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Diabetes remains undertreated throughout the developed and 
developing worlds, and its incidence continues to grow, contrib-
uting significantly to rising health-care costs.1,2 It is generally 
accepted that reducing insulin resistance, and thereby increas-
ing insulin sensitivity, would be an ideal way to treat this disease, 
given that insulin resistance is a key factor in the early pathogen-
esis of type 2 diabetes.3–5 However, only three insulin sensitiz-
ers have ever been approved for clinical use, and two of these 
have been removed from the market or have had their clinical 
use severely restricted because of various safety concerns.6 The 
third one, pioglitazone, although clearly different from the others, 
has seen its clinical use curtailed because of its side effects, which 
include weight gain and volume expansion, and concerns about 
congestive heart failure and bladder cancer.7 We have suggested 
that this field has been held back because of the singular focus 
on the hypothesis that insulin sensitizers must activate peroxi-
some proliferator–activated receptor-γ (PPAR-γ).8 Recently, we 
showed that insulin sensitivity can be achieved through PPAR-
γ-independent mechanisms9 and provided evidence that such 
PPAR-independent effects may involve control of oxidative 
metabolism through modulation of a mitochondrial target that 
regulates metabolism of pyruvate.10 Compounds that work pri-
marily through this mechanism, mitochondrial target of thiazoli-
dinediones (mTOT), should be able to produce insulin-sensitizing 
pharmacology without the side effects associated with agents that 
are PPAR-γ agonists.

The prototype mTOT modulator we have examined is MSDC-
0160 (Figure 1). This compound and its major hydroxymetabolite 
have 20-fold lower PPAR-γ activation effects, yet the compound 
displays insulin-sensitizing pharmacology in animal models 
(ref. 11; Supplementary Figure S1 online). In the present study, 
we compared the effects of three dosages of MSDC-0160 with 
those of placebo, using 45 mg pioglitazone HCl (the highest 
approved dosage of that compound in type 2 diabetes) as the 
reference, over a 12-week treatment period. The primary ques-
tions to which we sought answers were (i) will treatment with the 
mTOT modulator MSDC-0160 be able to achieve the same level 
of glucose control as treatment with the PPAR-γ-agonist piogl-
itazone? and (ii) will it be able to achieve this action in patients 
without producing PPAR-γ-like side effects that can be measured 
in a 12-week trial, namely fluid accumulation and weight gain?

RESULTS
Summary of preliminary studies
MSDC-0160 has been evaluated through 90 days of toxicology 
studies in preclinical species, including mice, rats, and cynomol-
gus monkeys. Single-dose and multiple-dose studies in normal 
volunteers established the dosage range to be tested in the effi-
cacy trials. The results of these trials have not yet been published, 
but the phase IIa study results using bulk drug have been pre-
sented.12 Figure 1a shows the structures of pioglitazone and its 
three active metabolites as well as of MSDC-0160 and its major 

It may be possible to achieve insulin sensitivity through the recently identified mitochondrial target of thiazolidinediones 
(mTOT), thereby avoiding peroxisome proliferator–activated receptor-γ (PPAR-γ)-dependent side effects. In this phase 
IIb clinical trial, 258 patients with type 2 diabetes completed a 12-week protocol with 50, 100, or 150 mg of MSDC-0160 
(an mTOT modulator), 45 mg pioglitazone HCl (a PPAR-γ agonist), or a placebo. The two active treatments lowered fasting 
glucose levels to the same extent. The decreases in glycated hemoglobin (HbA1c) observed with the two higher doses 
of MSDC-0160 were not different from those associated with pioglitazone. By contrast, fluid retention as evidenced by 
reduction in hematocrit, red blood cells, and total hemoglobin was 50% less in the MSDC-0160–treated groups. There was 
also a smaller increase in high-molecular-weight (HMW) adiponectin with MSDC-0160 than with pioglitazone (P < 0.0001), 
suggesting that MSDC-0160 produces less expansion of white adipose tissue. Thus, mTOT modulators may have glucose-
lowering effects similar to those of pioglitazone but without the adverse effects associated with PPAR-γ agonists.
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hydroxymetabolite. Figure 1b shows the kinetics of MSDC-0160 
and its major metabolite during a 7-day dosing period. The com-
pound and its metabolite achieve steady-state levels within several 
days, and each has a half-life of ~12 h; by comparison, metabolites 
III and IV of pioglitazone have half-lives of ~24 h.13 Figure 1c 
shows the relative areas under the concentration–time curve at 
various dosages of the formulation of MSDC-0160 to be used in 
the IIb trial. On the basis of these data, dosages of 50, 100, and 
150 mg of MSDC-0160 were selected for comparison with 45 mg 
of pioglitazone HCl (Actos). These produce areas under the curve 
that bracket the exposure levels produced by 45 mg Actos.

