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Abstract

Background: Zinc (Zn) is nutritionally essential trace element, and thus deficiency may severely affect
human health. The results of cross-sectional studies indicate that micronutrient deficiencies are common
in patients with tuberculosis. Our goal is to investigate whether Zn supplementation can increase the
effects of anti-TB treatment or not.

Methods: Patients with newly diagnosed tuberculosis were divided in to 2 groups. One group (n= 37) received
capsule contains 50 mg of elemental zinc (as zinc sulfate) for 6 months every other day (micronutrient group)
and Group Il (n=37) received placebo. Both groups received the same anti-tuberculosis treatment recommended
by the WHO. Clinical examination, BMI, chest X-ray, direct sputum examination, assessment of serum zinc
levels (by atomic absorption spectrophotometry), and biochemical markers serum concentration (by using an
RA1000 AutoAnalyzer) were carried out before and after 2- and 6-months anti-tuberculosis treatment.

Results: Plasma zinc concentrations in the micronutrient group was higher than placebo group After
treatment. In the placebo group increasing in SGOT and SGPT concentrations were significantly higher
than micronutrient group after 2 months of treatment (p< 0.05). The significant changes (p< 0.05) were
observed on the serum levels of total protein, albumin. Alkaline phosphatase (ALP) levels, serum
creatinine, uric acid and urea in groups were not significantly different.

Conclusions: Zinc supplementation results in earlier sputum smear conversion in the micronutrient group during
the first 6 weeks. Increased body weight and serum zinc and serum albumin and decrease in total protein was
observed in the micronutrient group.
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Introduction

Tuberculosis (TB) defined as an illness that occur have several side effects on the liver, skin, and
via Mycobacterium tuberculosis in which nerves (1). Researchers have known for long
different organs are involved such as lungs, years the link between malnutrition and TB; TB
kidneys, and bones. In order to the treatment to be provides the basis for malnutrition and then
effective several medications are used for malnutrition can lead to other serious illnesses
instance, Isoniazid, Rifampicin, Ethambutol, (2). Also, people who suffer from malnutrition are
Pyrazinamide, and Streptomycin. These drugs exposed to new infections due to weakened
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immune systems (3). Zinc (Zn) is a micronutrient
that is critical for the proper functioning of the
immune system and plays an important role in the
fight against TB (4). In addition, Zn as an
essential trace element have numerous
physiologic and metabolic roles such as
antioxidant activity. Since Zn is not widely stored
in the body, Zn supplements are needed to
maintain steady-state (5). Zinc deficiency in
developing countries is one of the major factors
to exposing other diseases (6-9).

The acute and chronic infections lead to
changes in serum proteins concentration;
albumin is main serum protein and along with
other serum proteins such as globulins have
normal range 6-8 g/dl. (10). It has been shown
that in the TB infection concentration of albumin
is reduced and total protein is decreased (11, 12).
Thus, TB infection with decreased proteins lead
to decrease Body Mass Index (BMI) that is an
efficient and economical measurement to
describe nutritional status (13). Serum glutamic
oxaloacetic transaminase (SGOT) and serum
glutamic-pyruvic transaminase (SGPT) are main
enzymes that used for assessment of liver
function. Science, hepatotoxicity is a side effects
of TB therapy and during TB liver involved,
reported that the level of SGOT and SGPT
elevated (14). As well as TB infectionand its
therapy lead to Kkidney damage and
nephrotoxicity that can be effects on the kidney
tests function such as creatinine and uric acid
(15). The negative effects of anti-TB therapy on
the liver and kidneys can be balanced by
concomitant administration of supplements that
boost the antioxidant levels of the body (15).

In the present study in order to evaluation of
Zn supplementation in increasing the effect of
anti-TB  drugs, we measured serum
concentrations of Zn, SGOT, SGPT, albumin,
and total protein in patients with TB infection
that intake Zn supplement compared to placebo
after 2 and 6 months.

Materials and Methods

Subjects

The current study was exerted in the central
hospital in Qom, Iran from March 2013 to March
2014  (IRCT201112178429N1). patients
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suffering from the active pulmonary tuberculosis
base on last diagnosis were selected for this
study. Regardless of sex and age, cases included
to study in accordance with three
microscopically positive sputum smears stained
by acid fast dye and culture, and also diagnosed
by radiological and clinical manifestations of the
pulmonary tuberculosis without a prior history of
administration of anti-tuberculosis agents. The
presence of drug resistance at early stage or even
in the period of follow up, pregnancy,
breastfeeding, usage of any zinc supplement in
recent months, and the presence of chronic renal
failures, hepatic disorders neoplasms led to
excluding of the patients from the study.

