synthase kinase-3f3 and ultimately leads to delayed opening
of the mitochondrial permeability transition pore (mPTP).
In contrast to the mPTP inhibitor cyclosporine-A or other
proven postconditioning agents,w however, intralipid is a
mixture of various different compounds: fractionated soy-
bean oil, fractionated egg phospholipids, and glycerol.®?
Which of these compounds is ultimately responsible for
the cardioprotective effect? Is this truly a receptor-mediated
effect, or could it simply be a metabolic switch from glu-
cose to fatty acid metabolism that paradoxically protects the
heart as suggested in another of Dr. Eghbali’s publications!®
and by us?!"!? Since intralipid is metabolized iz vivo and
its contents may reach the heart in a very different form®
than in the isolated heart preparation, both models are dif-
ficult to compare directly in this context. Lastly, as much as
delayed mPTP opening appears to be a common end-effec-
tor in many different animal models of protection against
myocardial reperfusion injury,’® Li e# /> show once more
that inhibition of the mPTP may be necessary but by far
not sufficient for cardioprotection: although not formally
done in their study, the extent of delayed mPTP opening
in control, cyclosporine-A-, and intralipid-treated animals
does not correlate with the observed degree of functional
and tissue protection in the three groups. Therefore, despite
these interesting findings, it may still be a long way to a
potential clinical usage of intralipid in preventing myocar-
dial reperfusion injury.

Matthias L. Riess, M.D., Ph.D.,* Mihai V. Podgoreanu,
M.D. *Veterans Affairs Medical Center, and Medical College
of Wisconsin, Milwaukee, Wisconsin. mriess@mcw.edu
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In Reply:

We thank Drs. Reiss and Podgoreanu for highlighting our
recent findings'™ on intralipid and raising all these impor-
tant questions about the mechanisms underlying the cardio-
protective action of one of the most promising agents.

In the acute cardioprotective action of intralipid as in isch-
emia—reperfusion injury? and bupivacaine overdose,® inhibi-
tion of mitochondrial permeability transition pore (mPTP)
opening seems to be one of the key mechanisms. We found
that inhibition of mPTP by intralipid is due to increased
phosphorylation of glycogen synthase kinase 3 beta' and/or
decreased pH by improving mitochondrial electron transport
chain function through fatty acid oxidation pathway.> The
fact that cyclosporine-A, which inhibits the opening of the
mPTP as efficiently as intralipid, is not able to reduce the
infarct size and improve the heart function as intralipid,! may
suggest that inhibition of mPTP opening, although neces-
sary, certainly is not the only mechanism underlying intra-
lipid-induced cardioprotection. However, it is important to
note that the effect of cyclosporine-A on the mPTP is not
selective, because cyclosporine-A can also inhibit the phos-
phatase calcineurin activity.® This interaction of cyclosporine-
A with phosphatase calcineurin is independent of its action
on mPTP> However, it is possible that the effect of cyclo-
sporine-A on calcineurin may limit the cyclosporine-A—in-
duced cardioprotection. Therefore, to clarify whether there
is a correlation between the degree of functional and tissue
protection with inhibition of mPTP opening, intralipid must
be compared with a nonimmunosuppressive cyclosporine-A

Support was provided by National Institutes of Health (Bethesda,
Maryland) grant HLO89876.
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analog, which lacks the ability to inhibit calcineurin such as
N-methyl-4-isoleucine cyclosporin 811.°

We agree with Drs. Riess and Podgoreanu that it is impor-
tant to identify which component of intralipid is exerting
this cardioprotective effect. Despite several attempts from
our group, we have not been able to make the individual
compounds lipid soluble. We will however proceed to exam-
ine the relative contributions of each subcomponent of intra-
lipid on the cardiac functional recovery and infarct size after
ischemia in the acute setting and in the chronic setting as
in pulmonary hypertension. We believe that elucidating the
cardioprotective effects of each of the components of intra-
lipid may also shed light on possible different mechanisms
of action in vivo versus ex vivo because in vivo intralipid is
metabolized. We recently elucidated the involvement of
opioid receptors in mediating the cardioprotective action of
intralipid; as in the presence of opioid receptor antagonists,
intralipid failed to rescue bupivacaine-induced cardiac arrest.”
Future studies are needed to identify which component(s) of
intralipid is(are) in fact interacting with the opioid receptor
and whether this interaction is direct or indirect.

The cardiac ischemia—reperfusion injury coincides with
significant metabolic abnormalities. Numerous studies have
suggested that high circulating levels of free fatty acid during
cardiac ischemia may increase myocardial damage.®'> How-
ever, other studies have shown that improving the capacity of
fatty acid oxidation at reperfusion may improve the cardiac
mechanical performance.’*'> Non-glucose substrates have
also been shown to play an important role in maintaining
energy expenditure during catecholamine stimulation after
myocardial stunning.'® All these findings suggest that patho-
physiologic mechanism of ischemia—reperfusion is at least
partially related to deficient turnover of energy substrates,
more specifically free fatty acid. It is reasonable therefore
to speculate intralipid may shift the metabolism from glu-
cose to fatty acid at reperfusion and consequently lead to
more myocardial energy production. In fact, in the con-
text of bupivacaine overdose, the rescue action of intralipid
was completely abolished in the presence of an inhibitor of
[-oxidation.® Facilitating (3-oxidation in the postischemic
heart through the addition of carnitine has also proven to be
beneficial to myocardial recovery.!”!8

Modulation of membrane lipid composition and forma-
tion of caveolae on the sarcolemma could be one of the other
possible mechanisms of protection as suggested by Dr. Patel’s
group.!” Improving membrane fluidity by intralipid might
also contribute to reducing the myocardial injury. Intralipid
may help the myocardium after an ischemic episode to bet-
ter tolerate calcium overload and excessive production of
reactive oxygen species in the first few minutes of reperfu-
sion as seen in ischemic postconditioning and in controlled
reperfusion as shown in Ovize’s laboratory.?’

