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Abstract 

Context: Although opiate abuse is known to affect MMPs, data on these 
enzymes and their tissue inhibitors in heroin addicts are scarce. 

Objective: In the present study we determined serum concentrations of 
MMP-2, MMP-9, TIMP-1 and TIMP-2 in heroin users, and compared them 
with healthy individuals. We evaluated whether 21 days of abstinence are 
adequate to reverse the effect of opiates and we compared seropositive 
with seronegative, for anti-HCV antibodies, heroin users. 

Materials and Methods: Twenty six heroin-dependent male volunteers and 
an equal number of healthy individuals participated in this study. ELISA 
was used to assess the serum levels of MMP-2, MMP-9, TIMP-1 and 

TIMP-2. Heroin users were assessed both upon admission, as well as upon completion of a 21-day 
detoxification program. 

Results: Serum TIMP-1 concentrations were significantly lower and the ratios MMP-2/TIMP-1, MMP-9/TIMP-1 
and MMP-2/TIMP-2 were significantly higher in heroin users compared to healthy individuals. Heroin users 
who were seropositive, had lower MMP concentrations, as well as lower MMP/TIMP ratios compared to those 
who were seronegative. 

Discussion: Our results showed that in heroin addicted individuals, and especially those who are positive for 
anti-HCV antibodies, the balance between MMPs and TIMPs in serum is disrupted and this disruption cannot 
be restored within 21 days of abstinence. 

Conclusion: Chronic heroin abuse disrupts the balance between MMPs and TIMPs in serum and this effect is 
not reversible within 21 days of abstinence. 
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Abstract 

Context: Although opiate abuse is known to affect MMPs, data on these enzymes and 

their tissue inhibitors in heroin addicts are scarce. 

Objective: In the present study we determined serum concentrations of MMP-2, MMP-9, 

TIMP-1 and TIMP-2 in heroin users, and compared them with healthy individuals. We evaluated 

whether 21 days of abstinence are adequate to reverse the effect of opiates and we compared 

seropositive with seronegative, for anti-HCV antibodies, heroin users. 

Materials and Methods: Twenty six heroin-dependent male volunteers and an equal 

number of healthy individuals participated in this study. ELISA was used to assess the serum 

levels of MMP-2, MMP-9, TIMP-1 and TIMP-2. Heroin users were assessed both upon 

admission, as well as upon completion of a 21-day detoxification program. 

Results: Serum TIMP-1 concentrations were significantly lower and the ratios MMP-

2/TIMP-1, MMP-9/TIMP-1 and MMP-2/TIMP-2 were significantly higher in heroin users 

compared to healthy individuals. Heroin users who were seropositive, had lower MMP 

concentrations, as well as lower MMP/TIMP ratios compared to those who were seronegative. 

Discussion: Our results showed that in heroin addicted individuals, and especially those 

who are positive for anti-HCV antibodies, the balance between MMPs and TIMPs in serum is 

disrupted and this disruption cannot be restored within 21 days of abstinence. 

Conclusion: Chronic heroin abuse disrupts the balance between MMPs and TIMPs in 

serum and this effect is not reversible within 21 days of abstinence. 
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Introduction 

Matrix metalloproteinases (MMPs) represent a class of zinc-dependent endopeptidases, 

which regulate extracellular matrix (ECM) remodeling via cellular inflammation, extracellular 

matrix deposition, and tissue reorganization. They are therefore involved in a great number of 

both physiological and pathological processes, including normal development, wound healing 

and cancer (Stetler-Stevenson et al., 1996).  Most MMPs are secreted as zymogens and become 

active following proteolytic activation, while their transcription, translation and pro-enzyme 

activity are regulated by growth factors, cytokines and tissue inhibitors of metalloproteinases 

(TIMPs) (Clark et al., 2008). Thus, the disruption of the balance between MMPs and TIMPs is 

linked to various diseases and is a constant finding in tissue fibrosis of many organs, such as the 

lungs (Lemjabbar et al., 1999; Madala et al., 2010), the heart (Robert et al., 1997; Li et al., 2000), 

the liver (Consolo et al., 2009) and the kidneys (Rysz et al., 2011). 

