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Abstract
Background and Objective: Isoniazid (INH) has a vital role in the treatment of tuberculosis. Nevertheless, the INH-induced hepatotoxicity
was documented. Naringenin (NGN) is a dietary flavonoid that has antioxidative and anti-inflammatory properties. The current study
aimed to evaluate the protective role of NGN against INH-induced toxicity in male Wister rats. Materials and Methods: One hundred rats
were randomly assigned to four equal groups, the control, INH-treated, (INH+NGN)-treated and NGN-treated. Certain hematological
parameters, hepatic function markers, lipid and protein profiles in serum as well as the lipid peroxidation and endogenous antioxidants
content in the liver were analyzed. The INH and NGN were orally administered at dose levels of 54 and 50 mg kgG1 b.wt., respectively.
Statistical analysis was carried out using two-way ANOVA, least significant differences (LSD), Duncan's test and correlation analysis.
Results: The INH-treated rats showed a significant decline in the studied hematological parameters, the serum levels of high-density
lipoprotein (HDL), albumin (A) as well as the hepatic levels of glutathione (GSH) and activities of catalase (CAT), superoxide dismutase
(SOD) and glutathione reductase (GR). This was accompanied by a significant elevation in the levels of total lipids (TL), triglycerides (TG),
total cholesterol (TC), low-density lipoproteins (LDL), globulin (G), total bilirubin (TBil) and the activities of alanine and aspartate
aminotransferase (ALAT and ASAT) and alkaline phosphatase (ALP) as well as the hepatic levels of malondialdehyde (MDA). In contrast,
the administration of NGN 1h prior to INH notably improved all the studied parameters. The rats administered NGN alone showed
insignificant differences in all the studied parameters with the controls except for marked reductions in the levels of TL, TC and LDL.
Conclusion: This study disclosed that INH administration to Wistar rats, at a high therapeutic dose level, could induce a hepatic injury in
addition to certain hematologic and metabolic alterations. Yet, the pretreatment with NGN could ameliorate these alterations via its
antioxidative effect.
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INTRODUCTION

MATERIALS AND METHODS

Tuberculosis (TB) is one of the most serious infectious

This study was carried out 2016, in the labs of

1

diseases especially in the developing countries . The TB is

Department of Zoology, Faculty of Science, Cairo University,

caused by a certain type of bacteria known as Mycobacterium

Giza and in the National Research Center, Dokki, Giza, Egypt.

tuberculosis (M. tuberculosis)2. In 1952, isoniazid (isonicotinic
acid hydrazide, INH) was used for the first time as an

Chemicals: The INH (CAS No. 54-85-3, purity >99%) and NGN

antitubercular (anti-TB) chemotherapeutic agent with high

(CAS No. 67604-48-2, purity >95%) were purchased from

efficacy due to its low minimum inhibitory concentration

Sigma-Aldrich Co, St. Louis, MO, USA. All the kits used for

against M. tuberculosis3. Additionally, INH has an effective role

oxidative stress biomarkers, antioxidants and biochemical

not only in the treatment but also in the prevention of TB4.

parameters were obtained from Bio-diagnostics (Dokki, Giza,

Unfortunately, the treatment regimens using INH were

Egypt).

accompanied by adverse side effects such as hepatotoxicity5.
In the liver, INH is biotransformed into hydrazine (HZ) which is

Experimental model: Adult healthy male Wistar rats, Rattus

the reactive metabolite6. The HZ-induced hepatotoxicity was

norvegicus, weighting 120-150 g were obtained from the

attributed to its ability to cause oxidative stress through

Animal House of National Organization for Drug Control and

overproduction of free radicals including hydrogen peroxide

Research (NODCAR), Agouza, Giza, Egypt. Animals were

(H2O2) as well as protein carbonyl7. The resultant H2O2 can

housed in clean polyacrylic cages in the Animal House of

interfere with the mitochondrial functions through inhibiting

Zoology Department, Faculty of Science, Cairo University,

succinate dehydrogenase8 leading to reduced production of

with five animals/cage, supplied with standard feed and

adenine triphosphate (ATP)9.

water ad libitum. The rats were kept in conventional

Recent studies were targeted to investigate the potential

conditions of 12/12 h light-dark cycle and at room

hepatoprotective role of some natural extracts depending on

temperature (22-25EC). Prior to the onset of the main

their antioxidant properties. Eminzade et al.10 found that the

experiments, rats were allowed to acclimatize for 2 weeks in

extract of Silybum marianum seeds has a hepatoprotective

the animal house.

action on rat liver against hepatotoxicity induced by
antitubercular agents. However, the authors recommended

Ethical approval: The applied procedures, in the present

further high-quality placebo-adjusted trials prior to its
application in human. In addition, Basheer et al.11reported the

study, were approved by Cairo University Institutional Animal

ameliorative role of fish oil extract on the hepatotoxic effects

Care and Use Committee (CU-IACUC), Egypt under the IACUC

of INH and rifampicin (RMP) in rats.

Permit Number of CU/I/S/6/16 at April 2016. The animals were
handled in accordance with international guidelines for the

Flavonoids are active phytochemicals that have promising

care and use of laboratory animals.

12

protective roles against many health threatening issues .
Naringenin (NGN) is a dietary flavonoid that is abundant in

Experimental design: Randomly, one hundrad rats were

orange, grapefruit and tomato13. NGN also showed
antioxidant15,

divided into four equal groups (control, INH-treated,

hypolipidemic and hypoglycemic effects on the biological

(NGN+INH)-treated and NGN-treated) with twenty-five

systems. The flavonoid NGN exhibited hepatoprotective

individuals/group. Rats of the control group received 1%

anticarcinogenic,

anti-inflammatory14,

16

17

carboxymethyl cellulose (CMC). The INH-administered group

18

effects against liver injury caused by CCl4 in mice as well as
arsenic-induced hepatotoxicity in rats . However, there is

was orally administered a daily dose of 54 mg kgG1 b.wt., of

no in vivo study was executed till now to show the

INH (in 1% CMC) for 5 weeks. The NGN-administered group

potential protective role of NGN against INH-induced

orally received a daily dose of 50 mg kgG1 b.wt., of NGN

hepatotoxicity.