Receiving supplement and anti-tuberculosis
agents

This study was a double blinded, placebo control
micronutrient supplementation trial. Finally, one
hundred subjects were randomly categorized into
two groups administering either the real
supplement (test group) or placebo (placebo
group). To prepare the Zinc supplement capsule,
lactose matrix was used. Each supplement
capsule consists of 50 mg Zinc (as a zinc sulfate
form). Cases in placebo group administered only
lactose capsule. The internal and external
appearance of both capsules was the same and
indistinguishable. All capsules stored at 4-6 C in
dark containers. The administration dosage of
capsules and anti-tuberculosis agents were
determined in accordance with the WHO’s
regimen. A health staff and at least a person in the
family of patients controlled the patient
compliance. The therapy was done for 6 months.
A case, who administered the drug irregularly,
even one dose, or patients being resistant to anti-
tuberculosis agents during follow up and
someone showed the severe side effects to
treatment were dropped from the study.

Microbial analysis

During the first 2 months, three morning sputum
specimens were collected from each patient with
two-week intervals. Furthermore, after 2 months
and 6 months, the sputum smears were surveyed
and followed up as the presence of tuberculosis
bacilli. All specimens were stained using the
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Ziehl-Nelson along with cultured on the specific deionized water and the absorbance at 213.9 nm
media such as Lowenstein-Jensen. The tested was recorded for each sample and the standard
smears were categorized as Bronkhorst scale solution, simultaneously.  Discrepant  zinc
including, grade +1, > 3 AFB found in 10 fields; solutions with the known concentration were
grade +2, 1-20 AFB in 10 fields; grade +3, 20-60 tested for drawing a standard curve.
AFB in 10 fields; grade +4, 60-120 AFB in 10
fields; and grade +5, > 120 AFB in 10 fields (19). Statistical analysis
Additionally, in order to diagnosis of chest To compute the normal distribution of
abnormalities, all subjects were monitored variables, one — sample Kolmogorov-Smirnov
radiographically. analysis was exerted. To compare the
correlation of quantities between the test group
Biochemical analysis and the placebo group, independent t-test and
To monitor the impact of zinc supplementation Chi-square test were applied. SPSS 19
and anti-tuberculosis regimen on biochemical (Chicago, Il1., USA) was utilized for statistical
parameters, approximately 10 mL of fasting assessments. P value lower than 0.05 was
blood without any anticoagulant was drawn considered as a significant finding.
before the beginning of the therapy, after 2 and 6
months during the treatment. The plasma was Results
isolated by centrifugation at 500 G for 15 minand In this study’ 74 (74%) out of 100 patients were
stored at -20 °C for further examinations. divided into two groups of zinc supplement users
The quantity of urea, uric acid, creatinine, ALP, and non-zinc supplementation. The mean age of
SGOT, SGPT< serum albumin and total protein the participants in this study was 33.04+14.583
was assessed by Pars Azmon kit (Tehran, Iran) years of age for those taking zinc supplements and
using autoanalyzer. The flame atomic absorption 33.03+16.652 years for the placebo group. Table
spectroscopy was utilized to evaluate the zinc 1 outlines the reasons leading to exclude the cases
concentration as the Kirgbrit et al., protocol (16). from the study during the 6 months. A total of 37
Briefly, the plasma samples were diluted with subjects remained in each group.

Table 1. The reasons for the removal of patients during the 6-month study.

Initial number of supplements (n=50) Initial placebo group (n=50)

Patients were dropped during 0- 2 months: 10 cases
e Drug resistance (2)
e The diagnosis of non-tuberculous
mycobacteria (1)
Smear negative pulmonary tuberculosis (2)
Patients who did not complete treatment (2)
Pleural tuberculosis (1)
Category 11 (2)

Patients were dropped during 0- 2 month: 7 cases
e Drug resistance (2)
¢ The diagnosis of non-tuberculous mycobacteria
@)
e Patients who did not complete treatment (3)
e Pleural tuberculosis (1)

Patients were dropped during 2- 6 months: 6 cases
¢ Drug Resistance (2)
o Lack of follow-up (3)
e The patient died (1)

Patients were dropped during 2 to 6 months: 3 cases
¢ Drug Resistance (1)
e Lack of follow-up (2)

Patients completing the study (6 months): 37 patients  Patients completing the study (6 months): 37 patients

As summarized in table 2, and Figure 1, there was no statistically significant discrepancy BMI distribution between the tested group
and the placebo group. In contrast after 2 months, and 6 months the BMI significantly gives rise among the tested group in
comparison to the placebo group (p< 0.05).
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Table 2. Baseline properties of the tested population.

