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Acute Exposure to Oxycodone 

Shown above are 3D renderings comprising the basal ganglia  and putative pain neural. The color-coded volumes are coalesced into a single volume 
shown in yellow.  The location of the average significant positive (red) and negative (red)change in BOLD signal are depicted. Shown above are Tables 
of BOLD signal change for each neural circuit.  The positive and negative BOLD signal is presented as  volume of activation (i.e. number of 3D pixels or 
voxels in a 3D region of interest).  Each Table is a truncated list from 171 brain areas. The voxel numbers were analyzed using a Newman-Keuls multiple 
comparisons test statistic.  

Shown are 2D activation maps for wild-type and KO rats in response to the 
odor of almond.  The average significant negative BOLD signal  is 
registered to axial sections in the rat atlas.  Note the enhanced negative 
BOLD signal in FX rats.  

Oxycodone (OXY) is used clinically to treat severe acute or chronic pain; 
however, when inappropriately prescribed or misused can lead to severe 
addiction.  Indeed, just a short exposure to OXY can lead to drug dependence.  
Consequently, studies were undertaken to examine the immediate effects of 
this opioid agonist on brain activity to a single exposure and to four 
consecutive days of drug given twice daily (2.5 mg/kg).  We were interested 
in two specific questions: 1) What are the brain areas activated by 
peripherally administered OXY? This was addressed with BOLD imaging in 
awake rats in response to a single dose of OXY and brain mapping with 
manganese (Mn) in response to four consecutive days of drug exposure. 2) 
Are there structural changes in the brain with OXY exposure?  This was 
addressed by DTI and quantitative anisotropy.  All studies used a 3D MRI atlas 
of the rat brain segmented and annotated into 171 brain areas.  When 
combined with computation analysis it was possible to reconstruct OXY-
driven integrated neural circuits for each of the imaging protocols. 

The neurobiological effects of acute and chronic oxycodone exposure:  Data 
from BOLD, diffusion tensor, and manganese imaging in rats

*Craig F Ferris, Kelsey Moore, William Kenkel, David Marini, Praveen Kulkarni
Northeastern University, Center for Translational NeuroImaging, Boston, Massachusetts, USA
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Studies were performed on a Bruker BioSpec 7T / 20cm USR.  Anatomical data set was collected using 
the RARE pulse sequence (20 slice; 1.2 mm; field of vision [FOV] 3.0 cm; 256 × 256; repetition time 
[TR] 2.5 sec; echo time [TE] 12.4 msec; NEX 6; 6.5 minute acquisition time).  Functional images were 
acquired using a multi-slice half Fourier acquisition, single shot, turbo spin echo sequence.  A single 
scanning session acquired 20 slices, 1mm thick, every 6.0 seconds (FOV 3.0 cm, matrix size 96 x 96, ETL 
36, NEX 1) repeated 150 times for a total time of 15 minutes. 

Studies were performed with a quad transmit/receive head coil and rat 
restrainer developed by Animal Imaging Research, Holden, Massachusetts

Each animal was registered to a 3D,segmented, annotated MRI brain atlas (Ekam Solutions) that 
outlines 171 distinct areas. Region of Interest (ROI) based statistical analyses are done using Medical 
Image Visualization and Analysis (MIVA) software and SPM8. Statistical t tests were performed on each 
voxel (ca, 15,000 in number) of each subject within their original co-ordinate system. A statistical 
composite was created for each group of subjects. The individual analyses were summed within groups. 
The initial analyses provided values of percent change in BOLD signal for each of 171 ROIs and activated 
voxel numbers 

Acclimating Rats for the Imaging Protocol

Adult, male Long Evans rats were lightly anesthetized, and placed into a copy of the restraining system 
used during awake imaging. When fully conscious, the animals were placed into a dark mock scanner 
tube with a recording of a standard MRI pulse sequence playing in the background. This procedure 
when repeated every other day for four days has been shown to significantly reduce plasma CORT, 
respiration, heart rate, and motor movements when compared to the first day of acclimation. The 
reduction in autonomic and somatic response measures of arousal and stress improve the signal 
resolution and MR image quality. (King et al. 2005)
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Baseline T1 data of the whole brain were collected prior to administration of MnCl2. Animals were 
imaged under 1% isoflurane anesthesia (respiration ca. 50/min). On the following day animals were 
anesthetized with 2-3 % isoflurane and given a site-specific injection of 10 ul of 5 mM MnCl2 into the 
right lateral cerebroventricle.  When recovered from anesthesia animals were given 0.9% NaCl vehicle 
(n = 5) or 2.5 mg/kg oxycodone (n = 5) IP twice daily for four days. Following the last day of treatment 
animals were again anesthetized and imaged for T1 data. 

Manganese-Enhanced Magnetic Resonanace Imaging

DTI was acquired with a diffusion-weighted (DW) spin-echo echo-planar-imaging (EPI) pulse sequence 
having the following parameters: TR/TE 00/20 ms, eight EPI segments, and 10 non-collinear gradient 
directions with a single b-value shell at 1000 s/mm2 and one image with a b-value of 0 
s/mm2 (referred to as b0). Geometrical parameters were: 60 slices, each 0.313 mm thick (brain 
volume) and with in-plane resolution of 0.313×0.313 mm2 (matrix size 96×96; FOV 30 mm2). The 
imaging protocol was repeated two times for signal averaging.  Each DTI acquisition took 44 min and 
the entire MRI protocol lasted about 1 hour 28 min. 

Diffusion Tensor Imaging

• Oxycodone when given to healthy adult male 
rats causes robust negative and positive BOLD 
signal changes from olfactory bulbs (data not 
shown) to brainstem. 

• Oxycodone activated the PAG, prelimbic ctx, 
and retrosplenial ctx in the pain neural circuit 
while decreasing activity in the 
somatosensory ctx, ventral medial 
hypothalamus and anterior cingulate ctx.

• Oxycodone had no effect on positive BOLD in 
basal ganglia i.e., striatum, accumbens and 
substantia nigra. 

• MEMRI showed a robust pattern of activation 
across the basal ganglia with repeated 
exposure to oxycodone not seen with acute 
treatment. 

• Quantitative anisotropy revealed alteration in 
microarchitecture in cerebellum, thalamus 
and brain stem primarily, areas that were not 
conspicuous to BOLD imaging with acute 
oxycodone or MEMRI with repeated 
oxycodone.

• The dopaminergic system involved in 
motivation and reinforcement does not appear 
to be activated using BOLD in drug naïve rats in 
response to their initial exposure to  
oxycodone.  However, repeated exposure over 
four days leading to conditioned place 
preference shows robust activity with MEMRI. 
Studies are underway to determine if BOLD 
activation is similarly altered in rats with a 
history of oxycodone exposure.

• DTI and quantitative anisotropy can be used to 
identify subtle changes in microarchitecture 
(Kulkarni et al., PLosOne 2015). We anticipated 
changes in indices of anisotropy in the basal 
ganglia; instead, the changes were associated 
with the deep cerebellar nuclei and 
surrounding lobules and brain stem.  Studies 
are underway to identify the cellular and 
molecular changes in these sites in response to 
repeated oxycodone exposure.
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Place Preference Conditioning consisted of 
receiving either OXY or SAL treatment once a 
day for  4 days. After 4 days of treatment, 
animals were tested for preference for 30 
minutes. The Conditioned Place Preference 
score was determined by the number of 
seconds spent in the treatment-associated 
chamber minus time spent in the non-
conditioned chamber.


