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This review examines the combined use of the A1 adenosine receptor (A1AR) agonist, N6cyclohexyladenosine
(CHA),
and
the
adenosine
receptor
antagonist,
8-(psulfophenyl)theophylline (8-SPT), as a proposed method of targeted temperature management
(TTM) for cardiac arrest patients. TTM consists of central inhibition of thermogenesis as well as
other body surface cooling mechanisms using the A1AR. Neurological damage caused by cardiac
arrest can kill or significantly impair life quality, however, studies of hibernation biology reveal
fundamental mechanisms that can be applied to induce hypothermia by attenuating thermogenesis
and limiting brain damage. Central activation of adenosine receptors by CHA in the solitary
nucleus (NTS) inhibits thermogenesis. Unfortunately, this also results in unwanted cardiovascular
effects in the periphery. For this reason, CHA can be administered in tandem with 8-SPT, which
cannot cross the blood-brain barrier, to block adenosine receptor activation in the periphery. This
review also includes an analysis of the effects of CHA and 8-SPT in the central nervous system
(CNS) and peripheral nervous system (PNS). This novel dual administration of A1AR ligands has
effectively reached targeted temperatures in rats, guinea pigs, and hamsters, with the hope of being
used in clinical cardiac arrest therapy.
Abbreviations: N6-cyclohexyladenosine - CHA; 8-(p-sulfophenyl)theophylline - 8-SPT; Targeted
Temperature Management - TTM; Nucleus of the solitary tract – NTS; BBB – Blood Brain Barrier
Keywords: Hypoxic Ischemic Brain Injury; Cardiac Arrest; Adenosine; Targeted Temperature
Management; CHA; 8-SPT; NTS

Introduction
More than 500,000 individuals in the
United States suffer from cardiac arrest each
year, with an estimated 350,000 cardiac arrests
occurring outside of the hospital (Meaney et al.,
2013; Benjamin et al., 2019). Cardiac arrest is
associated with high in-hospital mortality and
poor neurological outcome. In 2018, only 8.2%
of adults that suffered an out-of-hospital cardiac
arrest treated by emergency medical services
survived with good functional status at hospital
discharge (cerebral performance index of 1 or
2)(Virani et al., 2020). Cerebral performance
scores of 3, 4, and 5 describe “severe
neurological disability, persistent vegetative
state, or death” (Reynolds and Soar, 2014).
Hence, the majority of surviving patients must

endure devastating neurological injury, which
can drastically reduce life quality for patients and
their families. Neurological damage by cardiac
arrest is a result of insufficient oxygen to the
brain, resulting in irreversible neuronal damage
known as hypoxic ischemic brain injury (Sekhon
et al., 2017). During total circulatory arrest,
adenosine triphosphate (ATP) production ceases
and cellular integrity is compromised, triggering
glutamate release (Geocadin et al., 2008).
Excessive glutamate release activates N-methylD-aspartate (NMDA) receptors, flooding cells
with extracellular calcium ions, and causing
many issues. These issues include the formation
of reactive oxygen species, potentially leading to
lipid peroxidation, protein oxidation, and DNA
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way to reduce neurological damage caused by
oxygen deficiency from cardiac arrest.
Discussion of TTM reveals a need for a centrally
acting drug that inhibits shivering. This need is
met by CHA which causes unwanted side effects
in the periphery. 8-SPT can block the effects of
CHA in the periphery when administered as a
pretreatment. The combined use of these drugs
shows promise as a cardiac arrest therapy.

Figure 1. Neuronal damage caused by cardiac arrest during
initial loss and return of oxygen.

fragmentation, which are all known causes of cell
death (Geocadin et al., 2008). Paradoxically, the
return of blood flow, also known as reperfusion,
can lead to cerebral reperfusion injury which
further kills neurons (Sekhon et al., 2017; Cowled
and Fitridge, 2011). A chain of reactions
produced by highly reactive species such as O2and the OH radical (OH·) consequently furthers
cellular membrane lipid peroxidation, releasing
proinflammatory
eicosanoids,
threatening
cellular membrane integrity and leading to more
cell death (Geocadin et al., 2008; Cowled and
Fitridge, 2011). Essentially, while the initial
cease in blood flow during cardiac arrest
threatens cells, the reintroduction of oxygen
exacerbates injury.
Brain injury is also not homogenous
(Sharma et al., 2011; Geocadin et al., 2008).
There is some discrepancy as to which parts of
the brain are the most vulnerable. In a swine
cardiac arrest model, the thalamus was found to
be the most susceptible to damage compared to
the cortex, hypothalamus, hippocampus, and
brain stem (Sharma et al., 2011). On the other
hand, Geocadin et al’s (2008) review of human
cardiac arrest studies claims the cortex is more
vulnerable than the subcortical structures
previously mentioned. Regardless, brain damage
after cardiac arrest can result in memory and
learning deficits, issues with motor control, and a
lack of consciousness (Virani et al., 2020;
Reynolds and Soar, 2014). This review examines
the use of two A1 adenosine receptor subtype
(A1AR) ligands, N6-cyclohexyladenosine (CHA)
and 8-(p-sulfophenyl)theophylline (8-SPT), in
targeted temperature management (TTM) as a

