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Scientific Review

Abbreviations
CO2  Carbon dioxide
HIF-1  Hypoxia-inducible factor 1
PGC-1a   (aka PPARGC1A) Peroxisome 

proliferator-activated receptor 
gamma coactivator 1-alpha

ROS  Reactive oxygen species
VEGF  Vascular endothelial growth factor

Abstract
Carbon dioxide (CO2) is as critical as oxygen for maintain-
ing life on Earth. It has antioxidant properties that are 
essential to balance the negative destructive properties 
of oxygen. The positive healing properties of CO2 have 
been in use for many centuries. Only now are we begin-
ning to understand the mechanism of CO2 and how pow-
erful its healing properties might be. This article reviews 
the biology and physiology of transdermal CO2 and how 
it can be used as a therapeutic agent for the treatment of 
many ailments related to poor oxygenation, tissue injury, 
or uncontrolled inflammation. It turns out that CO2 has 
complementary properties that will increase the oxygen 
concentration in the tissue while also combatting oxy-
gen’s highly reactive properties. Small increases in the 
CO2 concentration can have major effects. Recent discov-
eries have shown that enough CO2 can diffuse through 
the skin to produce substantial benefits. Using a high 
concentration of CO2 outside the skin can generate small 
elevations deep inside that are sufficient to generate a 

healing response. This review discusses the physiology, 
biology, tissue penetration, and healing effects of thera-
peutic transdermal CO2. 

Introduction
Carbon dioxide (CO2) is a primary product of oxidative 
metabolism in all animals and plants. The average physi-
ologic levels of CO2 in the exhaled breath of mammals is 
maintained to be approximately 5% of the exhaled gas 
(1). As such, the concentration in the arterial blood is 
held precisely at 40 mm Hg. Such regulation is evidence 
that CO2 is tightly linked to the physiologic condition.  
Although it is common for CO2 concentrations to increase 
in the tissue as a result of metabolism, especially in exer-
cising muscle, elevations in the arterial blood occur only 
from alterations in pulmonary ventilation or disease. 

An elevation in CO2 blood concentration (hypercapnia) 
becomes evident during lung diseases when gas ex-
change is inadequate and as a result of hypoventilation 
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during surgery or a stay in the intensive care unit. Given 
the many physiologic functions of CO2, the effects of hy-
percapnia on the body can be complex. Hypercapnia will 
increase the respiratory rate and blood flow to the brain 
and heart and reduce inflammation. 

Because the arterial concentration of CO2 is tightly reg-
ulated, the only way to increase tissue concentrations 
is to elevate oxidative metabolism or apply CO2 from an 
external source. Thus, logic would predict that any bio-
logical response in the tissue must be a reaction to the 
elevated metabolism. Many reports in the literature have 
shown a biological response to localized increases in the 
concentration of CO2. Here, we will discuss the effects of 
localized increases that cannot be interpreted by study-
ing hypercapnia. Studies of hypercapnia are challenging 
to interpret because systemic sympathetic responses 
can overwhelm any localized effect (2). A recent review 
describes the multiple cellular pathways for sensing in-
creases in CO2 and the complex set of biologic responses 
(3). The biologic responses lead to significant changes in 
blood flow and tissue oxygenation and occur when CO2 
concentration increases by as little as 5% (4). 

History of Transdermal CO2 Therapy 
Humans have a long history of using transdermal CO2 for 
therapy, although they were unaware that CO2 was the 
source of the benefit. The therapeutic properties of nat-
ural springs have been explored for centuries. Evidence 
from the Roman Empire attests to their use. It turns out 
that the high concentrations of bicarbonate in these hot 
springs make them highly effective (5). 

Natural hot baths are of minimal public utility because of 
their limited availability. People have tried to mimic the 
positive effects by using bicarbonate baths for treating 
limbs or CO2-enhanced water for athletes (6). Most re-
cently, treatments with CO2 gas have gained favor. This 
gas can be applied either to the whole body or an individ-
ual limb (7). In this review, we discuss the new findings  
regarding application of CO2 from the outside (transder-
mally) rather than the inside (hypercapnia). We will de-
scribe the most pertinent biologic effects of increased tis-
sue CO2 as well as new therapies that have been discovered. 

