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Alteration of Brain Phospholipid Metabolites in 
Cocaine-Dependent Polysubstance Abusers 

Shane MacKay , Dieter J . Meyerhoff, William P. Dillon, Michael W. Weiner , 
and George Fein 

Introduction 
Cocaine use is associated with ischemic, occlusive, and hem- 
orrhagic cerebrovascular events. 31Phosphorus magnetic reso- 
nance spectroscopy (31P MRS) has demonstrated sensitivity to 
cerebral energy metabolism and phospholipid changes in brain 
regions affected by ischemia and infarction. Because ischemia 
secondary to chronic or repeated episodes of vasospasm may 
play a role in cerebral changes associated with cocaine use, we 
have utilized this technology to investigate high-energy phos- 
phate and phospholipid metabolism in two brain regions that are 
susceptible to ischemic damage in chronic cocaine-dependent 
polysubstance abusing subjects and controls. 

Methods 
All procedures were approved by the UCSF Committee on Hu- 
man Research and written informed consent was obtained from 
all subjects. Eleven men who were cocaine-dependent poly- 
substance abusers (mean age 38.5 & 7 years [ * SD]), who met 
DSM-111-R criteria for cocaine dependence, were recruited from 
the Substance Abuse Treatment Program at the San Francisco 
VA Medical Center. Eight were inpatients, one was in long-term 
residential treatment, and two were outpatients at the time of 
study. All had normal neurological exams. One subject had chronic 
depression and one had symptoms of posttraumatic stress dis- 
order. Two were Caucasian and nine were African American. 
The inclusion criterion was cocaine use greater than 2 times per 
week for greater than 2 years. Exclusion criteria included preex- 
isting neurological disorders (e.g., seizures, head injury, stroke) 
and medical disorders with known neurological effects (e.g., 
hypertension, diabetes). Mean cocaine use was 8.4 g ( 2  5.4 g) 
per week (range 1.2-17.5 g) with a mean duration of use of 8.1 
years ( '5  years) (range 4 to 23 years). Daily alcohol use av- 
eraged 5.2 drinks per day ( 5 6 . 1  drinks) with a range of <1 

From the Psychiatry Service and Magnetic Resonance Unit, San Francisco Veterans 
Administration Medical Center. and Departments of Psychiatry, Radiology and 
Medicine, University of California, San Francisco, San Francisco, CA. 

Address reprint requests to George Fein, PhD. VA Medical Center (1 16R), 4150 
Clement St., San Francisco, CA 94121; 

Received June 10, 1992; revised April 15, 1993. 

0 1993 Society of Biological PsychiaUy 

drink per week to a fifth of liquor each day. One subject had a 
history of heavy alcohol use but had been abstinent for more 
than 1 year at the time of study. Four subjects reported regular 
heavy marijuana use. One subject had a past history of heavy 

ported occasional needle use. Four were receiving treatment with 
desipramine. All used cocaine either intranasally or via smoking. 

average of 18.5 days after their admission (median 8 days, range 
3-91 days). The subjects from outpatient settings claimed to be 
drug free at the time of testing but were not tested. Data for 
the 11  cocaine-dependent polysubstance abusers is shown io 

" 4 m  Table 1 .  k$ , 
The control group consisted of 8 men and 2 women (mean 

age 29 4 years, range 22 to 34 years) recruited for a separate 

American and seven were Caucasian. Medical and substance- 

All were without medical or psychiatric disorders. Mean alcohol 
use in the control group was 1.9 f 1.7 drinks per week (range 
0-5). Other substances reported by the control group included 
marijuana and very occasional remote cocaine or LSD use. 

lysergic acid diethylamine (LSD) use and another subject re- 

The nine subjects living in supervised settings were studied an 
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study with an identical MRS protocol. Three subjects were Asian 

abuse histories were obtained for 7 of the 10 control subjects. Ih 

MRUMRS Protocol 
Magnetic resonance images (MRIs) and 3rP MRS studies were 
performed using a Philips Gyroscan MRYMRS 2T system op- 
erating at 34.79 MHz. MRIs were interpreted blindly by a board- 
certified neuroradiologist. 