Numerous researchers have demonstrated that opiate abuse affects the expression and 

enzyme activity of multiple members of the MMP family. Nevertheless, the results of these 

studies are still on debate and current data have not been efficient in verifying a strong positive 

or negative correlation between drug abuse and MMP expression. It is nowadays accepted that 

MMP-2 is under nitric oxide (NO) control (Pfeilschifter et al., 2001). On the other hand, opiates, 

and especially morphine, inhibit nitric oxide synthases (NOS), which are responsible for NO 

production (Kampa et al., 2001). Therefore, morphine was speculated to decrease MMPs’ 

activity via the NO/NOS system (Shariftabrizi et al., 2006). The suppression of the gelatinolytic 

activity of MMPs by morphine was additionally shown to lead to collagen accumulation and 

mesangium expansion (Sagar et al., 1994). On the other hand, recent data have demonstrated that 

mice treated with morphine, exhibit an increase in MMP-2 expression (Chang et al., 2010). The 
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effect of opiates on MMPs has been further proven by studies on tumor cells, which showed that 

morphine inhibits tumor metastasis via suppression of the invasion, migration, adhesion and 

ECM degradation and that the underlying mechanism is the inhibited production of MMP-2 and 

MMP-9 (Harimaya et al., 2002). These findings were very recently reinforced by Gach and her 

colleagues (Gach et al., 2011), who demonstrated that morphine inhibits the expression and 

secretion of gelatinases (MMP-2 and -9) in the MCF-7 breast cancer cell line. Finally, it has been 

recently shown in an animal model that chronic morphine exposure increases the activity of 

spinal MMP-9, leading to the development of physical dependence on morphine (Liu et al., 

2010).  

Although all the above studies demonstrate the existence of a certain degree of 

correlation between opiate use and differential expression of MMPs, there is, to the best of our 

knowledge, limited work on the evaluation of these enzymes and their inhibitors in heroin users. 

In this prospective study, the concentrations of MMP-2, MMP-9, TIMP-1 and TIMP-2, were 

assessed in the serum of chronic heroin users in relation to an equal number of age- and sex-

matched healthy participants. Heroin addicts attended a 21-day detoxification program. The 

enzymes’ serum levels were evaluated both prior, as well as after detoxification treatment, in 

order to assess whether 21 days of abstinence were enough to reverse the effect of opiates on the 

serum concentration of MMPs and TIMPs. Furthermore, MMPs’ and TIMPs’ serum 

concentrations were compared between seropositive and seronegative, for anti-HCV antibodies, 

opiate users, since in chronic hepatitis, liver damage and progression of hepatic fibrosis are 

associated with the disruption of the balance between MMPs and TIMPs (Guido et al., 2006). 

 

Methods 
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This prospective cohort study comprised of 26 heroin-dependent male volunteers, with a 

mean age of 31±8 years, ranging from 20 to 54. Fifteen users were tested positive for anti-HCV 

antibodies and eleven were found negative. All subjects met the criteria for opiate dependence as 

defined by the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM 

IV) (American Psychiatric Association, 1994). 

All heroin users were admitted to the Addiction Department “Ianos” of the Psychiatric 

Hospital of Thessaloniki, Greece, which is a residential facility running a 21-day detoxification 

program. The program provides support and preparation for transfer to continuing care 

(residential therapeutic community or out-patient services).  

Upon admission to the Unit, heroin users were all interviewed by trained personnel using 

the Addiction Severity Index questionnaire (ASI) (McLellan et al., 1985). Heroin abuse was 

confirmed by urine drug screening. All users had been injecting heroin for at least 6 months prior 

to admission, without any abstinence period or detoxification. The average length of heroin 

abuse was 124.15 (± 58.29) months and average daily intake ranged from 1.5 to 2.0 g (mean ± 

SD, 1.67 ± 0.12 g) of street heroin (averagely 17% pure heroin). Previous consumption of drugs 

of abuse and/or psychotropic agents was accurately evaluated and those who had a history of 

substance dependence other than heroin were excluded from the study. The study cohort was 

restricted to heroin users with a self-reported intake of alcohol of < 300 ml/wk and without a 

history of diabetes, Crohns’ disease, cardiovascular-, renal- or pulmonary-related disorders. 

Additional exclusion criteria included a history of autoimmune diseases or hypertension, as well 

as current use of antihypertensive treatment. 

