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         The Phytochemical Glaucarubinone Promotes 
Mitochondrial Metabolism, Reduces Body Fat, and 
Extends Lifespan of  Caenorhabditis elegans     

reducing body fat and / or extending lifespan of a 
metazoal model organism,  C. elegans .   

 Materials and Methods 
  ▼   
 Compound 
 Glaucarubinone was obtained from AnalytiCon 
Discovery, Potsdam, Germany. The compound 
was isolated from the stems of  Simarouba glauca , 
collected in El Salvador. The structure was con-
fi rmed by NMR and LCMS spectra. The purity of 
the compound was     >    90    %  (determined by  1 H-
NMR spectroscopy).   

 Maintenance and analyses of nematodes 
 The  C. elegans  strain used was Bristol N2. All exper-
iments (including lifespan analyses) were per-
formed exactly as previously described  [17]  except 
for streptomycin and 5-fl uoro-2 ′ -deoxyuridine, 
which were omitted.  E. coli  OP50 bacteria were 
heat-inactivated as previously described  [17]  for 
45   min, and used as the only food source. Fat con-
tent and respiration rates were determined exactly 
as previously described  [17] .    

 Introduction 
  ▼  
 Promotion of longevity and in particular exten-
sion of healthy lifespan (also named  ‘ healthspan ’ ) 
is of eminent interest to most humans. Specifi c 
mutations have been shown to extend the lifespan 
of model organisms dramatically  [1 – 7] , while 
more readily available interventions, including 
calorie restriction, extend life expectancy of model 
organisms, however, less strikingly  [8,   9] . 
 Accordingly, considerable eff ort has been invested 
to identify naturally occurring and / or pharma-
ceutical compounds that promote longevity in 
model organisms. A number of such compounds 
have been identifi ed in recent years, including 
rapamycin  [10 – 12] , resveratrol  [12 – 16] , and 2-
deoxy- D -glucose  [17] . 
 Glaucarubinone is a quassinoid known to occur 
in  simaroubaceae  plants. This compound has 
been previously shown to exert cytotoxic  [18 – 20]  
and antimalarial  [21 – 23]  properties; the exact 
mechanisms of action are, however, unknown 
 [24] . We have now tested whether glaucarubinone 
at pharmaceutical doses may be eff ective in 
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  Abstract 
  ▼  
 Naturally occurring compounds that promote 
energy expenditure and delay aging in model 
organisms may be of signifi cant interest, since these 
substances potentially provide pharmaceutical 
approaches to tackle obesity and promote healthy 
lifespan in humans. We aimed to test whether 
pharmaceutical concentrations of glaucarubinone, 
a cytotoxic and antimalarial quassinoid known 
from diff erent species of the plant family  Simarou-
baceae , are capable of aff ecting metabolism and / or 
extending lifespan in a nematodal model organism 
for aging processes, the roundworm  Caenorhabditis 
elegans . Adult  C. elegans  roundworms, maintained 
on agar plates, were fed with  E. coli  strain OP50 

bacteria, and glaucarubinone was applied to the 
agar to test (i) whether it alters respiration rates 
and mitochondrial activity, (ii) whether it aff ects 
body fat content, and (iii) whether it may promote 
longevity by quantifying survival in the presence 
and absence of the compound. We have found that 
glaucarubinone induces oxygen consumption and 
reduces body fat content of  C. elegans . Moreover 
and consistent with the concept of mitohormesis, 
glaucarubinone extends  C. elegans  lifespan when 
applied at a concentration of 1 or 10 nanomo-
lar. Taken together, glaucarubinone is capable of 
reducing body fat and promoting longevity in  C. 
elegans , tentatively suggesting that this compound 
may promote metabolic health and lifespan in 
mammals and possibly humans.         
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 Results 
  ▼   
 Glaucarubinone increases respiration in  C. elegans  
 We exposed  C. elegans  to a concentration of 10 nanomolar of 
glaucarubinone for 2 days, and quantifi ed oxygen consumption 
in a Clark-type electrode. In comparison to untreated nema-
todes, glaucarubinone increases oxygen consumption in  C. ele-
gans  (      ●  ▶      Fig.       1a  ), consistent with an induction of oxidative 
metabolism.   

