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Abstract 
Introduction: Methadone maintenance and opium tincture treatments has been recommended as harm reduction 

strategies for opioid-dependent patients in Iran. However, the effects of long-term administration of methadone 

and opium tincture on the brain are not fully understood. In this study we investigated the effects of methadone 

and opium tincture maintenance treatments on the brain volumes of former opium addicts by magnetic resonance 

imaging (MRI) volumetry of brain compared to healthy participants.  

Materials and Methods: The present case-control study was performed in Mashhad, Iran in 2015-2017. Via con

venient sampling method, 36 participants were selected and allocated in 3 equal groups (methadone maintenance 

treatment, opium tincture treatment, and normal control). The volumes of gray matter, frontal lobe, temporal lob

e, cingulate gyrus, limbic system, amygdala, and hippocampus of all participants were assessed using MRI volu

metry. Data analyzed by ANOVA, using SPSS software (ver. 16).  

 

Results: There were no significant statistical differences between mean volumes of any assessed region of the br

ain among three groups (P>0.05).  

 

Conclusion: Methadone maintenance treatment and opium tincture treatment have no hazardous effects on the v

olumes of gray matter, frontal lobe, temporal lobe, cingulate gyrus, limbic system, amygdala, and hippocampus o

f former opium addicts. 
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Introduction 

  Opioid dependency is one of the prominent 

health problems in the world (1). As Iran is 

located near the sites of cultivation and 

production of opium, opioids, and opium, in 

particular, are the most common illicit drugs of 

abuse (2). The high prevalence of using the 

opium is one of the major differences in the 

pattern of recreational opioid abuse between 

Iran and western societies, where heroin or 

therapeutic opioids are the main opioids of 

abuse (3). There is an association between the 

regional brain volumes and the numbers of 

neurons in different parts of the brain (4). 

Changes in the regional or whole-brain 

volumes may reflect the changes in brain-

specific functions, such as what is observed in 

dementia (5). Ventricular enlargement has 

repeatedly been reported in substance-related 

disorders like alcohol and cocaine dependence 

for more than two decades as a result of 

substance dependence disorder (6,7). There are 

some reports about possible cortical volume 

loss of the brain in opioid-dependent patients, 

even with the prescribed opioids in therapeutic 

dosages, too (8,9).  Long-term use of synthetic 

opioid receptor agonists such as methadone has 

been accepted as a harm reduction strategy in 

the treatment of heroin dependence disorder 

(10). Considering the high prevalence of abuse 

of opium compared to heroin in Iran, local 

studies conducted in Iran have argued that the 

opium dependent patients should not directly 

undergo MMT unless under particular 

circumstances, such as repeated failure to 

maintain abstinence or some psychiatric 

disorders comorbidities (11). On the other 

hand, since 2010 the Ministry of Health and 

Medical Education of Iran introduced a new 

protocol of harm reduction strategy for patients 

who have failed to complete outpatient 

maintenance treatments or residential 

approaches by replacing opium tincture instead 

of illegal opiates (12).  

However, despite the significant attention 

toward recommending MMT and opium 

tincture treatment (OPT) in Iran, their long-

term effects on the brain of former opium 

addicts are not fully understood (9).  

Therefore, we decided to study the effects of 

these two treatment protocols on brain volumes 

of former opium addicts and compare the 

results to healthy individuals as the control 

group, by using magnetic resonance imaging 

(MRI) volumetry. 

Materials and Methods 

The present case-control study performed in 

Mashhad, Northeast of Iran in 2015-2017. 

Participants in the case group were selected by 

convenient sampling method from the patients 

who were referred to outpatient addiction clinic 

of Ibn-e-Sina psychiatric hospital, the main 

psychiatric hospital of Mashhad. According to 

the fact that there was no published study which 

compares brain structural changes in patients 

with opium dependence disorder on MMT with 

patients on OPT and healthy subjects, this pilot 

study was carried out with a sample size of 36 

participants in three equal groups. 

Safety of electromagnetic waves used in MRI 

up to 8 Tesla, for human subjects, has discussed 

repeatedly and no danger has found (13). So, all 

participants were studied by brain MRI without 

contrast, and their brain volumes were 

calculated using volumetric MRI techniques. 

Brain MRI performed in the department of 

radiology of Ghaem hospital of Mashhad. 