Blood samples from heroin users were collected both upon admission to the Unit as well 

as upon completion of the 21-day detoxification program. Venipuncture was performed in all 
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participants in the morning, after a 12-hour overnight fast. Following blood collection, serum 

was isolated by centrifugation and stored at -70° C until analysis. 

The control group consisted of an equal number of age- and sex-matched participants. 

The mean age of the healthy subjects was 30±7 years. All participants were recruited from the 

University Hospital “AHEPA” in Thessaloniki, Greece, when attending standard pre-scheduled 

check-ups and were also monitored for drug abuse with urine screens. Apart from the above 

mentioned exclusion criteria, healthy participants were not included in the study in case of a 

personal history of DSM-IV Axis I or Axis II disorders (including a history of substance/alcohol 

abuse or dependence), use of medication 14 days prior to participation in the study, a positive 

history or excessive alcohol use (>300 ml/wk) and a positive drug screen on the day of 

admission. 

The study was conducted in accordance to the Declaration of Helsinki (World Medical 

Association Inc., 2009). Written informed consent was obtained from all participants. None of 

the subjects received financial aid in order to participate in the study. 

Serum levels of MMP-2, MMP-9, TIMP-1 and TIMP-2 (ng/ml) were quantified using an 

enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems Europe, Abingdon, UK), 

performed according to the manufacturer’s instructions.  

The MMP-2 and MMP-9 assays measure total gelatinase concentration (proenzymes and 

activated forms). The LOQ of the method employed was: MMP-2: 0.16 ng/ml, MMP-9: 0.156 

ng/ml, TIMP-1: 0.08 ng/ml and TIMP-2: 0,011 ng/ml. Preliminary investigation established the 

appropriate sample dilution for each MMP and TIMP as follows: MMP−2, 1:10; MMP−9, 1:40; 

TIMP−1, 1:100; TIMP−2, 1:50. The optical density was measured at 450 nm (630 nm reference) 

and all measurements were performed in duplicate. 
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The SPSS statistical analysis software, version 15.0, (SPSS Inc. Chicago, IL, USA) was 

used to conduct all statistical analyses. Continuous variables were expressed as mean ± standard 

deviation and categorical variables as absolute numbers and percentages. The normality of 

distribution for each continuous variable was assessed by the Kolmogorov-Smirnov test. 

Independent samples t-test (two-sided) was used to compare data between the patient and the 

control group, as well as between subgroups of the patient group. For variables with a non-

normal distribution, the Mann-Whitney U-test and the Wilcoxon test were applied. A difference 

was considered to be statistically significant at p<0.05.  

 

Results 

MMP and TIMP values were not significantly altered in the patient group, as compared 

to healthy participants, with the exception of TIMP-1 which was significantly lower in heroin 

users (MMP-2, p=0.094; MMP-9, p=0.715; TIMP-1, p=0.003; TIMP-2, p=0.711) (Figure 1).  

Concerning MMP/TIMP ratios, MMP-2/TIMP-1, MMP-2/TIMP-2 and MMP-9/TIMP-1 

ratios were statistically higher in heroin addicts as compared to the control group (p<0.001, 

p=0.004, p=0.036 respectively), while the difference in the MMP-9/TIMP-2 ratio was not 

significant (p=0.902) (Figure 2). 

The assessment of heroin addicts both prior, as well as following the 21-day 

detoxification program, yielded no statistically significant alterations in the serum levels of 

MMPs and TIMPs (MMP-2, p=0.269; MMP-9, p=0.316; TIMP-1, p=0.683; TIMP-2, p=0.906). 

Nevertheless, MMP-2 and TIMP-1 were slightly higher, while MMP-9 and TIMP-2 were slightly 

lower at the end of the detoxification program, compared to the values upon admission (Figure 

3).  
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The same conclusions were also drawn in relation to the MMP/TIMP ratios found in 

heroin addicts upon admission and completion of the program, which did not demonstrate a 

statistically significant alteration (Figure 4). 

