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PERSPECTIVE

Intranasal insulin neuroprotection in 
ischemic stroke

Acute ischemic stroke (AIS) is a leading cause of death and 
long-term disability in the USA and worldwide. Significant ad-
vances in the last two decades have resulted in the introduction 
of intravenous tissue plasminogen activator and more recently 
catheter based endovascular interventions in selected patients 
(Berkhemer et al., 2015; Goyal et al., 2015). These interventions 
are applicable to a limited number of patients fulfilling specific 
criteria; therefore neuroprotection has attracted significant at-
tention. Neuroprotection refers to strategies and interventions 
aiming to limit the extent of AIS-related injury and facilitate the 
naturally occurring regenerative mechanisms.

Acute ischemic injury triggers a series of events in a cellular and 
molecular level, resulting in energy failure and ultimately neuro-
nal death: Inflammation, excitotoxicity, apoptosis, reactive oxygen 
and nitrogen species formation, mitochondrial failure have been 
implicated in the ischemic cascade (Lioutas et al., 2015).

In contrast to many other neuroprotective agents used in past 
clinical trials targeting specific single steps along the process, 
insulin’s effects are pleiotropic: It suppresses pro-inflammatory 
transcription factors and might limit the detrimental effect of 
the inflammatory response (Garg et al., 2006). It produces an 
antithrombotic effect by decreasing the tissue factor and plas-
minogen activator inhibitor-1 levels and a vasodilatory effect by 
promoting activation of endothelial nitric oxide synthase; both 
actions could facilitate recruitment of collateral vessels and en-
hance the effect of thrombolysis, ultimately reducing the final 
infarct volume and improving long-term functional outcome 
(Huang et al., 2014). Insulin also favorably regulates cerebral 
energy homeostasis. In addition to the acute phase, insulin’s ef-
fects extend to the subacute and chronic phase, exerting a potent 
antiapoptotic effect and promoting myelin and neurite regenera-
tion, neurotransmission and functional connectivity of the brain 
(Duarte et al., 2012). The putative neuroprotective mechanisms 
of insulin in the ischemic cascade are summarized in Figure 1.

The intranasal route presents significant advantages: The ab-
sorption occurs mostly through paracellular transport and endo-
cytosis, following the course of olfactory and trigeminal neurons 
that are present in the nasal cavity. This offers the significant 
advantage of bypassing the blood-brain barrier and achieving 
rapid, widespread central nervous system (CNS) penetration 
(detected in the CNS within 1 hour from administration). In an-
imal experiments intranasal administration resulted in 100-fold 
higher CNS concentration compared to intravenous administra-
tion of equal insulin dose (Thorne et al., 2004). Although there 
is a predilection for higher concentrations in areas related to the 
trigeminal and olfactory pathways and there is a rostral-caudal 
transmission vector, there is evidence of more diffuse spread in 
various cerebral regions (Lochhead and Thorne, 2012).

Intranasal insulin has been used in healthy adult human sub-
jects, diabetics and non-diabetics, patients with mild cognitive 
impairment (MCI) and Alzheimer’s disease, focusing on safety, 
feasibility tolerability, neurologic and cognitive improvement. 
Intranasal insulin administration resulted in significant improve-
ment in visuospatial memory, immediate and delayed recall, 
attention and verbal learning acutely and in the chronic phase, 
without any concerning side effects (Craft et al., 2012). In addi-
tion to clinical performance metrics, functional MRI and PET 
scan studies provided robust evidence suggesting improved vas-
oreactivity and cerebral perfusion in the gray and white matter, 

improved connectivity, slowing of cerebral hypometabolism. It 
is important to highlight that the effects were not limited to di-
abetics or MCI/Alzheimer’s disease patients only, healthy adults 
benefitted in a similar way, indicating an overall positive effect of 
intranasal administered insulin in the cerebral function (Reger et 
al., 2008).

Intranasal administration of insulin has significant practical 
advantages: It is simple, fast, feasible, painless, uncomplicated 
and well-tolerated by patients. Therefore, it would not inter-
fere with the rest of time-sensitive interventions during acute 
stroke, such as IV thrombolysis. If approved for treatment in 
acute stroke its simplicity will allow for rapid administration 
in the emergency department or even by the paramedical staff. 
The major safety concern would be the risk of hypoglycemia, 
which can be detrimental to human brain. However, this has 
not shown to be a problem in several human studies involving 
healthy and diabetic adults (Craft et al., 2012), as intranasal ad-
ministration results in minimal systemic absorption and first-
pass metabolism of insulin. Insulin actions on the CNS in fact 
favor energy homeostasis, as already described.