 Glaucarubinone decreases fat content in  C. elegans  
 Next, the question whether this induction of oxidative metabo-
lism coincides with increased turnover of triglycerides, as previ-
ously observed for nematodes treated with 2-deoxyglucose was 
tested  [17] . Indeed, we observed a reduction of fat content in 

nematodes 72   h after initiation of glaucarubinone treatment 
(      ●  ▶      Fig.       1b  ), indicating that this compound reduces body fat in 
metazoans.   

 Glaucarubinone extends  C. elegans  lifespan 
 As previously observed for 2-deoxyglucose, induction of respira-
tion rates as well as reduction of body fat in adult nematodes 
suggests that glaucarubinone may exert eff ects on  C. elegans  
lifespan. Applying this compound at 2 diff erent concentrations 
(10 and 100 nanomolar) to  C. elegans  using the above-mentioned 
methods extends life span signifi cantly (      ●  ▶      Fig.       1c  ). This eff ect 
appears not to be strictly dose-dependent, since no such correla-
tion could be seen while both concentrations evaluated had a 
lifespan-extending eff ect. The maximum observable eff ect on 
mean life span was 1.9 days, which occurred at a concentration 
of 100 nanomolar. The maximum observable eff ect on maxi-
mum life span (80 th  percentile) was 2.7 days, which occurred at 
a concentration of 100 nanomolar.    

 Discussion 
  ▼  
 To potentially support the ongoing search for compounds that 
may promote human health especially at higher age, we show 
here that glaucarubinone promotes longevity in a nematodal 
model organism, the roundworm  C. elegans . 
 Glaucarubinone is known to exhibit cell growth inhibiting  [18 –
 20]  and antimalarial  [21 – 23]  activities. However the exact 
mechanism of action appears unresolved  [24] . 
 As shown in the present study, glaucarubinone appears to induce 
mitochondrial activity and concurrently reduces body fat con-
tent. Another compound, 2-deoxyglucose, exerts very similar 
eff ects on  C. elegans , as it has been mechanistically shown to 
extend nematodal lifespan by increasing production of reactive 
oxygen species (ROS) emanating from the mitochondria. These 
ROS act as a signal to ultimately increase endogenous antioxi-
dant defense  [25]  and longevity  [17] , a signaling process that 
was previously named mitochondrial hormesis or mitohormesis 
 [26] . Based on the current fi ndings, it appears likely that glau-
carubinone acts by employing a similar mechanism. 
 Since the current study has been performed in the model organ-
isms  C. elegans , it is unclear whether our results can be extrapo-
lated to mammals or even humans. Hence, further studies will 
have to show whether glaucarubinone has any eff ect on mam-
malian health span and / or longevity. However, other compounds 
that have been identifi ed by using a similar, metazoan-based 
approach have been shown to be eff ective in rodents  [10 – 16] . 
 Taken together, these fi ndings indicate that glaucarubinone 
induces mitochondrial metabolism, reduces fat content and 
extends lifespan in  C. elegans  suggesting that this compound 
may be worth evaluating in mammals and potentially humans 
in regard to prevention of aging and age-associated diseases.   
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    Fig. 1           Glaucarubinone induces beta-oxidation and extends lifespan of 
adult  C. elegans . Panel  a  depicts oxygen consumption rates normalized 
to protein content of nematodes. Panel  b  shows  C. elegans  triglyceride 
content following incubation with glaucarubinone normalized to protein 
content of nematodes. Panel  c  summarizes 3 separate lifespan analyses 
with several hundred nematodes each at 3 diff erent concentrations of the 
compounds (100 nanomolar, 1, and 10 micromolar).  
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