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Brain function of heroin addicts after withdrawal
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Abstract; Objective To explore what brain regions are modulated by heroin addiction and
withdrawal. Methods We used functional magnetic resonance imaging to investigate the brain
function in 15 heroin-dependent patients 3 days (acute) and 1 month ( protracted) after heroin ab-
stinence. Sixteen normal controls were included. Results The blood oxygen level-dependent signal
in the orbitofrontal cortex of the brain of heroin-dependent patients was significantly elevated 3 days
after the withdrawal. Hyperfunction of the orbitofrontal cortex declined 1 month after the withdrawal.
Conclusion Heroin-dependent subjects at both 3 days and 1 month abstinence have persistent ab-
normalities in the brain function. Although some tangible beneficial effects are noted following 1
month of detoxification, possible permanent damage to the brain caused by heroin use is suggested.
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Drug addiction is characterized by drug craving  great challenge for clinical treatment of drug-depend-
and compulsive withdrawal/relapse. The withdrawal/  ent patients. The nucleus accumbens, the ventral
relapse cycle can last a lifetime and has posed a  tegmental area, and some limbic brain regions are
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traditionally considered to be the neural regions tar-

geted by drug addiction''?'.

Nevertheless, it has
been noted that several major features of addiction
such as relapse to drug use following prolonged absti-
nence and the transition from controlled drug intake
to excessive and compulsive drug use can not simply
explained by the acute rewarding effects of drugs.
Thus, a new theory about drug addiction has begun
to emerge and stipulates that changes in multiple
brain circuits, including those are involved in re-
ward/saliency, motivation/drive, inhibitory control/
disinhibition, and memory/conditioning are responsi-
ble for the development and maintenance of addicted
state"* .

Brain imaging techniques have been used to i-
dentify specific brain regions and neural targets asso-
ciated with drug addiction ™', Studies using position
emission tomography ( PET) and functional magnetic
resonance imaging (fMRI) have shown that the fron-
tal, temporal, and cingulate cortices, and several
other brain structures are engaged in drug addic-

[3]

tion The frontal cortex appears to be most fre-

quently involved. Acute drug use increases the blood
oxygen level-dependent (BOLD) signal and regional
cerebral blood flow (tCBF) in the frontal lobe>* .

The rCBF in the frontal lobe decreases during with-

1[7]

drawal”' and increases during craving'™’. Structural

MRI studies have also shown abnormal changes in

tissue composition and in the volume of certain brain

(41

regions of drug abusers Decreased white matter

volume ( WMV ) is found in the frontal cortex of

1 while decreased gray mat-

polysubstance abusers
ter volume (GMV) is noted in the frontal and tempo-
ral cortices, thalamus and cingulate cortices, and
cerebellum of cocaine or methamphetamine abuse-
rs' """ On the other hand, enlarged basal ganglia
has also been found in cocaine- and methamphet-

12-13
sl Moreover, a recent

amine-dependent subjects
study has reported a decreased gray matter density
(GMD) in the frontal and temporal cortices of hero-

"4 Tt is clear that many fac-

in-dependent patients
tors could affect these imaging-based drug addiction
studies. These include type of addictive drugs, dura-
tion and dosage of drug intake, and age and educa-

tion of subjects. Very few of these studies have

looked into the changes of functional and structural
abnormalities of the brain in the context of drug with-
drawal, particularly in heroin addicts, despite the
fact that drug withdrawal is an important part of drug
craving, relapse and treatment. Early fMRI reports
focused on stimulus-induced BOLD signal incre-
ments. Recent development in fMRI has made it pos-
sible to analyze BOLD signal in the

state!>1°]

“ resting ”
. Thus, in this study, we attempted to de-
termine any long-lasting effects of heroin dependence
on brain function in rest using fMRI techniques.
More importantly, we used these imaging techniques
to determine how these effects evolved during drug
abstinence, i. e. 3 days acute heroin withdrawal and

1 month protracted heroin withdrawal.