Neuroprotection has attracted significant interest and nu-
merous agents have been tested in large scale human trials. 
Despite robust theoretical background and promising in vivo 
(animal) experimental data, none of these trials resulted in 
unequivocal success and there is no neuroprotectant approved 
for use in acute stroke. N-methyl-D-aspartate (NMDA) re-
ceptor antagonists, free radical scavengers, cellular membrane 
stabilizers, monoclonal antibodies all had neutral or, at times 
negative effects (Lioutas et al., 2015). The reasons for the series 
of translational failures have concerned academic trialists and 
the pharmaceutical industry likewise and resulted in a series of 
recommendations on how to optimize the process of develop-
ing an agent with neuroprotective properties and minimizing 
premature advancement to futile, resource-demanding trials 
(Albers et al., 2011). Specific qualities that a neuroprotective 
agent should ideally possess include:

• A pleiotropic mechanism of action. It has been felt that the 
failure of many of the above mentioned agents to provide a 
functional benefit was at least in part due to their very specific 
target. However, the ischemic cascade includes a series of dif-
ferent events and it is unlikely that blocking on step along the 
process would significantly limit the damage. In a conceptual 
level, hypothermia is considered an ideal paradigm of a pluri-
functional agent, although it should be noted that its benefit 
in cerebral ischemia has not been proven. Insulin’s actions in 
the CNS indeed are not limited to a singular mechanism; in the 
contrary it has an overarching effect, blocking multiple detri-
mental processes in the acute and subacute phase and augment-
ing neuroplasticity mechanisms.

• Rapid, preferably pre-hospital, administration. Recent large 
scale acute stroke trials have showed that “in the field” treatment 
is feasible for the appropriate agents. Intranasal insulin delivery 
is very simple, straightforward and easily applicable without the 
need for sophisticated equipment or special personnel train-
ing. Some if insulin’s properties, namely its vasodilatory and 
antithrombotic effect might prove particularly beneficial in 
penumbral salvage and extending the time window upon which 
reperfusion therapies will prove beneficial. Moreover, its safety 
profile across several age groups, underlying neurologic and oth-
er comorbid conditions is reassuring, not necessitating narrow 
screening or specific pre-administration laboratory or imaging 
testing. This will need to be confirmed in a stroke population. 

• Selective cerebral delivery. Intranasal administration has 
the benefit of bypassing the blood brain barrier and enter the 
CNS rapidly and achieving significantly higher (up to 100-
fold in animals) CNS concentrations compared to intravenous 
administration.
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Besides the significant practical and theoretical advantages, 
there are areas of uncertainty that merit clarification before ad-
vancing to a large scale trial:

Additional data from animal stroke models, following ran-
domized, blinded, high-quality experiments. Current informa-
tion on animal stroke models is limited and the available data, 
although encouraging could be enhanced by replication from 
independent groups, improved blinding and randomization of 
animals, and ideally replication in different animal species. 

Additionally, in the case that the pre-hospital administration 
is investigated in a clinical trial setting, this should be preced-
ed by demonstration of safety in hemorrhagic animal models: 
Ischemic and hemorrhagic stroke are essentially clinically in-
distinguishable without ancillary imaging testing (CT brain 
scan) which is not readily available in the prehospital setting, 
with rare, remarkable exceptions of studies that are in a pilot 
phase and are unlikely to become a widespread standard of care. 
Therefore if pre-hospital administration is to be considered, 
the safety in intracerebral hemorrhage should be very robustly 
demonstrated.

The optimal timing and duration of treatment following 
acute stroke have not been clarified at the moment. Although 
there is an acute effect, more prolonged administration has 
yielded robustly positive results in subjects with cognitive im-
pairment (Craft et al., 2012) and insulin’s antiapoptotic and 
neurotrophic effect makes it biologically plausible that it might 
be beneficial in the subacute and early chronic phase of isch-
emic stroke during which neuroplasticity mechanisms are cru-
cial. This raises the question whether intranasal insulin admin-
istration should not be limited to the acute phase. Proper dosing 
is also not clearly defined for stroke yet. Animal studies suggest 
a dose-dependent beneficial effect (Liu et al., 2001) and human 
data do not raise safety concerns with higher doses. Both of these 
critical questions could be assessed with early Phase 1 or 2a dura-
tion and dose-response studies in acute stroke subjects that.

In summary, intranasally administered insulin possesses 
many of the ideal properties for acute stroke neuroprotection, 
due to its plurifunctional mechanism of action, wide applica-
bility, safety and simplicity of CNS distribution. Well-designed 
animal and phase I human studies are necessary to improve our 
understanding of its neuroprotective potential in acute stroke.
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Figure 1 Mechanisms implicated in the ischemic cascade and potential 
targets for insulin in response to acute ischemia. “Stop” signs indicate the 
steps of the ischemic cascade where insulin can intervene to limit the extent 
of ischemic damage. 
Image repr inted w ith  permiss ion from Spr inger, L icense  No. 
3670991012466, issued July 16, 2015.
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