12-Week phase II trial
The summary of treatment-emergent adverse events in the trial is 
shown in Supplementary Table S1 online; the disposition of all 
patients is shown in Supplementary Table S2 online. No safety 
issues of concern were uncovered in this trial. The primary effi-
cacy evaluation was the change in fasting plasma glucose level from 
baseline to end point, relative to the placebo group (Supplementary 
Table S3 online). There was a significant reduction in plasma glu-
cose levels in the MSDC-0160 100-mg group (least-squares mean 
difference of −18.4 mg/dl; P = 0.0057), the MSDC-0160 150-mg 
group (least-squares mean difference of −28.9 mg/dl; P < 0.0001), 
and the pioglitazone group (least-squares mean difference of 
−31 mg/dl; P < 0.0001). The data from this study were then used to 
compare the relative effects of the active treatments in the patients 
who completed the 12-week study per protocol.

The characteristics of patients completing the 12-week trial 
per protocol are shown in Table 1. There were no differences 
in the baseline parameters across the five treatment groups. 
Approximately 80% of the patients were on stable metformin 
treatment and remained on it throughout the trial. The rest of 
the patients (~20%) were not receiving antidiabetes medications. 
The trial population had an average starting glycated hemoglobin 
(HbA1c) of ~8%, average fasting plasma glucose of ~170 mg/dl, 
and average time since diagnosis of ~6 years. Both genders were 
represented, and the average age of the cohort was ~55 years.

Figure 2 shows the time course of change in HbA1c over the 
duration of the trial. Figure 2a shows the time course of the 
average HbA1c levels during the double-blind treatment in 
the five groups of patients, and Figure 2b shows the placebo-
adjusted end point (least-squares mean change from baseline 
with SE bars) for the active groups at 12 weeks. As shown in 
Figure 2a, patients in the placebo group demonstrated a pro-
gressive worsening of glucose control despite the fact that 79% 
of them were continuing their current regimens of metformin 
treatment. There was an improvement in glucose control in 
all the active treatment groups relative to the placebo group. 
Treatment with the two highest doses of MSDC-0160 produced 
reductions in HbA1c that were not different from those obtained 
with 45 mg pioglitazone HCl (Figure 2b).

Although MSDC-0160 produced reductions in the levels of 
circulating glucose similar to those produced by pioglitazone, no 
dose level of MSDC-0160 was able to produce a decrease in the 

Figure 1 Structures of medications and establishing of dosages. (a) Structures of pioglitazone and major active metabolites, and of MSDC-0160 and its major 
metabolite, the R-alcohol. (b) Pharmacokinetics of MSDC-0160 (parent plus hydroxymetabolite) in normal volunteers after the first and seventh doses. The 
compound was given once daily for 7 consecutive days, and the complete profile was generated on both days 1 (first dose) and 7. Trough levels were measured 
every day before the next dose. (c) Formulated tablets for use in the phase IIb trial were evaluated in normal volunteers. Data are shown for the combined area 
under the curve (AUC) of MSDC-0160 and its major metabolite at the three given doses, depicted by closed squares (q.d., mg/day). The dotted line shows the AUC 
of pioglitazone and its active metabolites (~60,000 ng ∙ hr/ml) after dosing with 45 mg of pioglitazone HCl (Actos). The three doses selected for the phase IIb study 
are shown by arrows.
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concentration of total hemoglobin (an index of volume dilution) 
similar to those produced by pioglitazone (Figure 3). The time 
course of the pioglitazone-induced reduction in total circulat-
ing hemoglobin is shown in Figure 3a, and the relative effects of 
the treatments on placebo-adjusted changes at the 12-week end 
point are shown in Figure 3b. The data show that at no point was 
MSDC-0160 able to produce the same reduction in total hemo-
globin that pioglitazone did. As expected, these data mirror the 
changes in total red blood cells and hematocrit in the correspond-
ing samples (Supplementary Figure S2 online). The presence of 
edema was systematically evaluated during the course of the study, 
using a scale of 0 to 4+. Edema was noted in 11.4% of the patients 
in the placebo group; in 11.8, 13.0, and 5.7% of the MSDC-0160 
50-, 100-, and 150-mg groups; respectively; and in 8.5% of the 
pioglitazone group. The edema was mostly rated as mild (1 or 2); 
however, in two patients receiving MSDC-0160 and one receiv-
ing pioglitazone the edema was rated as 3, and in another patient 
receiving MSDC-0160 it was rated as 4 (Supplementary Table S4 
online). Peripheral edema was reported as an adverse event in 
three subjects: one in the MSDC-0160 100-mg group and two 
in the MSDC-0160 150-mg group. All the cases were mild and 

