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Abstract- Isoniazid (INH) continues to be a sheet anchoréattment of tuberculosis, however its chronic adstiation is
known to cause hepatotoxicity through a poorly miedi mechanism. Ellucidation of mechanism underlyMg induced
hepatotoxicity may be beneficial in devising waysobunteract toxic manifestations. In view of tbismcentration dependent
effects INH were evaluated in hepatoma cell linegH2). INH exposure produced cytotoxic effect$lgp-G2 cells in a
characteristic dose dependent manner. There wasdeoable cell detachment, loss of viability angerations in cellular
morphology that were indicative of toxic insult. Wbserved cell shrinkage at highest concentra{{8&sM) suggesting an
involvement of apoptosis. This finding was substdet! by the flow cytometry data and DNA fragmeiotatanalysis which
clearly indicated that INH induced cytotoxicity, svébeing mediated by induction of apoptosis. Furttoge there was
mitochondrial dysfunction as indicated by signifitanhibition of MTT Reduction as compared to cohtat all the
concentrations and depletion of cellular glutateiq®&SH) content along with increased productiorRefctive oxygen
species (ROS). Collectively these findings led usdnclude that INH induced apoptosis in Hep-G2 ciellmediated by
generation of oxidative stress.

Key words: Apoptosis, Hepatotoxicity, Oxidative stress, Reat®xygen species.

INTRODUCTION patients (21) and significant hepatotoxicity in
_ . L approximately 1-2% of patients (5). This
Mycobacterium tuberculosimfection is one panattoxicity is potentially fatal if not detected
of the leading causes of death in third worldyyy (28). Over 25 years after the toxicity was
countries. This single infectious agent h_a:_s Getected in INH treated patients, the mechanism
global prevalence of greater than 1.6 b'”'or?emains unknown  and  therefore  the

persons (10, 11). M. Tuberculosis showgenaiatoxicity remains neither preventable nor
important synergy with HIV (33) and because Ofgaiahie (28). It has been suggested that

increased incidence of tuberculosis that hagewiation followed by hydrolysis are the first
resulted from the co-epidemic of HIV infection

B . : C'istep in the metabolic activation of INH resulting
use of isoniazid (INH) in the prevention andy tqrmation of acetylhydrazine (37) which is a
treatment of tuberculosis is on the rise (41). IN

N . _ . / toxicologically active metabolite. However, no
or isonicotinic acid was discovered in 1950’s an iosyncratic metabolic pathway has been
since then it has remained a sheet anchor in Escribed that would explain  idiosyncratic
treatment of tuberculosis. It is a syntheti¢g i hepatotoxicity

bactericidal agent that enters the mycobacterial Research on mechanism of INH induced

cells through positive diffusion across bacteriglgpatotoxicity has been partly hampered due to
envelop (4) and exerts its bactericidal effects by,o |30k of the suitable animal model that closely
producing reactive species (31). INH continueg, ajjels the toxicity in humans. Earlier studies
to be highly effective in chemoprophylaxis anq,ove revealed that toxicity invas due to

treatment of tuberculosis due to low cost per dosgersion of a metabolite of INH to a reactive
and reasonable bioavailability (15). It IS given, e mediate (34). Although these initial studies
chro_nlcally to critically ill patients who are ONyere done using a rat model, but a growing body
multiple drug therapy to treat tuberculosisyt oyidence suggests that INH and its major
However daily administration of INH has _beerfpetabolites are not hepatotoxic in rats (42).
reported to be associated with mild elevation cHepatotoxic action of INH in dogs, rabbits, and

liver enzyme activities in plasma in upto 20 % 0fjinea pigs has also been investigated. However
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none of these experiments yielded an animal N
model that truly represented the signs anfgtotoxicity assay

symptoms of toxicity as observed in humans Cytotoxic effects of INH in Hep G2 cells were
assessed by cellular neutral red uptake and lactate

_(29)- The present Stu_dy therefore was CondUCtg hydrogenase (LDH) leakage assay. Cellular neutil
in Hep G2 cells, which are hepatoma cells afptake by control and INH treated cells was meabime
human origin. They display many genotypic andcpordance with the method qlescri.bed by Triglial et(38).
phenotypic characters of normal liver cells ana”gf_'y- Cs”s ‘(;"er?h"‘éaShefd é"‘gg‘;w'th Sa'l'“edim;"t?e“t
thus are better test system as compared to rfd incubated with 20 of (0.25%)neutral red for 2 hours.

