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Abstract: Drug induced hepatitis due to anti-tuberculosis treatment is an important issue. Studies have shown
that drug-induced hepatotoxicity is primarily due to oxidative stress caused by the anti-TB drugs and
metabolites. A randomized clinical trial was conducted on 85 new TB patients who were aged 50 years or more.
Informed consent was obtained from all patients and Patients were randomized in two groups. In control group
(n=42), drug regimen included daily doses of ethambutol, pyrazinamide, isoniazid and rifampicin plus placebo.
Patients in trial group (n=43) were treated with anti-TB drugs plus N-Acetyl Cysteine. The patients were
followed up for 2 months and quality of life of patients measured by questionnaires of SF-12. Statistical analysis
was performed using SPSS (statistical software package ver.16) and P- Values less than 0.05 were considered
significant. RESULTS showed that: This research showed demographic and disease characteristics of two
groups such as gender, age, type of TB (pulmonary and extra-pulmonary), body mass index, laboratory
characteristics of patients at the onset of treatment (CBC, ESR, CRP and liver enzymes) had no significant
differences and were nearly the same. During treatment, there were significant differences between the two
groups regarding the incidence of hepatitis and elevated liver enzymes. In addition, the clinical course and
reduced CRP levels were different between them. Also the trial groups compared with the control group seems
to have a better quality of life. CONCLUSION: N-Acetyl Cysteine prevented hepatotoxicity significantly and
improved the patients’ quality of life. With regard to effect of N-acetylcysteine and also low cost and lack of
serious side effects we recommend that it be given with other anti-TB drugs during the first month of treatment.
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INTRODUCTION susceptible to develop unfavorable results of anti-TB.

Tuberculosis is an infectious disease caused by control ADRs both to improve the quality of life and to
Mycobacterium tuberculosis complex species. TB treat TB safely. The poor patient compliance is partially as
incidence in the world in 2011 was 8.7 million (8.3- 9.0 a result of adverse effects, especially hepatotoxicity which
million), equivalent to 125 cases per 100000 population. are common in the first month of starting treatment of anti-
The majority of TB cases in 2011 have been reported from TB drugs. Anti-tuberculosis drug-induced hepatotoxicity
Asia (59%), Africa (26%) and less often from can be one of the serious implications of INH, RIF and
Mediterranean (7.7%), European (4.3%) and American PZA. The incidence of hepatotoxicity reported varying
(3%) regions [1]. About 28.6% of TB patients who from 2% to 28% consistent with completely different
received standard treatment developed one or more populations and definitions [2-4]. In Europe, the incidence
Adverse Drug Reactions (ADRs) that may result in of hepatotoxicity of antituberculosis drugs has been
increase in health care services and affect the anti-TB reported about 5.8% to 18.2% [5]. The pathological
treatment pattern. Patients with ADRs were more process of hepatotoxicity is not well-known, however one

This shows the importance of developing strategies to
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of the causes of hepatotoxicity is Induction of hepatic Society anti-TB drugs induced hepatitis was defined as
enzymes and hydrolysis of drugs and the production of increased of ALT or AST more than three times the upper
toxic metabolites. In addition, acetylator phenotypes and limit normal (ULN) with the presence of hepatitis
genetic polymorphisms (glutathione S-transferase M1, symptoms or increased to five times the ULN in the
cytochrome P450 2E1, class II associated HLA-DQ alleles) absence of symptoms and return to normal after
Oxidative stress, lipid peroxidation, choline deficiency withdrawal of all anti-TB drugs [4]. In this study we have
have causative link with hepatotoxicity [6-10]. Decline of evaluated the quality of life by standard SF12-
reduced glutathione and the activities of glutathione- Questionnaire in beginning and the end of 1st month of
dependent antioxidant enzymes (glutathione peroxidase, treatment. This trial was registered with Registration ID of
glutathione-S-transferase, superoxide dismutase) in liver IRCT201205259855N1. In this study, all instructions of
mitochondria are associated with hepatotoxicity [11]. ethics Committee of Arak University of Medical Sciences
Adjuvant treatment with N-acetylcysteine (NAC) Were considered. With a power of 80% and level of 0.05,
increases glutathione in liver cells and thereupon the sample size was calculated to be 40 for each group and
detoxifying toxic substances, [12,13]. NAC increases nitric taking into account 10% dropout, a total of 88 patients
oxide and causes vasodilatation. [14-16] and successfully were enrolled in two groups of case and control. All data
penetrates to the blood brain barrier and increases were analysed by SPSS software (ver.16) and statistical
glutathione in brain and alterations in redox pathways Analysis were performed by calculation of mean ±
[17,18]. So far no drug has been detected to prevent drug standard deviation, ANOVA (Differences between group
hepatotoxicity except stopping the treatment that could means), t-test and Mann Whitney test (differences
increase morbidity and emergence of resistant strains. between baseline and follow-up of all parameters in each
This study was designed to determine the effect of NAC group) Chi- square test(comparison of categorical
in prevention of anti-TB drugs hepatitis and quality of life variables) and P- Values less than 0.05 were considered
improvement in Tuberculosis patients. significant.