Properties Tested group (n=37) Placebo group (n=37) p
MO 19.45+4.61 18.98+3.91 0.07
BMI M2 20.95+4.55 19.42+3.67 0.04
Kg/m?
M6 22.21+4.54 20.45+4.61 0.04

Biochemical parameters

The plasma biochemical parameters of subjects
belonged to both groups was evaluated in three
times. As depicted in table 3, the administration of
zinc supplement induced no alteration in the
concentration of plasma creatinine (a), uric acid
(b) and urea (c) in different times and between
two groups.

According to Table 3, in contrast to the similar
value of SGOT and SGPT enzyme of plasma in
the tested and placebo group, the levels of SGOT,
and SGPT significantly attenuated after two
months administration of Zinc supplement in the
tested group compared with the placebo group
(p< 0.05) (Fig. 2). However, no significant
difference was seen in an alkaline phosphatase
value between two groups at any time.

As shown in Table 3, the use of zinc
supplementation had a significant effect on
increasing plasma albumin concentration after 2
months and decreasing total protein after 6
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months (p< 0.05) compared to the placebo group
(Fig. 3).

Our findings viewed the increase plasma zinc
value after administration of zinc supplement
after two months and 6 months, but only after 6
months, this elevation was statistically
significant in the tested group compared to the
placebo group (Table 3, and Fig. 1) (p< 0.05).

Microbial data

After 2 weeks, the number of negative sputum
smears was significantly higher in the tested group
(24.3%) compared to the placebo group (13.5%)
(p< 0.05). Moreover, after 4 weeks and 6 weeks,
56.8% and 70.3% of patients belonging to the
tested group showed the negative smear whereas
the rate of negative smears was 32.4% and 45.9%
were after 4 weeks and 6 weeks, respectively (p<
0.05). However, we showed no significant
differences between two groups after 2, 4 and 6
months.

1.6+ [ Test ok
144 B Placebo *

1.2
1.0
0.8
0.6
0.4=

c. Concentration (ug/dl)

0.2+
0.0

Zn.m0 zZn.m2 Zn.m6

Fig. 1. Comparison of mean BMI (a), and serum Zn concentrations (b) in two groups.
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Table 3. Comparison of mean serum levels of Variables between the two groups.

Tested group (n=37)

Placebo group (n= 37)

Ve Sl (Mean£SD) (Mean£SD)
MO 213.16+59.41 205.12+58.92 0.38
'(th'; M2 212.5+58.59 220.8653.18 0.24
M6 224.90+61.07 223.44£79.40 0.84
MO 8.11+5.57 6.77+4.96 0.27
SﬁPT M2 8.66+5.27 12.29+7.46 0.01
M6 8.89+5.82 9.15+5.92 0.85
MO 17.85+9.39 17.17+10.34 0.71
3/?0T M2 18.89+7.72 29.89+12.13 0.000
M6 19.12+8.44 18.22+8.97 0.65
MO 4.05+0.42 3.94+0.39 0.22
g/‘alB M2 4.31+0.37 4.11+0.34 0.02
M6 4.47+0.36 4.40+0.41 0.39
Total MO 8.24+0.62 8.02+0.81 0.19
Protein M2 7.97+0.68 8.07+0.63 0.52
g/dl M6 7.11£0.67 7.52+0.82 0.02
MO 0.930.47 0.93%0.52 0.93
Zn M2 1.22+0.45 0.89+0.39 0.002
PP M6 1.36+0.39 1.08+0.32 0.000
MO 0.73x0.21 0.77£0.2 0.43
Cr M2 0.7620.21 0.81+0.2 0.32
M6 0.7520.2 0.8+0.29 0.98
MO 4.75+1.99 4.81+1.9 0.88
UA M2 6.54+2.7 6.81+1.82 0.92
M6 5.18+1.94 5.43+1.95 0.91
MO 27.29+10.59 29+11.29 0.29
Urea M2 28.93+12.49 31.08+12.87 0.69
M6 30.67+12.14 32.15+12.77 0.71
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Fig. 2. Impact of zinc supplementation on the serum level of SGOT, and SGPT for 6 months.
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Fig. 3. Effect of zinc supplementation on the serum level of albumin (ALB), and total protein (T.PR.).
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Discussion