(in 1% of CMC) for 5 weeks. The doses of INH and NGN

19

Thus, the present study was subjected to study the

were assigned according to Abdel-Ghaffar et al.20 and

possible protective role of NGN against the INH-induced

Renugadevi and Prabu21, respectively. The rats of the fourth

adverse effects on certain hematological criteria, serum

group were orally administered a 50 mg kgG1 b.wt., of NGN

biochemical and hepatic oxidative stress parameters, in male

1 h prior to the administration of INH (54 mg kgG1 b.wt.) for

albino rats.

5 weeks.
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Sampling: At the end of each experimental week, five rats

of SOD to inhibit the reduction reaction of nitroblue

from each group were collected. Rats were euthanized using

tetrazolium dye mediated by phenazine methosulphate25. The

50 mg kgG of sodium pentobarbital and were sacrificed. Blood

principle for measuring the GR activity was based on its ability

samples were divided into two parts. The first part was

to catalyze the reduction of glutathione (GSSG) as described

collected on EDTA for haematological analyses. The second

by Goldberg and Spooner26.

1

part was collected into dry test tubes and then centrifugated
at 3000 rpm in order to separate serum. The sera were kept at

Statistical analysis: Data were statistically analyzed by the aid

-20EC for further biochemical analysis. In order to collect the

of Statistical Package of the Social Sciences, SPSS version 23

hepatic tissue, rats were immediately dissected. The liver was

(copyrighted by IBM SPSS software, USA). Two-way analysis of

homogenized with 10% w/v ratio in ice-cold 50 mM Tris HCl

variance (ANOVA) was used to study the effect of the type of

buffer at pH 7.4 and then centrifuged at 10,000 rpm for 20 min

treatment (control, INH alone, NGN alone and INH+NGN), the

at 4EC. The supernatant was collected and kept in deepfreeze

experimental periods (1, 2, 3, 4 and 5 weeks) and their

at -20EC for further analyses.

interaction together on all the studied parameters. Duncan
and least significant difference (LSD) tests were utilized to

Estimation of hematological parameters: The hematological

examine the similarities and differences among all the

parameters including red blood cell (RBC) count, white blood

experimental groups and periods. Correlation coefficient

cell (WBC) count, platelet (PLT) count, hemoglobin (Hb)

analysis was applied to study the relationships between the

content and packed cell volume (PCV) were analyzed using

studied variables and the experimental durations. Data were

Medonic M-Series analyzer (Clinical Diagnostics solutions Inc,

expressed as a mean±standard error of mean (SEM).

Florida, USA).
RESULTS
Estimation of serum biochemical parameters: In the serum
of all the experimental groups, the levels of total lipids (TL),

Effect on hematological parameters: The results of

total cholesterol (TC), triglycerides (TG), low density

hematological parameters (Table 1) revealed that the type

lipoprotein cholesterol (LDL-C), high density lipoprotein

of treatment significantly affected all the studied blood

cholesterol (HDL-C), total proteins (TP), albumin (A),

parameters except for the PLT count that did not show any

globulin (G), aspartate aminotransferase (ASAT), alanine

significant differences among all the studied groups. However,

aminotransferase (ALAT), alkaline phosphatase (ALP), total

the experimental time exhibited marked effects only on the

bilirubin (TBil) and direct bilirubin (DBil) were measured

Hb content. Rats of INH-administered group showed a notable

colorimetrically using Biodiagnostics kits (Dokki, Giza, Egypt).

decline in the RBC and WBC counts, Hb content and PCV, as
compared to the controls. The experimental time was

Lipid peroxide assay: The level of malondialdehyde (MDA) in

inversely correlated with the reduction in the WBC, RBC, Hb

the liver homogenate was assayed according to the technique
described by Ohkawa et al.22. The principle of this method

and PCV of INH-treated group. As compared to the rats of

depends on the reaction of the liberated MDA after lipid

INH exhibited significant elevations in the RBC, WBC counts,

peroxidation (LPO) of the cell membranes with thiobarbituric

Hb content and PCV, throughout the treatment periods. In

acid in acidic medium.

comparison to the corresponding controls, all the studied

INH-treated group, the rats administered NGN 1h prior to the

hematological parameters of rats administered with NGN
Non-enzymatic and enzymatic antioxidant assay: The

followed by INH did not show any significant differences

concentrations of non-enzymatic (glutathione, GSH) as well as
enzymatic (catalase, CAT, superoxide dismutase, SOD,
glutathione reductase, GR) antioxidants were estimated in the
homogenate of the liver of control male albino rats and those
administered with INH and/or NGN. The method by which
GSH content was measured was based on the reaction of
5,5'Dithiobis-2-nitrobenzoic acid with GSH23. The CAT activity
was estimated in accordance to the method described by
Aebi24. The SOD activity assessment was based on the ability

throughout the experiments. In the (NGN+INH)-administered
group, the counts RBC, WBC, Hb content and PCV exhibited
moderate positive correlations with the experimental time.
The rats administered with NGN alone showed similarities in
all the blood parameters with those of the controls, at all the
experimental intervals. There were moderate positive
correlations between the experimental time and the counts of
RBC, WBC, Hb levels and PCV of the rats administered NGN
alone.
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1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

White blood cell count (×109 LG1)

Platelet count (×109 LG1)

Hemoglobin content (g dLG1)

