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ABSTRACT 

 

Tertiary-butyl hydroperoxide (TBH) is a chemical that can cause oxidative stress in vitro through catalysis 
by glutathione peroxidase to form GSSG and tertiary butyl alcohol. N2a cell lines are a fast-growing 
mouse neuroblastomacell line and have been commonly used to study neurotoxicity. We aimed for 
present study to clarify whether; Tertiary-butyl hydroperoxide (TBH), mediated oxidative stress may lead 
to alteration in necrotic and apoptotic gene expression in N2a cell lines. The study involve following two 
groups: Group- 1: N2a without TBH exposure; Group -2: N2a with 45 min 62.5 micro molar concentration 
TBH exposure and reperfusion for 48 hrs. RT PCR analysis was done for the following gene; Degree of 
oxidative stress (TRX1&2, PRX); Type of cell death (PARP 1; Caspase 3), Cell defense (HSP 70, HO 1); 
Housekeeping (18 S RNA). We observed, serum deprivation for 45 min affects N2A cells to some extend 
as evident from “rounding-off” seen in them, while phase image did not show much difference between 
these and TBH treated cell. RT-PCR analysis showed increased in PARP-1, and decrease in HSP-70, 
Trx-2, and Prxgene expression which signifies cell death through necrosis. After 3 days of re-perfusion 
with normal growth medium (with serum), cells treated with TBH showed extensive loss. This could be 
due to the washing off of dead cells during medium changes (Cell death might be due to initial necrosis 
and also due to delayed apoptosis). Delayed apoptosis was evident from increased Caspase 3 
expression from RT-PCR. We concluded that there was a gene expression change during the acute and 
sub-acute phase of the injury which mimics the in-vivo scenario of reperfusion after tissue insult and 
during the acute phase of stress the cell death occurs through necrosis and then gets shifted to apoptosis 
during sub-acute phase.  
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INTRODUCTION 

  
Oxidative stress represents an imbalance between the 
production and manifestation of reactive oxygen 
species

1
. An excessive amount of reactive 

oxygen/nitrogen species (ROS/RNS) leading to an 
imbalance between antioxidants and oxidants can cause 
oxidative damage in vulnerable targets such as 
unsaturated fatty acyl chains in membranes, thiol groups 
in proteins, and nucleic acid bases in DNA

2
.Aerobic 

metabolism induces the production of reactive oxygen 
species (ROS), which are able to induce oxidative stress 
that promotes cellular apoptosis

3
, characterized by an 

initial shrinkage of the cells and the ensuing break of the 
cell-to-cell contacts and in necrosis

4
, the degradation of 

the tissue starts with swelling within the cell and 
ultimately lead to an interruption of the membranes of 
the cell.Tertiary-butyl hydroperoxide (tBH), is a chemical 
that can cause oxidative stress in vitrothrough catalysis 
by glutathione peroxidase to form GSSG and tertiary 
butyl alcohol

5
. The heat shock proteins (Hsp70) are an 

important part of the cell's machinery for protein folding, 
and help to protect cells from oxidative stress

6
. 

Hemeoxygenase (HO-1) is 
an enzyme that catalyzes the degradation of heme and 
produces biliverdin, iron, and carbon monoxide

7
. The 

caspase-3is crucial mediators of programmed cell death 
(apoptosis)

8
.Thioredoxin-2 (Trx-2) is a mitochondria-

specific and has a crucial role in the signal transduction 
for apoptosis

9
.PARP is found in the cell’s nucleus, the 

main role is to detect signal single strandDNA 
breaks

10
.N2a cell lines are a fast-growing mouse 

neuroblastomacell line
11

. It is possible to differentiate 
N2a cells into cells that have many properties of 
neurons, including neurofilaments. N2a cells have been 
used to study neurite outgrowth

11
 and  

neurotoxicity
12

.There is lacking of substantial data 
regarding growth factors to effect necrosis and 
apoptosis in n2a cell lines

13-16
. Hence we aimed for 

present study to clarify whether; Tertiary-butyl 
hydroperoxide (TBH), mediated oxidative stress may 
lead to alteration in necrotic and apoptotic gene 
expression in N2a cell lines.  
 

MATERIALS AND METHODS 

 
N2A cell line was obtained from National Center for Cell 
Lines, Pune, India. 
 
Plating Neuro2Acell line 
The cryopreserved cell line was thawed until it reached 
temperature of 37 degree Celsius. The cell line was then 
centrifuged at 1000 rpm for 5 minutes and supernatant 
discarded to remove DMSO. The pellet collected was 
then washed twice in HBSS. The final pellet was then 
triturated in medium well and homogeneous suspension 

was obtained. 400 micro liters from the mixture was 
plated in each well of a 24 well plate. 
 
