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Abstract: 

We examined the effects of ozonated saline infusion into the hemodynamically isolated segment of 

vertebral arteries on cardiorespiratory reflexes in anesthetized cats. This intervention elicited 

concomitant reflex responses, such as systemic hypotension and respiratory depression. These 

cardiorespiratory inhibitory effects were specific to the initial perfusion with ozonated solutions. 

 

Subsequent infusions of ozonated saline into the same isolated segment of vertebral arteries induced 

variable reflex responses of the respiratory and cardiovascular systems. These responses were either 

bidirectional or biphasic, with a predominance of a hypertensive response. These modifications were 

related to the nonspecific adaptive effects of ozone exposure. 

 

Under the conditions of Novocain blockade of vertebral artery chemoreceptors, all the reflex 

responses were abolished. This confirmed their reflexogenic origin. Therefore, the effects of ozone 

exposure, similar to any other pharmacological agent used for therapeutic purposes, depend on its 

concentration in the organism. Ozone exposure exhibits both a local humoral effect, extensively 

documented in the literature, and general reflex effects that are demonstrated in this study. These 

reflex effects are mediated by vascular reflexogenic zones and their respective CNS centers. 

 

Keywords: vascular reflexogenic zone, vertebral artery, cardiorespiratory system, ozone, 

ozonetherapy. 
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Introduction: 

Gases are widely used in practical medicine. At the same time, some of them, relatively described not 

long ago, are difficult to recognize as well-studied [23]. The widespread utilization of ozone-oxygen 

mixtures in practical medicine highlights the necessity for a comprehensive investigation into the 

mechanisms through which ozone affects the human body. In clinical practice, ozone is recognized 

for its various properties, including detoxification, analgesic effects, stimulation of oxygen-dependent 

processes, bactericidal (fungicidal and viricidal) actions, optimization of pro- and antioxidant 

systems, hemostatic and anticoagulant effects, as well as immunomodulation. However, the 

underlying mechanisms responsible for these effects have not been sufficiently explored and are 

currently attributed solely to its direct interaction with tissues or foreign agents [10, 12, 15, 17 – 19, 

34]. Notably, there is a lack of information in the available literature regarding the impact of ozone 

on the central mechanisms regulating homeostasis, particularly within vital systems such as the 

cardiovascular and respiratory systems. 

Previous research conducted in our laboratory has demonstrated that perfusion of the 

hemodynamically isolated zone of the vertebral arteries (maintaining solely nerve connections with 

the body) with physiological concentrations of lactic acid solutions, alkaline and buffer solutions, as 

well as therapeutic doses of angio protectors, elicits reflex changes in arterial vessel tone, cardiac 

activity, and systemic arterial pressure (SAP) [5, 6, 8, 9, 30]. These studies have elucidated the central 

mechanisms underlying the emergence of pressor and depressor reactions originating from 

reflexogenic zones of the vertebral and carotid arteries. 

Building upon the aforementioned findings, the present study aimed to address the following 

inquiries: Does the activation of chemoreceptors in the zone of the vertebral artery by a 

physiologically concentrated solution containing therapeutically effective doses of ozone impact 

systemic blood pressure levels and external respiration? Furthermore, do the administration of 

ozonated solutions, as employed in clinical settings, have the potential to induce not only a direct 

effect on tissues (as established in the literature), but also elicit concurrent reflex reactions within the 

respiratory and cardiovascular systems? If so, what is the nature of these central responses? 

 

Method: 

The experiments were conducted on adult cats of both genders, weighing between 1.9 and 3.7 kg, 

under urethane anesthesia (administered at a dosage of 1.0 gram per kilogram of animal body weight). 

The cats had an initial arterial pressure ranging from 105 to 135 mm Hg, and the experiments were 

carried out under natural respiration conditions. 

To achieve hemodynamic isolation of the reflexogenic zone of the vertebral arteries, we employed 

the technique described in previous publications [4, 7]. A leading cannula was inserted into the 

isolated vascular zone, usually on the right side of the cat's body. An ozonated Ringer-Locke solution, 

maintained at a temperature range of 37-38°C and a constant pressure of 100±15 mm Hg, was 

delivered through this cannula from the Marriott vessel. The perfusate was allowed to flow out 

through the incised extracranial segment of the vertebral artery (at the second cervical vertebra), with 

the distal end of the artery ligated. This method ensured perfusion of the reflexogenic zone without 

accompanying pressure changes or activation of baroreceptors. As a control, we introduced a pure 

physiological solution into the vertebral artery zone. Additionally, to block adjacent tissues, 

novocaine blockade was performed in the perfusate outflow area. Another crucial method of control 

involved the introduction of an ozone solution into the vertebral artery following a 15-20 minute 

novocaine blockade of its chemoreceptors. 