. . XCess stain was removed; cells were washed twitle w
Peak plasma concentration of INH foIIowmg_ alhhosphate-buffered saline (PBS) and air-dried for
oral dose of 300 mg is 20-50uMBased on this approximately 1 hr at room temperature. The inttalee
we selected four different concentrations vipeutral red was extracted by shaking the cells \aithtic
11pM, 22uM, 44uM, 88uM. Our aim was toacid/ethanol solution for 20 minutes and its amowas

luate th ffects of ph logical | | oﬁantified by recording absorbance at 550 nm in e&iot
evaluate the errects or pharmacological levels ? ower Wave XS) microplate spectrophotometer. Result

drug on Hep G2 cells over an extended period @re expressed as relative neutral red uptake.ateact
time. dehydrogenase activity in culture media was measure

Interstingly M. Tuberculosis has aspectrophotometrically as an index of plasma mendra

. . . . amage and loss of membrane integrity, following th
predilection for the malnourished subjects (szhethod developed by Vassauf89). Reaction mixture

Golden and Randath (14) provided an eviden@ntained 80 mM Tris-Cl (pH 7.4), 200mM NaCl and
that malnutrition results in excessive load of fre@.2mm NADH. Reaction mixture was equilibrated to’G7
radicals. Many drugs such as acetaminophefllowed by addition 50Qul aliquot of media. Reaction was
CCl, possibly cause toxicity as a result of exced@itiated by adding 50Q of 9.6 mM sodium pyruvate and
production of reactive oxygen species (ROS) a change in absork;ance at 340 nm \(/jvas n}onltored for 5
) ) ? nutes. Activity of LDH was expressed as U/L
free radicals (9, 25). INH is also metabolised to
reactive species by the action of catalas@poptosis detection by annexin V binding
peroxidase ( kat g) enzyme (41). Eventually this Apoptosis was detected by identifying cell
may result in overload of reactive species such ggmbrane alterations that accompany programmed cell
free radicals and ROS in an alread eath through flow-cytometry as per the method
| ished biect. Administrati f INH ecommended by manufacturer (Calbiochem, Germany). |
malnourished subject. m'n's_ ration 9 ! 'the normal viable cells phosphatidyl serine is tedan the
may further aggravate the situation by disruptingytosolic half of lipid bilayer. Following inductio of
the delicate antioxidant/pro-oxidant balance ofpoptosis rapid alterations occur in the orgaroratof
cells leading to generation of oxidative stress. We”fl‘_bra_“e Ff’h?fph?]'o'%dlsv which ﬁ"e”t“";r”%m!e%d to
. - P . . . ocalization o phosp atl Yyl serine to the oute 1pI
is with this idea in mind Fhat the following stud &ayer (13, 20). This localization of phosphatidgrine can
was undertaken. The aim of the present StU@¥ used as a biomarker for detection of apoptsisitro
was to evaluate the effect of INH on Hep GZetection of externalized phosphatidyl serine (B&) be
cells and to explore whether these effects wefghieved through interaction with the annexin V1J, In

; ; presence of calcium, rapid high affinity bindingcocs
mediated by alteration of cellular redox status. betweein annexin V and phosphatidyl serine andefbes

cells progressing through apoptosis can be readily

MATERIALSAND METHODS recognized by their annexin V positivity. Brieflyrool and
treated cells were washed twice with PBS and thiereaf
Cell cultures harvested quickly by trypsinization. Cells were eoted by

The human hepatoma cell line Hep G2 obtaine@entrifugation at 500xg and gently resuspended dhd ¢
from National Center for Cell Sciences, Pune weréucedl  binding buffer to achieve a cell density of 1X46ells /ml.
in DMEM supplemented with 10 % FBS and 1% antibioticHomogeneous cell suspension was incubated withpll.25
antimycotic solution (Sera Laboratories Internagiohtd, Annexin V-FITC conjugate (20Qg/ml) for 15 minutes in
U.K.) at 3PC and 5% C@ using standard cell culture dark, at room temperature. Thereafter cells wengrifeged
methods. Cells were used at passages 3-10. At cmeflu at 100xg for 5 minutes at room temperature. Supanha
cells were trypsinised, transferred into standail aulture ~was discarded and pelleted cells were again suspeimd
plates at a density of 3x1@nd were allowed to adhere for 0.5ml of binding buffer. Finally 1Qu of Propidium iodide
24 hr. In order to evaluate the effect of INH, empnotially  (30ug/ml) was added to homogeneous cell suspension and
dividing cells were exposed to different concemra of samples were incubated in dark for 15 minutes. $snp
INH (11pM, 22uM, 44uM and 88uM). Hydrogen peroxidewere placed on ice and analysed by flow cytometny f

(300um) was used as positive control. detection of apoptosis.
Cellular morphology DNA fragmentation
Cells were incubated with different concentrations Total DNA was isolated from brain as described