Two volumes of interest (VOI) were chosen for MR spec- 
troscopy (see Figure 1). A midline parietal white matter VOI 
immediately superior to the ventricles measured 8 X 5 X 2.5 
cm3 (AP X LR X CC). A midline subcortical grey matter VOI 
at the level of the basal ganglia and thalamus measured 5 X 

6 X 3 cm3. "P MR spectra were acquired using an improved, 
modified, image-selected in vivo spectroscopy (ISIS) sequence 
(Ordidge et al 1986) (see Figure 2). Molar metabolite concen- 
trations for each VOI were calculated (Roth et al 1988). Mttab- 
olite concentrations were compared between groups using .the 
Wilcoxon Test, with the statistical significance criteria set at 
p < 0.05. 
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Table 1. Age, Substance Abuse Habits and MRI Results of 11 Cocaine-Dependent Polysubstance Abusers 

Duration of Amount per 
Subject Age (Ym) use (YE) week (g) Other drugs MRI 

1 35 10 14 Hx EtOH NL 

2 35 6 1.2 
3 35 3 6 EtOH: 12 beer/d NL 
4 33 14 17.5 EtOH: 7 drinkdd Multiple WMSHs 

Desipramine 
Desipramine Two WMSHs 

Desipramine 
5 29 4 3 4  EtOH 3 beers/d NL 
6 32 7 3-6 Desipramine NL 
7 53 7 14 EtOH: 8 drinkdd NL 
8 41 5 12 LSD Multiple WMSHs 
9 44 5 3 Marijuana Enlarged Ventricles 

10 43 8 4-12 EtOH 4 beedd Multiple WMSHs 
I 1  43 20 7-10 EtOH: 18 drinkdd NL 

Mean 38.5 (27 )  8.1 ( 2 5 )  8.4 (k 5.4) EtOH: 5.2 (k6.1) 511 I 

Marijuana 

Ye- Y- Yem drinkdd abnormal MRI ( 2 SD) 

Figure 1. Sagittal MR image showing the positions of the white 
matter VOI (upper box) and the subcortical grey matter VOI 
(lower box) for modified improved image-selected in vivo spec- 
troscopy (ISIS). 

Results 
MRls were abnormal for 5 of 11 (45%) cocaine-dependent po- 
lysubstance-abusing subjects. Four scans revealed one or more 
white matter signal hyperintensities (WMSH) in the centrum 
semiovale, another indicated enlarged ventricles without WMSHs. 
One control subject had mildly dilated ventricles; otherwise, the 
control MlUs were normal. 

"P metabolite concentrations from the subcortical grey and 

"P metabolite concentrations from the subcortical grey and 
parietal white matter regions are displayed in Table 2. Mean 
phosphomonoester (PME) concentration in the white matter vol- 
ume was lower in the polysubstance abusing group compared to 
the controls (2.92 20.68 mmoYL versus 3.9 2 0.9 mmoYL; 
p < 0.02). Phosphodiester (PDE) concentration was similarly 
lower in the polysubstance abusers (8.18 2 1.31 mmoYL versus 
9.48 f 1.14 mmoYL; i < 0.05). These PME and PDE data are 
shown in Figure 3. Trends toward lower [PME]/[PDE] (p < 
0.06) and [[phosphocreatine] PCr]/[fl-adenosine triphosphate] 
@ < 0.07) in the white matter of substance abusers were also 
noted. There was no relationship between phosphorus metabolite 
concentrations and extent of WMSH on MRI. No significant 
differences in phosphorus metabolite concentrations were found 
in the subcortical grey matter volumes. 

In an attempt to control for alcohol use within the substance 
abusing sample, mean PME and PDE concentrations for the 
heaviest drinkers (7 or more drinks per day, n = 4) were com- 
pared to the lightest drinkers (2 or less drinks per day, M = 4). 
Mean PME and PDE for heavy and light drinkers were almost 
equivalent (PME: heavy drinkers = 2.8 2 0.8 mmoVL, 
light drinkers = 3.14 f 0.7 mmoYL, p = 0.54; PDE: heavy 
drinkers = 8.05 & 1.2 mmol/L, light drinkers = 8.23 2 1.4 
mmol/L,p = 0.86). 

Discussion 
The major finding of this study was a difference in phospho- 
monoester and phosphodiester concentrations in the central white 
matter of cocaine-dependent polysubstance abusers compared to 
normal controls. Most of the phospholipid in white matter is 
contained in the myelin membranes, with smaller amounts found 
in axonal membranes, glial cell membranes and cytosolic con- 
stituents. Differences in PME and PDE concentrations most likely 
reflect altered synthesis or breakdown of myelin phospholipids. 
In comparison to the pattern of "P metabolite changes in patients 
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Figure 2. 31P magnetic resonance spectrum from an ISIS VOI of normal brain. PME, phos- 
phomonoesters; Pi, inorganic phosphate; PDE, phosphodiesters; PCr, phosphocreatine; y, a, 
f3, y-, a- and P-phosphates of adenosine triphosphate (ATP). 

