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A basic science article in this 
month’s issue of Anesthesiol-

ogy provides novel and compel-
ling evidence to adapt clinically 
approved antidiabetic drugs into 
an analgesic.1 Peroxisome prolifer-
ator–activated receptors (PPARs) 
are members of the nuclear recep-
tor superfamily that, unlike plasma 
membrane receptors that sig-
nal through second messengers, 
function directly as transcription 
factors that control gene transcrip-
tion. Activation of the γ isoform 
(PPARγ) with thiazolidinedione 
drugs (TZDs) such as rosiglitazone 
(Avandia®) clearly reduces blood 
glucose levels in patients with type 
2 diabetes. In November 2013, 
reanalysis of a 6-yr, open-label, 
randomized, controlled trial on 
the adverse effects of rosiglitazone 
failed to confirm the risk of myo-
cardial infarction, leading the U.S. 
Food and Drug Administration 
to remove restrictions on the dis-
tribution and prescription of rosi-
glitazone. This move energized research efforts to evaluate 
the promising alternative therapeutic benefits of TZDs; for 
example, numerous studies demonstrate that rosiglitazone 
and another TZD, pioglitazone, reduce behavioral signs of 
hypersensitivity to mechanical and thermal stimulation in 
a number of rodent models of inflammatory and neuro-
pathic pain2–6; however, few studies have evaluated this class 
of agents in painful diabetic neuropathy. This gap begins to 
be filled with this new report from Saito et al.1 in this issue. 
Their results are clinically relevant because rosiglitazone could 
readily be added to the anesthesiology cart and used to reduce 
postoperative pain in patients with type 2 diabetes.

The authors have reported that rosiglitazone shifted macro-
phages from the pronociceptive M1 phenotype to the wound-
resolving M2 phenotype and also decreased mechanical 

hypersensitivity at the site of plantar 
incision in mice.4 Saito et al. repli-
cated this finding in wild-type mice 
and then extended it to the db/db 
genetic mouse model of type II 
painful diabetic neuropathy. This is 
important because the wound envi-
ronment of diabetic patients is char-
acterized by excessive inflammation 
that may inhibit pain resolution. 
However, rosiglitazone changed 
neither the macrophage shift in 
phenotype nor hyperalgesia in db/
db mice. This surprising result com-
pelled the authors to test an inno-
vative and exciting hypothesis that 
resolvin D1 (RvD1), a key lipid 
mediator contributing to the reso-
lution of inflammation and pain,7 is 
required for rosiglitazone to reduce 
hyperalgesia. They used RNA inter-
ference to reduce the expression of 
arachidonate 5-lipoxygenase, the 
biosynthetic enzyme that generates 
RvD1, and thus prevented the anti-
hyperalgesic actions of rosiglitazone 
in normoglycemic mice. Thus, dia-

betes may interrupt synthesis of resolving D1, as suggested by 
low levels of its biosynthetic precursor (17-hydroxydocohexae-
noic acid) in wounds of db/db mice,8 which appears to prevent 
facilitation of rosiglitazone analgesia in diabetic mice.

The study by Saito et al. is a tour de force that extends 
our understanding of the peripheral mechanisms by which 
local administration of PPARγ agonists inhibit persistent 
pain. In a rigorous, well-controlled experimental design 
with three independent variables (rosiglitazone vs. vehi-
cle, RvD1 vs. vehicle, and db/db vs. nondiabetic genetic 
controls), the ability of rosiglitazone to reduce mechani-
cal hypersensitivity was restored in diabetic mice upon 
coadministration with RvD1. Furthermore, immunohis-
tochemical and gene expression analyses of inflammatory 
processes in the injured tissue demonstrated that RvD1 
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“The authors conclude 
that resolution of inflam­
mation, disrupted in dia­
betes, is restored by [these 
drugs], ... thereby genera­
ting analgesia.”
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restored the rosiglitazone-mediated shift of macrophage 
phenotype from M1 to M2, attenuation of neutrophil 
infiltration, and macrophage clearance of apoptotic neutro-
phils. The authors conclude that resolution of inflamma-
tion, disrupted in diabetes, is restored by exogenous RvD1, 
thus promoting PPARγ-mediated macrophage shift to the 
M2 phenotype and thereby generating analgesia.

One shortcoming of the study by Saito et al. is the exclu-
sive use of reflex measures of pain hypersensitivity. A recent 
review of preclinical models of painful diabetic neuropathy 
suggests the modeling of stimulus-independent and cogni-
tive-affective components of pain in basic science studies so 
as to more closely reflect the human condition.9 Another 
unresolved issue is whether PPARγ really does mediate the 
actions of rosiglitazone (e.g., by blocking its effects with 
receptor antagonists) and whether nongenomic mechanisms 
are recruited upon PPARγ activation. Recent studies find 
that pioglitazone both rapidly (within minutes)6 and persis-
tently5 reduces neuropathic pain through translation-inde-
pendent and translation-dependent pathways, respectively. 
Furthermore, because of the use of just a single dose of rosi-
glitazone and RvD1, Saito et al. fall short in determining 
whether the analgesic actions of rosiglitazone and RvD1 are 
additive or synergistic. These questions await further study 
and will be critical to elucidate the molecular mechanisms 
by which rosiglitazone and RvD1 interact. Regardless, Saito 
et al. complement a growing body of literature extolling 
PPARγ as an attractive target for inflammation and pain 
control. Indeed, the antiinflammatory and antihyperalgesic 
actions of PPARγ agonists extend beyond peripheral tissues 
to the spinal cord and brain.2,10 This raises the compelling 
idea that preemptive oral administration of a TZD, for sev-
eral days before and then continuing after surgery, could act 
at both peripheral and central sites to reduce the intensity 
and/or duration of postoperative pain in patients with type 
2 diabetes. With respect to recent reports that long-term 
administration of pioglitazone acts at PPARγ in the dorsal 
horn to inhibit spinal pain transmission after peripheral 
nerve injury,5 it will be important to determine whether 
TZDs similarly decrease neuropathic pain and central sensi-
tization associated with type 2 diabetes.
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