TBH – Oxidative stress 
The lethal dose 50 (LD50) was obtained by MTT assay:  
Keeping the exposure time constant as 45-minutes 
varying concentration of TBH (500 micro molar – 31.25 
micromolar) was added.  After 45-minutes of TBH 
exposure, The TBH was removed and 0.5 ml of medium 
was added and incubated at 37 degree Celsius for 2 
days. The medium was removed and 0.3 ml of working 
solution was added to each well and incubated for 3 
hours at 37 degree Celsius. Isopropyl alcohol was 
added ten minutes prior to taking OD readings (520 and 
540 nm). The OD was measured using ELISA plate 
reader. 
 
The study involve following two groups 
Group- 1: N2a without TBH exposure 
Group-2: N2a with 45 min 62.5 micro molar 
concentration TBH exposure and reperfusion for 48 hrs. 
 
RNA isolation 
Trizol were used 1 ml for 100 mm petriplates (0.5 ml for 
60 mm and 40 mm petriplates). The petriplates were 
rocked to detach cells.  The cell lysate was taken in a 
2ml eppendorf tubeandthen200 microliter of chloroform 
was added to the cell lysate and vortexed. The mixture 
was spinned at 12000 rpm for 15 min at 4 degree C. 
The aqueous part was taken in a fresh 2 ml eppendorf 
tube. Equal volume of isopropyl alcohol was added. The 
tube was incubated for 30 minutes at 4 degree Celsius. 
The supernatant was discarded. 1ml of 70% ethanol 
was added and spinned at 7500 rpm for 10 min at 4 
degree Celsius. The supernatant was discarded and the 
pellet was dried. 50 microliter of DEPC treated water 
was added. 10 microliter of the above mixture was taken 
and 990 microliter of distilled water was added to it.The 
content was then read at 260 and 280 nm in a 
spectrometer to quantify the amount of RNA present. 
 
List of analyzed genes 
Degree of oxidative stress (TRX1&2, PRX); Type of cell 
death (PARP 1; Caspase 3), Cell defense (HSP 70, HO 
1); Housekeeping (18 S RNA). 
 
Reverse Transcriptase—Polymerase Chain Reaction 
(RT PCR analysis) 
Reverse transcription polymerase chain reaction (RT-
PCR) is a variant of polymerase chain reaction (PCR). 
In RT-PCR, an RNA strand is first reverse transcribed  
into its DNA complement (complementary DNA, or 
cDNA) using the enzyme reverse transcriptase, and the 
resulting cDNA is amplified using traditional PCR. 
Amplification by PCR requires primer for the initiation. 
Forward and reverse primers were used. 

  
Gene Species Forward Reverse 

HO1 Mouse CACGCATATACCCGCTACCT CCAGAGTGTTCATTCGAGCA 

HSP-70 Mouse GACAAGTGCCAGGAGGTCAT CCCACGTGCAATACACAAAG 

Casp 3 Mouse ACGGAGCTGGACTGTGGCAT TTGTGCGCGTACAGCTTCAG 

PARP-1 Mouse CGACATGGTGTCCAAAAGTG TGTCTATGGAGCTGTGGCTG 

Trx-1 Mouse TGGATCCATTTCCATCTGGT CCACACCACGTAGCAGAGAA 

Trx-2 Mouse CATTTCCTCTCCTGCCTCTG TGTTCACAGCTCCTCCTCCT 

Prx Mouse GTGTCACAGGTCCCAGAGGT CTGCAGACAGGGAAGTGTCA 
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Gel Electrophoresis 
The amplified product was run on agarose gel for 
visualization and the intensity of the band was 
measured using a gel documentation system. 

 

 

RESULTS 

 

MTT assay 
The result is summarized in (Figure 1): The MTT assay 
showed TBH concentration for lethal dose 50 was 
found to be 62.5 micromolars. 

 

 
        

Figure 1 
 MTT assay for TBH concentration 

 
Effect of TBH induced oxidative stress in neuro 2a 
cell after 45 minutes reperfusion 
The result are précised in (Figure 2; 3a-b; 5a-b):  Serum 
deprivation for 45 min affects N2A cells to some extend 
as evident from “rounding-off” (withdrawal of processes) 

seen in them, While phase image did not show much 
difference between these and TBH treated cells. RT-
PCR analysis showed increased in PARP-1, and 
decrease in HSP-70, Trx-2, and Prxgene expression 
which signifies cell death through necrosis. 

