Correspondence

Research Support

Funded by a grant from the Heart and Stroke Foundation
of Canada, Ottawa, Ontario (to Dr. Zaugg).

Competing Interests

The authors declare no competing interests.

Michael Zaugg, M.D., M.B.A., FR.C.P.C., Alexander S.
Clanachan, Ph.D., Phing-How Lou, Ph.D., Eliana Lucchinetti,
Ph.D. University of Alberta, Edmonton, Alberta, Canada (M.Z.).

michael.zaugg@ualberta.ca

References

1. Umar S,LiJ,Hannabass K Vaillancourt M, Cunningham
CM, Moazeni S, Mahajan A, Eghbali M: Free fatty acid
receptor G-protein-coupled receptor 40 mediates lipid
emulsion-induced cardioprotection. ANESTHESIOLOGY
2018; 129:154-62

2. Stoddart LA, Smith NJ, Milligan G: International
Union of Pharmacology. LXXI. Free fatty acid recep-
tors FFA1, -2, and -3: Pharmacology and pathophysio-
logical functions. Pharmacol Rev 2008; 60:405—17

3. Eclov JA, Qian Q, Redetzke R, Chen Q,Wu SC, Healy
CL, Ortmeier SB, Harmon E, Shearer GC, O’Connell
TD: EPA, not DHA, prevents fibrosis in pressure over-
load-induced heart failure: Potential role of free fatty
acid receptor 4.] Lipid Res 2015; 56:2297-308

4. Kotarsky K, Nilsson NE, Flodgren E, Owman C, Olde
B: A human cell surface receptor activated by free fatty
acids and thiazolidinedione drugs. Biochem Biophys
Res Commun 2003; 301:406—10

5. Lou PH, Zhang L, Lucchinetti E, Heck M, Affolter
A, Gandhi M, Kienesberger PC, Hersberger M,
Clanachan AS, Zaugg M: Infarct-remodelled hearts
with limited oxidative capacity boost fatty acid oxida-
tion after conditioning against ischaemia/reperfusion
injury. Cardiovasc Res 2013;97:251-61

6. Lou PH, Lucchinetti E, Zhang L, Affolter A, Schaub
MC, Gandhi M, Hersberger M, Warren BE, Lemieux
H, Sobhi HE Clanachan AS, Zaugg M:The mechanism
of Intralipid®-mediated cardioprotection complex IV
inhibition by the active metabolite, palmitoylcarnitine,
generates reactive oxygen species and activates reperfu-
sion injury salvage kinases. PLoS One 2014; 9:¢87205

7. Rahman S,Li]J,Bopassa JC, Umar S,Iorga A, Partownavid
P, Eghbali M: Phosphorylation of GSK-33 mediates
intralipid-induced cardioprotection against ischemia/
reperfusion injury. ANESTHESIOLOGY 2011; 115:242-53

8. Zaugg M, Lou PH, Lucchinetti E, Gandhi M,
Clanachan AS: Postconditioning with Intralipid emul-
sion protects against reperfusion injury in post-infarct

remodeled rat hearts by activation of ROS-Akt/Erk
signaling. Transl Res 2017; 186:36-51.¢2

9. Briscoe CP, Peat A], McKeown SC, Corbett DF, Goetz
AS, Littleton TR, McCoy DC, Kenakin TP, Andrews
JL, Ammala C, Fornwald JA, Ignar DM, Jenkinson
S: Pharmacological regulation of insulin secretion in
MING cells through the fatty acid receptor GPR40:
Identification of agonist and antagonist small mole-
cules. Br J Pharmacol 2006; 148:619-28

(Accepted for publication November 16, 2018.)

In Reply:

‘ x [ e have carefully read the letters from Fettiplace ef al.
and Zaugg et al. regarding our paper' and would like
to respond to their comments.

In response to Fettiplace et al., we disagree that the study
lacks appropriate controls for both the models used. For the
bupivacaine model, we believe that we have all the controls
needed, given that we investigated the possible effects of
30-min pretreatment of GW1100 on heart function before
bupivacaine administration. For the ischemia-reperfusion
injury model, we have two control groups: the ischemia-
reperfusion group without lipid emulsion, and the GW1100
perfusion group without ischemia-reperfusion injury. We
agree with both Fettiplace ef al. and Zaugg et al. that having
an additional control group of ischemia-reperfusion injury
with GW1100 pretreatment would have shown potential
effects of GW1100 pretreatment on post—ischemia-reperfusion
cardiac function, if any.