The bubbling of the saline (physiological) solution was carried out using standard procedures [11, 15, 

19], utilizing equipment from renowned manufacturers such as AO "Lepse Plant" (Russia) and 

"Medozons-BM" (Russia). The ozone concentration in 200-400 ml of saline solution was determined 

based on the duration of bubbling. Under these conditions, a 10-minute exposure resulted in an ozone 

concentration ranging from 400 to 1600 micrograms/L in the solution. Such a solution is commonly 

used for intravenous injections in clinical settings [1, 11]. For solutions with lower concentrations, 

the ozonation time was reduced to 5 minutes. 
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To stimulate the chemoreceptors in the vertebral artery zone, the aforementioned ozone-oxygen 

mixture solution was administered until reaching the maximum severity of systolic arterial pressure 

(SAP) [25-29]   and external respiration reactions, at which point the intervention was discontinued. 

The duration of these interventions varied from 50 to 90 seconds, with some cases lasting longer. 

Arterial pressure was measured in the femoral artery using the universally accepted occlusive method, 

while external respiration was recorded through tracheostomy pneumography. Cardiorespiratory 

reactions were assessed by evaluating changes in SAP levels (mmHg) and the amplitude of external 

respiration as a percentage of its initial, pre-intervention level. 

The statistical processing involved utilizing the recorded hemodynamic and respiratory system 

indicators measured during the peak intensity of their respective reactions in each experiment. The 

data were quantitatively assessed in absolute units or percentages relative to their initial (pre-

intervention) levels. In cases where control interventions were used and their values were considered 

as 0, the data were evaluated accordingly. The collected data were processed and analyzed using the 

MS Excel 2016 spreadsheet environment and the Statistica 7.0 package (StatSoft Inc., USA). The 

significance of the results was evaluated using Student's t-test, with p-values below 0.01 considered 

statistically significant. The analysis was conducted on an IBM PC Pentium III computer, and the 

sign test method was also employed [3]. 

 

- RESULTS AND THEIR DISCUSSION 

- 59 observations were carried out on 18 animals (Table 1). 

 

Table 1 

Reflex effects on external respiration and systemic arterial pressure (SAP) 

- from chemoreceptors of the vertebral artery zone 

- when ozonated saline solution is injected into them 

Nature of the 

intervention 

Direction of 

the reaction 

Severity of reactions 

(M±m); relative standard 

deviation 

 

р 

Number of 

observations, n 

Sign test rate 

(reliability with 

probability) 

First perfusate 

introductions 

(at the beginning 

of the experiment) 

* The amplitude of external 

respiration (in % of its 

initial level) – 50.46+6.98; 

v=0.062 

<0.01 

 

31 99 – 99.5 % 

SAP level – 10.1+1.12 

mmHg; v=0.054 

<0.01 

** - - 8 - 

Subsequent 

injections 

* - - 2 - 

** - - 18 - 

Novocaine blockade of chemoreceptors  

Perfusion with an 

ozone-oxygen 

mixture 

 

No changes in cardiorespiratory activity 

 

- 

 

9 

 

100 % 

 

- Notes: 

- Total number of observations (including control ones) – 68. 

- *   – Combined respiratory depression and a decrease in the level of SAP. 

- ** – Simultaneous responses of external respiration and arterial pressure of other directions. 