Targeted Temperature
Management
Current methods of mitigating brain
injury caused by cardiac arrest include targeted
temperature management (TTM), previously
known as therapeutic hypothermia (Omairi and
Pandey, 2020; Laughlin et al., 2018). TTM is a
clinical protocol that cools the core body
temperature to 32-34 °C from its average
temperature of 36.1-37.2 °C and implements
mechanisms to suppress thermogenesis (Omairi
and Pandey, 2020; Saigal et al., 2015). Cerebral
metabolism decreases by 8% with every 1 °C
decrease in body temperature. Reduced cellular
metabolic requirement protects neurons from
damage after cardiac arrest while also decreasing
cerebral blood flow, addressing the risk of
cerebral reperfusion injury (Saigal et al., 2015).
Widely used TTM practices include skin surface
cooling via air and water, as well as core body
cooling using methods such as cooled IV saline
infusions,
antipyretics,
anesthetics,
and
intravascular catheters (Lundbye, 2012).
Shivering remains one of the most
common complications of TTM. Shivering is a
thermogenic reflex caused by the core body
temperature decreasing below the hypothalamic
set temperature point (Jain et al., 2018).
Shivering is counterproductive to TTM because
it increases cerebral metabolic demand by
decreasing brain tissue oxygen tension. Brain
tissue oxygen tension is a way to measure brain
oxygen supply (Oddo et al., 2010). Low levels of
brain tissue oxygen tension is associated with
poor neurological outcomes. Lowering body
temperature increases brown adipose tissue
(BAT) activity which results in increased energy
consumption and heat generation (Morrison,
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2016). This is because BAT is a type of highly
vascularized and metabolically active body fat
that has increased amounts of mitochondria to
generate heat (Shimizu et al., 2014; Chechi et al.,
2013). Cutaneous vasoconstriction also poses an
issue because it reduces skin heat conductance
(Song and Lyden, 2012). Fortunately, activation
of adenosine receptors in the nucleus of the
solitary tract (NTS), located in the brain stem, can
inhibit shivering, BAT activity, and cutaneous
vasoconstriction (Tupone et al., 2013; Morrison,
2016). In addition to its central role in
thermogenesis attenuation, the NTS is also
known for receiving and integrating initial
peripheral metabolic, gustatory, cardiovascular,
and pulmonary signals (Morrison, 2016;
Sekizawa et al., 2013; Tupone et al., 2013). The
implications of the NTS in thermogenesis
inhibition is of current interest in the field of
hibernation biology.

also experience decreases in body temperature,
metabolic demand, heart rate, blood pressure,
oxygen consumption, and brain activity (Boyer
and Barnes, 1999; Jinka et al., 2011). Activating
A1ARs in the brain is necessary to induce torpor
in hibernating species, presumably through the
NTS which likely senses changes in metabolic,
not thermal, parameters (Morrison, 2016). More
importantly, torpor-like states have been induced
in animals that do not naturally hibernate such as
rats and guinea pigs using the A1AR (BAT
activity inhibition, decrease in core body
temperature and shivering) (Shiomi and Tamura,
2000; Jinka et al., 2011; Tupone et al., 2013;
Shimaoka et al., 2018). There have been many
studies that have found that activation of A1ARs,
specifically by the agonist, CHA, can decrease
core body temperature and induce torpor.
Findings from those studies will be discussed in
the next section.