Packed cell volume (%)

r = -0.61

----

r = +0.36

39.58±0.73A
39.96±0.92A#
40.52±0.66A#
40.24±0.77A#
41.92±1.23A#

r = +0.36

r = -0.26
39.32±0.71B
34.66±1.38A*
34.00±1.26A*
33.92±1.65A*
32.54±0.31A*

---40.96±0.77A
40.54±0.80A
41.72±1.92A
40.60±1.13A
41.86±1.23A

13.54±0.30A
13.36±0.39A#
13.70±0.29A#
13.86±0.28A#
14.22±0.39A#

r = +0.04

522.40±53.88A
641.00±59.51A
536.20±68.32A
555.80±45.44A
583.40±42.87A

r = +0.39

11.75±0.22A#
12.30±0.83A#
12.50±0.62A#
12.56±0.72A#
13.44±0.42A#

r = +0.41

6.13±0.07A#
6.77±0.15A#
6.80±0.18A#
6.86±0.21A#
6.93±0.47A#

13.24±0.16B*
11.34±0.11A*
11.62±0.41A*
11.80±0.29A*
12.18±0.38A*

r = +0.17

13.98±0.09A
13.26±0.81A
14.18±0.57A
13.04±0.18A
14.30±0.38A

----

r = -0.48
434.80±63.54A
527.20±59.53A
507.60±52.20A
457.20±63.15A
539.60±32.38A

584.40±41.07A
592.20±54.29A
491.40±80.78A
488.20±31.23A
467.00±44.25A

----

r = -0.47
8.08±0.42A*
7.84±0.47A*
7.54±0.68A*
7.10±0.53A*
6.50±0.34A*

---10.88±0.68A
11.14±0.89A
11.84±0.47A
13.40±0.98A
13.24±0.82A

5.80±0.13B*
5.68±0.07AB*
5.59±0.06AB*
5.56±0.25AB*
5.34±0.09A*

6.05±0.02A
6.41±0.39A
6.65±0.25A
6.53±0.09A
6.71±0.31A

r = +0.23

40.12±0.58A
40.40±1.16A
41.00±1.10A
41.06±1.53A
41.78±1.29A

r = +0.37

13.42±0.32A
13.36±0.21A
13.38±0.17A
13.40±0.44A
14.26±0.12A

r = -0.01

502.00±74.13A
573.00±57.93A
515.00±41.70A
582.60±26.42A
493.80±54.84A

r = +0.52

11.84±0.80A
11.86±0.31A
13.22±0.37A
13.24±0.51A
13.36±0.18A

r = +0.33

6.12±0.03A
6.37±0.11A
6.39±0.06A
6.49±0.01A
6.63±0.50A

Experimental groups
------------------------------------------------------------------------------------------------------Control
INH
INH+NGN
NGN

F3,80 = 34.97, p<0.001

F3,80 = 26.782, p<0.001

F3,80 = 1.60, p>0.05

F3,80 = 86.702, P<0.001

F3,80 = 23.069, p<0.001

F4,80 = 0.642, p>0.05,

F4,80 = 4.314, p<0.01,

F4,80 = 1.25, p>0.05,

F4,80 = 2.237, p>0.05

F4,80 = 1.862, p>0.05

F12,80 = 1.977, p<0.05

F12,80 = 1.493, p>0.05

F12,80 = 0.66, p>0.05

F12,80 = 1.741, p>0.05

F12,80 = 0.956, p>0.05

Effect of
----------------------------------------------------------------------------------------------Treatment
Time
Interaction

Data are represented as mean±standard error. *,#: Represent significant differences (p<0.05) in comparison to the corresponding controls and INH-treated group, respectively, In each column, the mean values
marked with the same superscript letter are similar (insignificant, p>0.05) whereas, those with different ones are significantly differed (p<0.05), p>0.05: Insignificant, p<0.05, p<0.01 and p<0.001: Significant effect
at " = 0.05, 0.01 and 0.001, respectively, r: Correlation coefficient of the levels of the studied parameter with the experimental time

1
2
3
4
5

Red blood cell count (×1012 LG1)

Parameters

Periods
(weeks)

Table 1: Effect of daily oral administration of INH and NGN, 1 h prior to INH administration and alone, on certain hematological parameters of male albino rats
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different (p>0.05) from those of the controls at all time
intervals except a marked decrease in albumin levels at the
1st and 2nd weeks. The rats administered NGN alone did not
exhibit any significant changes in the levels of the protein
profile parameters, as compared to the controls during the
whole period of experiments. In both the NGN-treated and
NGN+INH-treated rats, the experimental time correlated
positively with the levels of albumin while negatively with the
levels of globulin.
Liver function markers, as influenced by the
administration of INH and NGN, alone and mixed, were
presented in Table 4. The activities of ASAT, ALAT and ALP, in
serum of rats were significantly affected by the type of
treatment and time factor. The serum levels of TBil were
significantly affected by the type of treatment only whereas
the serum levels of DBil were not affected by any of the
studied factors. In comparison to the controls, the INH-treated
rats showed significant elevations in the activities of ASAT and
ALAT, at all the experimental intervals. The activity of ALP in
the INH-treated rats was similar to those of the controls at the
1st and 2nd weeks but were markedly increased at the rest of
the experimental intervals. From the 2nd week till the end of
the experiments, the levels of TBil of INH-treated rats were
significantly increased as referred to the controls. The levels of
DBil of INH-administered rats did not differ significantly
(p>0.05) from those of the controls. In the INH-treated rats, the
activities of ASAT and ALAT were directly correlated with the
experimental intervals. The activities of ASAT and ALAT of
(NGN+INH)-administered rats were markedly lower than those
of the INH-treated group at all the experimental periods
except the insignificant decrease in the ALAT activity at the
1st week. In the rats of (NGN+INH)-treated group, the ALP
activity and TBil level started to decline significantly from the
3rd week till the end of the experiments, as compared to the
INH-treated group. The activities of ALP, ASAT and ALAT as
well as the levels of TBil and DBil of (NGN+INH)-treated rats
were not significantly different (p>0.05) from those of the
controls, at all time intervals, except a significant increase in
the activity of ALAT at the 1st week. The experimental time
showed negative correlations with the activities of ASAT, ALAT
and ALP in the rats administered NGN prior to INH. The
administration of NGN alone did not cause any significant
change in the activities of aminotransferases and ALP or in the
levels of TBil and DBil, as compared to the controls, during the
whole experimentation period.

