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This study was carried out to investigate whether 3,5-dichloro-salicylaldehyde isonicotinoyl hydrazone
(SH7), an analogue of the antituberculosis drug isoniazid (INH), recently synthesized in our laboratory,
could prevent isoniazid-induced liver damage. Forty-two white healthy mice were treated, once daily
for 30 days, with solutions of INH, SH7 and combinations of them at doses of 7.5 mg/kg p.o. and
15 mg/kg p.o. At the end of this period, livers were harvested for histopathological analysis. The levels
of lipid peroxidation products (MDA) and the activities of antioxidant defense enzymes, superoxide
dismutase (SOD) and catalase (CAT), were also measured in the liver homogenates. Treatments with
combinations of INH and SH7 decreased the levels of MDA, normalized the previously depressed
levels of SOD and CAT and prevented isoniazid-induced liver damages. A previously demonstrated
tuberculostatic and superoxide scavenger activity (SSA) of the isonicotinoylhydrazone SH7 and results
from the present study thus set out a proposal for a new isoniazid/SH7 combination therapy designed
to provide hepatoprotection.

1. Introduction

Tuberculosis is still a leading cause of death among those
infections with a single etiology and one-third of the
world’s population is latently infected with Mycobacterium
tuberculosis (Snider and La Montagne 1994). First-line
drug with superior efficacy, used in treating Mycobacter-
ium tuberculosis infection, is isoniazid (isonicotinic acid
hydrazide, INH). Problems associated with drug resistance
(Chauhan and Mande 2001; Ramaswamy et al. 2003) and
potential adverse reactions such as hepatotoxicity (Scharer
and Smith 1969; Byrd and Nelson, 1972; Black et al.
1975; Farrer et al. 1977; Sokolova et al. 1989; Vidal Pla
et al. 1991; Sodhi et al. 1998) indicate the need for new
effective anti-tuberculosis drugs and for alternative therapy
regimens. Several drug combinations have been studied to
increase the therapeutic efficacy and reduce the toxicity of
the anti-microbacterial agent isoniazid.
The ability of isonicotinoylhydrazones to specifically inhi-
bit the growth of Mycobacterium tuberculosis, the high se-
lectivity index and their ability to enhance the activity of
standard antituberculosis drugs in vitro indicate that they
may serve as promising lead compounds in future develop-
ment of drugs for the treatment of M. tuberculosis infec-
tions (De Logu et al. 2002). Though progress in tuberculo-
sis chemotherapy is predicated on development of new
drugs, much still depends on fully unraveling the mechan-

ism of action of existing ones like isoniazid and those to
be introduced into the pharmacologic armamentarium.
Recent studies have suggested that superoxide is involved
in INH activation. Reactive oxygen species (ROS) such as
NO, �O2

�, H2O2, �OH arise during these activations
(Chauhan and Mande, 2001; Ramaswamy et al. 2003) and
probably account for INH toxicity.
INH in combined therapy with melatonin, a known radical
scavenger, leads to a three-fold increase in tuberculostatic
activity and an appreciable decrease in toxic side effects.
(Wiid et al. 1999; Reiter et al. 2002). These findings sug-
gest that tuberculosis chemotherapy could be improved by
applying molecules having the same action as melatonin.
Our previous studies have shown that some isonicotinoyl
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hydrazones, synthesized in our laboratory, had tuberculo-
static activity (Varbanova and Georgieva 1993). They also
had antioxidant activity, as measured by their level of SSA
(Georgieva and Gadjeva 2002). All these information calls
for intense studies on these newly synthesized compounds.
Therefore, the aim of the present study was to determine
whether 3,5-dichloro-salicylaldehyde isonicotinoylhydra-
zone (SH7) would display hepatoprotective effects. In this
study we investigated isoniazid-induced liver damages and
the level of lipid peroxidation products. We studied also
the activities of antioxidant defense enzymes, superoxide
dismutase and catalase, in livers of mice treated with INH
in combinations with SH7.