1 SUBJECTS AND METHODS

1.1 Subjects

Fifteen heroin-dependent patients were recruited
through inpatient facilities at the Drug Treatment and
Rehabilitation Center of Changsha City, Hunan Pro-
vince, P. R. China. Sixteen healthy subjects with
no contraindications for MRI scans were recruited
from the community and matched for age and educa-
tion levels to the heroin-dependent subjects. Every
subjects had been interviewed by two senior psychia-
trists. A detailed medical history, brief neurological
examination and a number of clinical laboratory tests
( blood count, urinary analysis, comprehensive met-
abolic panel, urine drug screen) had been done to
ensure that they had no major neurological/psychiat-
ric disorders or other drug abuse (except smoking) .
All of the patients were not given any drug treatment
for heroin addiction in Drug Treatment and Rehabili-
tation Center, all the health controls were required to
have no medications for at least 2 weeks prior to
screening.

All participants were Han Chinese men. All pa-
tients met the following inclusion criteria; 1) diag-
nostic and statistical manual of mental disorders,
fourth edition ( DSM-IV ) criteria for substance de-
pendence and urine sample positive for heroin when
entering the drug treatment center; 2) aged between

18 and 48 years; 3) no neurological or significant
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physical disorders; 4) absence of abuse of other sub-
stances except nicotine; 5) right-handedness; and
6) not under drug treatment for heroin addiction.
The control individuals also met criteria2) , 3) , and
4). All participants were given written informed con-
sent, and the study protocol was approved by the
Ethics Committee of Central South University, Hu-
nan Province, P. R. China.

The mean age of the heroin patients was
(30.31 £ 6. 65) years, the mean education was
(9.64 £2.19) years. The mean age of the control
subjects was (29.42 +5.33) years, the mean edu-
cation was (10.11 £2.41) years. There was no sta-
tistical difference in the age or education level be-
tween patients and the healthy controls (P >0.05).
The patients had used heroin for an average of
(4.05 +2.21) years. They reported using heroin a
mean of (1.16 £0.72) gram per day. All the par-
ticipants including heroin-addicts and controls were
smoking, but the heroin-addicts [ (31. 14 £6.76)
cigarettes per day | used more cigarettes than the
controls [ (17.48 +6.21) cigarettes per day ].

1.2 Imaging acquisition

All subjects underwent resting-state scan in

which they were given no specific instructions except

o) Images

to keep their eyes closed and hold still'
were acquired on all subjects twice: once on 3 days
after withdrawal and once at one month after with-
drawal using a GE Signa 1.5 T scanner ( General E-
lectric Co. , Fairfield, Connecticut, USA) equipped
with high-speed gradients. The subject’s head was
positioned within a prototype quadrature birdcage
head coil that was specifically developed for function-
al imaging of the brain. Foam padding was used to
restrain head movement. To eliminate the individual
difference, heroin addicts were scanned twice.
Subjects were scanned in a conscious natural

781 Data were acquired in a GE Signa

resting state
System operating at 1.5 T with a gradient echo EPI
sequence (TR =2 000 ms, TE =40 ms, FOV =24
cm, matrix =64 x 64 x20, slice thickness =5 mm,
and gap =1 mm).
1.3 Statistical analysis

Data were analyzed using the SPM2 software

package ( http://www. fil. ion. ucl. ac. uk/spm).

Spatial transformation ( realignment and spatial nor-
malization) was performed. Then, the data were
smoothed spatially with a Gaussian filter [ 8-mm full-
width half-maximum (FWHM) kernel ].