Effect on serum biochemical parameters: The lipid profile of
the experimental animals as affected by the administration of
INH, INH+NGN and NGN are shown in the Table 2. The serum
levels of TL, TC, TG, LDL-C and HDL-C of the rats were markedly
influenced by the type of treatment. However, the
experimental periods remarkably affected the levels of TC,
TG and LDL-C only. In comparison to the control, all the
studied lipid profile parameters of INH-treated group were
significantly elevated except the levels of HDL-C that were
notably reduced, throughout the experiments. In the
INH-treated rats, the experimental time was correlated
positively with the levels of TL, TC, TG and LDL-C but
negatively with the levels of HDL-C. The rats treated with NGN
before INH exhibited a marked reduction in the levels of TL,
TC, TG and LDL-C, as compared with the INH-treated rats, at all
the experimental time intervals except the insignificant
changes in the levels of TG at the 1st and 2nd weeks.
However, the levels of HDL-C of rats administered with NGN
followed by INH showed significant increase as related to the
INH-treated group, at all the experimental intervals. Moreover,
the treatment with NGN followed by INH retrieved the levels
of lipid variables to the normal values of the controls. In the
(NGN+INH)-treated rats, the experimental time showed weak
correlations with the levels of all the studied lipid parameters
except the strong negative correlation with the levels of LDL-C
as well as the moderate positive correlation with the HDL-C
levels. From the 2nd week of treatment with NGN alone, the
serum levels of TL, TC and LDL-C were significantly declined till
the end of the experiments, as compared to the controls. The
reductions in the levels of TL, TC and LDL-C of NGN-treated
rats were negatively correlated with the experimental
periods. However, the concentrations of TG and HDL of
rats-administered NGN alone were not significantly (p>0.05)
differ from those of the corresponding controls throughout
the experiments.
Serum protein profile of rats (Table 3) was noticeably
affected by the type of treatment but not with the time except
for the serum levels of TP that were homogenous among all
the experimental groups. Rats administered INH alone
exhibited marked reductions in the levels of albumin
simultaneous with a significant increase in the levels of
globulin, as compared to the controls, at all the time intervals.
Thus, the A/G ratio of INH-treated rats was remarkably
reduced. The time factor exhibited negative correlations with
albumin levels and A/G ratio but positive correlations with
globulin levels in INH-administered rats. On the other hand,
the rats of (NGN+INH)-treated group displayed a marked
increase in the levels of albumin and A/G ratio but a marked
decrease in the levels of globulin, as compared to the
INH-treated group. All the protein profile parameters of the
rats administered NGN prior to INH were not significantly

Effect on the hepatic lipid peroxidation and endogenous
antioxidants: The effects of INH, NGN+INH and NGN
administration on the levels of hepatic MDA and GSH and the
activities of endogenous antioxidant enzymes were shown in
Table 5. The hepatic levels of MDA and GSH as well as the
671
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1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

TC (mg dLG1)

TG (mg dLG1)

LDL-C (mg dLG1)

HDL-C (mg dLG1)

r = -0.75

----

r = +0.87
34.20±0.66C*
33.40±1.08BC*
33.40±0.87BC*
31.60±0.24B*
27.00±0.95A*

----

37.80±0.80A
39.00±1.26A
40.20±0.80A
40.80±4.03A
36.60±1.40A

84.00±3.81A*
94.60±5.07A*
151.20±6.05B*
157.00±5.97B*
159.00±6.76B*

r = +0.86

----

63.40±4.68A
68.60±4.03A
68.00±3.79A
65.80±4.89A
61.20±1.87A

90.60±1.72A
110.00±0.84B*
152.40±12.51C*
179.20±3.09D*
164.80±1.59CD*

r = +0.87

----

96.80±4.81A
98.20±0.86A
94.60±2.50A
101.20±3.07A
104.40±7.34A

145.20±3.81A*
161.20±5.07A*
199.00±3.58B*
227.60±14.27C*
228.80±10.31C*

r = +0.16

----

120.20±4.68A
125.60±1.75A
127.00±1.61A
126.80±1.83A
118.20±2.97A

638.90±19.69A*
643.20±20.25A*
630.90±23.47A*
646.00±16.64A*
658.80±10.38A*

547.60±27.40A
539.80±21.72A
524.20±21.31A
504.40±36.88A
512.00±43.06A

r = +0.41

37.20±0.66A#
37.60±1.96A#
39.40±2.44A#
39.00±1.10A#
40.00±1.52A#

r = -0.71

69.20±1.77B#
69.20±3.57B#
61.40±1.50A#
62.20±2.29A#
55.60±1.03A#

r = +0.25

98.60±5.91A
104.40±5.18A
112.60±4.49A#
114.00±10.12A#
106.00±3.39A#

r = -0.19

128.40±1.21A#
126.20±3.12A#
130.40±4.06A#
128.20±4.07A#
122.40±3.68A#

r = -0.12

501.60±5.80A#
494.60±13.40A#
494.20±6.72A#
504.20±12.33A#
488.40±8.07A#

r = +0.46

36.60±1.32A
36.60±1.60A
38.80±1.83A
39.80±0.73A
40.00±0.89A

r = -0.70

60.40±4.89C
58.00±1.92BC*
52.60±2.14ABC*
50.40±2.80AB*
43.80±1.49A*

r = +0.35

93.80±3.17A
100.20±2.84AB
103.40±4.64AB
106.40±1.72B
101.40±5.33AB

r = -0.70

124.60±2.96C
117.80±1.11BC*
115.20±1.36BC
109.80±5.66AB*
103.80±4.54A*

r = -0.51

501.00±6.55B
461.40±18.98AB*
432.20±8.26A*
440.60±23.56A*
440.80±11.76A*

Experimental groups
-----------------------------------------------------------------------------------------------------------------Control
INH
INH+NGN
NGN

F3,80 = 28.83, p<0.001

F3,80 = 452.612, p<0.001

F3,80 = 66.45, p<0.001

F3,80 = 248.973, p<0.001

F3,80 = 106.87, p<0.001

F4,80 = 1.616, p>0.05

F4,80 = 12.899, p<0.001

F4,80 = 22.78, p<0.001

F4,80 = 9.495, p<0.001

F4,80 = 1.56, p>0.05

F12,80 = 2.124, p<0.05

F12,80 = 31.627, p<0.001

F12,80 = 11.02, p<0.001

F12,80 = 16.813, p<0.001

F12,80 = 0.84, p>0.05

Effect of
--------------------------------------------------------------------------------------------------------Treatment
Time
Interaction

Data are represented as mean±standard error. *,#: Represent significant differences (p<0.05) in comparison to the corresponding controls and INH-treated group, respectively, In each column, the mean values
marked with the same superscript letter are similar (insignificant, p>0.05) whereas, those with different ones are significantly differed (p<0.05), p>0.05: Insignificant, p<0.05 and p<0.001: Significant effect at
" = 0.05 and 0.001, respectively, r: Correlation coefficient of the levels of the studied parameter with the experimental time