In relation to the subgroup analysis, concerning the HCV status of heroin addicts, MMP-

2 and MMP-9 were significantly higher upon admission in seronegative users, as compared to 

seropositive participants (MMP-2, p=0.003; MMP-9, p=0.009). On the other hand, no significant 

differences were demonstrated in the serum concentrations of TIMP-1 and TIMP-2 (TIMP-1, 

p=0.190; TIMP-2, p=0.200) (Figure 5). 

Concerning the MMP/TIMP ratios, these were found significantly lower in seropositive 

heroin addicts when compared to seronegative drug users (MMP-2/TIMP-1, p=0.029; MMP-

9/TIMP-1, p=0.004; MMP-2/TIMP-2, p=0.011; MMP-9/TIMP-2, p=0.004) (Figure 6). 

 

Discussion 

By comparing chronic heroin users upon admission to the detoxification unit with healthy 

individuals, we showed that chronic heroin abuse disrupts the balance between MMPs and their 

inhibitors in serum, since serum TIMP-1 concentrations were significantly lower and the ratios 

MMP-2/TIMP-1, MMP-9/TIMP-1 and MMP-2/TIMP-2 were significantly higher in heroin users 

compared to healthy individuals.  

When heroin users were followed up for 21 days, until they completed the detoxification 

program, we found that this period of abstinence was not adequate to reverse the action of heroin 

and its metabolites on the balance between MMPs and their inhibitors. MMPs, TIMPs and all 

ratios examined had similar values upon admission to the detoxification program and upon 

completion. 
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According to our results, serum MMP-2 concentrations were significantly higher in 

seronegative, compared to seropositive users. The available relevant literature is inconclusive. In 

a previous study (Koulentaki et al., 2002) it was shown that in acute viral hepatitis, serum MMP-

2 concentrations were significantly decreased, while other researchers reported that serum MMP-

2 values were similar in healthy individuals and in patients with chronic hepatitis C, but 

increased in advanced fibrosis and cirrhosis (Boeker et al., 2002; Lichtinghagen et al., 2000, 

2003; El-Gindy et al., 2003). Finally, in another study it was reported that MMP-2 protein is 

elevated even in serum of patients with chronic hepatitis C (Guido et al., 2006). These 

discrepancies could be attributed to the different composition of the patient groups (different 

fibrosis stages of the participating patients) included in the different studies. 

Our results also showed that serum MMP-9 concentrations were significantly higher in 

seronegative, compared to seropositive users. This finding is in accordance with previous reports 

which show that serum MMP-9 concentrations are low in chronic hepatitis patients (Guido et al., 

2006; Badra et al., 2010) and are inversely correlated with the fibrosis stages (Leroy et al., 2004; 

Mangoud et al., 2004). 

All the ratios examined were lower in seropositive users, indicating that in these users the 

balance between MMPs and TIMPs is disrupted in favor of the inhibitors. Our findings are in 

accordance with previous reports which showed that in chronic hepatitis C patients and in 

patients with C-induced cirrhosis the serum ratios MMP-2/TIMP-1 and MMP-9/TIMP-1 are 

lower compared to healthy individuals (Guido et al., 2006; Lichtinghagen et al., 2000). 

 

Conclusions 
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Although opiate abuse is known to affect MMPs, the available data on these enzymes and 

their tissue inhibitors in heroin addicts are limited. 

We have currently shown that in heroin addicted individuals, and especially those who 

are positive for anti-HCV antibodies, the balance between MMPs and TIMPs in serum is 

disrupted. Furthermore, by following-up these individuals, we have shown that this disruption 

cannot be restored within 21 days of abstinence.  

 

Declaration of interest 

The authors report no conflicts of interest.

Ju
st 

Acc
ep

ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



11 

 

References 

American Psychiatric Association. (1994). Diagnostic and statistical manual of mental disorders. 

American Psychiatric Association: Washington, DC.  

Badra G, Lotfy M, El-Refaie A, Obada M, Abdelmonem E, Kandeel S, Fathy A. (2010). 

Significance of serum matrix metalloproteinase-9 and tissue inhibitor of 

metalloproteinase-1 in chronic hepatitis C patients. Acta Microbiol Immunol Hung 57: 

29-42. 

Boeker KH, Haberkorn CI, Michels D, Flemming P, Manns MP, Lichtinghagen R. (2002). 

Diagnostic potential of circulating TIMP-1 and MMP-2 as markers of liver fibrosis in 

patients with chronic hepatitis C. Clin Chim Acta 316: 71-81. 