Adenosine is found in the central nervous
system (CNS) and peripheral nervous system
(PNS) (Biaggioni et al., 1992; Sheth et al., 2014;
Vallon and Oswald, 2009). Adenosine receptors
are G-protein coupled receptors and are found as
four subtypes within humans: A1, A2A, A2B, and
A3 (Latini and Pedata, 2001; Sheth et al., 2014).
Neuroprotective properties rest primarily with the
A1AR subtype which is widespread in the CNS
(Boison, 2008). There is a high density of A1ARs
in the hippocampus, cortex, cerebellum, and NTS
(Bisserbe et al., 1985; Sheth et al., 2014; Tupone
et al., 2013). Activation of A1ARs is known to
play an inhibitory role in the CNS (Von Lubitz et
al., 1993; Bjorness and Greene, 2009). Cellular
mechanisms of A1AR activation include neuron
hyperpolarization
to
decrease
electrical
transmission and neuronal Ca2+ uptake inhibition,
which attenuates neurotransmitter release in the
presynaptic terminal (Latini and Pedata, 2001;
Aerde et al., 2015). These effects result in
reduced energy expenditure and decreased
cellular metabolism which is a great benefit for
TTM.

CHA and Thermogenesis

Torpor is an adaptive state of dormancy
during periods of expected famine (Withers et al.,
2008; Boyer and Barnes, 1999). When animals
are exposed to harsh cold temperatures, this state
of dormancy is known as hibernation. Animals

CHA is a well-studied potential
thermolytic agent for TTM. CHA is an A1AR
agonist, with some affinity for A3AR, and a very
weak affinity for A2AR (Gao et al., 2003). Many
studies demonstrate central CHA agonism of
A1AR effectively attenuating thermogenesis
(Tupone et al., 2013; Shintani et al., 2005; Bailey
et al., 2017; Laughlin et al., 2018; Jinka et al.,
2015). CHA (5ul, 1mM, ICV) administered in
male rats over 24 h resulted in a core body
temperature of 26.7 ± 0.9 °C, compared to saline
administration resulting in a core body
temperature of only 37.2 ± 0.6 °C (Tupone et al.,
2013). An increase in dose is inversely correlated
with body temperature in Syrian hamsters,
another hibernator (Shintani et al., 2005). In a
range of 0.05-0.5 nmol, 0.5 nmol resulted in the
largest decrease of body temperature rates of
31.26 ± 0.11 °C/465 minutes, while the 0.05 nmol
dose only resulted in a decrease of 4.31 ± 0.29
°C/44 minutes. The same study also found that
CHA effects were greater at colder ambient
temperatures. Administration of 0.5 nmol CHA
ICV decreased body temperature at a rate of
31.99 ± 0.10 °C/465 minutes at an ambient
temperature of 5 °C whereas 25 °C only reduced
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body temperature by 6.39 ± 0.25C °C/166.7
minutes in Syrian hamsters.

Figure 2. Body temperature versus time after CHA
administration at an ambient temperature of 16 °C. Varying
central
A1AR
expression
results
in
differing
thermoinhibitory effects of CHA (0.5 mg/kg IP). Dietary
restriction significantly sensitized rats to CHA compared to
the AL group. (Bailey et al., 2017 - Reproduced with
permission from the publisher).

While CHA has consistently shown
promise as a thermolytic agent, individual
response varies. This may have to do with A1AR
expression in central thermoregulatory regions.
For instance, rats that were fed every other day
(dietary restricted (DR)) showed increased
A1AR expression in the hypothalamus compared
to rats fed ad libitum (AL) (Figure 2) (Bailey et
al., 2017). This sensitized the DR rats to CHA
and caused a greater decrease in body
temperature. This also implicates the
hypothalamus in the reduction of body
temperature. DR rats also experienced less CHA
variability than AL rats. These findings suggest
that when individuals have similar amounts of
central A1AR, their response will also be similar.
A dose of 1.0 mg/kg CHA given intraperitoneally
resulted in AL animals reaching the target body
temperature of 32 °C, however some animals
over-cooled to 21 °C at an ambient temperature
of 17.0 °C. To manage inter-individual variation,
the thermolytic response to CHA was adjusted
with conductive surface heating and cooling to
achieve the desired target temperature (Bailey et
al., 2017). This suggests that CHA in tandem with
surface cooling can be an effective TTM therapy.
It should be noted that CHA tolerance
can occur and is characteristic of other A1AR
agonists as well (Roman et al., 2008). Increasing