of INH (11-88uM) at 37°C in a humidified atmosphere of by Sambrook et al. (27). Briefly, control and trehtell
5% CGQ for 24 hrs. INH induced morphological changeswere harvested by trypsinization and collected G20kg.
were visualized in Leica DM IRB Phase-ContrasDetached cells present in culture media were atdleated
Microscope (20X). at 1000xg. Both the populations were pooled togetimet
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used for subsequent steps. Pelleted cells wereesdsgd in  complete lysis. After lysis, 3@0 of 4 % sulphosalycylic
phosphate buffered saline(pH 7.5) followed by Iyssshg acid was added and supernatant was collected after
cell lysis buffer (10 Tris-Cl, 0.1M EDTA, 0.5% SD30 centrifugation at 1000xg. An aliquot of 0.2 ml waxed
pg/ml pH 8.0 ) at 3T forl hr. Samples were treated withwith 0.4 ml of 10 mM 5, 5'dithiobis-(2-nitrobenzoiacid)
proteinase K (100ug/ml) at 8D for 3 hr. At the end of the (DTNB) and 1 ml phosphate buffer (0.1M, ph 7.4). Amb
incubation, samples were cooled to room temperane of GSH was measured in terms of reduced DTNB by
equal volume of Phenol-Chloroform-lsoamyl alcoholrecording the absorbance at 412 nm. GSH conceoriraias
(25:24:1) mixture was added. Aqueous and organas@h expressed as mg GSH/ml.

were mixed by gently swirling the tubes. Alternativtubes

were left on angular shaker for 5 minutes. Depraidn  Aspartate aminotransferase and Alanine aminotraaste

was done by centrifuging the samples at 10,000x§Gfor In order to evaluate effect of INH exposure on
15 minutes. Aqueous phase was collected in a frdshand leakage of cytosolic transaminases, cells were baad
extraction was repeated until the interface becafear. with respective concentrations of INH for 24 hr andture
Finally DNA present in aqueous phase was precgiitéity medium was collected for estimation of aspartate
adding 2.5 volumes of chilled alcohol in presenéedd aminotransferase and alanine aminotransferase itestiv
volumes of 1M sodium acetate at °20for overnight. The Aspartate aminotransferase and Alanine aminotreasde
precipitate was collected at 10,000xg for 15 miawtashed activities were measured with the help of Beckman
once with 70% ethanol, air dried and dissolved inimum  Synchron CX5 clinical system and results were exqagas
quantity of TE buffer (Tris-Cl 10 mM, EDTA 1mM, pH U/L. The activity of AST was assayed according to the
8.0). Thereafter DNA samples were mixed with 6x gemethod of Reitman and Frankel (26). The assay system
loading buffer (0.25% xyelene cyanol, 0.25% bronepil contained 1.0 ml of substrate solution (consistiid.0 M
blue and 30% glycerol) and resolved electrophoa#lyi aspartic acid and 2 mM 2-oxoglutaric acid in 0.1 M
through 1.5 % agarose gel (containing 10ul of 0.2%r) phosphate buffer, pH 7.4), 0.2 ml serum/liver/kigine
in TBE buffer at 50 volts till the dye bromophendud homogenate (10% w/v). Reaction was carried out iattng
migrated upto one cm from the bottom of the gelteAf the reaction mixture for exactly 60 minutes at@n water
completion of the run, bands were visualized analyaed bath. 1.0 ml of chromogen solution (20 mg 2,4-

in gel documentation system (Bio-Rad Lab, USA). dinitrophenyl hydrazine in 1.0 N HCI and volume mage
to 100 ml) was added, mixed and allowed to stamd2f®
Mitochondrial integrity minutes at room temperature. 10 ml of NaOH (0.4wd}s

Mitochondrial integrity was measured using 3-(4then added and the optical density was read aftembtes
5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium dmide against blank at 505nm using silica cell of 1cnhiigath.
(MTT) following the method developed by Mossman)(24 The controls were run parallel, but in these tulties
For evaluation of mitochondrial integrity cells wegrown substrate being added after deproteinizaation.athieity of
in standard 12 well cell culture plates. After egipg the ALT was measured by the method of Reitman and Ffanke
cells to different concentrations of INH for 24 meu200 (26). The assay system contained 1.0 ml of sules{éa M
pl/well of 0.5% MTT was added. Cells were incubatdthw DL-alanine, 2 mM 2-oxoglutarate in 0.1 M phosphate
MTT for 2 hours at room temperature in dark. ARenours buffer, pH 7.4) and 0.2 ml of serum/liver/kidney
excess MTT was decanted and cells were air driedaah  homogenate (10% w/v) and incubated for exactly 30
temperature for 1 hr. Blue colored formazon wasaetéd minutes at 37C in water bath. 1.0 ml of chromogen solution
in 10% DMSO by shaking the plates gently for 4-fimtés (20 mg 2, 4-dinitrophenyl hydrazine in 1.0 N HCI, dea
and its amount was quantified by recording the dizstce upto 100 ml) was added, mixed and allowed to stan@0
at 550 nm in Biotek (Power Wave XS) microplateminutes at room temperature. 10.0 ml of NaOH (O)4vhis
spectrophotometer. Results were expressed asveefi T  added, mixed and optical density was read at 50%(fiten 5
reduction. minutes against reagent blank. Controls were ruallgsr

Reactive Oxygen Species with substrate being added after deproteinization.