MATERIALS AND METHODS RESULTS

In a double blind clinical trial, at central province of A total of 88 patients were enrolled, during the study,
Iran from September 2012 to December 2013 a total of 88 three patients excluded (one patient due to intolerance of
Patients with newly diagnosed tuberculosis aged over 50 NAC and two patients due to use of vitamins during
years candidate for anti-TB treatment were randomly treatment) thus, there were 42 patients in the control
assigned to receive two months of four drugs group and 43 patients in trial group were included in the
(ethambutol, PZA, RIF and INH) plus NAC (600 mg orally final analysis (Figure 1). 
twice daily for 30 days) and followed by four months with In trial group, 48.8% were male and 52.2% were female
INH and RIF as trial group and anti-TB drugs plus and 50% of control group were male or female. The mean
placebo (600mg starch orally twice daily for 30 days) as age of the trial group was 65.3±8.9 and median was 64
control group. years, in the control group mean age was 65.8 ±8.2 and the

At the beginning of treatment, serum alanine median was 65 years. Also the two groups were similar in
transaminase (ALT), aspartate transaminase (AST), direct other characteristics such as gender, age, type of TB
and total bilirubin, C-Reactive Protein (CRP) Erythrocyte (pulmonary and extra-pulmonary), body mass index,
Sedimentation Rate (ESR), Complete Blood Count (CBC) laboratory characteristics of patients at the onset of
levels were measured. Serum ALT, AST, total bilirubin treatment (WBC, Hgb, ESR and CRP) at the beginning of
and CRP were measured every two weeks by the end of treatment. Baseline patient characteristics and comparison
the second month of treatment or checked whenever of serum mean level of AST, ALT and CRP in two groups
patients had symptoms of hepatitis. Patients with chronic are shown in Table 1 & 2.
diseases of liver, kidney, heart, or viral hepatitis, HIV+, The  occurrence   of   hepatitis  wasn’t  observed in
hypersensitivity to NAC, abnormal serum ALT, AST, or the   trial    group    But    14.3%    of  patients in the
bilirubin levels before anti-TB treatment and patients with control group had hepatitis and Serum AST, ALT and
major psychological disorders were excluded from the bilirubin levels were raised much significantly in control
study. According to definition of American Thoracic group.
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Fig. 1: Flowchart of participants.

Table 1: Comparison of Baseline demographic and disease characteristics in two groups
Group
-----------------------------------------------------------------------------------------------------------------

Variable Trial Group (%) Control Group (%) P-Value
BMI <18.5 20(46.5%) 19(45.2%) 0.9045

18.5-24.9 17(39.6%) 18(42.9%) 0.7566
25-29.9 5(11.6%) 4(9.5%) 0.7490

 30 1(2.3%) 1(2.4%) 0.9840
Pulmonary TB 32(74.4%) 30(71.4%) 0.7566
Extra-pulmonary TB 11(25.6%) 12(28.6%)
Anemia 22(51.2%) 21(50%) 0.9119
WBC Leukocyosis 10(23.3%) 12(28.6%) 0.5772

Leukopenia 5(11.6%) 4(9.5%) 0.7528
ESR 34(79.1%) 32(76.2%) 0.7482
Total Bilirobin 1(2.3%) 6(14.3%) 0.0444
SF-12score(M±SD) First Day 27.7±5.9 27.3± 5.7 0.7514

End of the first month 36.7±7.8 31.8±6.7 0.0026

Table 2: Comparison of AST, ALT and CRP of patients in two groups at intervals of two weeks
Time(Day) Variable Trial Group (Mean) Control Group (Mean) P-Value
Day 0 AST 29.7±9.7 10.4±31.3 0.4664