Outpatient addiction clinic of Ibn-e-Sina 

hospital offered different therapeutic services for 

patients suffering from substance abuse 

disorders, including opium abuse disorder. 

Patients diagnosed with having opium abuse 

disorder could benefit from abstinence and harm 

reduction strategies, including methadone 

maintenance treatment or opium tincture 

maintenance treatment. Twenty four participants 

of the present study were former opium addicts, 

who were under maintenance treatment in this 

clinic. Twelve of them were selected from a 

group of 350 patients who were under MMT and 

12 were selected from a group of 300 patients 

who were under OPT. The third group consisted 

of 12 healthy participants as the control group. A 

trained resident of psychiatry interviewed all 

participants under the supervision of a board-

certified psychiatrist based on DSM-IV-TR 

(Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition, Text Revision) to meet 

the inclusion criteria of the study.  

The inclusion criteria for the MMT group was 

having DSM-IV-TR criteria of opium 

dependence disorder, regular consumption of 

opium for at least five years before the 

beginning of MMT, consuming a stable dosage 

of methadone for at least 12 consecutive 

months without any discontinuing of treatment. 

Patients with any history of neurological 

disease, any history of psychiatric illnesses 

other than opium dependence disorder, any 

history of being treated by psychiatric 
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medications, any history of drug abuse except 

for opium, nicotine and alcohol on an ongoing 

basis, positive HIV test, history of head trauma, 

disorders causing chronic pain which made the 

patient use analgesics, having a piece of metal in 

the body or claustrophobia which interfered with 

performing brain MRI were not entered in to the 

study, as well. As the study has no specific 

intervention and follow-up phase, there were no 

specific exclusion criteria except refusing to 

perform MRI after accepting to participate in the 

survey which did not happen throughout the 

study. A group of 12 patients under OPT was 

enrolled in the study after being matched for age 

and sex with MMT participants. The same 

person interviewed them to meet the inclusion 

criteria, which was the same as the MMT group, 

except that they should not receive methadone or 

another opioid receptor agonists but opium 

tincture in their medical history. Exclusion 

criteria in the OPT group were similar to the 

MMT group.Due to the absence of standard 

brain volume data in the general population, a 

group of 12 age/sex-matched healthy 

participants were enrolled in the study, too. MRI 

performed in gray matter, frontal lobe, temporal 

lobe, cingulate gyrus, limbic system, amygdala, 

and hippocampus. A trained resident of 

radiology evaluated MRI images quality and 

collaborated in data analysis, which was mainly 

conducted by a Ph.D. of Medical Physics. 

Due to ethical considerations, MRI images 

were reported by a board-certified radiologist 

and the resident of radiology, who was in charge 

of the study, was responsible for making 

participants informed of any possible pathology 

of the CNS. However, no pathological finding 

was reported in MRI images. Source images 

acquired with a high-resolution 1.5 Tesla MRI 

system in the sagittal plane. Figure 1 shows an 

example of source images of the brain. For 

image analysis, Statistical Parametric Mapping 

(SPM) method  used  for  volumetry  (14)  using 

SPM software version 8.0 (15). We also used 

options available in the toolbox SPM included 

WFU_Pick Atlas software version 3.0 and Easy 

Volume software (16,17). This method is based 

on comparing voxel to voxel brain images and 

examines the differences in brain structural and 

functional images.    By using this method, we 

can study the effect of a particular factor (e.g., 

using a chemical substance in this study) on 

brain tissue that includes gray matter, white 

matter, and cerebrospinal fluid. As all variables 

have normal distribution, they were analyzed by 

ANOVA, using SPSS software (ver. 16). P value 

less than 0.05 was considered as significant. 

 

Results 

In the present study, 36 participants, aged 30-

50 year-old, underwent brain MRI. All 

participants were male. Twelve of them were 

former opium addicts on MMT at the time of 

the study, 12 of them were former opium 

addicts on OPT at the time of the study, and 12 

of them were a healthy population.   

Table 1 shows the mean volume ratio of brain 

gray matter, frontal lobe, temporal lobe, 

cingulate gyrus, limbic system, amygdala, and 

hippocampus.  

