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INTRODUCTION addition patients with two or more impaired neuropsycho-

. . logical test performances had higher G compared to
Nearly 3,000,000 people m_the Umt_ed States{ and OVeHhose with less than two impaired test performances.
1.00’00.0’000 people \.NOI’|dW.Ide, are mfect.ed with hepati- There is no consensus regarding HCV neuropathogene-
tis C virus (HCV), with an increasing trajgctory for. the sis, but two main theories have been postulated. (See For-
foreseeable future (Alter et al., 199.9)' While hepatlc €Mon et al., 2001, 2002; Kramer, 2002). First, HCV infection
c_ephalop_athy has been long recognized asa dlsorder_ asﬁﬂdregulates pro-inflammatory cytokines, which may cross
ciated with cerebral structural, metabolic, and cognitivey, . p10od-brain barrier and cause neural injury. Second

changes (e.g., Tarter et al,, 1989), HCV infection itself Ssimilar to HIV, HCV may use monocytes to enter the brain,

increasingly associated with changes |n the brain,_even 'Where it may infect, or where viral proteins may injure
the absence of hyperammonemia. Specifically, HCV-infecte eural cells (Caussin-Schwemling et al., 2001).

individuals may have deficits in cognitive functions such as In the United States drug abuse is the mostimportant risk

attention, working memory, and speed of information pro- . : . ' ,
. . actor for HCV infection. Drugs particularly associated with
cessing (Forton et al., 2002; Hilsabeck et al., 2002). The¥—ICV risk are heroin, methamphetamine, and cocaine. Of

may also have abnormalities on magnetic resonance Speﬁiese, methamphetamine dependence is both the most prev-

troscopy (MRS), a non-invasive method to measure Cer&lent (1.7% of the US population, compared with 0.7% for

brf_zll metabolites. The most reliably measured compoundﬁeroin and 0.2% for cocaine; Robbins & Regier, 1991), and
using a standard 1.5 Tesla MRI sca_nn.er are N-acetylaspartaé?so it is the drug for which there is strongest evidence for
(NAA?’ _amarker of neuronal integrity; choline and choline- a neurotoxic effect based on animal models (Davidson et al.,
containing c(;Jrlppgunhds (Chf))' a mleas_urT Olf cell memb.r;ngom) and limited human studies. The latter evidence in-
turnover and lipid changes; myo-Inosito (Ins), a po_ss' €cludes increased likelihood of neuropsychological impair-
|nd|c§1torofgllal prollfer_anon anmrpsmolarchanges, and ment (Rippeth et al., 2004, this issue) as well as changes
creatinerphosphocreatine (Cr), an indicator of high ENeTYYin prain metabolites on MR spectroscopy (reduced NAA in

sto;ez tlhtat |s| otfk':er;' uie? gs a ;e|_||aé|\\//e s.tan,ii/lagg f'(zr (:thq‘Fontal white matter and basal ganglia, reduced creatine in
metaboltes. In the Hrst studies o using PO hasal ganglia, and elevated choline-containing compounds

et al. (2001; 2002) found elevated Gitar in the frontal and myo-inositol in frontal gray matter; Ernst et al., 2000).

white matter and basal ganglia in patients with HCV. In Given the increased risk for brain injury among metham-

phetamine abusers, we questioned whether the addition of
Dr. Erin D. Bigler served as Action Editor during the course of this HCV infection would have a further detrimental effect. In
rewlg\gbrint requests to: Michael J. Taylor, Ph.D., VA San Diego Health-thiS preliminary study we compared concentrations of
' ' 250 [ A the metabolites NAA, Cho, Ins, and Cr in three groups:

care, Department of Psychiatry (116A), 3350 La Jolla Village Drive, San - o ] =
Diego, CA 92161. E-mail: mjtaylor@ucsd.edu hepatitis C seropositive methamphetamine dependent indi-
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viduals (HCVH+/Meth+); hepatitis C seronegative meth- was assessed using the Structured Clinical Interview for
amphetamine dependent individuals (HEYMeth+); and  DSM-IV. Participants were excluded if they met depen-
HCV—/Meth— controls. We predicted that NAA would be dence criteria for any drug other than methamphetamine,
lowest in HC\+/Meth+, followed by HCV—/Meth+, and  including alcohol.

would be highest in HCV /Meth—, suggesting greater neu-

ral injury when both risks were present; and that there WoulqDrocedure

be selective increase in the inflammatory markers Ins and

Cho in HCV+/Meth+ only, reflecting putative inflamma- Single voxel MR spectroscopy was conducted with a Gen-
tory changes due to HCV. eral Electric 1.5-T scanner (Signa LX) at the VA San Diego
Healthcare System. A PRESS sequence (TE 35 millisec-
onds, TR 3 s) was used to acquire spectra from voxels of
interest in the midline frontal gray matter (220 20 mm),

the predominantly white matter right anterior centrum semi-
ovale (20x 20 X 20 mm), and the head of the right caudate
Six HCV+/Meth+, 10 HCV—/Meth+, and 10 control nucleus (15X 15 X 15 mm). Anatomic placement of the
(HCV—/Meth—) participants were recruited and tested atvoxels was performed using T1-weighted axial localizers.
the San Diego HIV Neurobehavioral Research Center. HC\The frontal lobe spectra were based on 64 acquisitions,
infected individuals were identified by measurement of HCVwhereas 96 acquisitions were used for the caudate due to its
IgG in plasma by ELISA. HCV RNA was measured in smaller voxel size.