Biology of CO2

Intracellular pathways
Although CO2 has had a role in the existence of life on Earth 
since the planet became habitable, the precise mecha-
nisms of its complex biology remain rudimentary and are 
still a topic for fruitful investigation. A recent compre-
hensive review article highlights our current knowledge 

about the intracellular mechanisms of CO2 and how it af-
fects the body (3). The main topics relate to how elevated 
CO2, or the omnipresent lower pH, can influence cellular 
function through modulation of mitochondrial function, 
adenylate cyclase, calcium transport, transcriptional reg-
ulators, the adenosine monophosphate-activated protein 
kinase pathway, signal transduction networks, and direct 
CO2-dependent protein modifications. 

These pathways precisely define the intracellular mech-
anisms for the biological responses described below.  
Although CO2 has a multitude of biologic and physiologic 
properties, we are confining our discussion to those prop-
erties that relate to the microcirculation of the tissues 
and are relevant to the process of tissue healing.

Enhanced release of oxygen from hemoglobin
The movement, exchange, and transformation of oxy-
gen to CO2 is the foundation for life on Earth. As single 
cells evolved into complex organisms, life could only be 
sustained when individual cells could access oxygen and 
eliminate the CO2 waste product. Because both oxygen 
and CO2 are gases, which diffuse easily across tissues, 
nature has devised a way to capture the gases, transport 
them, and then release them in the proper location. The 
gases travel inside red blood cells that are transported 
by the heart and through the blood vessels to tissues 
throughout the body. 

Most importantly, the red blood cells absorb oxygen and 
release CO2 when they pass through the lungs. Then, when 
the red blood cells pass through the microcirculation in 
the various tissues of the body, the opposite process  
occurs. The gases must be packaged in a way that concen-
trates them inside the red blood cells while minimizing 
passive diffusion of the gases out of the cells. Within the 
lungs, oxygen diffuses into the red blood cells, where it 
is trapped within hemoglobin molecules; in the tissues, 
CO2 diffuses into the red blood cells, where it is trapped 
by instant conversion to a transitional molecule that will 
not easily diffuse out of the cell. Both mechanisms are  
reversed at opposite ends. 

Defining how oxygen and CO2 exchange in the microcircu-
lation helps us understand how elevated CO2 levels would 
promote healing mechanisms. Oxygen and CO2 engage in 
a complex interaction that regulates their exchange in the 
tissue. This process is called the Bohr effect. 

The Bohr effect defines how CO2 and oxygen influence 
each other when binding to hemoglobin within the red 
blood cells. The Bohr effect has been studied for years and 



30    AHVMA Journal  •  Volume 65 Winter 2021

is nicely summarized in a recent publication (8). In brief, 
CO2 concentrations will begin to increase as red blood 
cells enter the microcirculation. The CO2 is immediately 
converted to bicarbonate. Bicarbonate will not diffuse out 
of the cell. This conversion is aided by the enzyme car-
bonic anhydrase, which increases the rate of conversion 
by almost a million-fold (9). 

As bicarbonate increases, the cytoplasm becomes more 
acidic and causes a conformational shift in the hemoglo-
bin that favors the release of oxygen. In the absence of 
CO2, hemoglobin does not release oxygen into the tis-
sue (unless the tissue contains essentially zero oxygen). 
On the other hand, adding CO2 to the microcirculation 
through either enhanced metabolism or external appli-
cation will force hemoglobin to release all of its bound 
oxygen. Thus, oxygen delivery from blood is enhanced 
with externally applied CO2.