TB infection is a prevalent complication which
leads to a high mortality rate in the world. In
order to treatment of TB used of multi drugs
therapy, these drugs have several side effects
include, hepatoxicity, nephrotoxicity, harm
effects on the bones, malnutrition, and etc. In the
former studies it has been reported that TB
infection causes a decrease in serum
concentrations of Zn and albumin in men beings
also experimental animals (16).

In current study, we assessed the serum
concentration of Zn in patients with TB infection
that intake Zn supplement compared to placebo
group after 2 and 6 months. Our data showed that
Zn levels in the supplement recipient group were
significantly higher than that levels in placebo

178 Rep. Biochem. Mol. Biol, Vol.9, No.4, Jan 2021

group in both 2™ and 6™ months. Also, we
measurement the levels of albumin and total
protein in both groups that were recruited; we
found that after 6 months of taking Zn, the
albumin concentration was higher and total
protein were markedly lower compared to
placebo group.

Some studies declared possible reasons to the
low serum Zn and albumin and total protein in
patients with TB infection may be nutritional
factors, enteropathy, and acute phase reactant
proteins (17-19). Immune factors such as
interleukin-6 and TNF-a, are causes to induction
of acute phase reactant proteins in the liver, which
can lead to decrease of serum albumin also,
reason to significant changes in the serum levels
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of some essential trace elements and total protein
(20). Moreover, this was probably because of the
redistribution of Zn from blood to other organs, or
a decrease of the hepatic zinc-carrier protein ob-
macroglobulin production because of an increase
in the metallothionine creation, a protein that
carry out transport of Zn to the hepatocytes (22).
Accordingly, after 6 months of starting Zn
supplementation therapy, albumin level was
observed to increase. Furthermore, reported that
BMI is meaningfully lower in patients with TB
infection compared with healthy subjects (13).
The low BMI among patients with TB infection
may be caused by low dietary intake, anorexia,
reduced absorption of nutrients, decreased of
hepatic synthesis proteins, and increased
catabolism (23).

We also measured the serum levels of SGOT
and SGPT in three modes, before
supplementation with Zn, in the Zn receiving
group, and in the placebo group. Our results
shown that after 2 months of supplementation
therapy the levels of SGOT and SGPT were
elevated in both groups; in consistent with
previous studies, we also found that the serum
levels of SGOT and SGPT in placebo group were
significantly higher than that in group with Zn
consumption. Studies have assumed that the
greatest increase in liver enzyme activity is two to
four weeks after starting treatment (24).
Numerous drugs that are anti-TB have a
prominent role in the initiation development of
hepatotoxicity. Although previously reported that
exist a mixed hepatocellular-cholestatic damage,
typically damage is acute hepatocellular (25, 26).
This liver injury caused by drugs is a common
side effect of anti-TB therapy. A cause is
hepatotoxicity of drugs; enzymes that have a role
in drug metabolism in hepatocyte microsomes
may have congenital flaw, deformity, low
activity, or be repressed via drugs, so drugs or
drug metabolites are very toxic to hepatocytes
(27). The another evidence is hypersensitivity via
drugs; The medications can act as hapten and
induce allergic reactions through immune
response leading to the elevation of SGOT and
SGPT (28). Usually drugs that used in TB
infection therapy such as isoniazid, rifampicin,
pyrazinamide, ethambutol, etc., are all

hepatotoxic, particularly when used some drugs
as combination therapy such as used of rifampicin
and pyrazinamide (14). Our results in line with
previous investigations showed that Zn
supplementation therapy can exert anti-
inflammatory effects of Zn in the liver
subsequently, reduced inflammation in hepatic
cells. The high levels of liver enzymes in the
placebo group compared to Zn recipient group
may be due to the beneficial effects of Zn (29,
30).

