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Mitochondrial bioenergetics after 3 weeks 
Olanzapine (OLA) treatment in rats



Background

Mitochondrial functions:

• Energy conversion : ATP 
production through aerobic 
respiration 

• Heat production 
• Storage of Calcium ions 
• Signaling (through  

hormones, Ros, Calcium) 
• Apoptosis 
• Membrane potential 

regulation 
• Steroids synthesis 
• …• Double membrane-bound organelle 

• Found in almost all eukaryotic cells 

• Possesses its own genome, which is circular and presents many similarities  
with bacterial genomes.

Mitochondrion and its functions 



Electron Transport Chain and Oxidative phosphorylation

ATP  Synthase

+++ +++
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• Series of enzymes and coenzymes, each of which is reduced by the preceding coenzymes until 
finally the protons and electrons that have entered the chain reduce oxygen to water. 

• Electrons enter the chain through four entry points. 

• During the process protons are pumped from the matrix to the space between the membranes. 
The resulting transmembrane proton gradient is used to make ATP via ATP synthase. 

• Leakage of electrons from the chain leads to partial oxygen reduction and ROS formation.



Experimental set up: Animals

Control group: Treatment group:
(n=5) (n=5)

Vehicle:  
Solution 
50%DMSO +50% 
NaCl (9%)

Drug:  
Olanzapine 5mg/
Kg in 50%DMSO 
+50% NaCl (9%)

Methodology

Wistar rats were treated either with vehicle or OLA daily for 3 weeks 



Respirometry
Respirometry analysis : Oroboros Instruments

• The O2k measures oxygen (O2) as a gas dissolved in aqueous solution. 
• Allows the experimenter to follow respiration (oxygen consumption, oxygen flux) of 

biological and biochemical samples in real time.

After sacrifice, four tissues were collected for respirometry analysis: 
GonadalWAT, BAT, Liver and Soleus



Respiration compensating for proton leak, proton slip cation cycling and electron 
leak. It is measured in the presence of reducing substrates but in the absence of 
ADP.

Leak State

OXPHOS 
State

Oxidation of reduced fuel substrates by electron transfer to oxygen, 
chemiosmotically coupled to the phosphorylation of ADP to ATP

ET-
Capacity

It is the respiratory electron transfer-pathway capacity of mitochondria measured as 
oxygen consumption in the non-coupled state at optimum uncoupler concentration.

Substrate-Uncoupler-Inhibitor Titration (SUIT) 
Reference Protocol 1 (RP1)

Respirometry analysis

ROX State is the respiration due to oxidative side reactions remaining after inhibition of 
the Electron transfer-pathway in mitochondrial preparations or cells or incubated 
without addition of fuel substrates



   RP1 Protocol

Respirometry SUIT protocol RP1 

Digitonin: Cell permeabilization 
Pyruvate/Malate: CI respiratory substrates 
ADP: ATP synthase substrate 
CytC: Component of the Electron Transfer Chain. 
(Membrane integrity check-up) 
CCCP: Uncoupler 
Glutamate: CI respiratory substrate 

Succinate: CII respiratory substrate 
Octanoylcarnitine: fatty acid oxydation 
Rotenone: CI inhibitor 
Antimycin A: CIII inhibitor 
Ascorbic Acid and TMPD:  Respiratory assay for  
Cytochrome C oxydase activity



RESULTS



No significant differences between control and treatment for gWAT

Bioenergetics Gonadal WAT 

Fig 1A.

Typical original trace from the oxygraph. 30 mg 
of gWAT were placed inside the chamber and  
permeabilized with digitonin before proceeding 
with RP1 additions.

Flux control ratio (FCR) are ratios of oxygen flux in different respiratory control 
states, normalized for maximum flux in a common reference state (Succinate), to 
obtain theoretical lower and upper limits of 0.0 and 1.0 (0% and 100%).

Fig 1B.
gWAT FCRs for each RP1 addition 
calculated on the average of n=5 ± SEM 



No significant differences between control and treatment for BAT

 Bioenergetics BAT 

Fig 1A. Fig 1B.
BAT FCRs for each RP1 addition 
calculated on the average of n=5 ± SEM 

Typical original trace from the oxygraph. 2 mg 
of BAT were placed inside the chamber and  
permeabilized with digitonin before proceeding 
with RP1 additions.



Tendencies have been found between control and treatment 
(pvalue ranging between 0.06 and 0.08)

 Bioenergetics LIVER 

**

Fig 1A. Fig 1B.
Liver FCRs for each RP1 addition 
calculated on the average of n=5 ± SEM 

Typical original trace from the oxygraph. 2 mg 
of Liver were permeabilized outside the 
chamber with saponin(10 minutes on ice) and  
inside the chamber with digitonin before 
proceeding with RP1 additions.



 Bioenergetics SOLEUS

Fatty Acids oxydation appears to be significantly increased in the treated 
animals compared to the controls in the soleus. (pvalue = 0.0002)

*

Fig 1A. Fig 1B.
Soleus FCRs for each RP1 addition 
calculated on the average of n=5 ± SEM 

Typical original trace from the oxygraph. 2 mg of 
soleus were permeabilized outside the chamber 
with saponin (10 minutes on ice) before 
proceeding with RP1 additions.



 Bioenergetics SOLEUS

Fatty Acids oxydation appears to be significantly increased in the treated 
animals compared to the controls in the soleus (pvalue= 0.0002)



Conclusions

Limitations

Future plans

• Preliminary data on n=5 animals show that mitochondrial respiratory activity 
tends to be different between OLA treated samples and control tissues  for 
(Liver and Soleus).  

• Sample size (n=5).  
• Each value needs to be adjusted according to mitochondrial copy number per 

mg of tissue.

• Enlarge the sample number and integrate these data with data from new 
animals undergoing the same treatment to have more robust statistics.  

• Evaluate mitochondrial bioenergetics  measuring protein expression 
levels.



Thank you for your 
attention! 

Any 
questions? 