Anti-inflammation
As noted above, a recent review describes the multiple 
cellular pathways by which tissues sense increases in 
CO2 and the complex set of biologic responses (3). The 
defined pathways describe several mechanisms by 
which CO2 can attenuate the inflammatory response (10, 
11). Knocking down the inflammatory response can be 
helpful—even potentially curative—when inflammation 
is uncontrolled and damaging tissue. The ongoing pa-
thology is caused by an imbalance of the inflammatory 
response itself. One example of this imbalance is osteo-
arthritis (12). The therapy for such conditions is com-
monly an anti-inflammatory pharmaceutical, such as an 
NSAID, steroid, or new biological. Although CO2 has been 
shown to attenuate inflammation, artificially increasing 
the concentration of CO2 is a novel therapy that is just 
beginning to be explored.

In some situations, an anti-inflammatory therapy is not 
welcome because the immune response is critical for a 
good outcome. For example, treating an infected wound 
with steroids can blunt, and even worsen, the response 
to infection. Increasing the concentration of CO2 is re-
ported to have the same effect (13). This situation is best 
exemplified by studies of the diseased lung. Whereas 
hypercapnia induces an anti-inflammatory effect that 
is helpful in the treatment of acute respiratory distress 
syndrome (ARDS), it will worsen outcomes of bacterial 
pneumonia by blunting the immune response (13, 14).

Angiogenesis
New blood vessels are needed when the metabolic 
demand outstrips the delivery of oxygenated blood  

(ie, heavy exercise) and when tissue is stressed or dam-
aged and therefore needs new blood vessels to heal and 
form new tissue. Angiogenesis is the natural process 
whereby these new blood vessels are formed.

As skeletal muscle activity increases, multiple mecha-
nisms are harnessed to optimize oxygen utilization in 
the exercising muscle. The most obvious and easiest to 
measure is the increased oxygen delivery capacity of 
capillary blood f low that results from a dilating vascu-
lar network. Once blood has reached the metabolically 
active tissue, oxygen release from the hemoglobin is en-
hanced by the Bohr effect. Repeated stress on the sup-
ply of oxygen triggers the tissue to form additional blood 
vessels through angiogenesis. 

Multiple studies have made it apparent that the biologic 
cascade leading to angiogenesis is directly activated by 
increases in tissue CO2. Given that the generation of CO2 
is a fundamental property of oxygen metabolism and  
elevated values suggest a lack of blood f low to carry it 
away, it makes sense that the elevated level would trigger 
new blood vessel formation. Investigators have shown 
that CO2 induces normoxic angiogenesis in normal skel-
etal muscle, skeletal muscle after injury, fractured bone, 
denervated tissue following crush injury, skin f laps, 
hyperglycemic skeletal muscle, ischemic hindlimb, and 
healing wounds (15-22). Although the pathways link-
ing angiogenesis to shear and tissue stretch are well 
described, the link between angiogenesis and metabolic 
stress remains a mystery (23, 24). 

The angiogenic response induced by CO2 applied through 
the skin closely mirrors the response induced by CO2  
released naturally during exercise. Haas and Nwadozi 
reported in a recent review that 3 stages of angiogen-
esis are activated during repeated bouts of exercise (25). 
It was noted that when exercise is repeated long term, 
vascular endothelial growth factor (VEGF) stimulation 
diminishes, and the concentrations return to baseline 
once adequate remodeling of the vasculature has oc-
curred. Interestingly, exogenous application of CO2 to 
muscle mimics this response. After weeks of repeated 
transdermal CO2 therapy to the muscle, the amount of 
VEGF generated by the CO2 treatment also returns to 
baseline (21). This finding offers evidence that CO2  
applied to the skin produces a stimulus very similar to 
that of natively generated CO2 in the tissue. Such studies 
support the premise that elevated concentrations of CO2 
in the tissue will mimic an increase in metabolic rate and 
stimulate the tissue to respond accordingly by activating 
the process for normoxic angiogenesis. 



