) diluted in cell lysis

buffer. Then, 29 GR dye/cell-lysis

buffer was added to each sample

well, mixed gently and incubated for

5 min at room temperature, protected

from light. Sample fluorescence was

measured using a fluorescence micro-

plate reader (Twinkle LB 970; Bert-

hold Technologies, Bad Wildbad,

Germany). A DNA standard curve

was included in each assay for

converting sample fluorescence values

into DNA concentration.

Statistical analysis

The Kruskal–Wallis test for indepen-

dent samples was used to assess the

potential differences among treat-

ments for each experimental proce-

dure. Statistical differences between

groups were accepted for p-values

lower than 0.05. The results are

expressed as mean � SD.

Results

Effects of ozone therapy on the

PRGF fibrin scaffold

Treatment of PRGF with the continu-

ous ozone flow method modified some

properties of the fibrin scaffold,

including the coagulation and retrac-

tion times. In fact, the coagulation of

PRGF was impaired after ozone

treatment by this method (data not

shown), independently of when the

ozone was applied and the concentra-

tion of ozone used.

Fibrin scaffolds of PRGF ozone

treated using the syringe method were

only slightly altered (Fig. 2). In par-

ticular, when 20 lg/mL of ozone was
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applied to nonactivated PRGF, a

significant decrease in the coagulation

time of the fibrin scaffold was

observed compared with fibrin scaf-

folds prepared from nontreated

PRGF (control) and from PRGF

incubated with ozone at both 40 and

80 lg/mL (Fig. 2A). In fact, the clot-

formation time was reduced from

51.7 � 9.3, 54.1 � 12.2 and 52.5

� 19.8 min for nontreated PRGF

and for PRGF treated with 40 and

80 lg/mL of ozone, respectively, to

21.6 � 1.8 min for PRGF treated

with 20 lg/mL of ozone.

However, when 20 lg/mL of ozone

was applied to freshly activated

PRGF (just after calcium chloride

administration), a decrease in the time

of clot formation was statistically sig-

nificant only in comparison with the

80-lg/mL ozone concentration, but

not when compared with nonozonat-

ed plasma (Fig. 2B).

No statistically significant differ-

ences were observed in the retraction

process of fibrin scaffolds obtained

from PRGF when treated with ozone

using the syringe method (Fig. 2C

and 2D).

Growth factor content from different

ozone-treated supernatants and

fibrin scaffolds

Assuming that ozone treatment of

PRGF using the continuous-flow

method impaired the formation of

fibrin scaffolds, we decided to treat a

different set of supernatants with

ozone in order to test the potential

effects of ozone on the composition of

morphogens (Fig. 3).

Ozone treatment significantly

reduced the presence of growth fac-

tors in the supernatants, these differ-

ences being statistically significant in

all cases when compared with non-

treated PRGF. Ozone treatment

markedly affected the levels of plate-

let-derived growth factor AB, which

decreased from 14,675 � 2,934 pg/mL

to 898 � 134, 252 � 92 and

221 � 34 pg/mL when treated with

20, 40 and 80 lg/mL, respectively, of

ozone (Fig. 3A). The levels of trans-

forming growth factor-beta1 and

hepatocyte growth factor decreased

by more than 50% when treated with

ozone (Fig. 3B and 3C), whereas the

concentration of insulin-like growth

factor 1 was reduced from 94 �
24 ng/mL to 22 � 7, 10 � 4 and

9 � 3 ng/mL when treated with 20,

40 and 80 lg/mL, respectively, of

ozone (Fig. 3D).

Conversely, ozone treatment of

PRGF using the syringe method did

not alter the composition of morpho-

gens released from the fibrin scaffold.

These results were observed when

ozone was applied before, during or

after the coagulation process of

PRGF (Fig. 4).

Effects of ozone-treated PRGF on

cell proliferation

Human primary gingival fibroblasts

and alveolar osteoblasts were cultured

with ozone-treated PRGF using the

continuous-flow method. The results

showed that the number of cells was

dramatically reduced in both cell phe-

notypes after treatment with any con-

centration of ozone. Most of the cells

were detached and floating and

almost no cells were adherent to the

cell culture surface, which indicated a

high cell-death rate. In fact, cell DNA

concentration was reduced in more

than 95% after culture with ozone-

treated PRGF using the continuous

flow method (Fig. 5).

Once again, ozone treatment using

the syringe method did not modify the

biological potential of PRGF in terms

of cell proliferation (Fig. 6), regardless

or whether ozone was applied

before, during or after coagulation of

PRGF.

Discussion

Platelets are able to produce ROS,

which might play an important role in

the mechanism of platelet activation

and aggregation. Oxygen-reactive spe-

cies, such as hydrogen peroxide, nitric

oxide and lipid oxidation products,

A B

C D

Fig. 2. Effect of ozonation, applied using the constant volume protocol, on fibrin clot prop-

erties. (A) Effect of ozonation before coagulation on the time taken for clot formation.

*p < 0.05, statistically significant differences among plasma samples ozonated with 20 lg/
mL of ozone and the rest of the plasma samples. (B) Effect of ozonation during coagulation

on the time taken for clot formation. †p < 0.05, statistically significant differences between

samples ozonated with 20 lg/mL of ozone and plasma samples treated with 80 lg/mL of

ozone. (C) Effect, on clot retraction, of ozonation before the addition of calcium chloride.