ALT 23.8±13.1 9.3±25.3 0.5434
CRP 32.7±26.3 33.6±27.2 0.8778

Day 14 AST 37.1±84.5 83.3±128.7 0.0028
ALT 28.7±81.2 77.3±127.7 0.0006
CRP 27.1±33.7 28±39.4 0.3454

Day 28 AST 22.9±64.8 52.5±98.2 0.0004
ALT 35.7±72.5 45.1±101.3 0.0016
CRP 19.7±21.3 24.6±30.7 0.0564

Day 42 AST 12.8±44.5 32.8±61.7 0.0026
ALT 15.2±39.7 19.5±51.7 0.0022
CRP 13.5±15.5 20±26.3 0.0048

Day 56 AST 9.1±31.7 20.4±38.3 0.0610
ALT 9.5±29.7 11±35.3 0.0146
CRP 7.5±11.3 13.8±18.3 0.0052
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Fig. 2: Trends of AST, ALT & CRP mean levels (units/L) in two groups

Treatment with the NAC reduced the level of enzymes NAC significantly relieve the flu in the elderly population,
activity (AST, ALT) and the level of total bilirubin. In Improved performance of pulmonary function in
addition, the clinical course and reduced CRP levels as an Idiopathic pulmonary fibrosis and has been effective on
important factor in assessing the course of treatment and Infertility in women with clomiphene-resistant polycystic
also the quality of life in trial group seems to have better. ovary syndrome. Good evidence from a single clinical trial
Trends of ALT, AST and CRP mean levels in two groups was also shown that NAC can prevent anti-TB drug-
shown in Figures 2. induced hepatotoxicity [21-28]. Complications of anti-TB

DISCUSSION Iran. The results of this study show that the

One of the functions of the liver is to remove toxins Tuberculosis lowers the hepatotoxic effect of anti-TB
from the body. It appears that NAC supplementation drugs. Patients in trial group had better quality of life and
increases glutathione and plays an important role in the had more reduction of CRP level and Therefore it is
neutralization of toxic substances and has strong recommended that NAC need to be as potential adjuvant
protective effect on the cells. This study shows that the therapy along with anti-TB drugs to prevent and reduced
two groups in demographic and disease characteristics incidence, duration and severity of hepatotoxicity and
such as gender, age, type of TB (pulmonary or extra- also improve patient compliance, quality of life and
pulmonary), body mass index, laboratory characteristics disease outcome. Also due to the limited sample size, it is
of patients at the onset of treatment (such as level of AST recommended that similar studies be conducted with
or ALT, anemia, increased erythrocyte sedimentation rate larger samples. 
and CRP) were not significantly different and were similar.
However, between two groups the incidence of hepatitis ACKNOWLEDGEMENTS
and elevated liver enzymes following treatment appears to
be significantly different. In addition, the clinical course The authors thankfully acknowledge Deputy of
and reduced CRP levels as an important factor in Research of Arak University of Medical Sciences and
assessing the course of treatment was significantly Infectious Diseases Research Center for their support.
different.  Also  the  quality  of  life  in trial group The authors also would like to thank and are grateful to all
compared with the control group seems has been better. the health care workers as well as the patients who took
The efficacy of the NAC was shown in an animal model in part in the study.
concurrent administration design of anti-TB drugs
induced hepatotoxicity [19]. Kranzer et al. [20], proved the REFERENCES
efficacy and safety of N-acetylcysteine in preventing
aminoglycoside-induced ototoxicity as an implications for 1. Global Tuberculosis Report. 2012. WWW.WHO.
the treatment of multidrug-resistant TB. Multiple clinical Int/entity/tb/publications/globalreport/gtbr 12
applications of NAC have been explained in literature; main.pdf. 2012.
Although NAC is known as an antidote to acetaminophen 2. Farazi, A., M. Sofian, M. Jabbariasl and S. Keshavarz,
poisoning but there are a variety of clinical applications 2014.  Adverse   Reactions  to  Antituberculosis
for NAC, Some studies have shown that NAC has Drugs  in  Iranian  Tuberculosis Patients.
positive effect on the clinical course of COPD, Also, Tuberculosis Research and Treatment; Volume,
several studies have shown that NAC effective in Article ID 412893, 6 pages; http:// dx.doi.org/
preventing contrast-induced nephropathy, In addition, 10.1155/2014/ 412893

drugs, especially liver toxicity are an important issue in

administration of NAC during first month treatment of



World J. Med. Sci., 12 (4): 413-418, 2015

417

3. Mahashur, AA. and P.P. Prabhudesai, 1991. Hepatitis 14. Ardissino,   D.,     P.A.      Merlini,      S.     Savonitto,
and antitubercular therapy. J Assoc Physicians India, G. Demicheli,  P.  Zanini,  F.  Bertocchi,  C.  Falcone,
39: 595-96. S.   Ghio,    G.    Marinoni,    C.    Montemartini   and

