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In this issue of Translational Stroke Research, Turner et al.
[1] address the important question of the relevance of the
model(s) of stroke that are used in preclinical animal
studies. They argue, quite rightly, that our heavy reliance on
rodent models, especially rats, may be inadequate for
predicting what will work in humans. This sentiment
echoes the recommendations of the Stroke Treatment
Academic Industry Roundtable (STAIR), which suggests
that treatment efficacy should be established in at least two
species, with initial testing being carried out in rodents or
rabbits [2]. Turner et al. argue specifically for broader use
of the rabbit embolic clot model. The essence of their
argument favoring the use of the rabbit embolic clot model
is twofold: first, the only pharmacological treatment
currently approved for use in humans is recombinant tissue
plasminogen activator (rtPA), which acts on an embolic
clot; second, the use of rtPA in the rabbit embolic clot
model accurately predicts the success of rtPA in humans.
The demonstrated predictive utility of the rabbit embolic
clot model, they argue, is likely to generalize to other
pharmacological treatments for stroke.

There is merit to the argument of Turner et al. Beyond this,
however, their argument raises a broader issue that is
frequently overlooked—the only successful therapeutic target
thus far identified in stroke is the cerebral vasculature.Without
a sufficient, sustainable source of nutrients, which are carried
exclusively by a functional microvasculature, the neuron is
doomed. Without a properly functioning microvasculature,
the neuron will never receive the newest miracle neuro-

protectant, be it an anti-apoptotic drug, siRNA against
hypoxia inducible factor 1 [3], inhibitor peptide against
nuclear factor κB [4], etc. No one doubts the importance of
the neuron, but without an intact, normally functioning
vasculature, no agent can effectively protect the neuron.
Virtually all preclinical and clinical tests of neuroprotectants
assume a functional microvasculature. How good is this
assumption? If the assumption is not valid, might this
account for some of our failures?

Enormous efforts have gone into identifying and testing
well over 1,000 pharmaceutical agents for neuroprotective
capability [5]. For the most part, the agents tested in
preclinical models are agents that have been identified in
various in vitro systems, including brain slices, cell
cultures, and molecular studies that are usually aimed at
understanding neuronal pathophysiology initiated by ische-
mia/hypoxia. Even in the current “post-neuron-centric” age,
in what is now the enlightened age of the neurovascular unit,
efforts continue apace to identify molecular mechanisms that
can be targeted to salvage neurons.

By contrast, the cerebral microvascular endothelium is
neglected. Few “protective” agents specifically target the
microvasculature in ischemia/hypoxia. After ischemia/hyp-
oxia, the microvasculature is never normal, but suffers one
of two broad fates: (1) it can become occluded due to
endothelial cell swelling, with no restoration of flow [6] and
(2) flow may be partial but impeded due to endothelial cell
swelling, with the endothelial cell becoming pathologically
dysfunctional [7]. In the first instance, with flow occlusion,
no neuroprotectant can be conceived that will reach the
neuron to save it. In the second instance, impeded flow via
abnormal dysfunctional capillaries gives rise to harmful
pathological processes. Capillary endothelial cells subjected
to ischemia/hypoxia undergo not only swelling (cytotoxic
edema), which compromises microcirculatory flow [6], but
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in addition, they lose the integrity of inter-endothelial
tight junctions, which allows extravasation of plasma and
promotes the formation of vasogenic edema [7]. Ulti-
mately, complete loss of the structural integrity of
capillaries can lead to the formation of petechial hemor-
rhages and hemorrhagic transformation [7]. If the brain
and the organism survive the edema and the hemorrhagic
transformation, the activated capillary endothelial cell
becomes the gateway for inflammatory cells, which cause
additional injury.

The argument set forth by Turner et al., as well as by
STAIR and many others, is that our heavy reliance on
rodent models, especially rats, may be inadequate for
predicting what will work in humans. Perhaps we should
consider rephrasing the argument: our heavy reliance on
neuronal cells in vitro to first identify molecular targets
may be inadequate for predicting what will work in
humans in vivo.

Should more efforts be devoted to understanding
endothelial pathophysiology induced by ischemia/hypoxia?
We believe the answer is an unequivocal “yes,” but there
are caveats. Unfortunately, cultured endothelial cells pro-
vide only a limited solution. The phenotype found in vitro
only partially recapitulates the phenotype in vivo. Unfortu-
nately, endothelial cells in vivo are extremely difficult to
study. We have no convenient way to study the physiology
of intact functional microvessels, although advances in two-
photon microscopy [8–10] may remove some barriers. Thus
far, relevant advances have been limited. Although work on
matrix metalloproteinases [11, 12] and tight junction
proteins [13], among others [14, 15], are extremely
promising, they have yet to advance to clinical translation.

In the end, Turner et al. are correct. The fact that rtPA is
the only pharmacological treatment currently approved for
use in humans, and that the use of rtPA in the rabbit
embolic clot model accurately predicts the success of rtPA
in humans, conveys one or more very potent messages. One
message is that the vasculature is the only successful target
thus far identified. In some ways, the problem for the major
conduit vessels has been “solved,” by restoring flow with
thrombolytics or by mechanical means. However, the
microvasculature has been neglected, and we have only
begun to identify relevant molecular targets induced in the
microvasculature by ischemia/hypoxia.

The phrase, “Go with the Flow,” is first known to have
been used by the Roman Emperor Marcus Aurelius in his
writings, “the Meditations.” Marcus wrote about the flow of
thoughts and happiness. He concluded that “most things
flow naturally” and in his opinion, it was better to “Go with
the Flow” than to try and change society. Today, the phrase
still carries the same meaning: “to not push against prevailing
behavior, norms or attitudes.” In this commentary, we use the

phrase differently to underscore the importance ofmaintaining
normal microvascular flow after cerebral ischemia—in this
sense, do “go with the flow.” As a result, however, we
advocate in favor of greater focused study of the pathophys-
iology induced by hypoxia/ischemia, but not in the neuron,
rather in the cerebral microvasculature—in this sense, “stop
going with the flow.”
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