resolved while on treatment with no specific action taken. All 
three subjects completed the 12-week study.

There were also differences between the effects of MSDC-0160 
and pioglitazone with respect to changes in high-molecular-
weight (HMW) adiponectin (Figure 4). The time courses of 
the effects of each of the five treatments on the change from 
baseline in HMW adiponectin at 2 and 12 weeks are shown in 
Figure 4a. The indexes of volume expansion show clear differ-
ences between the increases in this parameter caused by MSDC-
0160 and those caused by pioglitazone. The statistical evaluation 
of these changes at the 12-week end point is shown in Figure 4b. 
Although MSDC-0160 treatment caused significant increases in 
HMW adiponectin, no dose of this compound was able to pro-
duce the same magnitude of increase as that with pioglitazone 
treatment. Importantly, these differences between treatment 
effects occurred under conditions in which glucose was being 
lowered to the same extent in the two experimental groups.

The effects on total body weight are shown in Figure 5a,b. 
The placebo-treated group tended to lose body weight over the 
12-week duration of the study, whereas all the treatment groups 
tended to show increases in body weight. The statistics for the 

Table 1 Demographics 

N Placebo 50 mg 100 mg 150 mg Pioglitazone

56 48 52 47 55

Naive  12 21%   8 17%  11 21%  11 23%  11 20%

Metformin  44 79%  40 83%  41 79%  36 77%  44 80%

Age  53  56  56  55  55

% Male 48% 50% 52% 68% 56%

FPG (mg/dl) 165 178 171 177 172

HbA1c (%) 7.98 8.18 8.04 8.01 8.15

BW (kg)  88  91  86  94  88

BW, body weight; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin A1c.

Figure 2 Effect of 12 weeks of treatment on hemoglobin A1c (HbA1c). Data show the HbA1c changes from baseline (as a percentage) for each of the five 
treatment groups. (a) The change in HbA1c at each visit during the double-blind treatment period. Variations are not shown on the time curve but are similar to 
the data shown for the terminal 12-week time point shown in (b). The abscissa marks the time points of the visits (actual time points are baseline and weeks 2, 4, 
8, and 12 during the double-blind treatment). (b) The placebo-adjusted least-squares change and SE at the 12-week end point for each of the treatment groups. 
The baseline HbA1c values and the number per group are shown below the bar chart. P values are given for the least-squares placebo-adjusted change from 
baseline. LS, least squares.
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changes in body weight at the 12-week treatment end point are 
shown in Figure 5b. Although the increases in body weight in 
the MSDC-0160 treatment groups tended to be smaller than 
those in the pioglitazone treatment group, there was no signifi-
cant difference between the 150-mg MSDC-0160 group and 
the pioglitazone reference group with respect to this parameter. 
However, given the differences in the levels of white adipose 
marker adiponectin (Figure 4), the weight gain associated with 
the treatments may not be identical in nature. In support of this 
hypothesis, Figure 5c,d shows that the trend toward increase in 
waist circumference seen in the pioglitazone comparator group 
is absent in the MSDC-0160-treated groups.