1
2
3
4
5

TL (mg dLG1)

Parameters

Periods
(weeks)

Table 2: Effect of daily oral administration of INH and NGN, 1h prior to INH administration and alone, on the concentrations of serum total lipid (TL), total cholesterol (TC), triglycerides (TG), low density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) of male albino rats
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1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

A (g dLG1)

G (g dLG1)

A/G ratio

r = -0.13

r = +0.35
1.09±0.11A*
1.08±0.10A*
0.96±0.04A*
1.02±0.08A*
0.85±0.05A*
r = -0.42

----

1.62±0.12A
1.77±0.02A
1.58±0.06A
1.62±0.09A
1.72±0.16A

----

3.30±0.16A*
3.34±0.20A*
3.64±0.08A*
3.50±0.20A*
3.70±0.18A*

2.67±0.17A
2.42±0.06A
2.68±0.05A
2.72±0.11A
2.46±0.24A

----

r = -0.29
3.55±0.18A*
3.52±0.13A*
3.48±0.10A*
3.52±0.15A*
3.42±0.15A*

----

4.25±0.02A
4.28±0.07A
4.22±0.13A
4.36±0.11A
4.42±0.13A

6.86±0.16A
6.86±0.14A
6.54±0.18A
6.68±0.17A
6.52±0.30A

7.12±0.14A
6.70±0.12A
6.90±0.14A
7.08±0.10A
6.68±0.22A

r = +0.03

1.37±0.10A
1.47±0.12A#
1.50±0.10A#
1.48±0.09A#
1.38±0.16A#

r = -0.11

2.78±0.19A
2.74±0.17A#
2.72±0.16A#
2.78±0.16A#
2.62±0.19A#

r = +0.57

3.72±0.09A*
3.96±0.11AB*#
4.02±0.07B#
4.06±0.06B#
4.12±0.09B#

r = -0.29

6.74±0.19A
6.74±0.14A
6.66±0.28A
6.80±0.26A
6.24±0.05A

r = +0.21

1.56±0.12A
1.47±0.13A
1.53±0.07A
1.64±0.18A
1.67±0.09A

r = -0.26

2.66±0.17A
2.82±0.21A
2.74±0.11A
2.74±0.21A
2.34±0.15A

r = +0.48

4.06±0.07A
4.04±0.08A
4.16±0.07A
4.34±0.15A
4.32±0.11A

r = -0.08

6.72±0.12A
6.86±0.15A
6.90±0.14A
7.08±0.10A
6.44±0.55A

Experimental groups
----------------------------------------------------------------------------------------------------------Control
INH
INH+NGN
NGN

F3,80 = 36.92, p<0.001

F3,80 = 31.14, p<0.001

F3,80 = 53.01, p<0.001

F3,80 = 1.52, p>0.05

F4,80 = 0.203, p>0.05

F4,80 = 0.69, p>0.05

F4,80 = 1.97, p>0.05

F4,80 = 2.42, p>0.05

F12,80 = 0.697, p>0.05

F12,80 = 0.82, p>0.05

F12,80 = 0.83, p>0.05

F12,80 = 0.46, p>0.05

Effect of
---------------------------------------------------------------------------------------------------------Treatment
Time
Interaction

Data are represented as mean±standard error, *, #: Represent significant differences (p<0.05) in comparison to the corresponding controls and INH-treated group, respectively, In each column, the mean values
marked with the same superscript letter are similar (insignificant, p>0.05) whereas, those with different ones are significantly differed (p<0.05), p>0.05: Insignificant, p<0.001: Significant effect at " = 0.001,
r: Correlation coefficient of the levels of the studied parameter with the experimental time

1
2
3
4
5

Parameters

TP (g dLG1)

Periods
(weeks)

Table 3: Effect of daily oral administration of INH and NGN, 1 h prior to INH administration and alone, on the concentrations of serum total protein (TP), albumin (A), globulin (G) and A/G ratio of male albino rats
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1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

ALAT (U LG1)

ALP (U LG1)

TBil (mg dLG1)

DBil (mg dLG1)

r = +0.08

----

r = +0.35
0.10±0.002A
0.11±0.004A
0.11±0.002A
0.10±0.002A
0.11±0.006A

0.11±0.01A
0.10±0.004A
0.11±0.005A
0.11±0.004A
0.11±0.005A

----

r = +0.31
0.80±0.05A
0.82±0.04A*
0.84±0.02A*
0.86±0.05A*
0.89±0.03A*

0.70±0.04A
0.65±0.02A
0.69±0.04A
0.64±0.03A
0.66±0.02A

----

r = +0.83
66.58±2.64A
65.80±2.95A
69.78±1.50A*
69.02±2.00A*
70.02±1.08A*

62.46±5.32A
60.28±4.50A
53.24±4.44A
52.16±3.60A
55.30±3.84A

----

r = +0.93
38.60±2.99A*
38.00±1.41A*
65.80±2.37C*
55.40±2.62B*
75.60±2.77D*

----

26.00±0.71A
26.60±1.36A
23.20±1.71A
22.80±0.58A
25.60±1.50A

68.40±2.56A*
70.60±5.30A*
108.80±4.93B*
116.60±3.88B*
158.00±4.49C*

36.40±1.12A
35.40±1.03A
36.60±0.40A
35.80±2.01A
33.00±1.30A

r = +0.35

0.10±0.005A
0.11±0.004A
0.11±0.004A
0.11±0.004A
0.11±0.007A

r = -0.52

0.80±0.04A
0.76±0.04A
0.75±0.02A#
0.64±0.03A#
0.70±0.03A#

r = -0.64

64.94±1.00B
64.96±2.83B
54.96±2.04A#
54.24±3.78A#
53.00±3.13A#

r = -0.65

38.20±1.56B*
31.20±1.62A#
28.20±1.49A#
29.60±2.73A#
26.40±1.63A#

r = -0.57

43.80±1.53B*#
41.20±1.65AB#
40.00±1.30AB#
37.80±1.83A#
37.80±1.28A#

r = +0.11

0.10±0.005A
0.10±0.002A
0.11±0.006A
0.10±0.005A
0.10±0.008A

r = -0.06

0.70±0.04A
0.74±0.05A
0.75±0.03A
0.64±0.03A
0.73±0.05A

r = -0.66

63.84±1.87B
67.96±2.19B
55.82±2.22B
53.66±2.71A
53.22±2.72A

r = -0.47

30.40±1.72B
27.20±2.08AB
27.40±1.21AB
27.40±2.52AB
23.00±1.52A

r = -0.33

40.20±0.80A
39.60±1.20A
39.60±1.21A
38.40±1.03A
38.20±1.01A

Experimental groups
-----------------------------------------------------------------------------------------------------------Control
INH
INH+NGN
NGN