As the mean volume of the amygdala of the 

participants in the MMT group was the smallest 

mean volume acquired in the study, we reported 

the mean volume ratio of other parts of the brain 

in all participants compared to the mean volume 

of the amygdala of the MMT group. As it can 

be seen, there were no significant statistical 

differences between means of any of the 

assessed volumes of brain. Figure 1 shows 

sagittal high resolution T1 images.
 

 

 

Table 1. Mean volume ratio of different brain regions in participants on MMT, participants on OPT and 

normal participants based on the mean volume of the amygdala of the MMT group 

Groups Gray 

matter 

Frontal 

lobe 

Temporal 

lobe 

Cingulate 

gyrus 

Limbic 

system 

Amygdala Hippocampus 

Normal 157.15 54.04 23.07 17.56 42.59 1.04 4.48 

MMT 152.04 52.67 22.26 17.22 41.44 1 4.33 

OPT 159.67 55.70 23.63 17.30 42.00 1.04 4.41 

P-value* 0.25** 0.21** 0.07** 0.82** 0.71** 0.50** 0.61** 

*significant at P<0.05 **Using ANOVA 
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Figure 1. Source image of the brain. Sagittal high resolution T1 images are acquired 

Discussion 

  Methadone and opium tincture are full opioid 

agonists available for harm reduction strategies 

in Iran. Since large numbers of different opioid 

receptors are in the brain, the brain is the target 

organ for the effects of opioid agonists (18,19). 

In the present study, we compared the effects of 

MMT and OPT on brain volumes of former 

opium addicts compared with healthy 

individuals by the harmless and non-invasive 

method of MRI volumetry of the brain. Based 

on the results of our study, there were no 

significant statistical differences between mean 

brain volumes of gray matter, frontal lobe, 

temporal lobe, cingulate gyrus, limbic system, 

amygdala, and hippocampus between three 

groups of participants of the study. 

In 1998, Pezawas and his colleagues reported 

a significant cortical volume loss of the brain in 

opioid-dependent patients (20). One decade 

later, Tanabe et al. reported lower gray matter 

volume in the right and left medial orbitofrontal 

cortices of substance-dependent individuals 

compared to control group. Since participants 

were dependent on 2 or more substances, so the 

authors could not specify the types of drugs that 

were responsible for the observed changes (21). 

Overall, some authors concluded that although 

the etiology of volume loss in opioid-dependent 

patients is unclear, long-term opiate use 

produces obvious structural changes in the 

brain (20). They hypothesize that reduction in 

size and shape of dopaminergic neurons of 

mesolimbic pathways after prolonged 

administration of any opiates, even morphine, 

and the changes in neurofilament and glial 

fibrillary acidic proteins in the brain may lead 

to ventricular enlargement (22,23). 

On the other hand, there is some other 

evidence about the effects of opiates on the 

brain volume, which are not consistent with the 

results of the previous studies. The effect of 

morphine on the cerebella cortex volume of the 

rats was studied by Ghasemi et al. Results 

indicated no significant differences in morphine 

injected rats compared to controls (24). In 

another study, brain volume changes were 

examined in the adult male rats after 

administration of methadone and 

buprenorphine. No difference was observed in 

gray matter, white matter, and total brain 

volume compared to the control group (25). 

As we focused on the treatment outcome of 

patients with opium dependence disorder, and 

comparing different treatment outcomes, 

disagreement about how abusing different 

opiates could affect the brain has little impact 

on the results of our study. According to 

inclusion criteria of our study, only patients 

who were dependent on opium (no other 

opiates) could participate in the study; so, we 

could eliminate the confounding effects of 

consuming different substances on the brain of 

participants in the period they did not seek any 

treatments. Furthermore, using three groups of 

participants provided the chance to compare the 

effects of MMT and OPT with each other and 

with a healthy group.  

We could not find any differences between the 

mean volumes of the regions we assessed in the 

brain. It seems that, aside from likely baseline 

changes of the brain in former opium dependent 

individuals, methadone maintenance treatment 

or OPT has not brought visible negative 

changes in the brain after 12 months. Even, it 

could be suggested that 12 months treatment on 
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these protocols may reverse the probable 

adverse effects of opium on the brain, too.   

However, even though morphine is the main 

alkaloid of opium tincture, considering the 

above findings as the effects of methadone or 

morphine could be misleading.  