Pioglitazone is known to have positive effects on choles-
terol metabolism, which might partly explain its positive 
impact on cardiovascular outcomes.14,15 Although there are 

clear differences in this respect between the PPAR-γ agonists 
approved for clinical use,15,16 it is possible that some aspect of 
PPAR-γ agonism might contribute to this action, and that com-
pounds designed for less interaction with PPAR-γ might not 
share this action. Hence, we performed an analysis of the 
changes in lipoprotein particles during the treatment protocol 
across the various groups to determine where a compound with-
out significant activation of PPAR-γ might share the positive 
effects of pioglitazone in this respect. Figure 6a shows the dif-
ferences in size distribution in the high-density lipoprotein cho-
lesterol subfractions (small, medium, and large) at the 12-week 
end-point time relative to pretreatment. In comparison to pla-
cebo, treatment with either compound tended to reduce the 
number of the small particles and shift toward a distribution of 
larger particles. A similar change occurred in the low-density 
lipoprotein (LDL) subfractions (Figure 6c). This resulted in an 

Figure 3 Effect of 12 weeks of treatment on total hemoglobin as a marker of 
fluid retention. Data show the change in total hemoglobin (g/dl) from baseline 
for each of the five treatment groups. (a) The change at each visit during the 
double-blind treatment period. (b) The placebo-adjusted least-squares change 
(mean and SE) at the 12-week end point (the last time point in (a)). The starting 
values of total hemoglobin and the number per group are shown below 
the bar chart. P values under the bars depict the least-squares change from 
baseline. P values below the panel show the differences between the MSDC-
0160 groups and the pioglitazone group. LS, least squares.
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increase in the average sizes of both high-density lipoprotein 
and LDL particles (Figure 6b). In contrast to their effects on 
high-density lipoprotein, the treatments reduced the sizes of the 
very-low-density lipoprotein (VLDL) subfractions (Figure 6d). 
In general, the effects of MSDC-0160 were similar to those of 
pioglitazone, except that the magnitude of the changes in LDL 
and VLDL were smaller. This is consistent with the finding that 
treatment with pioglitazone produces a significant decrease 
in circulating triglycerides, an effect that did not occur with 
MSDC-0160 treatment (Supplementary Figure S3 online).

DISCUSSION
This study demonstrates that MSDC-0160, a prototype mTOT 
modulator with little ability to bind to or activate PPAR-γ, is 
able to lower glucose to the same extent as the PPAR-γ agonist 
pioglitazone over 12 weeks of treatment in patients with type 2 
diabetes. Importantly, at the exposure levels required for low-
ering glucose to this extent, there was a markedly lower effect 
of volume dilution as detected by a reduction in circulating 
total hemoglobin and blood cells (Figure 2 as compared with 

Figure 3). However, little edema was seen in any of the groups, 
and the potential for differences vs. pioglitazone in this respect 
requires investigation in larger trials of longer duration.

Also, a comparison of these treatment groups shows that the 
ability to lower glucose can be decoupled from the extent of eleva-
tion of HMW adiponectin (Figure 4 as compared with Figure 2). 
This is important, given that it is often believed that an increase 
in white adipose tissue is a necessary sign to show that an insulin 
sensitizer is exerting appropriate effects by moving lipids out of 
the peripheral tissues and into white adipose tissue. The hypothe-
sis generally posited for insulin-sensitizing pharmacology predicts 
that at least some of the PPAR-γ-driven side effects would have to 
occur, especially the expansion of white adipose tissue, in order 
to increase insulin sensitivity. The current results, however, argue 
to the contrary and support the need for continued evaluation of 
molecules designed in line with the newer hypothesis, i.e., that 
the mitochondrial metabolic modulation should be maintained 
at the expense of activation of PPAR-γ.

We recently identified the mitochondrial target of insulin 
sensitizers as a well-conserved, but previously unrecognized, 

Figure 5 Effect of 12 weeks of treatment on body weight and waist circumference. Data show the (a,b) change in body weight and (c,d) waist circumference 
from baseline for each of the five treatment groups. (a) The change in body weight (kg) at each visit during the double-blind treatment period. (b) The adjusted 
least-squares change (mean and SE) at the 12-week end point for all five groups. The initial weight (kg) and N are shown below the bars. (c) The change in waist 
circumference at each visit during the double-blind treatment period. (d) The adjusted least-squares change (mean and SE) at the 12-week end point for all five 
groups. Data are expressed in cm (mean and SE). In each case, the 12-week time point (b,d) represents the last point on the time curves (a,c). BW, body weight; 
LS, least squares.
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protein complex (mTOT) in the inner mitochondrial mem-
brane, both in islets and in peripheral tissues.10 Key proteins 
in this complex form a recognition site for entry of pyruvate 
into the mitochondria.17,18 This regulatory machinery is there-
fore at the crossroads of the control of oxidative metabolism.19 
Although the need for further elucidation remains, it is not dif-
ficult to imagine how metabolic redox signals—regulated by 
the change in the way pyruvate is handled by the mitochon-
dria—coordinate cellular responses that regulate many cellular 
functions from cell cycle/differentiation to insulin sensitivity. 
This study is important because the clinical results show that 
compounds that focus on this mechanism of action, mTOT 
modulation, are able to achieve significant lowering of glucose 
without the liabilities—side effects— associated with PPAR-γ 
agonists. Consequently, modulation of mTOT might provide a 
way forward to treat type 2 diabetes.