AHVMA Journal  •  Volume 65 Winter 2021    31

Vasodilation to improve blood flow
Blood f low to tissue is tightly regulated based on the 
metabolic needs of the tissue. This control minimizes the 
total amount of blood f low needed at any given time and 
shifts it to where it is most needed in the body. Distribu-
tion of blood f low to the organs is controlled by the sym-
pathetic nervous system, whereas distribution within 
the organs is controlled by the localized metabolic de-
mand of the tissue. When the oxygen demand of tissue 
is increased, signals generated within the capillaries 
are transmitted into the larger blood vessels to create a  
coordinated vascular response that directs blood f low 
to the areas with the highest demand (26). The comple-
ment to this communicated vascular response is vasodi-
lation by the action of substances that directly relax the 
muscle around the arterioles. CO2, released from tissue 
during oxidative metabolism, causes direct vasodilation.  
Experimentally, researchers have shown that apply-
ing CO2 directly to blood vessels or treating a limb 
with transdermal CO2 induces vasodilation (4, 7). The  
vasodilatory response induced by CO2 may be mediated 
through the release of nitric oxide, adenosine, and/or 
calcitonin gene-related peptide (CGRP) (27, 28). 

Antioxidant
CO2 is also a life-preserving, concentration-dependent 
antioxidant (29). Distinct from its actions to moderate 
inflammation, CO2 counteracts the reactive oxygen spe-
cies (ROS) generated by cytokines and inflammatory 
cells. The production of ROS is intended to combat mi-
crobes and tumors (30). However, ROS can be very de-
structive to the tissue by inactivating sulfhydryl groups 
on enzymes, hormones, and receptors. They will also 
degrade hyaluronic acid and collagen and alter DNA 
structure (31). These destructive reactions have been 
reported in cardiomyocytes, endothelial cells, platelets, 
fibroblasts, chondrocytes, and mucosa cells of the stom-
ach and intestines and are known to cause both acute 
and chronic disease (32).

The mechanism by which CO2 inhibits ROS generation is 
realized, at least in part, by its action on mitochondria. 
CO2 reduces the generation of ROS inside both cells and 
mitochondria. It also directly reduces the activity of the 
enzyme NADPH oxidase, which transfers electrons from 
NADPH to molecular oxygen to produce ROS (29). 

The combination of the anti-inflammatory and anti-
oxidant effects of transdermal CO2 provides a healthy  
environment for tissue growth. High concentrations of 
CO2 disrupt the cycle of inflammation-generating ROS, 
pain, and swelling. Once the cycle is disrupted, cell  

debris is carried away, enabling healthy oxygenation and 
an opportunity for new tissue formation to take hold. 

Oxidative metabolism
Oxygen is essential to the chemical process of oxidative 
metabolism, during which carbohydrates are converted 
to usable energy in the form of ATP. Biologically, the cit-
ric acid cycle and electron transport chain work together 
in the mitochondria to generate ATP and CO2 from oxy-
gen and carbohydrates. ATP production may be limited 
in some tissues, such as skeletal muscle, during extreme 
exercise. The number of mitochondria in the muscle also 
affects this production. 

CO2 will increase oxidative metabolism of muscle fibers 
by mediating mitochondrial biogenesis. Oe et al. showed 
that when concentrations of CO2 are increased in normal 
skeletal muscle, increases are also seen in the gene ex-
pression of peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha (PGC-1a), sirtuin 1 (SIRT1), 
and VEGF, as well as in the number of mitochondria 
(22). Investigators have confirmed that CO2 induces an 
increase in PGC-1a by showing that CO2 preserves oxi-
dative capacity in a model of hyperglycemia and also 
abates muscle atrophy (33, 34). These studies clearly 
demonstrate that CO2 mimics the effects of exercising 
muscle and stimulates the need for oxidative capacity.

Antitumor
Research into transdermal CO2 has revealed one aston-
ishing finding. Numerous studies now show that elevated 
CO2 will reduce the size of malignant tumors and increase 
the effectiveness of radiation therapy and chemotherapy 
(35). The antitumor effect has been demonstrated for  
fibrous histiocytoma/undifferentiated pleomorphic sar-
coma, murine osteosarcoma, and human oral squamous 
cell carcinoma (36-38).