2. Investigations and results

2.1. Biochemical findings

The results of the levels of lipid peroxidation and the ac-
tivities of antioxidant enzymes SOD and CAT are pre-
sented in the Table. The levels of MDA were significantly
increased in mouse liver homogenates after 30 days of
treatment with INH at doses of 7.5 mg/kg p.o. and 15 mg/
kg p.o., compared to the control group (non treated mice)
(mean 1.935 mM/l and 2.195 mM/l, vs 1.734 mM/l,
p< 0.05). There was no difference in MDA concentration
compared to the controls after treatment with SH7 at
doses 7.5 mg/kg p.o and 15 mg/kg p.o. (mean 1.718 mM/l
and 1.769 mM/l, p> 0.05).
The combination INH (7.5 mg/kg p.o) with SH7 (7.5 mg/
kg p.o) and INH (7.5 mg/kg p.o.) with SH7 (15 mg/kg
p.o), showed lower levels of MDA compared to INH ad-
ministrated alone (mean 1.749 mM/L, p¼ 0.003 and
1.743 m/L, p¼ 0.00002).
The activities of the antioxidant enzymes SOD and CAT
decreased significantly in mouse liver homogenates after
30 days of treatment with INH at doses 7.5 mg/kg p.o.
and 15 mg/kg p.o., compared to the Controls (for SOD
mean 2.524 U/mgPr and 2.17 U/mgPr, vs 4.292 U/mgPr,
p< 0.0001 and for CAT mean 9.568 U/mgPr and 8.348 U/
mgPr, vs 17.358 U/mgPr, p< 0.05). The levels of the anti-
oxidant enzymes increased significantly following treat-
ment with combinations of INH (7.5 mg/kg p.o) and SH7
(7.5 mg/kg p.o) and INH (7.5 mg/kg p.o.) with SH7
(15 mg/kg p.o), compared to INH administrated alone, as
shown in this order: for SOD (3.157 U/mgPr and 3.422 U/
mgPr, pp< 0.0001) and for CAT (14.565 U/mgPr and
15.473 U/mgPr, p< 0.05).

2.2. Histopathological findings

The livers from all control mice showed normal micro-
structure under light microscopy. Livers from the third ex-
perimental group (7.5 mg/kg p.o. INH) presented moder-
ate total hyperemia of all functional and nutritive vessels,
but the parenchyma was intact. Few hepatocytes showed
weakly condensed nuclear chromatin. Livers from the
fourth group (15 mg/kg p.o. INH) showed, on the other
hand, well defined total stasis hyperemia of the vessels in
all liver lobules; this was accompanied by destructive
changes in the hepatocytes. Most of them had pycnotic
nuclei; their cytoplasms contained inclusions characteristic
of granular dystrophy. There were solitary hepatocytes
with signs of fatty dystrophy. There were rare signs of
micro necrosis (Fig. 1).
The histological condition of the livers in the fifth group
(7.5 mg/kg p.o. SH7) (Fig. 2) was defined by weak hyper-
emia of the vessels, different degrees of cariopycnosis in
few parts of the hepatocytes and isolated cases of micro
lymphocyte infiltrates in some lobules. The sixth group,
(15 mg/kg p.o. SH7), presented almost the same histologi-
cal picture except that there were more frequent perivascu-
lar infiltrates associated with the small and big vessels
(Fig. 3). The histological condition of the livers in the se-
venth group (7.5 mg/kg p.o. INHþ 7.5 mg/kg SH7) was
identical to that of the fifth group (Fig. 2). Livers from the
eighth group, (7.5 mg/kg p.o. INHþ 15 mg/kg SH7), pre-
sented the most pronounced vascular hyperemia among
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Table: MDA, SOD and CAT in mouse liver homogenates after 30 days treatment with INH, SH7 and their combinations

Groups MDA (mM/l) SOD (U/mgPr) CAT (U/mgPr)