Methadone maintenance and opium tincture 

treatments are therapeutic packages; therefore, 

patients under these treatment protocols 

frequently receive other non-pharmacological 

interventions such as individual or group 

psychotherapy, family interventions especially 

for their dysfunctional interpersonal 

relationships, psychoeducation about the 

concept of addiction and strategies of treatment, 

improving life skills, participation in behavioral 

modification activities (11,12).  

Because these interventions could affect brain 

function (26), it could be concluded that the 

findings of the present study should be 

attributed to the treatment packages, not only 

the medications. Therefore, they could not 

distinguish the probable effects of methadone 

from morphine on the morphology of the brain. 

Allocating participants in 3 groups and 

homogeneity of our sample in the history of the 

substance of abuse (dependency in opium) 

strengthen the design of our study. While, 

different doses of opium which consumed by 

patients and the variety in the duration of abuse, 

probably diet interactions and nutritional 

deficiencies in participants, limited sample size  

and the accuracy of the device (MRI device) are 

the most critical limitations of the study. 

 

Conclusion 

We concluded that methadone maintenance 

and opium tincture treatments, as packages of 

treatments, have no adverse effects on the brain 

volumes in gray matter, frontal lobe, temporal 

lobe, cingulate gyrus, limbic system, amygdala, 

and hippocampus in patients with opium 

dependence disorder. 

 

Acknowledgement 

This article was based on a thesis for 

graduation as a specialist in the field of 

radiology (Thesis No.: 3356-T) and was 

financially supported by a grant provided by the 

Vice Chancellor of Mashhad University of 

Medical Sciences, Mashhad, Iran. The ethics 

committee of Mashhad University of Medical 

Sciences approved it with the IR. MUMS. 

REC.1394.147 ethical code. 

We should express our great condolences for 

the participants of the present study. They were 

patients who refer to addiction clinic of the Ibn-

e-Sina hospital in person or by Congress 60. 

Congress 60 is a non-governmental 

organization, targeted the revivification of drug 

addicts. They believe in aiding an opioid-

dependent individual by a recovered one, using 

opium tincture.The authors declare no financial 

or non-financial competing interests. 

 

References 
1. Aldemir E, Coskunol H, Kilic M, Sert I. Treatment of opioid dependence with buprenorphine/naloxone after 

liver transplantation: report of two cases. Transplant Proc 2016; 48(8): 2769-72. 

2. Amin-Esmaeili M, Rahimi-Movaghar A, Sharifi V, Hajebi A, Radgoodarzi R, Mojtabai R, et al. Epidemiology 

of illicit drug use disorders in Iran: prevalence, correlates, comorbidity and service utilization results from the Iranian 

Mental Health Survey. Addiction 2016; 111(10): 1836-47. 

3. Manchikanti L, Helm S, Fellows B, Janata JW, Pampati V, Grider JS, et al. Opioid epidemic in the United States. 

Pain Physician 2012; 15(3 Suppl): ES9-38. 

4. Bjork JM, Grant SJ, Hommer DW. Cross-sectional volumetric analysis of brain atrophy in alcohol dependence: 

effects of drinking history and comorbid substance use disorder. Am J Psychiatry 2003; 160(11): 2038-45. 

5. Agartz I, Brag S, Franck J, Hammarberg A, Okugawa G, Svinhufvud K, et al. MR volumetry during acute alcohol 

withdrawal and abstinence: a descriptive study. Alcohol Alcohol 2003; 38(1): 71-8. 

6. Pascual-Leone A, Dhuna A, Anderson DC. Cerebral atrophy in habitual cocaine abusers: a planimetric CT study. 

Neurology 1991; 41(1): 34-8. 

7. Pfefferbaum A, Sullivan EV, Rosenbloom MJ, Mathalon DH, Lim KO. A controlled study of cortical gray matter 

and ventricular changes in alcoholic men over a 5-year interval. Arch Gen Psychiatry 1998; 55(10): 905-12. 

8. Lyoo IK, Pollack MH, Silveri MM, Ahn KH, Diaz CI, Hwang J, et al. Prefrontal and temporal gray matter density 

decreases in opiate dependence. Psychopharmacology (Berl) 2006; 184(2): 139-44. 

9. Li W, Li Q, Wang Y, Zhu J, Ye J, Yan X, et al. Methadone-induced damage to white matter integrity in 

methadone maintenance patients: A longitudinal self-control DTI study. Sci Rep 2016; 6: 19662. 