We performed kidney function tests include
measured creatinine, urea, and uric acid to
evaluate nephrotoxicity. We observed that levels
of creatinine before and after Zn therapy were in
normal range also, in both groups were not
statically significant. Non-use of streptomycin in
the treatment of patients may be a possible
reason for these results because streptomycin
have nephrotoxicity affects (31). In line with
previous study, we detected that levels of urea
and uric acid in the both groups elevated
significantly but, it seems that is due to the use of
pyrazinamide because, urea and uric acid
concentration returned to normal range (32, 33).
Nephrotoxic medications are healing factors that
have the potential to prompt harmful effects on
kidney function because of direct toxicity or
disruption of renal perfusion. Nephrotoxicity and
nephropathy are significant microvascular
disease of anti-TB treatment (34, 35). Several
investigations have proved that both
inflammation and oxidative stress are involved
in drug-induced tissue damage (36). Rekha et al.
stated that damage results in anti-TB drugs is
typically revocable and could be treated properly
after 90 days (37). In this regard, Mahmoud et al.
recommended that the consumption of
antioxidants could defend in contrast to
isoniazid/rifampicin-induced oxidative stress
and nephrotoxicity (38). Previously showed that
used of isoniazid and rifampicin has prompted
kidney damage and glomerular dysfunction
demonstrated through the raised the serum
creatinine, urea, and uric acid concentrations (36,
39). However, the nephrotoxicity results in
isoniazid/rifampicin damage established through
the documented histological changes such as
degenerated of glomerular tuft, dysplastic renal
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tubules and inflammatory cells infiltration (38).
In conclude, since Zn deficiency is common in
developing countries, correction of nutrition
with this element affects various aspects of
human health. In the present study we found
that Zn supplementation in patients with TB
infection may be helpful in some cases include,
increased serum zinc concentration 2 and 6
months after treatment, decreased serum

References

1. Jose J, Deepika G, George JH, Vignesh R, Chetty
S, Ganesan R. Medication Adherence to Anti
Tuberculosis  Treatment Among  Tuberculosis
Patients in An Urban Private Tertiary Referral
Hospital: A Prospective Cross Sectional Study.
World Journal of Pharmaceutical Research.
2019;8(6):598-612.

2. Ter Beek L, Alffenaar JWC, Bolhuis MS, van der
Werf TS, Akkerman OW. Tuberculosis-Related
Malnutrition: Public Health Implications. J Infect
Dis. 2019;220(2):340-341.

3. Burgos R, Joaquin C, Blay C, Vagué C. Disease-
related malnutrition in hospitalized chronic patients with
complex needs. Clin Nutr. 2019;39(5):1447-1453.

4. Maret W. Regulation of Cellular Zinc lons and
Their Signaling Functions. Zinc Signaling. 2019:5-22.
5. Mutiara DS, Sunardi D, Dewiasty E. Correlation
between hair zinc level and cognitive function in
elderly population. World Nutrition  Journal.
2020;3(2):59.

6. McClung JP. Iron, zinc, and physical performance.
Biol Trace Elem Res. 2019;188(1):135-139.

7. Shenta A, Saud K, Al-Shawi A. Assessment the
Correlations of Hormones, Lipid Profiles, Oxidative
Stress, and Zinc Concentration in Iragi VWomen with
Polycystic Ovary Syndrome. Rep Biochem Mol
Biol. 2020;9(3)270-277.

8. Ariaee N, Farid R, Shabestari F, Shabestari M,
Azad FJ. Trace elements status in sera of patients with
allergic astima. Rep Biochem Mol Biol.
2016;5(1):20-25.

9. Musavi H, Tabnak M, Sheini FA, Bezvan MH,
Amidi F, Abbasi M. Effect of garlic (Allium sativum)

180 Rep. Biochem. Mol. Biol, Vol.9, No.4, Jan 2021

concentrations of SGOT and SGPT, 2 months
after treatment, increased serum albumin
concentration 2 months after treatment and total
protein decrease 6 months after treatment, and
increased BMI 2 and 6 months after treatment.

Acknowledgements
We thank the Institute Pasteur of Tehran for their

cooperation.

on male fertility: a systematic review. J Herbmed
Pharmacol. 2018;7(4):306-312.

10. Okolie C. Serum Albumin/Globulin ratio in
Tuberculosis and HIV Patients any Relationship?.
Mycobacterial Diseases. 2016;6(1):199.

11. Nguyen H-HT. Mycobacterium tuberculosis
proteins in diagnostic assays and devices for
tuberculosis detection and diagnosis. Google Patents;
2019. CN110073215A.