The biological mechanisms for decreasing tumor size 
involve increasing the oxygenation inside the tumor,  
inducing mitochondrial apoptosis, activating the expres-
sion of PGC-1a, moderating hypoxia-inducible factor 1  
(HIF-1), and decreasing the activity of matrix metal-
loproteinases (37-39). Using CO2 gas to increase the  
oxygenation of tumor tissue has the potential to be a  
therapeutic breakthrough for the treatment of metastatic  
malignancies. 

Transdermal Diffusion of CO2 Into Tissue
CO2 therapy may be used at the skin for wound healing or 
to target soft tissue or joints. Therefore, CO2 must pen-
etrate the skin and diffuse farther into the tissue to have a 
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meaningful biological effect. Penetration of gases through 
human skin was described at least as early as 1872 (40). 
More recently, by sealing the body or a limb within an en-
closure, researchers have been able to measure the pas-
sage of oxygen and CO2 into or out of the skin based on 
changes in the gas concentrations within the enclosure 
(41, 42). The average rate at which CO2 passes through the 
skin into the atmosphere at 27 °C is 120 ml/m2/hour (42). 

According to Fick’s law, diffusion through the skin de-
pends on the surface area, diffusion coefficient, and con-
centration gradient. Using an average CO2 passive trans-
fer rate of 120 ml/m2/hour and assuming pressures of 40 
mm Hg in the tissue and 0.3 mm Hg in the atmosphere, 
the gradient produces 120/(40 − 0.3), or approximately  
3 ml/m2/hour/mm Hg. 

If 100% CO2 is applied to human skin, the concentration 
gradient reverses direction and is 760 mm Hg at the skin 
and 40 mm Hg in the tissue, producing an inward pres-
sure of 720 mm Hg. Because diffusion coefficients are not 
affected by the direction of the gradient, the estimated 
diffusion of CO2 through the skin should be 720 × 3, or 
2,176 ml/m2/hour. 

Although these studies focus on human skin, a similar 
diffusion process would likely be present in most mam-
malian skin, albeit diffusion through thicker skin would 
be slower. 

Enhancing the transdermal diffusion of CO2
The potential of using transdermal therapy always leads 
to concern about how deeply the gas transfers into tis-
sue. Investigators have shown in humans that the rate of 
penetration increases with the temperature of the skin, 
diseases of the skin, and water content of the skin (43, 44). 

Many studies show that moist skin accelerates CO2 dif-
fusion. In humans, a sealed box was used to measure the 
transfer of gas moving from within to outside the body. 
Wetting the skin doubled or even tripled CO2 transfer 
(42, 45). In another study, researchers applied CO2 over 
the body as either a moist or dry gas and compared the 
effects to submersion in a bath containing CO2. Only the 
moist gas mimicked activity of the water bath (46). Some 
investigators use a gel on the skin to keep it moist (47). 
The diffusion coefficient of CO2 through various tissues, 
including skin, increases exponentially with water con-
tent, and in very moist tissue may approximate that in 

water itself, essentially abolishing the diffusion barrier 
of dry skin (48, 49). 

Deep penetration of CO2 into the tissues
Because CO2 is highly soluble in soft tissue, it follows 
the concentration gradient but is also removed from tis-
sue via the bloodstream. According to the Fick equation,  
4 variables influence the depth of penetration into the 
tissue: (1) the mass of tissue available for absorbing the 
gas, (2) bloodstream transport of gas away from the 
tissue, (3) the CO2 concentration and diffusion coeffi-
cient at the skin, and (4) diffusion time. Of course, these 
variables change based on environment, anatomy, and 
disease state. Therefore, calculating the CO2 concentra-
tion in any given tissue is likely impossible. However, 
it has been reported that a microvascular dilatory re-
sponse can be seen with an increase in CO2 as small as 
5% (4). Therefore, little CO2 actually needs to reach the 
tissue to generate a meaningful response. 