plasma by polymerase chain reaction (SuperQuant, Na- Spectra were processed using LCModel software
tional Genetics Institute). All participants of this prelimi- (Provencher, 1993) to produce absolute quantitation of me-
nary study weréllV seronegativeDemographic and medical tabolites which eliminate the difficulty in interpretation as-
characteristics of the groups are presented in Table 1. Theociated with metabolite ratios. Partial volume corrections
groups did not differ significantly on agé-[2,23)= 0.30, were then applied to remove the contribution of CSF in
p = .74], or educationif(2,23)= 1.34,p = .28]. Aswould  each voxel to generate measurements of NAA, Cho, Ins,
be expected, the HCY group had mildly elevated liver and Cr were calculated (see Schweinsburg et al., 2000).
function enzymes, although other general indicators of liver All participants received comprehensive neuropsycho-
function were within the normal range. Participants withlogical testing, with subsequent clinical ratings as de-
history of schizophrenia or other severe psychiatric disorscribed previously (Heaton et al., 1995). The study was
der, opportunistic infection of the brain, hepatic encephaapproved by the Human Subjects Protection Program at the
lopathy, or head injury with a loss of consciousness greatedniversity of California, San Diego and participants gave
than 30 min were excluded. Methamphetamine dependenceritten informed consent prior to enrollment.

METHODS

Research Participants

Table 1. Demographic and medical characteristics of participant groups

Controls HCV—/Meth+ HCV+/Meth+

(N =10) (N =10) (N=16)
Age (years) 42.9 (9.8) 40.3 (6.0) 41.3 (4.9)
Education (years) 12.9(1.4) 12.8 (1.3) 11.7 (2.1)
Female:Male 3:7 3:7 0:6
Non-White:White 1:9 2:8 1:5
IVDU History:No IVDU — 5:5 5:1
Years of meth dependence — 13.9 (5.4) 15.3(7.2)
Lifetime meth use (g) — 5332 (4849) 4120 (3770)
Intensity of meth uset — 14.9 (2.3) 16.4 (3.0)
Total bilirubin (mg/dL) 0.7 (0.2) 0.7 (0.4) 0.8 (0.7)
Hemoglobin (gdL) 13.6 (1.3) 14.6 (2.0) 15.2 (0.7)
Albumin (g/dL) 4.0 (0.3) 4.0(0.2) 4.1(0.2)
Aspartate aminotransferase (AST) 26.2 (3.3) 25.0 (6.7) 46.3 (4.1)*
Alanine aminotransferase (ALT) 23.7 (6.3) 20.3 (6.7) 60.5 (8.2)*
Plasma HCV RNA (log, copiegml) — — 5.8 (0.8)

Numbers in parentheses indicate standard deviation
*HCV +/Meth+ > HCV—/Meth+ & Controls

! \/ LifetimeMethUse (gm)
Yearsof MethDependence
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Table 2. Metabolite concentrations in frontal white matter, frontal

M.J. Taylor et al.

| gray matter, and caudate region by group

Frontal white matter

Frontal gray matter

Caudate region

HCV+/ HCV—/ HCV—/ HCV+/ HCV—/ HCV—/ HCV+/ HCV—/ HCV—/

Meth+ Meth+ Meth— Meth+ Meth+ Meth— Meth+ Meth+ Meth—

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
NAA 5.37(0.58) 6.69(1.35) 7.02(1.18) 5.24(0.73) 4.86(1.16) 6.32(0.97) 6.98(0.93) 7.32(0.82) 7.90 (0.73)
Cho 1.69(0.17) 1.64(0.25) 1.71(0.17) 1.49(0.08) 1.33(0.29) 1.41(0.26) 1.86(0.11) 1.80(0.09) 1.73(0.10)
Cr 4.77 (0.45) 5.22(0.71) 5.37(0.91) 5.07(0.62) 5.09 (0.86) 5.47(0.70) 7.17(0.79) 7.29(0.88) 7.35(0.54)
Ins 4.14 (0.60) 4.77 (0.63) 4.56(1.11) 4.11(1.17) 4.16 (0.57) 4.48(1.09) 5.74(1.57) 5.55(1.05) 4.85 (0.69)
RESULTS HCV —infected, non-methamphetamine-dependent individ-

As indicated in Table 2, in the right frontal white matter
region, NAA differed significantly between groups
[F(2,23)= 3.97,p = .03]. Tukey follow-up tests for all
pairwise comparisons revealed 23% lower NAA in the fron-
tal white matter of the HCW/Meth+ group compared to
controls. There was also a trend toward significantly lowe
frontal white matter NAA in HC\+/Meth+ (20%) com-
pared to the HCV-/Meth+. Frontal gray matter NAA was
lower in both Metht groups, but there was no evidence for
greater reduction in HCV¥/Meth+ (17% reduction for
HCV+/Meth+, 23% for HCV—/Meth+) compared to con-
trols [F(2,23)=8.91,p=.001]. The concentration of NAA
in the caudate region did not differ significantly between
groups although HCV¥ /Meth+ evidenced a 12% reduc-
tion compared to controls and the HEYMeth+ showed

a 7% reduction compared to controls. Reliable group dif-

ferences in Cho, Cr and ml were not observed.
Given the significant findings in the frontal white matter

r

uals, a limitation which precluded our being able to look at
the effect of HCV in isolation. Contrary to our hypotheses
and other reports (e.g., Forton et al., 2002), Cho and Ins
were not elevated in the HCV/Meth+ group. Larger
studies should determine if this disagreement is due to in-
adequate power, or whether the combination of metham-
phetamine and HCV alters the neuropathogenesis of the
latter.
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Without longitudinal study,
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required. Our pilot study was limited by the absence of
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