
Comparison of the Central Effects of Ketamine and the NR2B-Selective NMDA Receptor Antagonist Traxoprodil Using 
Pharmacological MRI in Conscious Rats 

Haiying Tang1, Yu-Wen Li1, Matthew Fronheiser1, Daniel Kukral1, Harold Malone1, Adrienne Pena1, Gabriel Tobon2, Kurex Sidik1, Patrick Chow1, Linda Bristow1, 
Wendy Hayes1, and Feng Luo1 

1Bristol-Myers Squibb, Princeton, NJ, United States, 2InviCRO, Boston, MA, United States 
 

Hypothesis 
        Major depressive disorder (MDD), a leading cause of disability globally, has an enormous social and economic impact [1]. Improvements in the efficacy of 
antidepressant therapy are needed due to the burden and high proportion (> 40%) of individuals with MDD who fail to respond to existing antidepressant treatments. 
Ketamine was reported to have antidepressant effects in patients with MDD [2]. Its ability to produce a rapid and long-lasting antidepressant response provides an 
unique opportunity for investigation of mechanisms that mediate its therapeutic effect. Significant efforts have been reported in the development of NR2B subtype-
selective antagonists, to minimize adverse side effects observed with nonselective NMDA antagonists [3]. In the present study we implemented pharmacological MRI 
(phMRI) in conscious rats to map the central effects of ketamine and an NR2B-selective NMDA receptor antagonist, traxoprodil [4], and to study the neurocircuitry that 
might attribute to the antidepressant effects.  
 

Methods 
        Study Design: Male Sprague-Dawley rats were utilized in the study. Dose-dependent phMRI brain activation with intravenous (i.v.) traxoprodil treatment was 
investigated. The study contained five experimental groups (n=8/group) including: vehicle (saline), ketamine 3 mg/kg, traxoprodil 0.3 mg/kg, traxoprodil 5 mg/kg, and 
traxoprodil 15 mg/kg. The phMRI scan paradigm consisted of a 10 minute baseline scan, 2 minutes i.v. infusion of vehicle or compound, followed by 30 minutes post 
infusion imaging. 
      MRI Habituation/Acclimation Training: To minimize stress in conscious rats [5], the sound and the restraint habituation were repeated over a period of 5 days, 30 
minutes on day one and 1 hour each day for the following 4 days prior to the phMRI study. 
       MRI Method: PhMRI experiments were performed on a Bruker Biospec 4.7 T 40-cm horizontal bore system (Bruker, Billerica, MA) equipped with a 12cm small 
gradient insert, and a 86mm ID quadrature volume coil as the transmit coil and a rat head phased array coil as the receiver coil. An in-house customized stereotactic 
head and body restrainer was used to secure the head coil and restrict the head and body movement during the awake phMRI scans. Anatomical images were acquired 
using a fast spin echo sequence with Rare factor = 8, TR/TE = 4000ms/36ms, a field of view (FOV) of 25.6 × 25.6 mm2, 128 × 128 matrix, and 20 slices at 1.2mm 
thickness for whole brain coverage. Single-shot gradient echo EPI was used for the phMRI acquisition with TR/TE = 2000ms/18ms, fat suppression and a FOV 
saturation, 64 × 64 matrix, and n = 1200 EPI brain volumes. 
        Data Analysis: phMRI data was motion corrected, skull stripped, spatially smoothed, and co-registered to a common anatomical brain template via linear and non-
linear co-registration processes. All pre-processing, parametric mapping, statistic analysis, and visualization of brain activity were conducted using AFNI tools [6] and 
customized phMRI software in MATLAB. A non-linear model was fit to pixel-wise and region-level time courses incorporating a bias, drift, and a difference of 
exponentials following i.v. administration. PhMRI BOLD signal changes (%) were calculated between baseline and post-administration periods after correcting for the 
bias and drift. Significant perturbations (p<0.05 based on one-sample t-test of the average post-administration % signal change) were considered areas of brain 
activations. Temporal averages of BOLD signal changes post-administration from regions of interest were used for group statistical analysis (Dunnett’s analysis). 
 

Results 
        Fig. 1a-1c demonstrate the dose dependent brain activation in pre-frontal brain regions following i.v. traxoprodil administration, compared to the brain activation 
induced by ketamine at 3 mg/kg i.v. (Fig. 1d). Dunnett’s analysis suggested regionally specific brain activations in the mPFC (medial prefrontal cortex), VOC (ventral 
orbital cortex), and ACC (anterior cingulate cortex) regions that may be associated with antidepressant effects (Fig. 1b). At the highest dose of traxoprodil (15 mg/kg) a 
more general activation pattern was observed including activation in other regions such as the striatum and cerebellum. The activation seen at the highest dose was 
similar to ketamine and may relate to the dissociative and psychotomimetic side effects seen at antidepressant doses of ketamine in humans. No brain activation was 
observed following either saline or treatment with a low dose of traxoprodil (0.3 mg/kg). Figure 2 demonstrates traxoprodil and ketamine induced pharmacodynamic 
responses in mPFC. Ketamine produced a more rapid onset of peak response followed by a sustained pharmacodynamic response in the brain. 
 

Discussion and Conclusions: 
          This phMRI study investigated the central effects of the NR2B selective NMDA receptor antagonist traxoprodil and the non-selective NMDA channel blocker 
ketamine in conscious rats. Region specific brain activations observed at mPFC, VOC, and ACC may be associated with anti-depressant effects. In contrast, the 
widespread activation seen at high doses of traxoprodil is similar to ketamine and may relate to the dissociative effects observed in treatment resistant depressed patients 
treated with high doses of traxoprodil. 
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Figure 1. phMRI brain activations induced by traxoprodil i.v. (a-c) and ketamine i.v. (d) 
 (mPFC: Medial Prefrontal Cortex; VOC: Ventral Orbital Cortex; ACC: Anterior Cingulate Cortex) 

Brain activations were color-coded by the % BOLD change and overlaid on the anatomical images (gray) 

Figure 2. Traxoprodil and ketamine induced 
pharmacodynamic responses in mPFC 
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