 

 
 

Figure 2 
 Phase image of effect of TBH in N2a cell after  

45-minutes and 3-days reperfusion 
 
                                                         Figure 3a                               Figure 3b 

 

 
 

Figure 3a-b 
RT PCR analysis of PARP 1; after 45-minutes reperfusion 
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Effect of TBH induced oxidative stress in neuro 2a 
cell after 3-days reperfusion 
The result are précised in (Figure 2; 4a-b; 5a-b):  After 3 
days of re-perfusion with normal growth medium (with 
serum), cells treated with TBH showed extensive loss. 

This could be due to the washing off of dead cells during 
medium changes (Cell death might be due to initial 
necrosis and also due to delayed apoptosis). Delayed 
apoptosis was evident from increased Caspase 3 
expression from RT-PCR. 

 
    Figure4a                        Figure 4b 
 

 

   

Figure 4a-b 
RT PCR analysis of Caspase 3; after 3-days reperfusion 

 

Figure 5a 

 

 

 

Figure 5b 
 

 
 
Figure 5a-b: RT PCR analysis of degree of oxidative stress (TRX1&2, PRX);  
Type of cell death (PARP 1; Caspase 3), Cell defense (HSP 70, HO 1); Housekeeping 
(18 S RNA) after 45- minutes reperfusion. 
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DISCUSSION 

 

Neuronal cell death is typically discussed dichotomously 
as either apoptosis or necrosis

17
.Apoptosis is an active, 

programmed process of autonomous cellular 
dismantling that avoids eliciting inflammation 

18
. 

Necrosis is a passive, accidental cell death resulting 
from environmental perturbations with uncontrolled 
release of inflammatory cellular contents

19
. We 

observed increase in caspase gene expression level as 
evident from the results of reperfusion and  this increase 
signify cell death occurring by apoptosis

20
. Results from 

acute phase show increase in parp gene expression 
which signifies cell death through necrosis

21
.The 

comparison of gene expression analysis during acute 
and sub-acute phase of oxidative stress clearly shows 
cell which has survived initial stage of necrosis if could 
not defend itself and recover from the stress goes for 
apoptosis as the time lapses

22
. Thus initial periods of 

oxidative stress are marked by cell necrosis
23

 as there is 
no enough ATP available for the cell to go through 
programmed cell death (apoptosis) cascade 

24
as it 

requires energy for the synthesis of caspase and other 
factors involved in cascade. During sub-acute phase 
TBH was removed and serum was added; this depicts 
in-vivo scenario where the blood supply to cells may be 
suspended temporarily due to injury or block and after 
treatment (clot lysing agent such tissue plasminogen 
activator) there is reperfusion of blood

25
. This sub-acute 

phase is marked by apoptotic cell death in vitro; this 
suggest the same scenario may also possible in-vivo 
where initial period of the stress is marked by the 
necrosis of tissue and once the condition becomes more 
stable and less stress full cells which has survived the 
necrosis but not recovered completely may opt for 
apoptosis

26-28
. As we know apoptosis and necrosis are 

counter active a drug given to inhibit cell death by 
apoptosis during acute phase may drive cell for necrosis 
and make the condition worse

29
. This study shows that 

during the acute phase of cell death the primary 
treatment strategy should be to remove the oxidative 
stress and provide necrosis inhibitors 

30,31
 and once the 

condition stabilize(treatment with clot lysing agent )the 
next treatment strategy is to prevent apoptosis of the 
surviving cells. Stem cells are biological cells that can 
divide through mitosis and the potential of stem cells in 
regenerative medicine relies upon removing them from 
their natural habitat, propagating them in culture, and 
placing them into a foreign tissue environment

32
. Bone 

marrow stem cell are said to rescue surviving neurons 
after injury by producing growth factors 

33
. Some of the 

previous studies has been shown that growth factors 
prevents cell from apoptosis

34-37
 but there not much 

substantial data available to show effect of  growth 
factors to stop necrosis

38,39
.Therefore it is important to 

know the optimum time for transplant of stem cells as 
well as it should be timed such that transplantation takes 
place at the end of necrosis and before the initiation of 
apoptosis. 
 

CONCLUSION 

 
The study shows there is a gene expression change 
during the acute and sub-acute phase of the injury 
which mimics the in-vivo scenario of reperfusion after 
tissue insult. It has been shown that during the acute 
phase of stress the cell death occurs through necrosis 
and then gets shifted to apoptosis during sub-acute 
phase. The future direction of this study is to find the 
time at which the cell shift from necrosis pathway to 
initial phase of apoptosis  so that treatment can be timed 
specific to prevent cell death by both mechanisms. 
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