Therapy With Transdermal CO2

The presentation heretofore clearly shows a biological 
effect of elevated CO2 in humans and experimental labo-
ratory animals. Hopefully, this evidence will stimulate 
interest in the veterinary community to study this new 
modality in other mammals. Such studies might be con-
sidered translational studies from laboratory to large 
animals. Currently, we are aware of a single formal study 
using transdermal CO2 to treat equine wounds, and this 
is still only available in abstract form (15). 

The following describes the possible applications for 
CO2 in larger animals and the science behind their use. 
There are numerous case studies that reflect the current  
status of transdermal therapy for many patients in the 
field, including videos showing positive results with 
transdermal CO2 (50).

Wounds
With appropriate treatment, wounds will heal them-
selves. However, sometimes wounds are slow to heal 
or they fester. Horses in particular may exhibit limb 
wounds that fail to heal and develop excessive granu-
lation tissue. Dubuc et al. have attributed this dysfunc-
tional healing process to occluded microvessels and an 
imbalance of cell apoptosis that prevents the efficient 
removal of excess fibroblasts (51). Other reasons that 
a wound may not heal include pressure points, chron-
ic rubbing or movement, and diabetes. In laboratory  
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animals, elevated concentrations of CO2 are reported to 
activate the process for new blood vessel formation and 
increase tissue blood f low and oxygenation (15). Simul-
taneously, CO2 has been shown to provide a low inflam-
matory environment and reduce tissue-destroying ROS. 
These positive effects of treatment will always need to 
be balanced with the risk of worsening an infection due 
to the strong anti-inflammatory properties of CO2.

Small wounds can become large wounds if they are 
not immediately treated. CO2 therapy may hasten the 
healing of these small wounds before they get worse.  
Elevated levels of CO2 activate the mechanisms for the 
formation of new blood vessels and therefore new tis-
sue. These responses would ultimately bring fresh, oxy- 
genated blood to the region along with the necessary build-
ing blocks for formation of new tissue. The additional  
oxygen should also enhance the effectiveness of neutro-
phils to destroy bacteria and consume dead tissue.
 
Inflammation
Cellulitis: Cellulitis is an inflammatory process in the 
tissue that can be activated by a number of factors, such 
as infection, tissue injury, and low oxygen. In laboratory 
animals, CO2 attenuates the inflammatory process. The 
defined pathways for the anti-inflammatory effects of 
CO2 occur through several mechanisms, as noted in the 
“Anti-inflammation” section. This positive effect of treat-
ment would need to be balanced with the risk of wors-
ening an infection due to the strong anti-inflammatory  
properties of the CO2.

Lymphedema: Lymphedema typically occurs when 
the tissue is unable to drain through the lymphatic sys-
tem. Lymphangitis is an inflammation of the lymphatics 
wherein inflammatory cells infiltrate the lymphatics and 
cause occlusion of these delicate vessels. CO2 might reduce 
the inflammation and immediately reopen the channels to 
the flow of lymph. This action would reduce lymph in the 
tissue and relieve the symptoms of lymphedema. 

Tendonitis: Tendonitis results when a tendon becomes 
inflamed after excessive stress and small tears. The in-
flammation is important initially to generate pain that will 
reduce the use of the tendon and allow healing. Unfortu-
nately, the inflammation can become excessive and cause 
more damage. Elevating the concentration of CO2 may very 
well stop the inflammation and allow healing to occur. 

Osteoarthritis: Osteoarthritis is a disease of the joints. 
In healthy individuals, cartilage lines the bones where 
they contact the joints, allowing smooth, frictionless 
movement. Cartilage is composed mostly of collagen that 
is produced from underlying cells and is in a state of con-
tinuous turnover. Altering the continuous revitalization 
of the cartilage leads to loss of cartilage and failure of 
the joint. Inflammation ensues, and ROS causes acceler-
ated cartilage breakdown and decreased cartilage pro-
duction. This cascade can be caused by direct traumatic 
injury to the joint, simple joint strain from overuse, or 
spillover from nearby inflamed tendons. 