After preprocessing, the model was specified
and the parameters were estimated. The autoregre-
ssive (AR) model was utilized to correct for any au-
tocorrelation. The blood flow of each subject from
both the healthy and patient groups was analyzed u-
sing a one-sample ¢ test (P <0. 005 uncorrected ).
Random effect analysis was subsequently performed
on all the subject-specific results. Differences among
the patients after 3 days withdrawal, the patients af-
ter one-month withdrawal and the healthy subjects

were tested by ANOVA analysis (P <0.005 uncor-

rected ) 1'%

2 RESULTS

2.1 Three-day abstinence vs. healthy subjects
Compared with the BOLD signals of the healthy
subjects, the BOLD signal in bilateral orbitofrontal
cortex ( Brodmann areas 11) was significantly higher
in the heroin abusers after a 3-day abstinence inter-
val (P <0.005 uncorrected, Tab. 1) ; however, the
BOLD signals in the cerebellar tonsil of the heroin
abusers after a 3-day abstinence interval were signifi-
cantly lower (P <0.005 uncorrected, Tab. 1).
2.2 One-month abstinence vs. healthy subjects
As same as the heroin abusers after a 3-day ab-
stinence, the BOLD signals in the cerebellar tonsil of
the heroin abusers after 1-month abstinence interval
were significantly lower (P < 0. 005 uncorrected ).
Remarkably, there was no brain region showing sig-
nificant higher BOLD signal in patients after 1-month
abstinence interval as compared with healthy sub-
jects.
2.3 Three-day abstinence vs. 1-month abstinence
Comparisons of the BOLD signals from the hero-
in-dependent subjects on the third day and one
month of withdrawal revealed that the subjects tested
during 3-day abstinence had a significantly higher
BOLD signal in the cerebellar tonsil and Brodmann
areas 10 and 45 than those tested during 1-month ab-
stinence (P <0.005 uncorrected, Tab. 2).
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Tab. 1 BOLD signal in brain regions of patients after 3-day withdrawal compared with the healthy subjects (P <

0. 005 uncorrected )

MNI coordinates

Items Cluster size /R Description of extent of cluster ~ BA P
X Y A
Patients < control 53 R Cerebellar tonsil 0.000 52 -56 -48
Patients > control 39 L Orbitofrontal 11 0.001 -14 30 -22
31 R Orbitofrontal 11 0.002 20 -10 76
14 R Orbitofrontal 11 0.002 10 -10 76
20 L Orbitofrontal 11 0.002 -12 -12 76

Cluster size is in the unit of voxel; L/R: Left/right hemisphere; BA :Brodmann area; MNI;Montreal neurological institute.

Tab. 2 Higher BOLD signal in brain regions of patients
after 3-day withdrawal vs. patients after 1-

month withdrawal (P <0.005 uncorrected)

Description of MNI coordinates

Cluster Size  L/R P
extent of cluster X Y 7
21 R Brodmann areas 10 0.002 24 66 -8
7 R Brodmann areas 45 0.002 56 38 4
13 L Cerebellar tonsil 0.004 -54  -56 -46

Cluster size is in the unit of voxel; L/R; Left/right hemisphere; MNI; Montreal neuro-

logical institute.

3 DISCUSSION

In this study, we showed that the BOLD signal
was significantly elevated in the orbitofrontal cortex
( Brodmann areas 11) after 3-day withdrawal when
compared with normal controls. After 1-month with-
drawal, the BOLD signals in orbitofrontal cortex
( Brodmann areas 11) of the heroin abusers did not
differ from that of the healthy subjects. Further-
more, comparisons of the BOLD signals between
heroin abusers at 3-days and 1-month withdrawal
stages revealed that heroin abusers at one month of
abstinence had significantly decreased BOLD signals
in the orbitofrontal cortex. Our findings illustrate
that, like other substance abusers, heroin-dependent
subjects showed higher brain activity in the orbito-
frontal cortex during early withdrawal, and that this
abnormal brain activity can be changed after one