Henry et al.7 recently reviewed the current understanding of 
insulin sensitization. There is now consensus that the first three 
insulin sensitizers that were approved and gained market experi-
ence were not identical. Pioglitazone (the only one of the three 
that remains on the market) clearly proved to have advantages in 
the long run, yet the side effects and concerns related to PPAR-γ 
agonism have limited its use. It had previously been suggested 
that it may be reasonable to explore other ways to increase insu-
lin sensitivity.8 The current observations support the need for 
further exploration of the potential of mTOT-modulating mol-
ecules. This study suggests that mTOT modulators will share the 
useful pharmacology of pioglitazone, including positive effects 

on lipoprotein metabolism (Figure 6) that are thought to be 
important in its protective effects on cardiovascular outcomes.6

Our 12-week study demonstrates that mTOT modulation can 
deliver comparable efficacy without the liabilities of PPAR-γ 
agonism that are typically observed in studies of this duration. 
Longer-term studies are needed to further define the potential 
of this new approach to treating insulin resistance and to deter-
mine whether there will be significant benefits to the use of this 
compound or other mTOT-modulating molecules in the treat-
ment of type 2 diabetes.

METHODS
Preliminary studies. Phase I and bioequivalence trials (MSDC-C001, 
MSDC-C002, and MSDC-005) to establish dosing were conducted 
in normal volunteers at the Jasper Clinic (Kalamazoo, MI) after 
approval by the local institutional review board. MSDC-0160 and 
formulated tablets of the compound were produced by USV Limited 
(Daman, India) and were compared with commercial pioglitazone 
HCl in blinded gelatin capsules (8 × 22 mm). The concentration  levels 
of MSDC-0160 and its major metabolite, and of pioglitazone and its 
major metabolites, were measured using high-performance liquid 
chromatography–mass spectrometry at MPI Research (Mattawan, MI) 
and Medpace (Cincinnati, OH).

Twelve-week clinical study. This trial (NCT01103414) was a multi-
center study (26 US sites) coordinated by Medpace. The study con-
sisted of a 2-week, single-blind, placebo lead-in, followed by baseline 
data collection and then by a 12-week, double-blind, outpatient treat-
ment period. Inclusion criteria for entry into randomization included 
a fasting plasma glucose ≥126 mg/dl, HbA1c ≥7% and ≤10%, and 
insulin C-peptide >1 ng/ml. The study population included men 

Figure 6 Effect of 12 weeks of treatment on lipoprotein particle size. Data show the change in the distribution of HDL particles (a: small, medium, large), LDL 
particles (c: small or large), and VLDL particles (d: small, medium, large). The data (mean and SEM) are presented as change from baseline for each of the five 
groups. The legend in the center panel presents the number of individuals in each group. (b) The changes in average size (nm) of HDL and LDL particles. Data are 
expressed as mean and SEM for the numbers shown in parentheses in the central panel. HDL, high-density lipoprotein; VLDL, very low-density lipoprotein.
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and women 18–75 years. During the placebo lead-in, patients self-
administered one capsule of single-blind study medication (placebo) 
once daily. At the end of the placebo lead-in period, eligible patients 
were randomized to one of five treatment groups based on a stratifi-
cation criterion of current metformin use (yes/no) to receive any one 
of the following treatments: MSDC-0160 50 mg, MSDC-0160 100 mg, 
MSDC-0160 150 mg, pioglitazone 45 mg, or placebo.

During the 12-week study period, patients self-administered one 
capsule of (double-blind) study medication once daily. All medications 
were blinded by overencapsulation of the dose, and the patients were 
instructed that all doses were to be taken in the morning after an over-
night fast and at least 30 min before the morning meal. Safety analysis 
was completed on an intent-to-treat basis, and no safety concerns were 
uncovered (summary Supplementary Table S1 online).