Amount of ROS in cell_s wa§ me:as_ured at lhr_, 6 hétatistical analysis
and 24 hr after treatment using 2', 7’-dichlroflascein
. : . Data are expressed as meahsSEM. Data
diacetate (DCF-DA) that gets converted into hlghlycom arisons were carried out using one way analykis
fluorescent DCF by cellular peroxides. The assay wa$ P 9 y

performed as described by Socci et al., (35). Afteyariance followed by Newman keul's post test to pare

completion of the stipulated treatment duration,dimem means between the different treatment groups. iigiffees

was withdrawn and 0.1ml of ice—cold 40 mM tris —thWIth p value < 0.05 were considered significant.

buffer (ph 7.4) was added to the cells followedalgition

of 40l of 1.25 mM DCF-DA. Fluorescence was recorded

for 1 hour at 488nm excitation and 525 nm emissigging RESULTS
a fluorescence plate reader (Varian Cary Eclipse

Spectrofluorimeter). Amount of ROS generated was

expressed in terms of relative fluorescence unit{RF Fig 1 represent$ _mc_)rph0|09ica| features
of INH induced cytotoxiciy in Hep G2 cells as
Glutathione visualized through phase contrast microscope.

Intracellular GSH content was measured according
the method described by Ellman et al., (12) andifieadby
Jollow et al., (16). Harvested cells were susperide@l25
M sucrose and incubated for 10 minutes at °G7 for

®©ontrol cells (Fig 1.A) appeared normal having a
well-defined polygonal morphology with intact
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Figure 1. Morphological features of INH induced cytotoxidiyHep G2 cells (A-F). A: Phase contrast microgrép®X) of
normal (negative control) cells. B:,8, (300 pM, positive control) treated cells. C: INHL(IM) treated cells. D: INH (22
M) treated cells. E: INH (44uM) treated cellsIRH (88uM) treated cells.
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membrane and well defined centrally locatedeleterious effects were observed at highest
nucleus. Cells treated with .8, (Fig 1. B) concentration (88 puM), wherein apart form other
showed significant loss of integrity. There wasnanifestations of toxic insult such as impairment
considerable cytotoxicity as indicated by largef cell-cell interaction and cellular detachment,
numbers of free-floating dead cells. Cellulaconsiderable degree of cell shrinkage in
detachment was accompanied by evident changatherwise viable cells was also noticed (Fig 1.F).
in morphological features such as cell size arebr quantitative evaluation of overall loss of cell
structure. Cells treated with INH (11pM)viability caused by different concentrations of
although did not show such a significant loss dNH, LDH release assay in culture medium and
integrity, but there were subtle signs of toxicitycellular neutral red uptake assays were carried
in terms of loss of cell-cell contact giving anout. There was significant release of LDH into
indication that there was impairment of cell-celtulture media from hydrogen peroxide and INH
interaction (Fig 1.C). At the highertreated cells as compared to normal cells and this
concentrations (22 uM, 44 uM) the toxic effect§inding was concurrent with decreased neutral
were relatively more evident. There wased uptake by INH treated cells (Fig 2 & 3).
considerable change in cell morphologynterestingly both the parameters showed
relatively larger number of cell showedconcentration dependent effect with maximum
detachment at this concentration. Maximunfoss of viability at the concentration of @8.
mH 202 (300 uM )

EBIN H
E3IN H

60 o

Relative NR Uptake

40

20 o

0

Unitsand Abbreviations: NR- Neutral red uptake

Values are meaSE; n=5."* Differences between values with matching symbaations are not statistically significant at
5 % level of probability

Figure 2. Effect of INH exposure on cell viability expressed as neutral red uptake by Hep G2 cells.

ENorm al
mH 202 (300 uM )
MmINH (11 pM)
4.5 b BINH (22 pM)
b EEINH (44 puM)
EAINH (88 pM)

Unitsand Abbreviations: L DH-L actate Dehydrogenase; U/L
Values are meaSE; n=5."* Differences between values with matching symbaations are not statistically significant at
5 % level of probability

Figure 3. Effect of INH exposure on cell viability expressaslindicated by LDH release from Hep G2 cells.
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UL: 0.82
a UR: 5.89 b.

3 LL:B88.12
LR: 3.07

wd w*
UL 023 ' UL-0.32
e -] UR: 14.45 £ .. UR: 115
E LL: 52.88 £ LL:231.3
LR: 32,30 ; LR-E8.7

A: Flow cytometric analysis of normal (negative trof) cells. B: HO, (300 uM, positive control) treated cells. C: INH
(11uM) treated cells. D: INH (22 uM) treated celts.INH (44uM) treated cells. F: INH (88uM) treateells. Legend: UL-
Upper left (unidentified cells/cell debris), UR-Ugpright (Pl positive non-viable cells), LL-Loweeft (Normal cells), LR-
Lower right (Annexin V positive apoptotic cells)llAalues are given in %.

Figure 4. Evaluation of INH induced apoptosis/necrosis byeatim binding and PI staining of Hep G2 cells.
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Agarose gel electrophoresis of DNA extracted frap+&2 cells exposed to varying concentrations of fidr 48 hrs. Lane
1: Normal; Lane 2: H202(300uM); Lane 3: INH (11 yMane 4: INH (22 uM); Lane 5: INH (44 uM); Lane IBNH (88
HM)

Figure 5. DNA fragmentation analysis of Hep-G2 cells treéatath different concentrations of INH.