In addition, in our study we did not aim to identify
the role of GPR40 inhibition in normal cardiac function.
We did, however, perform transthoracic echocardiogra-
phy to measure left ventricular function before and 30 min
after an intravenous bolus of GPR40 inhibitor GW1100.
GW1100 is a specific antagonist of GPR40 and does not
block GPR120 at the dose used.? Contrary to their com-
ment on GW1100 having physiologic effects in this model,
we observed that pretreatment with GW1100 had no sig-
nificant effect on the heart rate and left ventricular ejec-
tion fraction after 30 min (heart rate: 302 £ 7 vs. 312 + 14,
P = 0.36; ¢jection fraction: 69 + 1% vs. 71 £ 1%, P = 0.11)
excluding any acute adverse effects of GW1100 on the
heart rate and left ventricular ejection fraction.! Hence, the
possibility of GW 1100 causing cardiotoxicity on its own in
this time frame, as suggested by the authors, is unlikely.

Furthermore, we have used two different animal mod-
els in our study. The fact that the ischemia-reperfusion
injury model is an ex vivo langendorft perfused mouse
heart model leaves little possibility of pancreatic insu-
lin influencing the results. The results in this model,
therefore, suggest a direct effect of GPR40 inhibition
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independent of pancreatic insulin release. In the bupi-
vacaine-induced cardiotoxicity model, however, we did
not measure insulin or glucose levels. We agree that mea-
suring insulin or glucose levels before and 30 min after
GW1100 bolus could demonstrate the possible effect of
that dose of GW1100 on the levels of insulin and glucose,
if any. We agree that the use of cardiac specific GPR40
knockout mice for assessing the effect of lipid emulsion
in ischemia-reperfusion injury model is a promising ave-
nue for future research. To the best of our knowledge,
however, the bupivacaine-induced cardiotoxicity model
has not yet been established in mice. Most of the pharma-
cologic studies in the bupivacaine cardiotoxicity model
done by different groups, including Dr. Weinberg’s group,
have been done using the rat model.””

In response to Zaugg et al., first we did not aim to inves-
tigate the functional role of GPR40 (FFAR1) in cardiomy-
ocytes in this study. Instead, we demonstrated the presence
and localization of GPR40 using two methods; Western
immunoblotting in mouse and rat hearts and immunoflu-
orescence staining in isolated mouse cardiomyocytes. The
presence of GPR40 in rodent hearts is in agreement with
the previous studies showing its messenger RNA detection
in murine® and human hearts.”

Because we did not measure fatty acid concentrations
in this study, the comment on fatty acid concentrations in
this study is purely speculative. In addition, the comment of
Zaugg et al. regarding missing links to previously reported
signaling pathways is inaccurate. We did refer to studies
reporting signaling pathways involved in lipid emulsion-
induced cardioprotection, namely activation of Ak,
GSK, ERK, and STAT*'" (Refer to paragraph 1 of the
Introduction and paragraph 4 of the Discussion). Our
group was the first to discover the activation of intracellu-
lar signaling pathways (such as GSK and Akt) in the heart
in response to lipid emulsion-induced cardioprotection in
ischemia-reperfusion injury and bupivacaine cardiotoxicity
models.># "

Regarding the author’s suggestion of an alternate mech-
anism for intralipid-mediated cardioprotection, we already
have cited their previous work in the Introduction section
of our paper (see reference 4 in our paper). The mention of
their alternate mechanism in this letter seems purely out of
context.

In summary, we appreciate the constructive comments
from Fettiplace ef al. and Zaugg et al. on our work. Our
work highlights the effects of inhibition of GPR40 (FFAR1)
using a specific antagonist in abolishing the cardioprotective
effects of the lipid emulsion in cardiac ischemia-reperfusion
injury and bupivacaine-induced cardiotoxicity. Future stud-
ies are needed to (1) investigate the possible effect of GPR40
inhibition on insulin and glucose levels in the context of
lipid emulsion-induced rescue of bupivacaine cardiotoxicity
and (2) investigate lipid rescue of cardiac ischemia-reperfu-
sion injury in GPR40 knockout mice.
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