F3,80 = 1.43, p>0.05

F3,80 = 19.23, p<0.001

F3,80 = 14.69, p<0.001

F3,80 = 257.07, p<0.001

F3,80 = 918.23, p<0.001

F4,80 = 1.88, p>0.05,

F4,80 = 1.702, p>0.05,

F4,80 = 5.97, p<0.001,

F4,80 = 7.71, p<0.001

F4,80 = 45.69, p<0.001,

F12,80 = 0.503, p>0.05

F12,80 = 1.252, p>0.05

F12,80 = 1.76, p>0.05

F12,80 = 24.96, p<0.001

F12,80 = 61.48, p<0.001

Effect of
---------------------------------------------------------------------------------------------------------Treatment
Time
Interaction

Data are represented as mean±standard error, *, #: Represent significant differences (p<0.05) in comparison to the corresponding controls and INH-treated group, respectively, In each column, the mean values
marked with the same superscript letter are similar (insignificant, p>0.05) whereas, those with different ones are significantly differed (p<0.05), p>0.05: Insignificant, p<0.001: Significant effect at " = 0.001,
r: Correlation coefficient of the levels of the studied parameter with the experimental time

1
2
3
4
5

ASAT (U LG1)

Parameters

Periods
(weeks)

Table 4: Effect of daily oral administration of INH and NGN, 1 h prior to INH administration and alone, on the activities of serum aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT) and alkaline
phosphatase (ALP) and the levels of total bilirubin (TBil) and direct bilirubin (DBil) of male albino rats
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1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

GSH (mg gG1 liver)

CAT (U gG1 liver)

SOD (U gG1 liver)

GR (U gG1 liver)

r = +0.60

----

r = -0.81

r = -0.95

----

r = -0.94

53.60±1.17D*
40.80±1.93C*
41.20±1.85C*
27.80±1.28B*
20.20±1.16A*

----

75.60±1.86A
77.40±4.63A
74.00±4.66A
75.20±3.22A
73.20±2.71A

9.18±0.14D*
8.68±0.14D*
7.41±0.24C*
6.28±0.35B*
4.36±0.19A*

r = -0.97

98.00±4.55E
77.40±2.38D*
57.00±2.70C*
39.40±2.27B*
26.00±1.64A*

9.80±0.31A
9.35±0.16A
9.39±0. 11A
9.41±0.11A
9.56±0.17A

----

108.60±6.05A
109.20±6.79A
105.20±7.41A
100.00±4.49A
104.30±8.16A

28.34±1.05C*
28.32±3.03C*
26.44±1.67C*
19.72±0.98B*
10.80±1.21A*

----

38.46±4.69A
37.18±1.76A
38.05±4.14A
39.82±1.26A
40.04±5.10A

7.60±0.25A*
7.64±0.21A*
8.24±0.67AB*
8.42±0.27AB*
9.18±0.22B*

4.48±0.37A
4.47±0.12A
4.84±0.26A
4.97±0.41A
4.48±0.11A

r = +0.21

68.40±3.48A#
68.60±5.55A#
67.80±2.11A#
70.60±2.04A#
72.40±1.83A#

r = +0.40

9.41±0.16A
9.40±0.16A#
9.56±0.17A#
9.71±0.07A#
9.71±0.14A#

r = +0.26

94.20±3.52A
94.80±3.44A#
97.60±4.52A#
98.20±0.73A#
99.00±3.38A#

r = +0.20

35.16±2.91A
35.64±2.02A
37.22±2.41A#
38.12±0.95A#
37.34±2.84A#

r = -0.32

4.85±0.34A#
4.46±0.07A#
4.42±0.16A#
4.40±0.09A#
4.42±0.12A#

r = +0.32

74.00±1.79A
75.80±2.97A
76.80±3.02A
78.60±4.14A
80.20±3.25A

r = +0.29

9.61±0.11A
9.64±0.25A
9.86±0.27A
9.86±0.08A
9.89±0.05A

r = +0.36

95.80±8.11A
102.20±7.95A
104.80±4.32A
108.80±4.63A
110.80±7.86A

r = +0.35

36.94±3.52A
43.28±3.25A
44.42±3.51A
43.98±3.20A
46.02±3.98A

r = -0.11

4.33±0.25A
4.15±0.19A
4.11±0.24A
4.12±0.33A
4.15±0.22A

Experimental groups
---------------------------------------------------------------------------------------------------------Control
INH
INH+NGN
NGN

F3,80 = 199.083, p<0.001

F3,80 = 206.85, p<0.001

F3,80 = 84.98, p<0.001

F3,80 = 44.01, p<0.001

F3,80 = 228.88, p<0.001

F4,80 = 2.466, p>0.05,

F4,80 = 20.66, p<0.001

F4,80 = 5.20, p<0.01

F4,80 = 0.64, p>0.05

F4,80 = 1.09, p>0.05

F12,80 = 5.951, p<0.001

F12,80 = 28.68, p<0.001

F12,80 = 8.95, p<0.001

F12,80 = 2.55, p<0.01

F12,80 = 1.86, p>0.05

Effect of
---------------------------------------------------------------------------------------------------------Treatment
Time
Interaction

Data are represented as mean±standard error, *, #: Represent significant differences (p<0.05) in comparison to the corresponding controls and INH-treated group, respectively, In each column, the mean values
marked with the same superscript letter are similar (insignificant, p>0.05) whereas, those with different ones are significantly differed (p<0.05), p>0.05: Insignificant, p<0.01 and p<0.001: Significant effect at
" = 0.01 and 0.001, respectively, r: Correlation coefficient of the levels of the studied parameter with the experimental time