12. Musavi H, Abazari O, Barartabar Z, Kalaki-
Jouybari F, Hemmati-Dinarvand M, Esmaeili P, et al.
The benefits of Vitamin D in the COVID-19
pandemic:  biochemical and immunological
mechanisms. Arch Physiol Biochem. 2020:1-9.

13. Bardenheier BH, Pavkov ME, Winston CA,
Klosovsky A, Yen C, Benoit S, et al. Prevalence of
Tuberculosis Disease Among Adult US-Bound
Refugees with Chronic Kidney Disease. J Immigr
Minor Health. 2019;21(6):1275-1281.

14. Marjani M, Fahim F, Sadr M, Dizaji MK, Moniri
A, Khabiri S, et al. Evaluation of Silymarin for
management of anti-tuberculosis drug induced liver
injury: a randomized clinical trial. Gastroenterol
Hepatol Bed Bench. 2019;12(2):138-142.

15. Prince SE, Martin SJ, Lavinya BU, Selvanathan
K, Geetha A. Anti-tuberculosis drug-induced
oxidative stress in kidneys: Role of brahmi as an
antioxidant supplement. Pharmacognosy Magazine.
2019;15(62):12-16.

16. Ramakrishnan K, Shenbagarathai R, Kavitha K,
Uma A, Balasubramaniam R, Thirumalaikolundu


http://dx.doi.org/10.52547/rbmb.10.2.173
http://old.rbmb.net/article-1-544-en.html

[ Downloaded from old.rbmb.net on 2026-06-15 ]

[ DOI: 10.52547/rbmb.10.2.173 ]

Zn supplementation effect in tuberculosis patients

Subramanian P. Serum zinc and albumin levels in
pulmonary tuberculosis patients with and without
HIV. Jpn J Infect Dis. 2008;61(3):202-4.

17. Nizamani P, Afridi HI, Kazi TG, Talpur FN, Baig
JA. Essential trace elemental levels (zinc, iron and
copper) in the biological samples of smoker referent
and pulmonary tuberculosis patients. Toxicology
Reports. 2019;6:1230-1239.

18. Feleke BE, Feleke TE, Mekonnen D, Beyene
MB. Micronutrient levels of tuberculosis patients
during the intensive phase, a prospective cohort
study. Clin Nutr ESPEN. 2019;31:56-60.

19. Abbasi M, Abazari OO. Probing the Biological
evaluations of a new designed Palladium (1)
complex using spectroscopic and theoretical
approaches: Human Hemoglobin as a Target.
Avrchives of Medical Laboratory Sciences. 2018;3(3).
20. Gammoh NZ, Rink L. Zinc and the Immune
System. Springer. 2019:127-58.

21. Ejemot-Nwadiaro RI, Itam EH, Ezedinachi EN.
Zinc Supplementation as Adjunctive Therapy in
Adults with Tuberculosis in Calabar, Nigeria: A
Randomized Controlled Trial. Journal of Advances
in Medicine and Medical Research. 2019;29(4):1-13.
22. Beach RH, Sulser TB, Crimmins A, Cenacchi N,
Cole J, Fukagawa NK; et al. Combining the effects of
increased atmospheric carbon dioxide on protein,
iron, and zinc availability and projected climate
change on global diets: a modelling study. Lancet
Planet Health. 2019;3(7):e307-e317.

23. Lin H-H, Wu C-Y, Wang C-H, Fu H, Lénnroth
K, Chang Y-C, et al. Association of obesity, diabetes,
and risk of tuberculosis: two population-based
cohorts. Clin Infect Dis. 2018;66(5):699-705.

24. Tweed CD, Wills G, Crook AM, Dawson R,
Diacon AH, Louw CE, et al. Liver toxicity associated
with tuberculosis chemotherapy in the REMoxTB
study. BMC Med. 2018;16(1):46.

25. Thompson NP, Caplin ME, Hamilton M,
Gillespie SH, Clarke SW, Burroughs AK et al. Anti-
tuberculosis medication and the liver: dangers and
recommendations in management. Eur Respir J.
1995;8(8):1384-8.

26. Abazari O, Shafaei Z, Divsalar A, Eslami-
Moghadam M, Ghalandari B, Saboury AA, et al.
Interaction of the synthesized anticancer compound
of the methyl-glycine 1, 10-phenanthroline platinum
nitrate with human serum albumin and human
hemoglobin proteins by spectroscopy methods and
molecular docking. Journal of the Iranian Chemical
Society. 2020;17:1601-1614.