Flow cytometric analysis of controb® at highest concentration. Chracteristic DNA lader
(300uM) treated, and INH exposed cell isvas present in the cell exposed to the highest
represented in fig.4. Annexin V and propidiuntoncentration of INH. Interestingly DNA
iodide (PI) enabled flow cytometric sorting offragmentation was not evident at lower
Hep G2 cells into live, apoptotic and necroticoncentrations despite presence of significant
cells. All Pl-positive stained embryonic cellsnumber of annexin positive cells.
were classified as necrotic regardless of their Fig 6 shows effect of INH on
annexin V staining. Cells with no PI stainingmitochondrial integrity as indicated by MTT
were sorted as annexin V positive (apoptotic) aneéduction. Succinate dehydrogenase of intact
annexin V negative (normal) cells,®; exposed mitochondria reduces MTT to produce the blue
cells (positive control) showed considerableolour formazon. Degree of MTT reduction thus
cytotoxicity when compared to normal cells. INHgives a direct indication of the mitochondrial
too showed dose dependent cytotoxic effedntegrity. In our study there was significant loss
Interestingly there was almost a constant numbef mitochondrial integrity in hydrogen peroxide
of necrotic cells at all the concentrations butreated Hep G2 cells when compared to normal
number of apoptotic cells increased in a doseells. In addition to this exposure to INH also
dependent manner indicating that apoptosis waaused significant loss of mitochondrial function
major pathway responsible for INH induced celin a concentration dependent manner.
death. At higher concentrations, occurrence of Figure 7. Represents effect of INH on
apoptotic cell death became more prevalent alDS generation as indicated by sequential
at the highest concentration (88 uM) as many &ydrolysis and oxidation of non-fluorescent
56% cells were found positive for occurrence dDCFDA to DCF in the presence of ROS. Control
apoptosis. In addition to this agarose gealells did not show any significant increase in
electrophoresis (fig.5) of DNA samples collectedROS at different time intervals (1 hr, 6hr, 24hr)
after 48 hr also revealed clear signs of apoptosihile H,O, (300uM) treated cells showed
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progressive increase with time. Similar changes

were observed in the cells treated with different

concentrations of INH (11 puM, 22uM, 44uM).Table 1. Effect of INH on the extracellular leakage of
However at highest concentration (88pM) thergytosolic transaminases from Hep G2 cells.

was sudden spurt in DCF fluorescence at 1 and 6

hr following which there was a steep decline at

24 hr. AST ALT
Effect of INH treatment on cellula [Woma BELT TRr
glutathione after 24 hr was evaluated and res [Eo. FETT T e
have been represented in figure 8. INH eXPos e TETT TIDT
depleted cellular glutathione conte'nt drastica @ g —
However there was no concentration depenc _
ITH (44 D BT TP

effect. Effect of INH on leakage of cytosoli

transaminases into culture media was evalue |B7H (28 uM) 8L ST

as an index of organotypic toxicity endpoint a....
results have been shown in table 1. Leakage 8f' o

. . . nitsand Abbreviations:
alan!ne transaminase into extracellular culturgst. Aspartate aminotransferase expressed as WhT:
media was observed in,8, treated and INH Alanine aminotransferase expressed as U/ml
treated cells at all the four concentrations aftéfalues are mearSE; n=5.“ Differences between values
completion of 24 hr exposure period howeve¥ith matching symbol notations with in each coluama not
the concentration dependent effect was not sedfftistically significant at 5 % level of probabyli
On the other hand there was no significant

increase in extracellular aspartate
aminotransferase  activity  following  INH
exposure.
0.8 4 a
ENormal
0.7 7 WH202 (300 uM)
| MINH (11 uM)
3 0.6 EINH (22 uM)
£ 0.5 4 EINH (44 uM)
5 EINH (88 uM)
e}
< 0.4
2
§ 0.3
0.2 4
0.1+
0

Units and Abbreviations:. MTT; 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetzolium bromide, expressed as relative
absorbance compared to blank.

Values are meaBE; n=52°Dffierences between values with matching symbéhtans are not statistically significant at 5
% level of probability

Figure 6. Concentration dependent effect of INH on mitochcaldirtegrity as indicated by reduction of MTT bydnt
mitochondrial dehydrogenases.
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160.00 ~

B1hr B6 hr B24 hr

140.00 +

120.00 +

100.00 -

80.00 -

A RFU

60.00 -

40.00 -

20.00 -

Normal H202 (300 INH (11 pM) INH (22 M) INH (44uM  INH (88 uM)
HM)

Unitsand Abbreviations: ROS; Reactive oxygen species expressed as changlatine fluorescence unit (RFU)
Values are meatSE; n=5.29 Dffierences between values with matching symbaéatians are not statistically significant at 5
% level of probability

Figure 7. Reactive oxygen species generation in Hep G2 cgllslH in a concentration and time dependent manner.