1
2
3
4
5

Parameters

MDA (nmol gG1 liver)

Periods
(weeks)

Table 5: Effect of daily oral administration of INH and NGN, 1 h prior to INH administration and alone, on the levels of hepatic malondialdehyde (MDA) and glutathione (GSH) and the activities of catalase (CAT),
superoxide dismutase (SOD) and glutathione reductase (GR) of male albino rats
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activities of CAT, SOD and GR were significantly influenced by

21 days28. The INH-induced anemia has been categorized as

the type of treatment. However, the experimental periods had

pure red cell aplasia, PRCA, due to autoimmune response to

significant effects only on the activities of CAT and SOD. In the

nucleated RBC29 or sideroblastic anemia due to depletion of

liver of rats administered INH alone, there was a meaningful

heme synthesis27. The latter authors indicated that

elevation in the levels of MDA accompanied by a marked

INH-induced depletion of heme synthesis is due to inhibition

reduction in the GSH content, SOD and GR activities, at all the

of δ-aminolevulinate synthase and that pyridoxine, which is a

experimental intervals, as compared to those of controls. The

co-factor in synthesis of δ-aminolevulinate, is inhibited by

activity of CAT of the INH-treated group was significantly

INH. However, INH can cause an overproduction of free

lower than that of the controls at all the experimental periods

radicals

except for insignificant reduction at the 1st week. The

consequent rupturing of the erythrocyte membranes30.

experimental time showed a positive correlation with the

Moreover, Metushi et al.31 recorded the presence of anti-INH

levels of MDA whereas strong negative correlations were

in

observed with the levels of GSH and the activities of CAT,

antibodies can destroy RBCs leading to a hemolytic anemia32.

SOD and GR, in the INH-administered group. In the rats

Regarding INH-induced leukopenia, it has been attributed

of(NGN+INH)-treated group, the mean values of hepatic MDA

mainly to the infiltration of leukocytes to the inflamed

concentration were significantly lower than those of

tissues33.

the

leading

serum

LPO

of

of

plasma

INH-administered

membranes

patients.

and

These

INH-treated rats and were not significantly different (p>0.05)

On the other hand, the treatment of NGN 1 h prior to the

from those of the controls at all the experimental periods. On

administration of INH significantly ameliorated the adverse

the other hand, the mean values of hepatic GSH content of

effects of INH on the studied hematological parameters. This

(NGN+INH)-treated rats were significantly higher than those

may be explained through different mechanisms. Firstly, NGN

of INH-treated group starting from the 3rd week till the end of

may has induced the expression of heme oxygenase that acts

experiment, but they were not significantly different (p>0.05)

as an antioxidant in the vascular cells for protection against

from those of controls. As compared to the INH-treated group,

INH-induced oxidative damage34. Secondly, NGN possibly has

the rats administered NGN before INH showed a marked

increased the membrane fluidity of RBCs35, preventing them

elevation in the activity of GR, from the 1st week whereas, the

from being ruptured. Thirdly, NGN could has diffused though

marked increase in the activities of CAT and SOD began form

the erythrocyte membranes and bind to the Hb molecules

the 2nd week till the end of the experiment. All the activities

leading to their stabilization without any interference with its

of the studied enzymatic antioxidants of (NGN+INH)-treated

oxygen content36.

group did not significantly (p>0.05) differ from those of the

In the current study, the substantial elevation in the levels

controls. The rats administered NGN alone did not exhibit any

of TL, TC, TG and LDL-C in serum of INH-administered rats

marked changes in the levels of MDA and GSH or in the

reflected the ability of INH to boost the lipid biosynthesis in

activities of SOD, CAT and GR as compared with those of the

the liver. Likewise, Pal et al.37 reported substantial elevations

corresponding controls. After administration of NGN prior to

in the levels of TC and TL in the serum and hepatic tissue of

INH or alone, the experimental time exhibited weak negative

rats following the treatment with anti-TB drugs. The enhanced

correlations with the levels of MDA and weak positive

lipid production may be due to the ability of INH to alter the

correlations with the levels of GSH as well as the activities of

gene expression of some enzymes that were involved in the

enzymatic antioxidants.

lipid synthesis28. Moreover, INH can block the biosynthesis of
HDL-C that is responsible for the reverse transport of
DISCUSSION

cholesterol from the blood back to the liver38. This was
demonstrated in the present study by the marked reduction