The rescue action of intralipid in the chronic set-
ting observed in pulmonary hypertension, on the other
hand, could be mediated by its genomic effect through

Anesthesiology 2013; 118:1229-41 1239

transcription factors leading to stimulation of angiogenesis,
suppression of inflammation, fibrosis, and hypertrophy, in
both lung and right ventricle.*

Our findings, as have been highlighted by Drs. Riess
and Podgoreanu, raise the intriguing possibility that intra-
lipid could serve as a promising cardioprotective agent not
only for resuscitation of the local anesthetic cardiotoxicity
but also for treatment of acute myocardial infarction and
pulmonary hypertension. Our exciting work certainly calls
for further investigation in unraveling other possible mecha-
nisms involved in both the acute and chronic rescue action
of intralipid.

Jingyuan Li, Ph.D., Jean C. Bopassa, Ph.D., Siamak
Rahman, M.D., Mansoureh Eghbali, Ph.D.* *David Gef-
fen School of Medicine at University of California Los Ange-
les, Los Angeles, California. meghbali@ucla.edu
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Desflurane, Isoflurane, and...Ragweed

10 the Editor:

Recent discoveries in the mechanism of action of ragweed
sensitivity may have a bearing on the choice of anesthetic
agent. We review some pathways that affect bronchial motor
tone and how they may influence the choice of anesthetic
agent. Bronchial motor tone is regulated by the parasym-
pathetic nervous system, which exerts a contractile action
through activation of M, receptors, and by the nonadren-
ergic noncholinergic pathways having both inhibitory and
excitatory effects. The bronchial response to stimulation is
in part due to C-fibers in the bronchial wall that are respon-
sible for a local axon reflex, with irritant stimulation of nerve
endings leading to the release of bronchoconstricting tachy-
kinins such as substance P, neurokinin A, and calcitonin
gene-related peptide."? While sevoflurane does not induce
increased airway resistance, desflurane-elicited airway con-
striction appears to be mediated by the release of these
tachykinins.?

The transient receptor potential (TRP) family of cation
channels is highly expressed by a subset of C-fiber nocicep-
tors, including those in the lung.*> TRPA1 is expressed in
sensory neurons, and colocalizes with TRPV1, calcitonin
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gene-related peptide, substance B, and bradykinin recep-
tors.® TRPAL1 is activated by the pungent ingredients in
mustard and garlic extracts, allyl isothiocyanate 7 and alli-
cin.® Sensory neurons from TRPA1-deficient mice show
greatly diminished responses to each of these compounds,
demonstrating that the TRPAI channel is the primary
molecular site by which they activate the irritant and pain
pathway,”!°

mation.'" TRPAL1 receptors are activated by desflurane and
37,12

as well as initiate the asthmatic airway inflam-
isoflurane, similar to the effects of several air pollutants
and chemicals that cause airway constriction, such as of3-
unsaturated aldehydes and acrolein that activate the axon
reflex release of tachykinins.®!3

It has been recently reported that the TRPAI receptor
is also activated by the sesquiterpenoids present in the pol-
len from common ragweed (Ambrosia artemisiifolia), and
activation of this receptor may contribute to the various
respiratory symptoms caused by inhalation of this pollen.'4
The sensitivity of a patient to ragweed suggests enhanced
response of the TRPA1-activated tachykinin pathway. This
sensitivity may have implications for anesthetic choice in
patients with allergy to ragweed and possibly other pollens.
Activation of TRPA1 by desflurane and isoflurane may be
more likely in this setting of heightened sensitivity, lead-
ing to increased airway resistance and decreased lung com-
pliance'® as well as causing bronchospasm and cough.!®!
These effects may in part be counteracted by volatile anes-
thetics’ ability to directly relax airway smooth muscle'® and
by desensitization of the TRPA1 receptor during sustained
exposure.’” Nevertheless, the activation of TRPA1 receptors
in the upper airway has been suggested to be in part respon-
sible for the clinical observation of cough and laryngospasm
due to desflurane.>*13

The role of TRPALI receptor in irritant-induced cough
and increased airway resistance and their stimulation by des-
flurane and isoflurane could account for some of the clinical
side effects of these drugs. Clinicians may want to take these
findings into consideration when choosing an anesthetic
for their patients. The lack of stimulation of TRPA1 recep-
>12 may explain its relative lack of irrita-
and make it a less irritating choice in patients who

tors by sevoflurane
tion!617
have demonstrated heightened airway sensitivity to ragweed

g y gw
pollen or other chemical irritants.

Mohamed Tiouririne, M.D.,* Carl Lynch III, M.D.,
Ph.D. *University of Virginia, Charlottesville, Virginia.
mt9y@virginia.edu
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