CHA dosage using intermittent injections or
continuous IV titration in rats was unsuccessful
because of acute tolerance development
(Laughlin et al., 2018). Instead, continuous CHA
(1.0 mg/kg IV) for 24 h in rats was sufficient to
reach and maintain a target temperature between
32-34 °C with real-time conductive cooling to
prevent overcooling. This standardized the
responses of individual animals without causing
any adverse effects (Laughlin et al., 2018). This
suggests that CHA administration in addition to
surface cooling or ambient temperature control
can potentially be used for TTM in humans. On
the other hand, even though CHA effectively
reduces body temperature, it has not been used
clinically because of its cardiovascular side
effects (Jinka et al., 2015).
Mainly, CHA is known to have an
inhibitory effect on heart rate but there is
discrepancy about its effect on blood pressure.
The following studies outline some of these
findings.
CHA
(0.25 mg/[kg·h])
was
administered to rats by continuous IV infusion
and produced slower than normal heart rate, also
known as bradycardia, within 30 min (Laughlin
et al., 2018). A starting heart rate of between 300400 beats per minute (bpm) decreased to 89士4
bpm over 24 h (362 ± 9 bpm). In rats with normal
blood pressure, ICV (0.01, 0.05, 0.1 mg) and IV
(0.1, 0.5, 1.0 mg/kg) CHA decreased arterial
pressure and heart rate in a dose-dependent
manner (Stella et al., 1993). CHA given at 1 pmol
ICV decreased hamster heart rate by 84 士4% at
3 min and remained near that value for greater
than 5 min (Proctor et al., 1991). Systemic blood
pressure decreased from 113 ± 4 mmHg to 86 ±
5% at 3 min and remained near 80% of control
for greater than 15 min. Similar findings have
been reported in ICV (5ul, 1mm) injections of
CHA in rats as well (Tupone et al., 2013). The
rats were kept in a cooled environment of 15 °C.
Heart rate was 171 ± 42 bpm after CHA
administration and 361 ± 15 bpm after saline
administration. The reduced heart rate was
maintained for 6 h. Interestingly, CHA increased
mean arterial pressure by 39.5 ± 6 mmHg (p =
0.003). This contrasts with other findings. It is
important to note that an increase in blood
pressure was only seen when the animals were

Page 5 of 10
Impulse: The Premier Journal for Undergraduate Publications in the Neurosciences
2021

Table 1. CHA decreases body temperature in rodents.

Note. Various modes of CHA administration such as IP, ICV, and IV affect decrease in body temperature and is a function of
ambient temperature. There is a dose dependent decrease in body temperature. Lower ambient temperatures with similar dosages
resulted in greater decreases in body temperature.
Abbreviations: IV – Intravenous; ICV – Intracerebroventricular; IP – Intraperitoneal
*Rats were moved to an ambient temperature of 22 °C if body temperature dropped to 15 °C
**Lowest allowable body temperature was 15 °C. Required 312 ± 88 minutes for this value to be reached

cooled. As previously mentioned, hypothermia
elicits cutaneous vasoconstriction, and these
results could potentially be attributed to that.
Some of these cardiovascular effects have also
been seen in non-cooled primates. IV
administration of CHA (cumulative 0.01-1.0
mg/kg) in cynomolgus monkeys resulted in dosedependent decreases in heart rate and mean
arterial blood pressure (Coffin and Spealman,
1987). These findings are pertinent because heart
rate is widely accepted as a proxy for metabolic
rate (Laughlin et al., 2018; Currie et al., 2014).
While bradycardia during TTM indicates positive
outcomes, severe bradycardia can compromise
organ perfusion (Parish et al., 2018). CHA in the
cardiovascular system could potentially block the
A1ARs necessary for cardiac function once the
patient’s circulation has returned. Therefore,
there is a balance that must be achieved when
CHA is administered in the periphery. Low blood
pressure, also known as hypotension, after the
spontaneous return of circulation following
cardiac arrest is a predictor of poor neurological
outcomes and has been found to be an
independent predictor of mortality (Geocadin et
al., 2008; Trzeciak et al., 2009; Kilgannon et al.,
2008; Laughlin et al., 2018).