Table 2. Mean Phosphorus Metabolite Concentrations from White Matter and Subcortical Grey Matter 
Volumes of Interest in Control Subjects and Cocaine-dependent Polysubstance Abusers 

SCG matter White matter 

Metabolite Control Control 
concentmtion subjects 
(mmoVL) (n = 10) (n = 11) (n = 10) (n = 11) 

Cocaine users subjects Cocaine users 

2.92 f 0.68’ 3.29 f 0.70 3.02 f 0.70 PME 3.90 2 0.90 
1.69 f 0.38 1.56 f 0.53 Pi 1.44 f 0.41 1.33 f 0.43 

PDE 9.48 f 1.14 8.18 f 1.31” 8.18 f 0.81 8.58 f 1.06 

2.11 f 0.38 1.79 f 0.34 1.76 f 0.25 $-ATP 2.09 & 0.33 
0.36 f 0.06 0.40 f 0.08 0.35 f 0.07 PMUPDE 0.41 f 0.08 

PCdPi 2.61 f 0.77 2.56 f 0.95 2.71 f 0.43 3.02 f 0.68 
PCr/$-ATP 1.69 f 0.28 1.50 f 0.34 2.56 f 0.55 2.54 f 0.36 

1.22 f 0.37 $-ATP/Pi 1.54 f 0.36 1.75 f 0.67 
7.00 * 0.02 7.00 f 0.05 7.06 f 0.04 7.06 f 0.07 

PCr 3.36 & 0.63 3.09 f 0.48 4.45 f 0.60 4.45 f 0.77 

1.08 f 0.17 
PH 

“@ < 0.05). . 

1 
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Figure 3. Phosphomonoester (PME) and phosphodiester (PDE) 
concentrations (mmoVL) from the white matter VOI of 10 control 
subjects and I 1 cocaine-dependent polysubstance abusers. 
T93BPS 186 

with acute (Welch et al 1988) and chronic (Sappey-Marinier et 
al 1992) infarction, we did not find evidence for acute or chronic 
tissue infarction in the regions studied. 

There are a number of limitations to this study. (1) The po- 
lysubstance-abusing group was older than the control group (38.5 
f 7 years versus 29 f 4 years), however, human and animal 
studies report increasing PME and PDE with age (Pettegrew et 
al 1987). (2) The polysubstame-abusing and control groups dif- 
fered in gender and racial composition and this may have influ- 
enced the results. (3) Although our analysis revealed no additive 
effect of alcohol and cocaine use on PME and ?DE levels, the 
possibility for Type-2 error for that comparison was high. Co- 
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caine-alcohol interactions deserve further study given recent re- 
ports suggesting that the ethyl homolog of cocaine, cocaethylene. 
is associated with enhanced toxicity (Hearn et a1 1991, Katz et 
al 1992) compared with cocaine alone. The observed phospho- 
lipid differences could be due to other substances of abuse as- 
sociated with cocaine use such as alcohol, marijuana, amphet- 
amines, nicotine, or caffeine, all of which have been shown to 
cause decreased cerebral blood floow (Mathew and Wilson 1991). 
(4) Subjects were studied 3 to 91 days after cessation of cocaine 
use and two subjects were not in supervised settings and may 
have abused substances prior to the tests. They therefore represent 
a neurochemically diverse group of patients in various stages of 
withdrawal. This diversity could mask phosphorous metabolite 
changes occurring during specific stages of withdrawal. (5) It is 
not possible to say whether or not the observed decrease in 
phospholipid metabolites is permanent or transient. (6) The tissue 
volumes used for spectroscopy were large, making localization 
to a specific tissue or anatomical area difficult. (7) The T1 re- 
laxation times used to calculate metabolite concentrations in co- 
caine abusers and normal controls were derived from a large 
heterogenous volume in a separate group of normal control sub- 
jects. A change in the T1 relaxation time of white matter in 
cocaine abusers would result in an apparent change in calculated 
metabolite concentrations. 

These limitations notwithstanding, the finding of decreased 
concentration of PME and PDE in the white matter of cocaine 
dependent polysubstance abusing subjects provides evidence of 
cerebral tissue effects associated with cocaine abuse. This finding 
suggests that cocaine may cause damage to cell membranes in 
the absence of tissue infarction. This study provides further evi- 
dence of the sensitivity of "P MRS to metabolic changes in 
tissues in the absence of MRI evidence of infarction. 
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