Control (Non treated) 1.734 � 0.194 4.292 � 0.46 17.358 � 6.49

7.5 mg/kg p.o. INH ***1.935� 0.146
p¼ 0.05

*2.524� 0.43
p¼ 0.0000

*9.568� 4.54
p¼ 0.03

15 mg/kg p.o. INH *2.195� 0.105
p¼ 0.0004

*2.517� 0.18
p¼ 0.0000

*8.348� 1.73
p¼ 0.008

7.5 mg/kg p.o. SH7 ***1.704� 0.219
p¼ 0.005

**3.640� 0.59
p¼ 0.004

**15.685 � 4.73
p¼ 0.04

15 mg/kg p.o. SH7 ***1.725� 0.283
p¼ 0.003

***4.160� 0.28
p¼ 0.0000

**16.115� 2.73
p¼ 0.01

7.5 mg/kg p.o. INH
þ 7.5 mg/kg p.o. SH7

***1.749� 0.259
p¼ 0.003

**3.157� 0.22
p¼ 0.0000 14.565� 3.35

7.5 mg/kg p.o. INH
þ 15 mg/kg p.o. SH7

***1.743� 0.101
p¼ 0.00002

***3.422� 0.27
p¼ 0.0000 15.473�1.53

* – vs. control; ** – vs. INH 7.5 mg/kg; *** – vs. INH 15 mg/kg

Fig. 1: A few contiguous liver lobules with structural changes characteris-
tic of toxic liver dystrophy of mice treated with INH 15 mg/kg
p.o.; H E� 100



the groups. There were no perivascular cellular infiltrates
in the samples of this group. But for those near the vessel
walls the integrity of all hepatocytes could have been in-
tact. The cytoplasm contained small amounts of granular
inclusions (Fig. 4).

3. Discussion

In our study we found that 30 days oral treatment of mice
with INH led to an increase in lipid peroxidation levels
and a decrease in liver SOD and CAT activities, a condi-
tion that signaled oxidative stress (Buss et al. 2002). This
condition, ostensibly deriving from isoniazid metabolism,
could have arisen from the consequential increase in reac-
tive oxygen species generation (Albano and Tomasi 1987),
as well as the activation of the processes of lipid peroxida-
tion, peroxidations of proteins, nucleic acids and other
macromolecules. We found that, though free radical pro-
duction increased, antioxidant levels decreased in mice
treated with INH. Our data suggest that the reduced anti-
oxidant production was as a result of the increased reac-
tive oxygen series metabolites that caused a decrease in
the activity of the antioxidant defense system.
In our study we found also that treatment with the combi-
nations of INH and SH7 decreased these elevated free ra-
dicals, and reversed the INH condition by bringing back
the depressed levels of the antioxidants to normal. This
normalization of the levels of the antioxidant enzymes,
following INH and SH7 combined application, could be
linked to the observed SH7 prevention of INH-induced
oxidative damage of cell structures. Our results are consis-
tent with earlier observations of Skakun and Slivka Yun
(1992), Oswelier (1996), Suja et al. (1997), Wiid et al.
(1999), Attri et al. (2001), and Reiter et al. (2002).
Another aim of this study was to investigate whether SH7
could prevent INH-induced liver damage. Our histological
findings in pursuance of this aim showed various grades
of structural changes in livers obtained from mice treated
with different amounts of this agent. For example, we
found hepatocellular degenerative changes in mice treated
with INH alone, that is, in our fourth group (15 mg/kg
p.o. INH). This confirmed the existence of toxic liver dys-
trophy. The liver parenchyma from other groups showed
various degrees of these changes with the least changes
occurring in the fifth (7.5 mg/kg p.o. SH7) and seventh
(7.5mg/kg INHþ 7.5 mg/kg SH7) groups. These data
show that SH7, when used alone or in combination with
therapeutic doses of INH, could provide the least hepato-
toxic effect similar to what the experimental doses used in
the fifth and seventh experimental groups of this investiga-
tion did. Thus, the oxidative decomposition of the liver
occurring because of the increased lipid peroxidation
could be the reason for the hepatocellular degeneration
(Turkdogan et al. 2001).
These results have elucidated the role of ROS in the unto-
ward effects of isoniazid and, particularly, its hepatotoxi-
city. The fall in MDA levels, following application of the
above-mentioned combinations, indicated that SH7 could
probably provide some hepatoprotection. In view of this
there could be some merit and safer therapeutic endpoint
in proffering a combination of INH and its tuberculostatic
and hepatoprotective analogues in which the former would
be present in a sub-maximal dose (Varbanova and Geor-
gieva 1993; Georgieva and Gadjeva 2002). This belief is
in agreement with the hypothesis of Wiid et al. (1999) that
any compound that could synergize or complement isonia-
zid without amplifying the latter’s toxicity, would be effi-
cient in tuberculosis chemotherapy.
In conclusion, our data show that isonicotinoyl hydrazone,
SH7, a compound synthesized in our laboratory, could re-
duce the oxidative stress resulting from isoniazid chronic
toxicity during our 30-day investigation. It lowered lipid per-
oxidation (characterized by decreased MDA levels) and re-
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Fig. 2: Weak vessel hyperemia. Some hepatocytes are with pycnotic nuclei
in livers of mice treated with 7.5 mg/kg SH7 p.o. In the back-
ground are local microlymphocytic infiltrations; H E� 100