*1-1 

| Intervention | Percentage of interventions with a decrease in SAP level | Average reduction of SAP 

in mmHg | Average suppression of external respiration in percentage of initial value | 

|--------------|------------------- ------------------------|---------- ------------------------|---------- ---------------

----------------| 

| Ozone injection | 80.43% | 10.1 ± 1.12 | 50.46 ± 6.98 | 
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| Novocaine block | 0% | 0 | 0 | 

| Saline perfusion | 0% | 0 | 0 | 

 

*1-2 

| Intervention | SAP level before intervention in mmHg | SAP level after intervention in mmHg | 

Change in SAP level in mmHg | 

|--------------|------------------- ----|----------------------|------- -------| 

| Ozone injection (first time) | 120.8 ± 2.3 | 110.7 ± 2.1 | -10.1 ± 1.2 | 

| Ozone injection (second time) | 121.3 ± 2.4 | 123.5 ± 2.6 | +2.2 ± 1.4 | 

| Novocaine block | 121.7 ± 2.5 | 121.8 ± 2.5 | +0.1 ± 0.9 | 

| Saline perfusion | 122.1 ± 2.6 | 122.2 ± 2.6 | +0.1 ± 0.8 | 

 

According to the data presented in the table, a decrease in the level of systolic arterial pressure (SAP) 

was observed in 80.43% of the interventions, with an average reduction of 10.1±1.12 mmHg. 

Simultaneously, there was a suppression of external respiration, amounting to 50.46±6.98% of its 

initial value. Throughout the experiment, a depressive reaction of the general blood pressure was 

consistently observed at the initial stage. 

Subsequent to repeated ozone injections into the same vascular reflexogenic zone (in 20 cases), the 

reactions exhibited instability, with a notable prevalence of blood pressor response. However, the 

decrease in SAP level could not be replicated after a 15–20 minute interval following the introduction 

of 0.5 ml of a 2% novocaine solution into the vertebral artery zone (in 9 additional control 

observations) (refer to Figure 1). 

In the field of physiology, the disappearance of reactions subsequent to pharmacological blockade of 

the receptive field using novocaine is considered one of the primary methods to establish their 

reflexive nature. Furthermore, the described reflexes were not reproduced when the vertebral artery 

was perfused with a "pure" saline solution devoid of ozone, indicating that these reactions were not a 

result of baroreceptor activation in the studied zones. 

 

 
Fig. 1. The activity of the respiratory and cardiovascular systems during the introduction of 

ozonated saline solution into the vertebral artery zone (before and after its novocaine blockade). 
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А, Б and В are consecutive parts of one kimogram (obtained on one animal). 

A – the initial state of the animal and the beginning of the reaction to the ozonated solution 

introduction (beginning moment of perfusion is marked with an up arrow); 

Б – continuation of the same reaction and exit from it (termination of perfusion – down arrow); 

В – the same intervention after novocainization of the vertebral artery zone. 

Top down (in A, Б and В): pneumogram; systemic arterial pressure level (indicating heart rate and 

pulse pressure, in part В the stop of the recording is indicated – 31 min. 30 sec.); the beginning and 

end of interventions are indicated by arrows; time mark (scale division – 2 sec.). 

Abbreviations: ЧД – respiratory rate, Ps – pulse, PP – pulse pressure, /мин. – per minute. 

 

The acquired data clearly needs to be divided into two distinct groups. The primary group pertains to 

the reflex changes in the cardiorespiratory functional system, which were observed in response to the 

initial administrations of ozonated saline solution into the vascular reflexogenic zone at the beginning 

of the experiment. The secondary group focuses on the subsequent ozone activation of 

chemoreceptors in the studied zone, specifically examining the changes in external respiration and 

SAP. 

 

During the initial perfusion phase, characterized by one to four injections of ozonated solution, a 

statistically significant (p < 0.01) suppression of respiratory function was observed, accompanied by 

a simultaneous decrease in SAP levels. This finding suggests a consistent impact on the reflexes of 

both the respiratory and cardiovascular systems, pointing towards a unidirectional effect. 

 

However, as multiple injections were administered in the same zone, the reactions of external 

respiration and arterial pressure displayed a distinct two-phase pattern, as illustrated in Figure 2. 

Interestingly, repeated perfusions often triggered reactions of SAP increase and stimulation of 

external breathing, indicating varying and directional responses. 

 

 
Fig. 2. The occurrence of multidirectional reactions of the respiratory and cardiovascular systems 

with repeated perfusion of the vascular reflexogenic zone by ozonated Ringer-Lockes solution (of 

one animal). 

 

A – the first introduction (65 с – the segment of registration of observations lasting 65 seconds was 

removed), Б – repeated perfusion (the same animal). 
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Top down (on A and Б): pneumogram, level of systemic arterial pressure (with an isoline, pressure 

level and calibration of the severity of the change), the intervention beginning and its end (arrows), 

time mark (5 с – 5 sec.). 