Statistical methods. Demographic and baseline characteristics were 
summarized for all randomized patients and for the patients who had 
completed the trial per protocol. Age group at screening, gender, eth-
nicity, race, antidiabetes medication status at screening, statin use at 
randomization, and body mass index category were summarized as 
numbers and percentages. Age, duration of type 2 diabetes mellitus, 
body mass index, and baseline lipid profiles were described using sum-
mary statistics (n, mean, SD, median, minimum, and maximum).

All efficacy analyses were performed based on the intent-to-treat 
population and were repeated on the patients who completed the trial 
per protocol. The intent-to-treat population consisted of all randomized 
patients who had taken at least one dose of randomized study medica-
tion, and for whom there was a baseline efficacy measurement and at 
least one postrandomization efficacy measurement. The primary effi-
cacy parameter was the change in fasting plasma glucose from baseline 
to week 12. Each efficacy parameter was analyzed using an analysis of 
covariance model with either change or percentage of change as the 
dependent variable, treatment as a factor, and the baseline value of the 
parameter. Baseline was defined as the measurement at the week 0 visit. 
If the week 0 measurement was missing, the last valid measurement 
before the first dose of randomized double-blind study medication was 
used. Efficacy parameters were also summarized according to number of 
patients, mean, median, SD, and minimum and maximum at each visit 
by treatment group. Given that the purpose of the analysis was to under-
stand the relative effects of the two types of active treatments, only data 
for patients who completed this trial per protocol were included in the 
analysis for a comparison among the treatments shown here. Given the 
exploratory dose-ranging/dose-finding nature of the study, no adjust-
ments for multiple comparisons were made, and a value of P < 0.05 was 
considered statistically significant.

Plasma concentrations and pharmacokinetic parameters were sum-
marized according to treatment group, using descriptive statistical terms.

All safety analyses were performed on the safety population, which 
was defined as all randomized patients who had received at least one dose 
of randomized study medication. Treatment-emergent adverse events 
were defined as adverse events that occurred for the first time on or after 
the date of the first dose of double-blind study medication or that had 
been in existence earlier and worsened during the double-blind treatment 
period. The numbers and percentages of patients with treatment-emer-
gent adverse events were summarized for each treatment group by sys-
tem organ class and preferred term (defined by MedDRA version 13.1). 
Treatment-emergent adverse events associated with double-blind study 
medications were summarized in the same manner, and also according 
to system organ class, preferred term, and maximum severity.

Summary statistics were reported for laboratory parameters at base-
line, postbaseline visits, and end point by treatment group.

Medpace undertook project management, clinical monitoring, medical 
monitoring, data management, statistical analysis, and study report prep-
aration. Medpace Reference Laboratories (Cincinnati, OH) performed 
the clinical laboratory analyses. Medpace Bioanalytical Laboratories 
 (Cincinnati, OH) performed the analyses of pioglitazone and pioglitazone 
metabolites, and MPI Research performed the analyses of MSDC-0160 

and its major hydroxymetabolite; both were by validated liquid chroma-
tography–mass spectrometry methods. Millipore (St Charles, MO) per-
formed the analyses for HMW adiponectin. LipoScience (Raleigh, NC) 
performed the nuclear magnetic resonance analysis of lipid subfractions.

SUPPLEMENTARY MATERIAL is linked to the online version of the paper at 
http://www.nature.com/cpt
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

 3 Currently used insulin sensitizers are PPAR-γ agonists. 
It has not been established whether a modulator of the 
mitochondrial protein complex mTOT would have a 
similar ability to lower glucose.

WHAT QUESTION DID THIS STUDY ADDRESS?

 3 Will an mTOT modulator lower glucose to the same 
extent as a PPAR-γ agonist without the typical PPAR-
γ-associated side effects?

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE

 3 This study shows that it is possible to lower glucose to the 
extent that the PPAR-γ agonist pioglitazone does, while 
limiting the side effects associated with PPAR-γ agonists.

 3 This study also shows that insulin sensitizer pharma-
cology can be decoupled from an increased drive on 
white adipose tissue and fluid accumulation.

HOW THIS MIGHT CHANGE CLINICAL PHARMACOLOGY 
AND THERAPEUTICS

 3 These results should stimulate a renewed interest in the 
development of novel insulin sensitizers.
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