0.14 O Normal
a m H202 ( 300mM)
0.12- mINH (11uM)
c H INH (22 pM)

0.1 INH (44 pM)
£ T c B INH (88 uM)
£ 0.08- T ° c
o
()]
£ 0.06-
g

0.04

0.02

0

GSH

Unitsand Abbreviations: GSH; Glutathione expressed as ug/mg protein
Values are meaSE; n=5.2°Dffierences between values with matching symbeéhtians are not statistically significant at 5
% level of probability.

Figure 8. Concentration dependent effects of INH on intradatiglutathione content.
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DISCUSSION however cell were still viable as indicated by

. . . lesser LDH release and greater neutral red
INH is being used as a first-line agemfo'hptake, but as the concentration was

prophylaxis and treatment of tuberculosis sincg, o ressively increased to 44 M the loss of cell-

1952 (28). Although it is known 10 CaUSEqg| contact became much more prominent along

potentially fatal hepatotoxicity through a poorlyiiy significant loss of viability as indicated by

defined mechanism but being superior drug ifyrge number of round, freely floating dead cells

terms of efficacy, it cannot be excluded from the, |esser neutral red uptake. Most characteristic

treatment regimen. ~ Elucidation ~ of th€pan4e was observed at highest concentration i.e.
mechanism underlying INH induced

o --88uM wherein apart from other features
hepatocellular ~toxicity can be beneficialgicative of cytotoxicity considerable degree of
especially in devising ways to counteract th@g)| shrinkage was observed. Volume decrease
episodes of toxicity. However efforts aimed inhng consequent cell shrinkage is an important
this direction have been greatly compromised Qg ¢ re of apoptotic cell death (3). Apoptosis is a
the difficulty surrounding the development of any, -y iogically and biochemically defined form
animal model of INH induced hepatotoxiCity o ce|| death that occurs in response to a variety
(29). Therefore present study was conducted Willy imylus such as toxic insult, withdrawal of
an objective to evaluate the in-vitro effects ofqyih factors, treatment with glucocorticoigs,
INH in hepatoma cell line of human origin. irradiation, extensive DNA damage etc (18). A

. Inour study we observed clear signs Ofaior hallmark of cell death is normotonic
toxicity especially at higher concentrations o hrinkage of cells (43). The characteristic
INH with clear-cut'morphologwal alteratlon_s.apoptoﬁC volume decrease (AVD) starts before
There was extensive rounding of Otherwisge fragmentation and it is coupled t6 Kelease
polygonal ceIIs_ a(_:(_:ompanled by cell detgchme m cells (3, 6, 8) presumably via®Khannels
and loss of viability. There was conS|o_IerabI?4o’ 44 ). There exists a possibility that volume
loss of cell-cell contact at two highesteq ation mechanisms (24) including volume
concentrations giving an indication that Ce”'cel}egulatory Cl- and K+ channels are disordered
interaction required for survival and sustenanctxﬁereby inducing the AVD during the apoptosis’
pf cell has been completely disrupted. The toXiGrocess. Maeno et al., (19) too, in one of their
insult —or any other patho-physiologicalgy,gies have reported that normotonic cell
alterations that cause cellular damages alfrinkage because of disordered volume
'gene'rally followed by_ closur'e oflr}tercelll_JIar 93Requlation is one of the early prerequisite for
junctions through which various signals, ions angpoptosis to progress. Presence of this typical
second messenger molecules pass among the qrmqtonic cell shrinkage and volume decrease

) ) ) ) in INH exposed Hep G2 cells gives an indication
neighboring cells (1). With exception of a feWpai |NH induced cytotoxicity is mediated by
terminally differentiated cells such as Skeletaépoptosis. Presence of this typical normotonic
muscle cells and blood cells, most of the cells agg, shrinkage in INH exposed Hep G2 cells
in_communication with their neighboring cellSyiyes an indication that INH induced cytotoxicity
via gap junctions. When a cell is damaged, it§ mediated by apoptosis. In order to confirm this
plasma membrane can become leaky. l0ofg,oihesis, Annexin V and propidium iodide (PI)
present —at higher concé%tratloné in thenabled flow cytometric sorting of Hep G2 cells
extracellular fluid, such as Ca and Na&, then a5 carried out. In our study we observed that
move into cell and vital metabolites were lealare was significant increase in number of
out (1). If such cells were to remain coupled 1Qnexin Vv positive (apoptotic) cells in response
their healthy neighbors, these too would suffer @ |NH treatment. As many as 25 % cells were
dangerous disturbance of their internal ChemiStrMndergoing apoptosis even at the lowest
Thus immediate closure of the gap junction angyncentration of INH which increased further in
disruption of cell-cell interaction in response tQnharacteristic dose dependent manner to 56% at
toxic insult is an attempt to isolate an otherwisg,q highest concentration (88uM). Thus the
abnormal cell from the surrounding normal Ce”Sassumption about the occurrence of apoptosis
This mechanism ensures that the ionic anflat was made on the basis morphological
physiological alterations taking place in theyeraions was held true and was further
affected cells are not propagated to the healty,hgiantiated by the flow-cytometric analysis. In
and normal cell. At the lowest concentrationyqition to this agarose gel electrophoresis of
there was considerable loss of cell-cell contact

