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Modulators of human peroxisome proliferator-activated receptor γ (hPPARγ) 
from selected medicinal plants have potential use in the prevention and/or 

treatment of insulin resistance

INTRODUCTION
The metabolic syndrome is a clustering of risk factors that predisposes individuals to a number of so called “obesity-related diseases”. One of these risk
factors is insulin resistance (IR) that left untreated can lead to type 2 diabetes (T2D). Lifestyle modifications are rarely sufficient for the treatment of IR and/or
T2D, thus thiazolidinedione (TZD) drugs are often prescribed. TZDs are full agonists of PPARγ, a key regulator of adipogenesis. Activation of PPARγ causes re-
distribution of fat in the body, which leads to increased insulin sensitivity. Severe side-effects are associated with the use of full PPARγ agonists, but it has been
suggested that partial PPARγ agonists maintain the insulin sensitizing effect without promoting unwanted side-effects. A screening for partial PPARγ agonists
among several plant species found that 60% was able to activate PPARγ and 16% had activities comparable to those of known partial PPARγ agonists. That is
they were able to activate PPARγ without promoting adipogenesis and positively affected insulin-stimulated glucose uptake [1].

In the work presented here, focus are on the characterization of bioactive compounds from the most promising plant species identified in the above
mentioned screening for partial PPARγ agonists i.e. Echinacea purpurea, Sambucus nigra, Fagopyrum tataricum, and Salvia officinalis.

Sage
(Salvia officinalis)

Tartary buckwheat
(Fagopyrum tataricum)

Elderflower 
(Sambucus nigra)

Puple coneflower 
(Echinacea purpurea)

CONCLUSIONS 
• High hit-rate among plants for identification of PPAR modulators with potential use in the treatment of insulin resistance.
• PPAR modulators from plants are in general fatty acids together  with specific metabolites such as alkamides

(preferably  ≥ C16) or flavonoid aglycones.

Polyphenols from S. nigraAlkamides from E. purpurea Diterpenes from S. officinalis

Bioassay-guided fractionation of an n-hexane
extract of purple coneflowers led to the isolation
and identification of five alkamides; dodeca-
2E,4Z,10Z-trien-8-ynoic acid isobutylamide,
dodeca-2E,4E,8Z,10E/Z-tetraenoic acid isobutyl-
amide, dodeca-2E,4E-dienoic acid
isobutylamide, and the new hexadeca-
2E,9Z,12Z,14E-tetraenoic acid isobutylamide (1).

A PPARγ transactivation bioassay was used for
initial assessment of bioactivity. The isolated
alkamides were able to activate PPARγ, of which
compound 1 was the most effective of these with
a fold activation of >10 at 30 μM [2]. Compound 1
had no adipogenic potential and was further able
to positively affect insulin-stimulated glucose
uptake in a manner similar to that of the TZD-
type drug Rosiglitazone (Rosi), which was used
as positive control (Fig. 1) [2].

The common fatty acids (FAs) linoleic and a-
linolenic acid were also found as PPARγ agonists
from purple coneflower.

Figure 1

Figure 2

This work was part of an EU Interreg IIIA project and
was a cooperation between University of Southern
Denmark, University of Aarhus, and Christian-
Albrechts-Universität zu Kiel.

Bioassay-guided fractionation of a MeOH extract
of elderflowers led to the isolation of the
flavanone naringenin (2). Compound 2 was able
to activate PPARγ in a dose-dependent manner
although in rather high concentrations (Fig. 2)
[3]. Major elderflower metabolites such as
quercetin-3-O-rutinoside, quercetin-3-O-
glucoside, kaempferol-3-O-rhamnoside, and 5-
O-caffeoylquinic acid were not able to activate
PPARγ [3].

Naringenin structurally resembles for example
the soy-derived phyto-estrogens genistein and
daidzein, which are known PPARγ agonists.

It is noteworthy that neither of the
traditionally acknowledged bioactive principles
of elderflowers (flavonoid glycosides and
phenolic acids) were able to activate PPARg.
Similar results were also seen from bioassay-
guided fractionations of extracts of tartary
buckwheat. Here, the only metabolites able to
activate PPARg were once again linoleic and α-
linolenic acid.

Figure 3

Phytochemical analysis of a CH2Cl2 extract of
sage resulted in the isolation and identification
of 11 metabolites of which most were abietane
diterpenes. Of these carnosol and carnosic acid
have previously been reported as activators of
PPARg [4]. However, in this study they were only
shown to be very weak activators. Oleanolic
acid, which is a known agonist of PPARα [5], was
shown to be a weak activator of PPARγ as well.

Most promising PPARγ activation was found
for 12-O-methylcarnosic acid (2). Compound 2
was able to significantly activate PPARγ in a
transactivation bioassay with a 7-fold activation
at 10 μM relative to the vehicle (DMSO) (Fig. 3).

Potential synergistic effects are likely to
exist between the identified PPAR modulators as
the overall bioactivity of extracts could not be
explained completely by individual activities.
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