Fig. 3: Local and diffuse microlymphocytic perivascular infiltrations in li-
ver parenchyma of mice treated with 15 mg/kg SH7 p.o.; H
E� 100

Fig. 4: An area with well expressed hyperemia of all types of vessels in
liver parenchyma of mice treated with 7.5 mg/kg INH
p.o.þ 15 mg/kg SH7 p.o. Perivascular cellular infiltrates are lack-
ing; H E� 100



versed the depressed antioxidant enzyme defense system by
bringing the levels of SOD and CATactivity back to normal.
There is therefore every reason to suggest that SH7 could
provide hepatoprotective action in the presence of chronic
isoniazid toxicity. It does this by inactivating ROS pro-
duced during INH activation.

4. Experimental

4.1. Animal studies

This study was carried out on 42 white healthy mice, weighing between
18 and 22 g. They were divided into groups of 6 animals per group in
which they were matched for gender. The animals were housed in plastic
cages, fed a normal laboratory diet and water ad libitum.

4.2. Treatment

Solutions of the test compounds, INH and SH7, were made as follows:
they were dissolved ex tempore firstly in 1 to 3 ml DMSO, then made up
to 10 ml in double distilled water and incubated at 37 �C.
All mice received daily for 30 days solutions of INH (7.5 mg/kg p.o. and
15 mg/kg p.o.), SH7 (7.5 mg/kg p.o. and 15 mg/kg p.o.) and combinations
of them in the following order: INH (7.5 mg/kg p.o.)þ SH7 (7.5 mg/kg
p.o.) and INH (7.5 mg/kg p.o.)þ SH7 (15 mg/kg p.o.) in line with meth-
ods described in the literature (Geran et al. 1972).

4.3. Spectrophotometric studies

The liver from each treated mouse was homogenized. The homogenate was
diluted 1 : 10 with PBS buffer (pH¼ 7.4). It was then centrifuged for
10 min at 2000 rpm. The supernatant was deproteinated with 25% solution
of trichloroacetic acid (TCA), then centrifuged again for 20 min at
2000 rpm. This preparation was used for the spectrophotometric investiga-
tions.

4.3.1. Products of lipid peroxidation (MDA)

Basal levels of lipid peroxidation, as indicated by thiobarbituric acid-reac-
tive substances (TBARS), were determined using the thiobarbituric acid
(TBA) method, which measures the malondialdehyde (MDA) reactive pro-
ducts (Plaser et al. 1966). In the TBARS assay 1 ml of the supernatant,
1 ml of normal saline and 1 ml of 25% trichloroacetic acid were mixed
and centrifuged for 20 min at 2000 rpm. One ml of protein free superna-
tant was taken, mixed with 0.25 ml of 1% thiobarbituric acid (TBA) and
boiled for 1 h at 95 �C. After cooling the absorbance of the resulting pink
color was read at 532 nm.