The present data revealed a marked decline in the RBC

of the HDL-C levels accompanied by a remarkable increase in

and WBC counts, Hb content and PCV in the INH-treated rats,

the levels of TC in the INH-treated rats. On the other hand, the

as compared with those of the controls. In the same line,

notable increase in the levels of the LDL-C may has increased

Piso et al.27 reported a significant depletion in the Hb levels

the levels of TC in the blood through transporting more

and RBC count in TB patient after 4 months of treatment with

cholesterol from the liver to the blood39. The increased levels

INH. Similarly, marked reductions were reported in all the

of TG that has important role in the transport and excretion of

studied hematological parameters of male Wister rats after

bile acids from the body40, can be translated as a mechanism

administration of INH in combination with RMP daily for

to overcome the increased levels of TBil.
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reported marked increases in the activities of enzymatic
biomarkers of the liver functions of rats after the
administration of INH alone20 or in association with RMP11.
The elevated activities of ASAT and ALAT can be due to the
impaired permeability of hepatocyte membranes under the
action of INH and its metabolites21,47. In addition, the increased
ALP activity may has increased the production of adenosine
that acts as anti-inflammatory mediator for further protection
of cells against the INH-induced injury43.
When the administration of INH was preceded by the
treatment of NGN, the ASAT, ALAT and ALP activities remained
approximately within the normal range. This indicated that the
NGN has protected the hepatic tissue against INH-induced
damage. Similarly, Esmaeili and Alilou48 reported a noticeable
attenuation in the serum activities of ASAT and ALAT in the
rats administered with NGN prior to the administration
of the carbon tetrachloride. They deduced that the NGN
protected the liver against the carbon tetrachloride-induced
hepatotoxicity.
The levels of TBil of rats administered with INH alone
exhibited a remarkable increase in their mean values while the
levels of DBil were insignificantly differed (p>0.05) from the
controls. The results of this study were similar to those of
Santhosh et al.43, who reported significant increases in the
levels of serum bilirubin concurrent with marked decreases in
the levels of albumin. These findings indicated that the INH
affected only the unconjugated bilirubin. This can be linked to
the above mentioned INH-induced hemolysis of erythrocytes
and consequent breakdown of Hb into heme which was
converted at the end into unconjugated bilirubin49. In
addition, the increased levels of unconjugated bilirubin in
serum may be attributed to the reduced levels of albumin
required for the transport of bilirubin to the hepatocytes49.
On contrary, the levels of TBil of rats administered INH
preceded by the NGN were approaching the normal levels of
the controls. As previously discussed, this can be due to the
ability of NGN to protect RBCs and Hb from the damaging
effect of INH36.
In the current results, the liver of INH-treated rats showed
a marked elevation in the levels of MDA accompanied by a
significant depletion in the activities of enzymatic (SOD, CAT,
GR) and levels of non-enzymatic (GSH) antioxidants. The
present data were in the same line with many previous studies
on INH and its metabolites. Abdel-Ghaffar et al.20 reported a
marked increase in the MDA levels concurrent with a
noticeable decrease in the SOD activity and GSH content in
the liver of rats administered INH alone. Basheer et al.11
recorded significant reductions in the levels of total
antioxidant capacity (TAC) and GSH but a marked elevation in

The present data showed a marked alleviation in all the
studied lipid profile parameters in the serum of rats
administered NGN before the treatment with INH. However,
the administration of NGN alone caused a momentous
reduction in the levels of TL, TC and TG, as compared to the
controls. Similarly, in a previous study by Alam et al.14, NGN
administration caused a remarkable decline in the lipid
content of male Long-Evans hooded rats. This reflects the
hypolipidemic properties of NGN that successfully contracted
the hyperlipidemic effect of INH. This could be due to the
ability of NGN to upregulate the mRNA of many of the
enzymes that are involved in $-oxidation of fats such as fatty
acid synthase and acyl-CoA in the liver41. These findings
confirmed the protective role of NGN against atherogenesis
and heart diseases 42.
In the present study, the administration of INH alone
caused significant reduction in the levels of albumin
concurrent with a marked elevation in the levels of globulin.
Thus, the ratio of A/G ratio was reduced whereas no
noticeable changes in the levels of TP were recorded in the
INH-treated rats. Similar results were obtained in rats after
treatment with INH alone20 or in combination with RMP43. The
reported hypoalbuminemia could be attributed to the
INH-induced damage of hepatocyte that hinder the process of
albumin synthesis in the liver10. However, the increased level
of globulin reflects that the INH-induced hepatotoxicity was
immune-mediated44. Given that the INH acts as a hapten that
binds to the proteins to form antigens that induce the
immune system to produce antibodies against the INH20.
Metushi et al.31recorded that antibodies against the INH were
detected in patients were suffering from INH-induced
hepatotoxicity.
On contrast, the treatment with NGN, 1 h prior to the
administration of INH, caused a noteworthy alleviation of the
protein profile parameter as shown in the present results. This
was consistent with findings of Alam et al.14, who reported
that NGN restored the normal levels of albumin and TP in the
rats intoxicated with dimethyl nitrosamine. This reflected the
role of NGN in the maintenance of normal protein synthesis.
This can be due to the ability of NGN to enhance the
mitochondrial enzymes in the liver cells including those of
tricarboxylic acid and respiratory chain45 and consequently
provided the hepatocytes with great supply of ATP required
for the protein biosynthesis46.
In the present study, meaningful elevations in the serum
activities of ASAT, ALAT and ALP were observed in the
INH-administered rats, as compared to the controls. These
findings reflect that the hepatic tissue of INH-treated group
was heavily affected. In the same direction, recent studies
677
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the levels of LPO in the liver of rats after 14 days following

CONCLUSION

1

intraperitoneal injection with 50 mg kgG b.wt., of INH and
100 mg kgG1 b.wt., of RMP. Santhosh et al.43 reported a

The present results showed that the administration of INH

significant reduction in the levels of GSH accompanied by

alone can induce hepatotoxicity mediated by the oxidative

marked elevations in the levels of MDA in liver of rats after oral

damage as manifested by the increased level of hepatic MDA

1

administration of INH and RMP (200 mg kgG b.wt., for each),

that was accompanied by significant depletion in the hepatic

for 1 month. Thus, oxidative stress can be considered one of

content of endogenous antioxidants in a time-dependent

the

INH induced

manner. However, the administration of NGN prior to the

hepatotoxicity. It was noteworthy that the INH can be directly

treatment with INH has protected the liver and effectively

hydrolyzed in the liver via amidase into hydrazine (HZ) or

barred the adverse actions of the INH on all the studied

subjected firstly to acetylation via N-acetyltransferase to form

hematological and biochemical parameters. Moreover, the

acetyl-INH followed by the hydrolysis into acetyl-HZ via acyl

treatment with NGN alone did not induce any significant

amidase50. The microsomal cytochrome P450 system can

changes in all the studied parameters, as compared to the

oxidized the HZ and acetyl-HZ resulting in excessive

controls except for a marked reduction in the levels of TL, TC

production of free radicals that induce LPO in the cellular

and LDL-C that highlights its hypolipidemic action.

acceptable

mechanisms

by

which

membranes30.
On the other hand, the administration of NGN prior to the

SIGNIFICANCE STATEMENT

treatment with INH remarkably ameliorated the INH-induced
variations in hepatic MDA and GSH levels and SOD, CAT and

The current study throws light on the mechanism by

GR activities. The present results are in the same line with

which NGN can reverse the INH-linked toxicity. This will pave

Renugadevi and Prabu21, Pari and Amudha51, who reported

the way for incorporating the NGN with the anti-TB drugs

that NGN significantly reduced MDA and restored the hepatic

during the treatment regimens, in the future.

activities of SOD, CAT, glutathione-S-transferase (GST) and
glutathione peroxidase (GPx). This can be due to that the NGN
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