111
Copyright© 2006C.M.B. Edition



A study on Isoiniazid induced cytotoxicity in Hef2 Gells

DNA samples collected after 48 hr also revealeBicl2/Bax localization, cytochrome c release etc
clear signs of apoptosis at highest concentratiof18). Mitochondria respond to several signals
Characteristic DNA ladder was observed in theuch as reactive oxygen species, altered redox
cells exposed to the highest concentration atatus and upregulation of intracellular calcium
INH. Interestingly DNA fragmentation was notconcentration. Damage to mitochondrial DNA
evident at lower concentrations despite presenaed consequent loss of mitochondrial integrity is
of significant number of annexin V positive cellsconsidered to be one of the key reasons for
The probable explanation for this is thainduction of apoptosis (18). This prompted us to
externalization of phosphatidylserine is an earlgxplore whether mitochondrial integrity had any
event, while DNA fragmentation is a terminalrelationship with the INH induced apoptosis in
event. Possibly the apoptosis pathway wadep G2 cells. Mitochondrial viability and
although initiated at lower concentrations but hathtegrity was assessed using MTT viability assay
still not reached terminal phase owing to less¢hat employs reduction of MTT to blue color
concentrations of the drug. On the other hand fitrmazon by  functional mitochondrial
was progressing much faster in the cell exposetthydrogenases. In our study we observed
to highest concentrations (88uM) resulting imarked loss of mitochondrial integrity even at
marker apoptotic DNA fragmentation at the enthe lower concentrations of the drug. The loss of
of 48 hr. mitochondrial viability in response to INH
Apart from other parameters indicative ofexposure showed concentration dependent effect
cytotoxicity, specific organotypic endpoints suctand at highest concentration there was as much
as aspartate and alanine aminotransferase a&s 25% inhibition in reduction of MTT by
indicated that INH exposure had adverse effestitochondrial dehydrogenases. One of the key
on Hep G2 cells. These are cytosolic enzyméactors known to be responsible for drug induced
and their leakage from the damaged hepatocytixicity and apoptosis is alteration of cellular
resulting in increased serum levels is indicativeedox status by the drug or its metabolite. This
of hepatotoxicity (45). Apart from liver, aspartatded us to explore whether INH induced apoptosis
aminotransferase is also present in cardiac reialHep G2 cell is due to altered cellular redox
and cerebral tissues therefore changes in serstatus. Glutathione is the principal intracellular
AST levels are not definitive indicator ofnon-protein thiol and plays a major role in the
hepatotoxicity. Subjects with myocardialmaintenance of the intracellular redox state. It is
infraction also show increased serum ASTBRn important cellular antioxidant and is an
activity (45). However alanine aminotrasferasétegral component of first line defense system
is present in hepatocytes at much high@gainst oxidative stress. Similarly reactive
concentrations when compared to myocardi@iXxygen species constitute an important group of
and other tissues and this has led to applicatigmio-oxidants and they are known to be involved
of ALT determination to the study of hepaticn the patho-physiology of various diseases and
tissue. In our study we measured the amoulitcidents of toxic insult. In our study we
AST and ALT activities released from cells tadherefore evaluated the effect of INH exposure on
the media in order to assess the cytotoxicity igellular ROS production and glutathione content.
terms of organotypic endpoints. There waResults indicated that there was an increased
marginal increase in extracellular AST activitygeneration of ROS along with corresponding
while ALT, which is a more definitive marker of depletion of the cellular glutathione pool.
hepatotoxicity showed significant extracelluladnterestingly at the highest concentration (88
distribution  indicating  cellular  damage.uM), the rate of ROS generation was much
Collectively all these findings indicate that INHhigher as compared to that at other concentration
exposure accounts for cytotoxicity in Hep Gand this excessive production of ROS was
cells by activation of apoptotic pathway. Thigconcurrent with higher percentage of apoptotic
finding is in good agreement with studiesells as indicated by FACS and
conducted by Schwab and Tuschl (30), whphotomicrographs. This undesired increase in
reported occurrence of apoptosis in hepatonkOS and shortfall of GSH is indicative of
and lymphoma cells following INH exposure. ~ oxidative stress in the cells following INH
) . . exposure. This finding is in accordance with the
Mitochondria plays a central role ingyaiaple reports that indicate involvement of
regulating, inducing and executing apoptoSigyigative stress in the INH toxicity in rats (2).

pathway especially the intrinsic pathway Dbysydies conducted by Sodhi et al., (36) have
certain well characterized mechanisms such as
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indicated that enzymes involved in glutathion€&ellular Matrix. In: The cell. Fourth Edition. Ganid
metabolism and disposal of reactive Oxygeﬁuence, Taylor and Francis. NY. 2002, 1065-1125.
species reveal significant alterations followin@. Attri, S., Rana, S.V., Vaiphei, K., Sodhi, C.P., Kalty