(D) Effect, on clot retraction, of ozonation during the addition of calcium chloride. PRGF,

plasma rich in growth factors; PRGF-20, plasma rich in growth factors treated with 20 lg/
mL of ozone; PRGF-40, plasma rich in growth factors treated with 40 lg/mL of ozone;

PRGF-80, plasma rich in growth factors treated with 80 lg/mL of ozone.
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are present at physiological concentra-

tions during the coagulation process

(30). The negative effect of these radi-

cals is neutralized by diverse oxidant

scavengers, Fe2+ and Cu+ chelators

and a large series of antioxidant

enzymes (31). The maintenance of an

optimal balance between the oxygen

reactive species and the corresponding

protective molecules is critical for cell

survival and the preservation of

healthy tissues (32).

Recent evidence supports the idea

that ozone might be used to increase

the antioxidant capacity of blood and

its derivates. Thus, it could be used to

enhance the potential of these biologi-

cal approaches in the treatment of

several chronic infectious diseases, or

immunological or neurodegenerative

disorders. However, little is known

about how the ozone treatment

method and its concentration impinge

on the properties of biological therapy

and its outcomes.

In this study, we report, for the

first time, how the method by which

ozone is applied to PRGF drastically

affects both its composition and

biological properties. Ozone treatment

of PRGF using the continuous flow

method altered its general properties,

inhibiting the coagulation process and

the formation of the fibrin scaffold.

The long duration of this method

may have resulted in large numbers of

ozone molecules reacting with polyun-

saturated fatty acids, albumin and

antioxidants, such as ascorbic acid

and uric acid, among others (33). Car-

bohydrates, enzymes, DNA and RNA

can also be affected by ozone over-

dose. The high ozone concentration

may have altered platelet structure

and the configuration of some key

proteins involved in the plasma

coagulation process, resulting in its

disruption (32).

In the second ozone-treatment

method, a therapeutic ozone concen-

tration in a determined volume was

mixed with an identical volume of

PRGF. Under these conditions, the

amount of ROS delivered was counter-

acted by the antioxidants present in the

plasma formulation. As a consequence,

the biological potential of PRGF was

not altered. Neither the coagulation

process nor the fibrin retraction

process was modified by the ozone

treatment.

Lipids are the major target of

ozone-induced damage; however,

proteins may also be affected. In

fact, we observed that ozone treat-

ment using the continuous flow

method drastically reduced the

amount of growth factors present in

the PRGF. Protein oxidation pro-

cesses induced by O3 molecules may

explain this negative effect. It has

been previously described that ozone

treatment affects the functional prop-

erties of proteins as a result of struc-

tural changes by oxidation (34).

Nevertheless, the antioxidant agents

present in plasma or within platelets

were able to counteract the ROS

generated when therapeutic ozone

doses were applied (using the syringe

method) before, during and after

coagulation (35).

As expected, no proliferation of

primary gingival fibroblasts and alve-

olar osteoblasts, as a result of treat-

ment with ozone-treated PRGF using

the continuous flow method, was

detected. In fact, a great number of

dead cells was observed in those cul-

tures. This cytotoxic effect might be

caused by the presence of unreacted

ozone molecules in the supernatants.

It has been shown that ozone may

induce the synthesis of high concen-

trations of radical oxygen species in

cell cultures (36), resulting in modifi-

cations of cell proliferation, metabo-

lism and motility (11,37) as well as in

cell death.

By contrast, treatment of PRGF

with ozone using the syringe method,

before, during and after the coagula-

tion process, did not alter the biologi-

cal outcomes of the autologous

therapy.

There is not a generalized consen-

sus to accept ozone treatment as a

therapeutic technique. Orthodox med-

icine remains skeptical because few

controlled clinical trials are available

and the results are poor (10). Further

preclinical and clinical studies are

therefore necessary to address these

issues and to determine the potential

A B

C D

Fig. 3. Continuous flow ozonation. Effect of ozonation, after coagulation, on the content

of growth factors in the plasma supernatant. (A) Platelet-derived growth factor AB

(PDGF-AB). (B) Transforming growth factor-beta1 (TGF-b1). (C) Hepatocyte growth fac-

tor (HGF). (D) Insulin-like growth factor 1 (IGF-1). *p < 0.05, statistically significant dif-

ferences among nonozonated plasma and the rest of the treated samples. †p < 0.05,

statistically significant differences among plasma samples treated with 20 lg/mL of ozone

and plasma samples treated with 40 and 80 lg/mL of ozone. PRGF, plasma rich in

growth factors; PRGF-20, plasma rich in growth factors treated with 20 lg/mL of ozone;

PRGF-40, plasma rich in growth factors treated with 40 lg/mL of ozone; PRGF-80,

plasma rich in growth factors treated with 80 lg/mL of ozone.
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usefulness of ozone in medicine. This

study aimed to shed some light on the

uncontrolled use of ozone when com-

bined with platelet-rich plasma thera-

pies. Our data suggest that low ozone

doses do not modify the properties

and outcomes of PRGF, while higher

doses alter the coagulation process of

the fibrin and induce a destructive

effect on morphogens and growth

factors, reducing or inhibiting its

biological potential.
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40, plasma rich in growth factors treated with 40 lg/mL of ozone; PRGF-80, plasma rich

in growth factors treated with 80 lg/mL of ozone.
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