4. Saukkonen, J.J., D.L. Cohn, R. Jasmer, S. Schenker, A. Mussini, 1997. Effect of transdermal nitroglycerin
J.A. Jereb, C.M. Nolan, C.A. Peloquin, F.M. Gordin, or N-acetylcysteine, or both, in the long-term
D.    Nunes,       D.B.        Strader,        J.      Bernardo, treatment of unstable angina pectoris. J. Am. Coll.
R. Venkataramanan and T.R. Sterling, 2006. Cardiol., 29(5): 941-947.
hepatotoxicity of antituberculosis therapy. Am. J. 15. Lavoie, S., M.M. Murray, P. Deppen, M.G. Knyazeva,
Respir Crit. Care. Med., 174: 935-952. M. Berk, O. Boulat, P. Bovet,  A.I.  Bush,  P.  Conus,

5. Fernandez  V.A.,   B.   Sopena,   J.  Fernandez-Villar, D. Copolov, E. Fornari, R. Meuli, A. Solida, P. Vianin,
R. Vázquez-Gallardo, F. Ulloa, V. Leiro, M. Mosteiro M. Cuénod, T. Buclin and  K.Q.  Do,  2008.
and L. Piñeiro, 2004.The influence of risk factors on Glutathione   precursor,    N-acetyl-cysteine,
the severity of antituberculosis drug-induced improves     mismatch       negativity in
hepatotoxicity. Int J Tuberc Lung Dis; 8:1499-505. schizophrenia patients. Neuropsychopharmacology,

6.  Attri, S., S.V. Rana, K. Vaiphei, C.P. Sodhi, R. Katyal, 33: 2187-99.
R.C. Goel, C.K. Nain and K.  Singh,  2000. Isoniazid 16. Neuwelt,    E.A.,      M.A.     Pagel,      B.P.    Hasler,
and rifampicin-induced oxidative hepatic injury T.G. Deloughery and L.L. Muldoon, 2001.
protection by N-acetylcysteine. Hum. Exp. Toxicol., Therapeutic  efficacy   of   aortic  administration  of
19: 517-22. N-acetylcysteine as a chemoprotectant against bone

7. Richards,  V.E.,     B.     Chau,    M.R.    White   and marrow toxicity after intracarotid administration of
C.A. McQueen, 2004. Hepatic gene expression and alkylators, with or without glutathione depletion in a
lipid homeostasis in C57BL/6 mice exposed to rat model. Cancer Res., 61: 7868-74.
hydrazine or acetylhydrazine. Toxicol. Sci., 82: 318-32. 17. Dean, O., M. Van den  buuse,  D.L.  Copolov, M. Berk

8. Karthikeyan, S., 2005. Isoniazid and rifampicin and A. Bush, 2004. N-acetylcysteine inhibits
treatment on phospholipids and their subfractions in depletion of brain glutathione levels in rats:
liver tissue of rabbits. Drug Chem Toxicol., 28: 273-80. implications for schizophrenia [abstract]. Int J.

9. Chowdhury,   A.,    A.    Santra,  K.   Bhattacharjee, Neuropsychopharmacol., 7(S1): 262.
S. Ghatak, D.R. Saha and G.K. Dhali, 2006. 18. Farr, S.A., H.F. Poon, D. Dogrukol-Ak,  J.  Drake,
Mitochondrial oxidative stress and permeability W.A.  Banks,   E.   Eyerman,  D.A.  Butterfield  and
transition in isoniazid and rifampicin induced liver J.E. Morley, 2003. The antioxidants alphalipoic acid
injury in mice. J. Hepatol., 45: 117-26. and N-acetylcysteine reverse memory impairment and

10. Sodhi, C.P., SF. Rana, S. Attri, S. Mehta, K. Yaiphei brain oxidative stress in aged SAMP8 mice. J.
and S.K. Mehta, 1998. Oxidative-hepatic injury of Neurochem., 84: 1173-83.
isoniazid-rifampicin in young rats subjected to 19. Attri, S., S.V. Rana, K. Vaiphei, C.P. Sodhi, R. Katyal,
protein and energy malnutrition. Drug. Chem. R.C.  Goel,  C.K. Nain and K. Singh, 2000. Isoniazid
Toxicol., 21: 305-17. and rifampicin induced oxidative hepatic injury