INH administration. In addition to this, theny-é mf)?c‘?:]’ ir?dsc"e ngEéaﬁ{/z"h S;g%*c‘ ilrfj.l’er'lsporgiz;dl-ayand
reported significant depletion of both protein anﬂl_acetylcysteme_ Hum. Exp. Toxicol. 2000, 19: B2z,

non-protein thiols in animals exposed to INH for

. P : .. 3. Barbiero, G., Duranti, F., Bonelli, G., Amenta, J.S.
two weeks. In vitro binding of glutathione with Baccino, F.M., Intracellular ionic variations in thpoptotic

INH metabolites is well demonstrated by _Nelso'aeath of L cells by inhibitors of cell cycle progsion. Exp.
et al., (23). Thus the overall depletion ofell. Res. 1995, 217(2): 410-418.
glutathione may not only be due to increase#l Bardou, F., Raynaud, C., Ramos, C., Lsneelle, M.A,,

oxidation of GSH b active metabO"teSLaneelle, G Mechayﬂsm of isoniazid uptake in Myacteri
. S y . _tuberculosis. Microbiology. 1998, 144: 2539-2544.
generated durlng cytochrome P 450 metabo“sﬁ" Barlow, P.B., Black, M., Brummer, D.L., Comstock,

but also due to direct binding of the metabolites.w., bubin, I.N., Enterline, P., Gibson, M.L., gt G.E.
to the glutathione. Resultant depletion of thiolr., Harrel, J.A., Johnston, R.F., Kent, D.C., MajW.A.,
pool may account for the cytotoxicity due tgMc Caig, N.C., Mitchell, J.R., Mosley, J.W., Ogasawara

. . R., Popper, H., Reichmen, L.B. N., Zillmerman, H.J.,
altered redox status and resultant induction reventive therapy of tuberculis infection. Am. R&esp.

oxidative stress. Dis. 1974, 110: 371-374.
In conclusion, growing body of evidenceb- Benson, R. S. P., Heer, S., Dive, C., Watson, A. J. M.

.. Gharacterization of cell volume loss in CEM-C7A cells
suggest that INH exposure causes apoptosis jﬁ'ing dexamethasone-induced apoptosis. Am. J.iélhys

Hep G2 cells possibly b_y in(_JIuction of_oxidativelg%, 270: C1190—C1203.
stress. The mitochondrion is a crucial controt. Boersma, A.W., Nooter, K., Oostrum, R.G., Stoter, G.,
point in induction of apoptosis and there ar@uantification of apoptotic cells with fluorescein

typical permeability and functional changes "ilsothiocyanate labeled annexin V in chines hamstery

- . . . cell cultures treated with cisplatin cytometry. £994: 123-
mitochondria during apoptosis (18)e observed 5, w With cisplatin eyt Y- 89

that INH induced apoptosis too involved changes Bortner, C. D., Hughes, F. M., Jr., Cidlowski, J, A.

in mitochondrial functions, however changes thatimary role for K+ and Na+ efflux in the activatioof
follow alterations in mitochondrial permeabilityapoptosis. J. Biol. Chem. 1997, 272: 32436-32442.
such as cytochrome c release and activation fCohen, G. M., Doherty, M., Free radical mediaté cel

Xicity by redox cycling chemicals, Br. J. Cance®81,
caspases are yet to be evaluated. Further stuég@);y%i%z_ yeind

exploring effects of INH on other components 0f0. Dolin, P.J., Raviglione, M.C., Kochi, A., Global
defense system against oxidative streggberculosis incidence and mortality during.1990«20
(superoxide dismutase, catalase, glutathioﬁ”'w'*o- 2000, 72: 213-220.

. . .Dye, C., Scheele, S., Dolin, P., Pathania, V., Raong,
perOX|dase, gIUtathlone reductase etc) a C., Global burden of tuberculosis: estimated iroick,

elucidation of downstream apoptosis signalingrevalence, and mortality by country. WHO Global
cascade can provide better insight into th8urveillance and Monitoring Project. JAMA. 1999,228

mechanism of action responsible for INH577-686.

: - : 2.Ellman, G. L., Tissue sulfhydryl groups. Arch.
induced hepatotoxicity. Although involvement oféiochem_ 1959, 82. 70-77,

mitochondria and oxidative stress generates 18 radok, V.A., Volker, D.R., Campbell, P.A., Cohen,,J.J.
possibility that the intrinsic pathway isBratton, D.L, Henson, P.M., Exposure of
responsible for the cytotoxic effects, neverthelehosphatidylserine on the surface of apoptotic lyogytes

extensive research for complete characterizati@f9ers specific recoginition and removal by matrages.
J Immunol. 1992,148: 2207-2216.

_Of the pathway_s i§ r_eqUired for confirming thel4.GoIden, M.H.N., Randath, D., Free radicals in

involvement of intrinsic pathway. pathogenesis of kwashiorkar. Proc. Neutr. Soc. 19%7
53-68.
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