 

How can we explain such a change in reactions? What is the potential physiological significance of 

the reflexes observed on general blood pressure and external respiration when the chemoreceptors in 

the vertebral artery zone are activated by ozone? 

 

It is well-known that ozone, when in solution, dissociates into free (molecular) and atomic oxygen. 

This free oxygen has an impact on the chemoreceptors found in reflexogenic zones of the blood 

vessels, leading to a reflexive decrease in SAP, which is opposite to the effect of CO2 on these 

chemoreceptors. The depressant effect of oxygen on SAP levels in the reflexogenic zones is already 

established. This depression is necessary due to the initial increase of oxygen intake by the tissues 

[2,33,35,37]. Excessive oxygen tension in cells can have negative effects on metabolism [16,32] and 

result in oxidative stress, potentially causing structural damage to the cells of blood vessels [20, 21]. 

Therefore, by introducing ozone in our experiments, we simulate the development of hyperoxia in 

the entire organism. The depressive reflex we observed leads to a decrease in the excess oxygen intake 

by the tissues, achieved by reducing the blood flow to them. Additionally, compensation for hyperoxia 

occurs through the suppression of external respiration. Thus, the respiratory and cardiovascular 

systems work together as a cardiorespiratory functional system, ultimately resulting in decreased 

oxygen supply to the tissues. This reflexive effect of ozone is in line with its known direct α-adreno 

blocking effect on smooth muscle vascular cells, as described in the literature [15]. Clearly, these two 

actions synergize, leading to the dilation of major arteries and a hypotonic effect. The reflexive 

reactions we described, such as the decrease in arterial pressure and respiratory depression, are 

compensatory and adaptive in nature, and are being reported by us for the first time in this paper. We 

have been unable to find similar data in other sources. 

 

Furthermore, we observed that the prolonged administration of ozone leads to an increase in the 

concentration of atomic oxygen, which can have an alternative effect on chemoreceptors. 

Furthermore, undissociated ozone is not a natural stimulus for the body's chemoreceptors and may 

not have a specific target. The higher concentration of atomic oxygen and undissociated ozone 

manifests their aggressive toxic properties, compromising the integrity of cell membranes, 

particularly in the chemoreceptors we studied. This could be due to increased oxidation of 

phospholipids, lipoproteins, and damage to polypeptide chains and proteins [1]. It is worth noting that 

ozone, when present in high concentrations and with prolonged exposure, has a toxic effect on the 

entire organism [13,25,36], as well as on various rheological and biochemical parameters of the blood 

in vitro, such as lipid peroxidation of the erythrocyte membrane [14,22]. The body's response to an 

actual painful stimulus is consistent, typically resulting in an increase in systemic blood pressure and 

an increase in respiration [22-24,31]. 

 

CONCLUSION: 

The effects of ozone, much like any medicinal substance used for therapeutic purposes, are dependent 

on its concentration within the body. The duration of exposure plays a significant role as well. An 

ozonated saline solution with an ozone-oxygen mixture concentration ranging from 400 to 1600 

micrograms/L can exhibit both therapeutic and toxic effects. The actions of ozone encompass both 

local humoral effects (which have been extensively described in the literature) and general reflexive 

effects. The latter influences the functioning of the cardiorespiratory system indirectly through the 

vascular reflexogenic zone of the vertebral arteries. 

It is reasonable to hypothesize that, in clinical practice, the reflexive component of the hypotensive 

effects observed in ozone infusion therapy is more pronounced. This is due to the fact that within the 

entire body, the reflexes we discovered for the first time are not limited to the chemoreceptors solely 

in the vertebral arteries but also involve all vascular reflexogenic zones. 
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Recommendations and future projects that can be worked on: 

- Exploring the rostral ventrolateral medulla and the sympathetic ganglia. 

- Comparing the effects of ozone therapy with other forms of oxygen therapy, such as hyperbaric 

oxygen therapy or normobaric oxygen therapy. 

- Investigating the optimal dose, duration, frequency, and route of administration of ozone therapy 

for different conditions. 

- Evaluating the long-term effects and side effects of ozone therapy. 
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