Chang PJ, Chen MY, Huang YS, Lee CH, Huang CC, Lam CF, Tsai YC. (2010). Morphine 

enhances tissue content of collagen and increases wound tensile strength. J Anesth 24: 

240-246.  

Clark IM, Swingler TE, Sampieri CL, Edwards DR. (2008). The regulation of matrix 

metalloproteinases and their inhibitors. Int J Biochem Cell Biol 40: 1362-1378. 

Consolo M, Amoroso A, Spandidos DA, Mazzarino MC. (2009). Matrix metalloproteinases and 

their inhibitors as markers of inflammation and fibrosis in chronic liver disease. Int J Mol 

Med 24: 143-152.  
Ju

st 
Acc

ep
ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



12 

 

El-Gindy I, El Rahman AT, El-Alim MA, Zaki SS. (2003). Diagnostic potential of serum matrix 

metalloproteinase-2 and tissue inhibitor of metalloproteinase-1 as non-invasive markers 

of hepatic fibrosis in patients with HCV related chronic liver disease. Egypt J Immunol 

10: 27-35. 

Gach K, Szemraj J, Wyrębska A, Janecka A. (2011). The influence of opioids on matrix 

metalloproteinase-2 and -9 secretion and mRNA levels in MCF-7 breast cancer cell line. 

Mol Biol Rep 38: 1231-1236.  

Guido M, De Franceschi L, Olivari N, Leandro G, Felder M, Corrocher R, Rugge M, Pasino M, 

Lanza C, Capelli P, Fattovich G. (2006). Effects of interferon plus ribavirin treatment on 

NF-kappaB, TGF-beta1, and metalloproteinase activity in chronic hepatitis C. Mod 

Pathol 19: 1047-1054.  

Harimaya Y, Koizumi K, Andoh T, Nojima H, Kuraishi Y, Saiki I. (2002). Potential ability of 

morphine to inhibit the adhesion, invasion and metastasis of metastatic colon 26-L5 

carcinoma cells. Cancer Lett 187: 121-127. 

Kampa M, Hatzoglou A, Notas G, Niniraki M, Kouroumalis E, Castanas E. (2001). Opioids are 

non-competitive inhibitors of nitric oxide synthase in T47D human breast cancer cells. 

Cell Death Differ 8: 943-952.  

Koulentaki M, Valatas V, Xidakis K, Kouroumalis A, Petinaki E, Castanas E, Kouroumalis E. 

(2002). Matrix metalloproteinases and their inhibitors in acute viral hepatitis. J Viral 

Hepat 9: 189-193. 

Ju
st 

Acc
ep

ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



13 

 

Lemjabbar H, Gosset P, Lechapt-Zalcman E, Franco-Montoya ML, Wallaert B, Harf A, Lafuma 

C. (1999). Overexpression of alveolar macrophage gelatinase B (MMP-9) in patients with 

idiopathic pulmonary fibrosis: effects of steroid and immunosuppressive treatment. Am J 

Respir Cell Mol Biol 20: 903-913. 

Leroy V, Monier F, Bottari S, Trocme C, Sturm N, Hilleret MN, Morel F, Zarski JP. (2004). 

Circulating matrix metalloproteinases 1, 2, 9 and their inhibitors TIMP-1 and TIMP-2 as 

serum markers of liver fibrosis in patients with chronic hepatitis C: comparison with 

PIIINP and hyaluronic acid. Am J Gastroenterol 99: 271-279. 

Li YY, McTiernan CF, Feldman AM. (2000). Interplay of matrix metalloproteinases, tissue 

inhibitors of metalloproteinases and their regulators in cardiac matrix remodeling. 

Cardiovasc Res 46: 214-224.  

Lichtinghagen R, Huegel O, Seifert T, Haberkorn CI, Michels D, Flemming P, Bahr M, Boeker 

KH. (2000). Expression of matrix metalloproteinase-2 and -9 and their inhibitors in 

peripheral blood cells of patients with chronic hepatitis C. Clin Chem 46: 183-192. 