10. Farrell M, Ward J, Mattick R, Hall W, Stimson GV, des Jarlais D, et al. Methadone maintenance treatment in 

opiate dependence: a review. BMJ 1994; 309(6960): 997-1001. 

11. Mokri A, Noroozi A. [Protocol on management of opioid dependence with methadone]. 3rd ed. [cited 2014].  

http://jfmh.mums.ac.ir/
http://f1000.com/work/citation?ids=3269736&pre=&suf=&sa=0


BRAIN STRUCTURAL CHANGES AND OPIOM                                                      REZAEI ARDANI, NAHIDI, NOROUZI, ET AL 

Fundamentals of Mental Health, 2020 Mar-Apr                                                              http://jfmh.mums.ac.ir 82 

Available from: https://treatment.sbmu.ac.ir/uploads/protokol.afuni93.pdf. (Persian) 

12. Mokri A. [Protocol on management of opioid dependence with opium tincture]. 2nd ed. [cited 2011].  Available 

from: http://darman.fums.ac.ir/upload/17/06/28/5-protechol%20tantoor.pdf. (Persian) 

13. van Osch MJP, Webb AG. Safety of ultra-high field MRI: what are the specific risks? Curr Radiol Rep 2014; 2: 

61-8. 

14. Friston K, Ashburner J, Kiebel S, Nichol T, Penny W. Statistical parametric mapping. UK: Elsevier; 2007. 

15. Statistical parametric mapping. [cited Jan 21, 2016]. Available from: http://www.fil.ion.ucl.ac.uk/spm/.   

16. WFU_PickAtlas. [cited Jan 21, 2016]. Available from: http://www.nitrc.org/projects/wfu_pickatlas/.  

17. Language and Categorization Laboratory. [cited Jan 21, 2016]. Available from: http://www. sbirc.ed.ac. 

uk/LCL/LCL_M1.html.  

18. Johnson RE, Chutuape MA, Strain EC, Walsh SL, Stitzer ML, Bigelow GE. A comparison of levomethadyl 

acetate, buprenorphine, and methadone for opioid dependence. N Engl J Med 2000; 343(18): 1290-7. 

19. Contet C, Kieffer BL, Befort K. Mu opioid receptor: A gateway to drug addiction. Curr Opin Neurobiol 2004; 

14(3): 370-8. 

20. Pezawas LM, Fischer G, Diamant K, Schneider C, Schindler SD, Thurnher M, et al. Cerebral CT findings in 

male opioid-dependent patients: stereological, planimetric and linear measurements. Psychiatry Res 1998; 83(3): 

139-47. 

21. Tanabe J, Tregellas JR, Dalwani M, Thompson L, Owens E, Crowley T, et al. Medial orbitofrontal cortex gray 

matter is reduced in abstinent substance-dependent individuals. Biol Psychiatry 2009; 65(2): 160-4. 

22. Sklair-Tavron L, Shi WX, Lane SB, Harris HW, Bunney BS, Nestler EJ. Chronic morphine induces visible 

changes in the morphology of mesolimbic dopamine neurons. Proc Natl Acad Sci U S A 1996; 93(20): 11202-7. 

23. Berhow MT, Russell DS, Terwilliger RZ, Beitner-Johnson D, Self DW, Lindsay RM, et al. Influence of 

neurotrophic factors on morphine- and cocaine-induced biochemical changes in the mesolimbic dopamine system. 

Neuroscience 1995; 68(4): 969-79. 

24. Mohammad Ghasemi F, Dezfolyan A, Mahmoudzadeh Sagheb HR, Shohani B. [Application of the stereology 

technique in evaluating the addictive effects of morphine on the cerebella cortex volume in male rat]. Journal of 

Sabzevar University of Medical Sciences 2000; 7(1): 3-13. (Persian) 

25. Shahramian I, Heidari Z. Volumetry of brain of rat following methadone and buprenorphine administration. 

International journal of pharmacology 2006; 2(2): 253-5. 

26. Linden DEJ. How psychotherapy changes the brain--the contribution of functional neuroimaging. Mol Psychiatry 

2006; 11(6): 528-38. 

 

 

https://treatment.sbmu.ac.ir/uploads/protokol.afuni93.pdf
http://darman.fums.ac.ir/upload/17/06/28/5-protechol%20tantoor.pdf
http://www/