1] Because the brain

month of heroin abstinence
BOLD signal serves as an indicator of brain activity,
our studies also showed that chronic heroin abuse al-
tered brain function, including changes in the orbit-

ofrontal cortex, which can, to some extent, be re-

versible after 1-month abstinence. Similar findings
have been reported in both humans and animals ex-
posed to methamphetamine and opiate abuse' .
The clinical significance of the changes of
BOLD signals in the orbitofrontal cortex of heroin-
dependent subjects after abstinence is still not com-
pletely clear. Craving may be associated with this,
persistent drug craving and compulsive relapse are
the key features of drug addiction. The orbitofrontal
cortex may be involved in the persistent craving fea-
ture. This brain structure receives direct and indi-
rect (via the thalamus) projections from the nucleus
accumbens, the ventral tegmental area, and other
limbic brain regions, such as the amygdala, the cin-
gulate gyrus, and the hippocampus, which are
known to be involved in drug reinforcement. In
turn, the orbitofrontal cortex provides dense projec-
tions to the nucleus accumbens. Because of its re-
ciprocal connections, the orbitofrontal cortex can in-
tegrate information from various limbic areas, and
can also modulate the response of these limbic brain

regions to drug intake >’

A significant association
between craving and rCBF in the orbitofrontal cortex
has been reported in subjects with cocaine, heroin,

and methylphenidate addiction™’.

The compulsive
drug self-administration, which is one of the hall-
marks of drug dependence, may be also associated
with the orbitofrontal. Previous studies have revealed
that the function of this brain region is involved in
decision-making processes in reward-related behav-
jor'”" | assessing the future consequences of an indi-
vidual’s own actions ( response selection ) , inhibit-

ing inappropriate behavior, and the conscious expe-

rience of drug intoxication, drug incentive salience,
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261 Imaging studies also have found that

expectation
compulsions and impulsivity, which are present in
drug addiction, are associated with increased meta-
bolic activity in the orbitofrontal cortex'™'. The data
above indicate that dysfunction in the orbitofrontal
cortex is a key neural mechanism underlying addic-

2130 Thus, the current findings further confirm

tion
an abnormal function of the orbitofrontal cortex in
heroin abusers. The changes of BOLD signals after
abstinence in heroin-dependent subjects ameliorated
to some extent may be underlying the change of crav-
ing, the compulsive drug self-administration and
anxiety in patients with substance abuse disor-

211 Qur studies demonstrated that both after 3

ders
days and 1 month of withdrawal, heroin-dependent
patients had significantly decreased BOLD signals in
the cerebellum, when compared with healthy sub-
jects. This finding is consistent with previous ima-
ging studies in cocaine abusers, which reported cer-
ebellar activation when cocaine abusers are exposed
to cocaine cues or when they are administered meth-

ylphenidate >’ .

The changes in cerebellar function
may reflect conditioned responses and expectancy to
addictive substances. Animal studies have also
shown the involvement of the cerebellum in condi-
tioned drug responses and expectancy > .

There are several limitations to this study.
First, the number of subjects who scaned twice in
our study is small and all of them are male. They
may not be representative of all the heroin abusers.
Second, the fMRI has less sensitivity for detecting
perfusion abnormalities in human brain than PET or
SPECT, so the changes in some brain regions may
be not able to be detected in our study. Third, while
the groups were similar in most categories, smoking
status was difference between heroin abusers and
control subjects. The influence of nicotine is difficult
to be separated. The last, in this type of clinical
study there are inaccuracies regarding exact amount
and histories of drug use by the substance abusers as
well as denial of drug use by the comparison sub-
jects. Although we performed a careful physical ex-
amination and obtained routine laboratory tests, we

did not test for all potential confounding diseases

(e.g., HIV in the comparison subjects) .

In summary, our studies showed that the chron-
ic heroin use can lead to changes in brain function
and structure in heroin abusers. We also showed
that some of these alterations were notably recovered
during 1 month of detoxification. These findings sup-
port the notion that drug use can lead to permanent
changes of the brain function and structure and un-
derscore the measurable benefits of abstinence from

heroin abuse.
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