About 12-81% of cardiac arrest patients
experience acute kidney injury. (Spoelstra-de
Man and Oudemans-van Straaten, 2019;
Rundgren et al., 2019). This wide percentage
range is a result of studies using different
definitions for acute kidney injury and patient
selection (Rundgren et al., 2019) Acute kidney
injury is associated with severe neurological
outcomes, increased dialysis requirements and
time in the hospital, and greater mortality
(Spoelstra-de Man and Oudemans-van Straaten,
2019). It is inconclusive if TTM reduces acute
renal injury after cardiac arrest. That being said,
adenosine plays a significant role in the renal
system and there is value to examine it here.
While A1AR activation generally leads to
vasodilation in most tissues, it causes
vasoconstriction in the renal cortex to meet
metabolic restraints (Vallon and Oswald, 2009).
Blood flow to the renal cortex forms an
ultrafiltrate and increases the metabolic demand
for tubular electrolyte transport. Essentially,
glomerular filtration rate becomes too high for
renal blood flow and it is necessary to decrease
the ratio between the two. In contrast to the renal
cortex, the renal medulla still needs adequate
blood flow (Vallon and Oswald, 2009).
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Adenosine works with the renin-angiotensin
system to cause vasoconstriction in the renal
cortex and vasodilation in the renal medulla
(Biaggioni, 1992; Vallon and Oswald, 2009). In
isolated perfused rat kidneys, CHA (0.001 to 0.1
µM)
caused
concentration-dependent
vasoconstriction and relative vasodilation at
higher concentrations, somewhat mimicking
adenosine (Rossi et al., 1987). CHA (1µM) has
been shown to decrease glomerular filtration rate
in perfused rat kidneys (Murray and Churchill,
1984). CHA also increased afferent arteriolar
resistance but decreased efferent arteriolar
resistance. It is clear that A1ARs play an essential
role in the kidneys, and likewise, are necessary
for other organ systems as well. However, there
is an impending need to prevent A1AR agonism
in the heart to effectively cool the body. This can
realistically be accomplished in a clinical setting
by using an antagonist that only acts in the
periphery.

the saline solution (8-SPT = 429 ± 95 bpm, saline
= 399 ± 79 bpm), but ICV 8-SPT (10 μg in 5 μl
vehicle) increased heart rate (saline = 380 ± 25
bpm, 8-SPT = 602 ± 60 bpm, P < 0.05). While
sole peripheral 8-SPT administration does not
impact body temperature or heart rate, 8-SPT
antagonizes cardiovascular effects of A1AR
agonists including CHA (Thomas and Spyer,
1996; Joosen et al., 2004; Sidi et al., 1994). A
pretreatment of 8-SPT (50 mg/kg) in rats infused
with adenosine (1.74 mM arterial adenosine)
reduced hypotension caused by adenosine
(Evoniuk et al., 1987). The administration of 8SPT (20 mg/kg, IV) after the adenosine analog 2chloroadenosine (30 mg/kg IV) reduced
bradycardia and kept arterial blood pressure from
decreasing significantly (Thomas et al., 1994).
Thus, when administered as a pretreatment, 8SPT can be used to localize the effects of CHA
exclusively to the CNS without introducing
additional peripheral effects.

8-SPT in the Periphery

Combined Effects of CHA and
8-SPT

The A1AR antagonist, 8-SPT, can block
the effects of CHA in the PNS. 8-SPT is a nonspecific A1AR and A2AAR antagonist that does
not readily cross the blood brain barrier (BBB)
due to its polarity (Evoniuk et al., 1987). For this
reason, 8-SPT has little to no effect on the brain
when administered into the periphery. Few
studies have examined the effects of sole 8-SPT
administration, but they provide valuable
information about how 8-SPT impacts body
temperature and heart rate. In fasted, torpid, mice,
8-SPT (50 mg/kg, subcutaneous) did not cause a
change in body temperature even after an hour of
infusion (8-SPT = 28.1 ± 1.6 °C, saline = 29.3 ±
2.2 °C) (Iliff and Swoap, 2012). This lack of
effect from peripheral administration was
contrasted
to
the
8-SPT
given
intracerebroventricularly. ICV 8-SPT (10 μg in 5
μl vehicle) increased body temperature in
comparison to the phosphate-buffered saline
solution by 33 minutes after infusion began
(saline = 31.9 ± 1.1 °C, 8-SPT = 34.3 °C ± 1.3 °C,
P < 0.05). Cardiovascular effects were also
measured in the same study. 8-SPT (50 mg/kg,
subcutaneous) in the periphery did not cause a
significant change in heart rate when compared to

