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Combating Cortical Hypofrontality

Results: DBS in conscious rats (pilot)
Afflicting 1% of the global population and ranked by the WHO as 
one of the leading causes of disability worldwide, schizophrenia is a 
disease with devastating personal, social and economic 
consequences.
Whilst treatments exist for the hallucinations and delusions 
associated with schizophrenia, there are no effective therapies for 
the anhedonia, alogia, avolition and cognitive dysfunction.

The cognitive dysfunction seen in human schizophrenics correlates 
well with hypofrontality; defined as reduced blood flow and 
metabolism in the prefrontal cortex (PFC) (Pratt et al, 2008)

Figure 3. False colour images of autoradiograms showing optical density of zif-268 mRNA 
expression in (from left to right) the rostral part of the PFC, the caudal part of the PFC, the rostral 
part of the CPu and in the region of the MD.

Methods
Bipolar deep brain electrodes were made by sticking pairs of 25µm 
teflon insulated nichrome wire to the outside of a supporting  
100µm stainless steel insect pin with superglue.  

Animals were anaesthetised by the inhalation of isoflurane and 
mounted in a stereotaxic frame. Deep brain electrodes were 
implanted bilaterally into the MD and affixed to screws with dental 
cement.

The Relative Optical Density (ROD) of brain regions was measured 
using MCID and the results expressed as the mean ±SEM. Results 
were analysed using a paired Student's t-test.

Stimulation was delivered unilaterally for 3 hours to either the left or 
right hemisphere - the contralateral side served as the non-
stimulated control. 20µm coronal sections were cut and a 45-mer 
oligonucleotide probe (zif-268 and c-fos), labelled with 33P-dATP, 
was hybridised to the sections overnight before exposure to x-ray 
film.

Results: DBS in anaesthetised rats

 

Figure 2. The percentage change, relative to the sham operated contralateral hemisphere, in zif-268 
expression in brain regions of male hooded lister rats as a result of MD stimulation. The largest changes 
are seen in the most frontal regions. Inset: No significant changes are observed in c-fos expression. 
* p < 0.05, ** p < 0.01, *** p < 0.001 

Stimulation of the MD increases zif-268 expression but not c-fos in frontal regions 
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Figure 1. A simplification of the limbic 
system. The MD projects to the PFC via 
excitatory glutametergic neurons.

Aims
To assess the potential for 
Deep Brain Stimulation (DBS) 
to restore the reduced PFC 
function seen in schizophrenia.

Hypothesis: Stimulation of the 
medial-dorsal nucleus of the 
thalamus (MD) will cause an 
increase in activity in the PFC 
via its glutamatergic input.
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Anaesthetised: male Hooded Lister rats (n = 10) received 
stimulation via a custom built DBS device designed to deliver a 
constant current of 220µA at 130Hz with a pulse width of 100µs. 
Animals remained anaesthetised throughout.

Conscious (pilot): male Sprague-Dawley rats (n = 3) received 
stimulation via a custom built DBS device designed to deliver a 
constant current of 125µA at 130Hz with a pulse width of 100µs. 
Animals were allowed to recover for 1 week before being stimulated 
in an open field via a device fixed to a small animal jacket.

In this preliminary analysis no obvious changes in the expression of 
zif-268 mRNA were observed. However the sample size is small.

Summary & Conclusion

2. The magnitude of these changes decreases more caudally and 
disappears altogether beyond the level of the posterior part of the 
prelimbic cortex.

5. Overall these results provide some support for our hypothesis that 
stimulating the MD produces regionally selective alterations in prefrontal 
cortical activity; intimating a potential therapeutic use for DBS in a 
disease that remains inadequately treated by conventional methods.

3. The data from anaesthetised animals suggest that stimulation of the 
MD activates afferent glutamatergic axons to the PFC; increasing zif-268 
mRNA expression, thus providing further evidence that DBS acts via 
transynaptic mechanisms (Schulte et al, 2006). 

1. Acute (3 hours) DBS of the MD, in anaesthetised Hooded Lister rats, 
yields significant increases in the expression of zif-268, but not c-fos in 
the most frontal regions of the cortex, including: the prelimbic cortex, the 
orbital cortices and the motor cortex.

4. The pilot data from the work in conscious animals suggest that 
stimulation parameters may require further titration to best yield PFC 
activation without causing impaired motor activity. Similarly further 
studies are required to assess if the changes in IEG expression evoked 
in animals stimulated under anaesthesia are present in similarly 
stimulated conscious animals.
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Overt behavioural effects were observed following unilateral stimulation 
of the MD.

These included reduced locomotor activity, piloerection and enhanced 
startle response to auditory stimuli. These behavioural signs were no 
longer apparent following the cessation of stimulation.