11. Dhuley, J.N., 2002. Hepatoprotective effect of rhinax protection  by  N-acetylcysteine. Hum Exp Toxicol.,
on antitubercular drug-induced hepatotoxicity in rats. 19: 517-522.
Hindustan Antibiot Bull., 44: 53-59. 20. Kranzer,  K.,   W.F.   Elamin,  H.  Cox,  J.A.  Seddon,

12. Dekhuijzen,   P.N.,   2004. Antioxidant   properties  of N. Ford and F. Drobniewski, 2015. A systematic
N-acetylcysteine: their relevance in relation to review and meta-analysis of the efficacy and safety of
chronic obstructive pulmonary disease. Eur. Respir J., N-acetylcysteine in preventing aminoglycoside-
23(4): 629-636. induced ototoxicity: implications for the treatment of

13. Dickinson, D.A., DR. Moellering, K.E. Iles, R.P. Patel, multidrug-resistant TB Thorax 70(11):1070-7. doi:
A.L. Levonen, A. Wigley, V.M. Darley-Usmar and 10.1136/thoraxjnl-2015-207245.
H.J. Forman, 2003.Cytoprotection against oxidative 21. Brok, J., N. Buckley and C. Gluud, 2006. Interventions
stress and the regulation of glutathione synthesis. for paracetamol (acetaminophen) overdose. Cochrane
Biol. Chem., 384(4): 527-537. Database Syst Rev., (2): CD003328.



World J. Med. Sci., 12 (4): 413-418, 2015

418

22. Decramer,    M.,  M.        Rutten-van     Mölken, 26. Rizk, A.Y., M.A. Bedaiwy and H.G.  Al-Inany,  2005.
P.N. Dekhuijzen, T. Troosters,  C.  van  Herwaarden, N-acetyl-cysteine is a novel adjuvant to clomiphene
R. Pellegrino, C.P. van Schayck, D. Olivieri, M. Del citrate   in   clomiphene   citrate-resistant  patients
Donno, W. De Backer, I. Lankhorst and A. Ardial, with polycystic ovary s`syndrome.  Fertil  Steril.,
2005. Effects of N-acetylcysteine on outcomes in 83(2): 367-370.
chronic obstructive pulmonary disease (Bronchitis 27. Badawy, A., O. State and S. Abdelgawad, 2007. N-
Randomized on NAC Cost-Utility Study, BRONCUS): Acetyl cysteine and clomiphene citrate for induction
a randomised placebo-controlled trial. Lancet. of ovulation in polycystic ovary syndrome: a
365(9470): 1552-1560. crossover  trial.   Acta  Obstet  Gynecol  Scand.,

23. Marenzi,  G.,   E.   Assanelli,   I.   Marana,   G.   Lauri, 86(2): 218-222.
J.  Campodonico,  M.  Grazi, M.  De Metrio, S. Galli, 28. Baniasadi, S., P. Eftekhari, P.  Tabarsi,  F.  Fahimi,
F.   Fabbiocchi,    P.    Montorsi,    F.    Veglia   and M.R. Raoufy, M.R. Masjedi and A.A. Velayati, 2010.
AL. Bartorelli, 2006.N-acetylcysteine and Protective effect of N-acetylcysteine on
contrastinduced nephropathy in primary angioplasty. antituberculosis drug-induced hepatotoxicity.
N Engl J. Med., 354(26): 2773-2782. European Journal of Gastroenterology & Hepatology,

24. De Flora, S., C. Grassi and L.  Carati,  1997. 22(10): 1235-1238.
Attenuation of influenza-like  symptomatology  and
improvement   of   cell-mediated   immunity  with
long-term N-acetylcysteine treatment. Eur Respir J.,
10(7): 1535-1541.

25. Deeds,   M.,    J.    Behr,    R.    Buhl,    U.   Costabel,
R.   Dekhuijzen,     H.M.     Jansen,     W.    MacNee,
M. Thomeer, B. Wallaert, F. Laurent, A.G. Nicholson,
E.K.  Verbeken,     J.     Verschakelen,    C.D. Flower,
F. Capron, S. Petruzzelli, P. De Vuyst, J.M. Van den
Bosch,     E.      Rodriguez-Becerra,      G.    Corvasce,
I. Lankhorst, M. Sardina and M. Montanari,, 2005.
Highdose acetylcysteine in idiopathic pulmonary
fibrosis. N Engl J. Med., 353(21): 2229-2242.