4.3.2. Measurement of antioxidant enzyme activities

SOD activity was determined by the xanthine/xanthine-oxidase/nitroblue
tetrazolium (NBT) method according to Sun et al. (1988) but with minor
modification. Xanthine/xanthine-oxidase-produced �O2

� reduces NBT to
formazan, which can be assessed spectrophotometrically at 560 nm. SOD
competes with NBT for the dismutation of �O2

� and inhibits its reduction.
The level of this reduction is used as a measure of SOD activity. The total
SOD activity is expressed in units/mg of protein, where one unit is equiva-
lent to the SOD activity that causes 50% inhibition of the reaction rate
without SOD.
The assay of CAT activity was done using Beers and Sizer method (Beers
and Sizer 1952). Briefly, hydrogen peroxide (30 mM) was used as a sub-
strate and the decrease in H2O2 concentration at 22 �C in a phosphate buffer
(50 mM, pH 7.0) was followed spectroscopically at 240 nm for 1 min. The
activity of the enzyme was expressed in units per mg of protein and one
unit equals the amount of an enzyme that degrades 1 M H2O2 per minute.

4.4. Histological analysis

At the end of the experiment mice were killed after narcosis. The livers
were harvested and tissue fragments obtained, fixed in 10% neutralized
formaldehyde, embedded in paraffin, and then stained with haematoxylin
and eosin. Canadian balm was dropped on the stained slices and then were
covered with glass, thus providing permanent histological preparations
(Lilie 1965). Histological specimens were examined under the light micro-
scope (“Ergaval” model, Karlzeiss Jena, Germany).

4.5. Statistical analysis

Results were reported as mean � S.D. Statistical analysis was performed
using the Student’s ‘t’-test and multiple regression analysis. p< 0.05 was
considered statistically significant.

References

Albano E, Tomasi A (1987) Spin trapping of free radical intermediates
prodused during the metabolism of isoniazid and iproniazid in isolated
hepatocytes. Biochem Pharmacol 36: 2913–2920.

Attri S, Rana SV, Vaiphei K, Kattyal R, Sodhi CP, Kanwar S, Singh K
(2001) Protective effect of N-acetylcysteine in isoniazid indused hepatic
injury in growing rats. Indian J Exp Biol 39: 436–440.

Beers R, Sizer T (1952) Spectrophotometric metod for measuring the
breakdawn of hydrogenperoxide by catalase. J Biol Chem 195: 133–
138.

Buss JL, Neuzil J, Ponka P (2002) The role of oxidative stress in the
toxicity of piridoxal isonicotinoyl hidrazone. Biochemical Society Trans-
action 30: 755–757.

Black M, Mitchell J, Zimmerman N, Ishate KG, Epler G (1975) Isoniazid-
assotiated hepatitis in 114 patients. Gastroenterology 69: 289–302.

Byrd R, Nelson R (1972) Isoniazid toxicity. J Amer Med Assoc 220:
1471–1473.

Chauhan, R., Mande SC (2001) Characterization of the Mycobacterium
tuberculosis H37Rv alkylhydroperoxidase AhpC points to the impor-
tance of ionic interaction in oligomerization and activity. Biochem J
354: 209–215.

De Logu A, Onnis V, Saddi B, Congiu C, Schivo ML, Cocco MT (2002)
Activity of new class of isonicotinoylhydrazones used alone and in com-
bination with isoniazid, rifampicin, ethambutol, para-aminosalicylic acid
and clofazimine against Mycobacterium tuberculosis. J Antimicrob Che-
mother 49: 275–282.

Farest L, Glassroth JL, Suider DE (1977) Isoniazid related hepatotoxiticy.
Ann Inter Med 86: 114–115.