27. Tweed CD, Wills G, Crook AM, Meredith SK,
Nunn AJ, Mendel C, et al. S91 Liver function tests
during tuberculosis treatment and the implications on
monitoring for hepatotoxicity. BMJ Publishing
Group Ltd. 2016;71(Suppl 3).

28. Stinchcombe S, McMiillan K, Cooley E, Ladner
S. Hepatotoxicity Monitoring in Active and Latent
Tuberculosis (tb) Treatment. American Journal of
Respiratory and Critical Care  Medicine.
2020;201:A2116.

29. Olechnowicz J, Tinkov A, Skalny A, Suliburska
J. Zinc status is associated with inflammation,
oxidative stress, lipid, and glucose metabolism. J
Physiol Sci. 2018;68:19-31.

30. Xie F, Xie L. Serum zinc level is associated with
liver dysfunction caused by white smoke inhalation.
Gastroenterology report. 2018;6(4):304-307.

31. Hall RG, Leff RD, Gumbo T. Treatment of active
pulmonary tuberculosis in adults: current standards
and  recent  advances.  Pharmacotherapy.
2009;29(12):1468-1481.

32. Qureshi W, Hassan G, Kadri S, Khan G, Samuel
B, Arshad A. Hyperuricemia and arthralgias during
pyrazinamide therapy in patients with pulmonary
tuberculosis. Laboratory medicine. 2007;38(8):495-
497.

33. Mahantesh A, Hanumantharayappa B, Reddy M.
Effect of pyrazinamide induced hyperuricemia on
patient compliance undergoing DOTS therapy for
tuberculosis. Research & Reviews: Journal of
Pharmacology and  Toxicological ~ Studies.
2014;2:12-17.

34. Buziashvili M, Mirtskhulava V, Kipiani M,
Blumberg H, Baliashvili D, Magee M, et al. Rates
and risk factors for nephrotoxicity and ototoxicity

Rep. Biochem. Mol. Biol, Vol.9, No.4, Jan 2021 181


http://dx.doi.org/10.52547/rbmb.10.2.173
http://old.rbmb.net/article-1-544-en.html

[ Downloaded from old.rbmb.net on 2026-06-15 ]

[ DOI: 10.52547/rbmb.10.2.173 ]

Zolfaghari B et al

among tuberculosis patients in Thilisi, Georgia. Int J
Tuberc Lung Dis. 2019;23(9):1005-1011.

35. Zare Z, Dizaj TN, Lohrashi A, Sheikhalishahi ZS,
Asadi A, Zakeri M, et al. Silibinin inhibits TGF-3-
induced MMP-2 and MIMP-9 through Smad Signaling
pathway in colorectal cancer HT-29 cells. Basic &
Clinical Cancer Research. 2020;12(2):81-90.

36. Hussein O, Germoush M, Mahmoud A. Ruta
graveolens Protects Agains Isoniazid/Rifampicin-
Induced Nephrotoxicity through Modulation of
Oxidative Stress and Inflammation. Global Joumal of
Biotechnology and Biomaterial Science. 2016.

37. Banu Rekha V, Santha T, Jawahar M. Rifampicin-
induced renal toxicity during retreatment

182 Rep. Biochem. Mol. Biol, Vol.9, No.4, Jan 2021

of patients with pulmonary tuberculosis. J Assoc
Physicians India. 2005;53:811-3.

38. Mahmoud A, Morsy B, Abdel-Hady D, Samy
R. Prunus armeniaca Leaves Extract Protects
against Isoniazid and Rifampicin  Induced
Nephrotoxicity through Modulation of Oxidative
stress and Inflammation. International Journal of
Food and Nutritional Science. 2015;2(4):1-6.

39. Hashmi N, Muhammad F, Javed I, Khan JA,
Khan MZ, Khaliq T, et al. Nephroprotective effects
of Ficus religiosa linn (peepal plant) stem bark
against isoniazid and rifampicin  induced
nephrotoxicity in albino rabbits. Pakistan VVeterinary
Journal. 2013;33(3):330-4.


http://dx.doi.org/10.52547/rbmb.10.2.173
http://old.rbmb.net/article-1-544-en.html
http://www.tcpdf.org