Lichtinghagen R, Bahr MJ, Wehmeier M, Michels D, Haberkorn CI, Arndt B, Flemming P, 

Manns MP, Boeker KH. (2003). Expression and coordinated regulation of matrix 

metalloproteinases in chronic hepatitis C and hepatitis C virus-induced liver cirrhosis. 

Clin Sci (Lond) 105: 373-382. 

Liu WT, Han Y, Liu YP, Song AA, Barnes B, Song XJ. (2010). Spinal matrix metalloproteinase-

9 contributes to physical dependence on morphine in mice. J Neurosci 30: 7613-7623. 

Ju
st 

Acc
ep

ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



14 

 

Madala SK, Pesce JT, Ramalingam TR, Wilson MS, Minnicozzi S, Cheever AW, Thompson 

RW, Mentink-Kane MM, Wynn TA. (2010). Matrix metalloproteinase 12-deficiency 

augments extracellular matrix degrading metalloproteinases and attenuates IL-13-

dependent fibrosis. J Immunol 184: 3955-3963.  

Mangoud AM, Sanad SM, Hendawy A, el-Hady G, el-Sherbiny GT. (2004). Non-histological 

assessment of liver fibrosis in HCV infection. J Egypt Soc Parasitol 34: 383-395. 

McLellan A, Luborsky L, Cacciola J, Griffith J, Evans F, Barr H, O’Brien C. (1985). New data 

from the Addiction Severity Index: reliability and validity in three centers. J Nerv Ment 

Dis 173: 412-423. 

Pfeilschifter J, Eberhardt W, Huwiler A. (2001). Nitric oxide and mechanisms of redox 

signalling: matrix and matrix-metabolizing enzymes as prime nitric oxide targets. Eur J 

Pharmacol 429: 279-286. 

Robert V, Besse S, Sabri A, Silvestre JS, Assayag P, Nguyen VT, Swynghedauw B, Delcayre C. 

(1997). Differential regulation of matrix metalloproteinases associated with aging and 

hypertension in the rat heart. Lab Invest 76: 729-738. 

Rysz J, Banach M, Stolarek RA, Mikhailidis DP, Cialkowska-Rysz A, Pokoca L, Piechota M, 

Baj Z. (2011). Serum metalloproteinases MMP-2, MMP-9 and metalloproteinase tissue 

inhibitors TIMP-1 and TIMP-2 in patients on hemodialysis. Int Urol Nephrol 43: 491-

498. 

Ju
st 

Acc
ep

ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



15 

 

Sagar S, Sorbi D, Arbeit LA, Singhal PC. (1994). Morphine modulates 72-kDa matrix 

metalloproteinase. Am J Physiol 267: 654-659. 

Shariftabrizi A, Nifli AP, Ansari M, Saadat F, Ebrahimkhani MR, Alizadeh N, Nasseh A, 

Alexaki VI, Dehpour AR, Castanas E, Khorramizadeh MR. (2006). Matrix 

metalloproteinase 2 secretion in WEHI 164 fibrosarcoma cells is nitric oxide-related and 

modified by morphine. Eur J Pharmacol 530: 33-39.  

Stetler-Stevenson W, Corcoran M, Kleiner DJ. (1996). Dynamics of matrix turnover during 

pathologic remodeling of the extracellular matrix. Am J Pathol 148: 1345-1350. 

World Medical Association Inc. (2009). Declaration of Helsinki. Ethical principles for medical 

research involving human subjects. J Indian Med Assoc 107: 403-405. 

 
List of abbreviations 

ASI: Addiction Severity Index 

ECM: Extracellular Matrix  

ELISA: Enzyme-Linked Immunosorbent Assay 

HCV: Hepatitis C Virus 

LOQ: Limit of Quantification 

MMPs: Metalloproteinases 

NO: Nitric Oxide 

NOS: Nitric Oxide Synthase 

TIMPs: Tissue Inhibitors of Metalloproteinases 
Ju

st 
Acc

ep
ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



16 

 

 

 

 

 

 

Ju
st 

Acc
ep

ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



17 

 

 

 

 

 

 
Ju

st 
Acc

ep
ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



18 

 

 

 

 

 

 

Ju
st 

Acc
ep

ted

T
ox

ic
ol

og
y 

M
ec

ha
ni

sm
s 

an
d 

M
et

ho
ds

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
C

re
te

 o
n 

01
/0

7/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