Georgieva N, Gadjeva V (2002) Isonicotinoylhydrazone analogs of isonia-
zid: relationship between superoxide scavenging and tuberculostatic ac-
tivities. Biochemistry (Moscow) 67: 588–591.

Geran RS, Greenberg NH, Macdonald MM, Schumacher AM, Abbott BJ
(1972) Protocols for screening chemical agents and natural products
against animal tumors and other biological systems. Cancer Chemother
Rep 13: 1–87.

Lilie RD (1965) Histopathologic technique and practical histochemistry.
McGraw Hill, London, p. 375.

Oswelier GD (1996) Toxicology of Liver and Biliary System. In: Toxicol-
ogy, Williams & Wilkins, Iowa State, USA, p. 87–95.

Plaser ZA, Cushman LL, Jonson BC (1966) Estimation of product of lipid
peroxidation (malonyl dialdehyde) in Biochemical Systems. Anal Bio-
chem 16: 359–364.

Ramaswamy S, Reich R, Dou SJ, Jasperse L, Pan X, Wagner A, Quitugua
T, Graviss E (2003) Single nucleotide polymorphisms in genes asso-
ciated with isoniazid resistance in Mycobacterium tuberculosis. Antimi-
crob Agents Chemother 47: 1241–1250.

Reiter RJ, Tan DX, Sainz RM, Mayo JC, Lopez-Burillo S (2002) Melato-
nin: reducing the toxicity and increasing the efficacy of drugs. J Pharm
Pharmacol 54: 1299–1321.

Scharer L, Schmith J (1969) Serum transaminase evaluations and other
hepatic abnormalities in patiens receiving isoniazid. Ann Int Med 70:
1113.

Skakun NP, SlivkaYun (1992) The correction of the hepatotoxicity of anti-
tubercular preparations with tocopherol acetate and riboxin. Eksp Klin
Farmakol 55: 52–54.

Snider DE, La Montagne JR (1994) The neglected global tuberculosis pro-
blem: a report of the 1992 World Congress on tuberculosis. J Infect Dis
169: 1189–1196.

Sodhi CP, Rana SF, Attri S, Mehta S, Vaiphei K, Mehta SK (1998) Oxida-
tive-hepatic injury of isoniazid-rifampicin in yong rats subjected to pro-
tein and energy malnutrition. Drug Chem Toxicol 21: 305–317.

Sokolova GB, Nikolaev VP, Braude VI, Ziia AV (1989) Drug prophylaxis
of liver lesions induced by isoniazid and its metabolites. Probl Tuberk.
5: 36–40. [in russian]

Suja V, Latha SS, Shyamala Devi CS (1997) Protective effect of Liv.52
and Liv.100 ayurvedic formulations on lipid peroxidation in rat liver
homogenate. An in vitro study. Indian J Exp Biol 35: 50–52.

Sun Y, Oberley LW, Li Y (1988) A simple method for clinical assay of
superoxide dismutase. Clin Chem 34: 497–500.

Turkdigan MK, Agaoglu Z, Yener Z, Sekeroglu R, Akkan HA, Avci ME
(2001) The role of antioxidant vitamins (C and E), selenium, and
N. sativa in the prevention of liver fibrosis and cirrhosis in rabbits new
hopes. Dtsch Tierärzte Wochenschr 108: 71–73.

Varbanova S, Georgieva N (1993) New isonicotinoylhydrazones with tu-
berculostatic action. Veterinary Sci. 27: 81–85 [in Bulgarian].

Vidal Pla R, de Gracia X, Gallego B, Alguero C, Bravo C (1991) The
hepatotoxicity of tuberculosis treatment. Med Clin (Barc) 97: 481–485.

Wiid I, van Helden EH, Hon D, Lombard C, van Helden P (1999) Potenta-
tion of isoniazid activity against Mycobacterium tuberculosis by melato-
nin. Antimicrob Agents Chemother 43: 975–977.

ORIGINAL ARTICLES

Pharmazie 60 (2005) 2 141