The dual administration of CHA and 8SPT has been successful in inducing hypothermia
and mitigating cardiovascular effects. Consistent
with other studies, a study by Jinka et al. (2015)
using rats found that lower ambient temperatures
resulted in lower CHA-induced body
temperatures. When CHA was delivered
continuously at a dose equivalent to 1.0 mg/kg
every 4, an ambient temperature of 16 °C caused
the average minimum body temperature to
become 29.3 ± 0.3 °C. The average minimum
body temperature was 35.6 ± 0.1 °C at an ambient
temperature of 25 °C. The authors believed this
difference in response was because body heat
dissipated more with the lower ambient
temperature in addition to reduced thermogenesis
caused by CHA. Even more, 8-SPT (25 mg/kg)
was administered 8 h after onset of continuous
CHA administration. This did not have a
significant effect on body temperature but did
increase heart rate at ambient temperatures of 16
°C and 25 °C, less so with the latter. Essentially,
8-SPT had an enhanced effect at lower ambient
temperatures. This process was an effective
method of temporally controlling when target
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temperatures were met. Jinka et al. went one step
further and created a model of asphyxial cardiac
arrest. At an ambient temperature of 16 °C, 25
mg/kg 8-SPT was injected every four hours and
was followed 15 minutes later by an injection of
1 mg/kg CHA. Rats given this treatment were
cooled from a starting body temperature of 33.5
± 0.1 °C to temperatures ranging from 31.0–29.2
°C. The average minimum body temperature was
29.7 ± 0.3 °C. Control rats that were not treated
or cooled had a body temperature ranging from
36.2 °C to 37.3 °C. While cardiac arrest caused
damage to hippocampal CA-1 neurons in all rats,
animals given the treatment had significantly less
injury than the control group. Therefore, TTM
effectively preserved some neurons in this study.
Additionally, the rats were successfully
rewarmed by discontinuing the treatment and
placing them in warmer ambient temperatures
(Jinka et al., 2015). Ultimately, these findings
indicate that the dual administration of CHA and
8-SPT with ambient temperature control is
effective at modulating body temperature and
reaching TTM goals in a cardiac arrest model.
Successful rewarming of animals has also been
seen in other studies.
While this TTM therapy shows great
promise, it is important to note a few issues with
this A1AR agonist/antagonist model. Firstly,
while 8-SPT is not BBB permeable, cardiac arrest
may compromise BBB integrity, allowing 8-SPT
to antagonize the effects of CHA in the brain
(Sharma et al., 201; Guo et al., 2018). This may
interfere in the goals of TTM simply because
CHA won’t be able to bind to A1ARs. Secondly,
A1AR agonists, including CHA, are well known
to protect against seizures by increasing seizure
threshold and decreasing occurrence (Zeraati et
al., 2006; Murray et al., 1985). Adenosine
receptor antagonists, such as theophylline and
aminophylline, have reportedly countered seizure
protective properties of A1AR agonists at higher
doses (Borowicz et al., 1993; Murray et al.,
1985). This is notable because seizures are
common after cardiac arrest and the high
metabolic demand caused by the increased
neuronal activity can cause further damage in an
already vulnerable brain. The administration of
other anticonvulsant drugs alongside 8-SPT and
CHA may be a solution and needs further study.

Conclusion
In summary, cardiac arrest is a severe
medical emergency. Depletion of the brain’s
oxygen supply frequently results in neuronal
damage. The reintroduction of oxygen after
cardiac arrest can cause cerebral reperfusion
injury and worsen neurological outcomes.
Cooling the body after the cardiac arrest can
reduce the injury. However, therapeutic cooling
in non-hibernators elicits counterproductive
reflexes such as shivering, BAT thermogenesis,
and cutaneous vasoconstriction. Agonizing
A1ARs in the brain using CHA mimics neural
mechanisms of natural hibernators.
While CHA can inhibit thermogenesis, it
comes with cardiovascular side effects. For this
reason, the A1AR antagonist 8-SPT can be used
to block CHA in the periphery. Treatment of 8SPT followed by CHA, along with surface or
ambient temperature control, can be used for
TTM and mitigation of the damage caused by
cardiac arrest. It also allows target temperatures
to be met with temporal control. It should be
noted that A1AR exists in the periphery too, such
as in the renal system, and antagonizing these
receptors can potentially block endogenous
adenosine from activating them. Till date, there
are no reports on the use of CHA and 8-SPT in
humans. Successful TTM in human trials is
dependent on further study of the dual
administration of CHA and 8-SPT in other
species. Lastly, the A1AR agonist/antagonist
model may provide insight on treating other
conditions.
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