Once joint inflammation begins, the cartilage slowly de-
grades and causes pain and joint dysfunction. The goal 
of therapy is to reduce the inflammation, counteract the 
ROS, and increase collagen formation. When the inflam-
mation is under control and mediators are neutralized, 
generation of renewed joint tissue can begin. 

Application of CO2 directly to the affected tissue and 
joints might reduce pain and swelling by reducing the 
inflammation and neutralizing the destructive actions 
of the ROS. If this happens, the CO2 would generate a 
healthy environment for formation of new tissue and 
collagen. 

Bone and soft tissue injury: Injury to the bone and soft 
tissue (eg, tendons and ligaments) can be caused by heavy 
workloads or accidental trauma. The tissues, which can 
be fractured, torn, or avulsed, need to heal as quickly 
as possible to prevent worsening of the injury. Resting 
the injured limb and offering anti-inflammatory drugs 
is the foundation of the therapy. According to Oda et al., 
CO2 will hasten the healing in laboratory animals (20). 
CO2 reportedly activates the mechanisms for formation 
of new blood vessels. The increase in fresh, oxygenated 
blood would then offer the necessary building blocks for 
formation of new tissue. In addition, the oxygen should 
enhance the activity of neutrophils, which are needed to 
destroy bacteria and consume dead tissue. Although the 
findings in laboratory rats are convincing, further study 
is needed to evaluate the effect in larger animals.
 
Laminitis: Laminitis is a complex disease of the hoof 
that has numerous causes. Fundamentally, it is charac-
terized by the disruption of normal nutritive blood f low 
to the lamina. Loss of blood f low, or ischemia, leads to 
activation of hypoxic pathways and digital vasospasm. 
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Transdermal CO2 may reverse this pathology through 
numerous pathways. Unpublished data collected at the 
University of Pennsylvania School of Veterinary Medicine  
New Bolton Center suggest that CO2 can affect hoof blood 
f low (a). This may indicate increased blood and oxygen-
ation in the tissue. It may also activate the process for 
angiogenesis, enhancing the environment for tissue  
repair. In laboratory animals, CO2 is reported to be anti- 
inflammatory and reduce HIF-1, the protein neces-
sary for the hypoxia pathway and controlled apoptosis.  
Although treatment during the initial phase of laminitis 
would seem logically to be the most effective, reversals 
of even chronic laminitic injuries have been documented 
in case studies (50). 

Rehabilitation: Extreme exercise can lead to incidents of 
microfractures in the bone and microtears of muscles and 
ligaments. These microinjuries will initiate an inflamma-
tory process to start the healing. CO2 may hasten the re-
pair by generating additional blood flow to the region and 
creating a tissue environment that optimizes healing (21). 
In addition, its anti-inflammatory mechanisms may help 
keep the inflammation in check to reduce pain and allow 
healing to occur. These responses will, of course, depend 
on how deeply CO2 gas penetrates the tissue. Experimen-
tal trials are needed before we can know for sure.

Summary
Transdermal CO2 may offer a novel method for the treat-
ment of numerous ailments by reducing inflammation 
and ROS and generating a healthy, oxygenated environ-
ment for the removal of debris and the formation of new 
blood vessels and tissue. CO2 gas is an option for ther-
apy because it can be applied to isolated areas of the 
body for precise treatments. It is supplied in small ap-
plicators that can be readily used in the office or in the 
field or sent home with the owners. Although there are  
essentially no formal studies to confirm these results in 
non-laboratory animals, many case reports are indicat-
ing early success. These reports show improvement for 
many different ailments that can be detected after only a 
few treatments (50). 
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Endnote

a.  As member of the research team related to reference
(15), Dr. Andrew W. van Eps used microdialysis catheters
to measure the metabolic factors in the lamina during
treatments with transdermal CO2. There were significant
changes in the measured parameters, indicating a sig-
nificant response within the lamina. Because the findings
were difficult to interpret without more supporting data,
the researchers elected not to publish the results. Nonethe-
less, there were significant changes related to the presence
of transdermal CO2 that clearly showed the gas was pen-
etrating the skin and generating a tissue response.
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