
Table 1:  Relaxation Times for Water 

Month N T1 (ms) N T2 (ms) 

0 21 1632 ± 62 21 46.8 ± 2.6  

1 18 1615 ± 60 19 45.8 ± 1.1 

2 21 1572 ± 40 21 45.4 ± 0.8 

3 20 1598 ± 32 21 45.2 ± 0.9 

4 20 1584 ± 42 21 45.2 ± 0.8 

5 21 1579 ± 42 21 45.2 ± 1.0 

6 21 1548 ± 33 21 45.6 ± 1.4 

 

Metabolite Relaxation Times

0

200

400

600

800

1000

1200

1400

1600

NAA_T1 Cr_T1 Cho_T1 NAA_T2 Cr_T2 Cho_T2

T
im

e 
(m

s)

Control

Clozapine

Haloperidol

Long-term Treatment with Antipsychotics Affects NAA T1 in Normal Rat Brain 
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Introduction:  Schizophrenia affects approximately 1% of the world population.  Multiple MRS studies have been reported comparing schizophrenic patients with 
normal subjects, but the results have been mixed.  In general, N-acetylaspartate (NAA) levels are decreased in the frontal and temporal lobes of schizophrenic patients, 
although reductions of NAA have been reported throughout the brain. Differences between normal subjects and patients, as well as some of the variability in results, 
could be explained by changes in either water or metabolite relaxation times.  Generally, quantitative MRS studies comparing different groups assume that the 
relaxation times do not differ between groups.  However, prior studies indicate that the water relaxation time in schizophrenic brains is longer than in normal brain (1, 
2).  Metabolite relaxation times may vary as well, as reported recently by Olson et al., who found that literature values for NAA/creatine (Cr) depend on the 
experimental parameters (3).  Since patients usually were stabilized on antipsychotics when they were examined, any change in relaxation times could result from the 
disease and/or the drugs used to treat it. The effects of antipsychotics on the relaxation times of water or metabolites have not been studied systematically.  Here we 
report the results of a 6-month study in normal rat brain to determine the effects of haloperidol and clozapine on water and metabolite relaxation times.  Haloperidol, a 
typical first generation antipsychotic, targets primarily dopamine receptors, whereas clozapine, a prototypical second generation antipsychotic, targets multiple 
receptors, which might lead to differing effects on relaxation times.    
Methods: The institutional animal use committee approved this study. Two groups of 6-week-old male Sprague-Dawley rats (n=7/group) were dosed with 
approximately 2 mg/kg/day haloperidol or 30 mg/kg/day clozapine via drinking water for 6 months.  Control rats (n=7) were given water.  Animals were anesthetized 
with 1.5% isoflurane in air during scans.  1H MRS data were acquired from each rat prior to and monthly during antipsychotic dosing from a 4 mm/side voxel in the left 
thalamus using a 7T Bruker BioSpec system.  After shimming on the voxel, PRESS spectra were acquired with and without water suppression at TEs of 20, 50, 100, 
144, 200, and 288 ms (for calculating T2) at a TR of 2.5 s, followed by spectra acquired at TRs of 525, 750, 1500, 2500, and 6000 ms (for calculating T1) at a TE of 20 
ms.  To assess the CSF content, non-suppressed data were acquired at 12 different TEs with a TR of 2.5 s.  All data were processed automatically using Bruker routines 
to correct for eddy currents and phase. LCModel (4) without water scaling was used to estimate the area for each metabolite from each spectrum.  Water spectra were 
imported into NUTS (Acorn NMR, Fremont,CA) to calculate the integral of the water signal.  The area estimates were used to fit the appropriate exponential curve to 
determine T1 and T2 values.  Data were analyzed using SPSS 12.0 for Windows.  

Results: CSF accounted for 3% or less of the water fraction in all voxels.  Water: Linear mixed models analysis 
with time as the within-subjects factor and treatment as the between-subjects factor showed no effect of treatment 
on either water T1 or T2, but the water T1 and T2 for all groups varied with time (p<0.001 and p=0.007, 
respectively).  Summary data for water is shown in Table 1.   Metabolites:  The LCModel estimates failed to give 
T1 or T2 fits for about 15% of the data. Linear mixed models analysis of the remaining data with time as the 
within-subjects factor and treatment as the between-subjects factor showed an effect of treatment only for NAA 
T1 (p=0.015).  The choline (Cho) T1 showed non-linear time-dependence (p=0.001), initially decreasing and then 
increasing. The average NAA T1s for both haloperidol- and clozapine-treated groups were significantly shorter 
than the control group by independent T-test as shown in the figure.  There was no effect of time or treatment on 
any T2.     
Discussion:  The age-dependence of water relaxation times is well-known from the human literature (5), but has 
not been confirmed previously in a controlled longitudinal study in rats. The decreasing relaxation times are 
consistent with decreasing water content and increasing brain maturation seen previously in immature rat brain 
(6). Insignificant metabolite T2 changes with age have been reported previously in humans (5) with slightly larger 
changes in metabolite T1 also reported (5) in a pediatric group.  No such data has been available for mature rats.  
No information has been available about the effects of antipsychotics on any relaxation time.  

  Antipsychotics are known to be neurotoxic (7) and to induce the formation of reactive 
oxygen species (ROS) in cells (8).  Chronic exposure to haloperidol and clozapine has 
been shown to cause oxidative stress in the rat brain (8, 9).  The formation of ROS in 
neurons could account for the shorter T1 for NAA. If the formation of ROS is isolated 
to neurons, water T1, being a nonspecific measure from multiple cellular environments, 
might be unaffected, as seen here.  Generally, haloperidol has been associated with 
higher ROS than clozapine (8, 9), which is in agreement with the greater decrease in 
NAA T1 for haloperidol reported here.  NAA T1 decreases following treatment may be 
useful in assessing the degree of oxidative damage to neurons, but further work 
correlating these measures with in vitro measures of oxidative damage is required. 
  Changes in relaxation time may affect NAA quantitation in patient studies. The NAA 
T1 for the haloperidol-treated group is about 15% lower than the control group, which, 
at a TR of 2500 ms, corresponds to a 4% increase in the NAA signal, or apparent NAA 
concentration if the data are not relaxation-corrected.  If the water T1 in patients is 
increased, as reported previously (1, 2), then further increases in the uncorrected NAA 
concentration would be expected.  Taken together, the relaxation data indicate that, all 
else being equal, apparent increases in NAA should be observed in treated patients.  
Generally, reductions in NAA are seen, which suggests that these reductions not only 
are disease-related, rather than drug-related, but also they actually may be greater than 
reported.      
  In summary, long term treatment with antipsychotics decreases NAA T1 values, 
which can result in an overestimation of the NAA concentration in treated 
schizophrenic patients. 
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