
Antioxidant neuroprotection against ethanol-induced apoptosis
in HN2-5 cells

Dhara S. Sheth*,^, Nuzhath F. Tajuddin*,#,^, and Mary J. Druse*,#,^
*Department of Cell Biology, Neurobiology, and Anatomy, Loyola University, Stritch School of
Medicine, 2160 S. First Avenue, Maywood, IL 60153
#Division of Molecular and Cellular Biochemistry, Loyola University, Stritch School of Medicine, 2160
S. First Avenue, Maywood, IL 60153
^The Alcohol Research Program, Loyola University, Stritch School of Medicine, 2160 S. First
Avenue, Maywood, IL 60153

Abstract
Earlier studies from this and other laboratories show that ethanol induces apoptotic death of fetal and
neonatal neurons. One mechanism that underlies these effects is the ethanol-associated reduction in
the phosphatidylinositol 3′ kinase pro-survival pathway. Another mechanism involves the oxidative
stress caused by the ethanol-associated increase in reactive oxygen species (ROS).

In the present study, we used the murine HN2-5 hippocampal-derived cell line to investigate the
effects of ethanol on ROS levels and apoptosis. We also investigated the potential neuroprotective
effects of two structurally unrelated antioxidants: N-acetylcysteine (NAC) and melatonin. The results
demonstrate that NAC blocked an ethanol-associated increase in ROS. In addition, NAC and
melatonin prevented the augmentation of apoptosis in ethanol-treated neurons. Both antioxidants
significantly elevated the expression of the anti-apoptotic gene XIAP in ethanol-treated and/or control
neurons and melatonin increased Bcl-2 expression in ethanol-treated neurons. Thus, it is possible
that the neuroprotective effects of NAC and melatonin involve their ability to augment the expression
of one or more anti-apoptotic gene as well as their classical antioxidant actions. Additional studies
are needed to establish the effectiveness of these antioxidants to prevent the loss of neurons which
accompanies in utero exposure to ethanol.
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Introduction
Although human alcohol consumption during pregnancy leads to severe physical, mental and
behavioral deficits in children (Riley and McGee, 2005), there are no pharmacological
therapeutic treatments available to prevent the ethanol-associated damge to the developing
central nervous system. Human and animal studies demonstrate that early exposure to ethanol
reduces the size of specific brain areas (Riley et al., 2004). In vitro and in vivo studies in rodent
models show that ethanol decreases the number of developing cerebellar granule, Purkinje,
hippocampal, and cortical neurons (Bonthius et al., 1996; Maier et al., 1999; Jacobs and Miller,
2001; Light et al., 2002; Heaton et al., 2004; Olney, 2004). Ethanol also reduces serotonin (5-
HT) neurons and their projections Tajuddin and Druse, 1999; 2001; Sari and Zhou, 2004; Zhou
et al., 2005). The ethanol-associated loss of neurons appears to be caused by apoptotic cell
death (Ramachandran et al., 2003; Druse et al., 2004; 2005; 2007; Dikranian et al., 2005; Chen
et al., 2006). Apoptotic death of neurons is preceded by increased reactive oxygen species
(ROS) and mitochondrial dysfunction (Chu et al., 2007) as well as damage to DNA (Cherian
et al., 2008).

One mechanism by which ethanol can damage CNS tissue and augment apoptosis is by
increasing oxidative stress (Montoliu et al., 1995; Heaton et al., 2003b; Ramachandran et al.,
2003; Marino et al., 2004; Pierce et al., 2006). The brain is particularly susceptible to oxidative
stress because of its high oxygen consumption, high polyunsaturated fatty acid content, and
low antioxidant defenses (Gruener et al., 1991; Lau et al., 2005). Moreover, in vivo studies
show that ethanol reduces endogenous defenses against oxidative stress in CNS tissue. That
is, ethanol treatment reduces levels of the endogenous antioxidant glutathione (GSH) (Uysal
et al., 1989; Reddy et al., 1999; Calabrese et al., 2000) and alters activities of the antioxidant
enzymes superoxide dismutase and catalase (Heaton et al., 2003a; 2003b).

Because of the devastating effects of in utero ethanol exposure on the developing CNS, there
is considerable interest in identifying potential therapeutic agents that might prevent this
damage. Although an effective therapeutic agent has yet to be used in humans, in vivo and in
vitro studies in rodents show that several antioxidants, a 5-HT1A agonist, and other agents may
be able to provide neuroprotection (Druse et al., 2004; 2005; Heaton et al., 2004; Marino et
al., 204; Siler-Marsiglio et al., 2004; Antonio and Druse, 2008). The present investigation
studied the potential neuroprotective/anti-apoptotic effects of the antioxidants N-acetyl
cysteine (NAC) and melatonin in HN2-5 cells. Like the fetal rhombencephalic neurons used
in our prior investigations of antioxidants and 5-HT1A agonists, the hippocampus-derived
HN2-5 cells contain the 5- HT1A receptor (Lee et al., 1990; Singh et al., 1996). The present
study also investigated non-antioxidant effects of NAC and melatonin that might contribute to
their neurprotective effects; these studies evaluated the influence of the two antioxidants on
the expression of the important anti-apoptotic genes XIAP and Bcl-2.

NAC is of potential interest as a neuroprotective agent against ethanol-induced apoptosis
because it both reduces oxidative stress and prevents cell death in other models of oxidative
stress (Jayalakshmi et al., 2005; Arakawa et al., 2006. Reportedly, NAC can counteract
oxidative stress and promote survival by increasing GSH levels (Bosch-Morell et al., 1998;
Arakawa et al., 2006) and by augmenting the activity of glutathione peroxidase (Bosch-Morell
et al., 1998). The in vivo effects of NAC on CNS tissue are likely to involve astrocytes, which
play an important role in GSH recycling (Watts et al., 2005). Of interest, NAC treatment can
influence gene transcription. That is, NAC can reverse changes in gene expression that were
originally mediated by ischemia-reperfusion (Maddika et al., 2009), As3+ (Thompson et al.,
2009), or hyperglycemia (Hung et al., 2009).
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Melatonin is another antioxidant of potential therapeutic interest. Melatonin is an indole, which
can reduce oxidative stress in vitro (Tan et al., 2000) and in models of neurodegenerative
diseases (Iacovitti et al., 1997; Cabrera et al., 2000; Feng and Zhang, 2004). It can also attenuate
the increase in ROS that accompanies treatment with β-amyloid (Feng and Zhang, 2004) or
hydrogen peroxide (Juknat et al., 2005). These effects of melatonin are likely mediated by its
action as a free radical scavenger (Zang et al., 1998) and by its ability to increase the expression
of genes that encode the endogenous antioxidant enzymes glutathione peroxidase, copper-zinc
superoxide dismutase, and manganese superoxide dismutase (Rodríguez et al., 1998). This
study investigated whether melatonin also increased the expression of two specific anti-
apoptotic/pro-survival genes, Bcl2 and XIAP.

Results
Ethanol increases ROS formation in HN2-5 cells NAC attenuates this effect

Figure 1 depicts data obtained from four similar experiments in which HN2-5 cells were pre-
treated with NAC for 30 minutes and then co-treated with NAC and 100 mM ethanol for 1
hour. During the 1-hour interval ROS levels were measured using the fluorescent dye 2′,7′-
dichlorodihydrofluorescein (DCF). The results of these studies show that ethanol treatment
significantly elevates the levels of ROS. Typically, a significant increase in ROS is detected
as early as 30 minutes after the addition of ethanol (∼40% increase, p < .01); by 1 hour ROS
levels are ∼80% greater in ethanol-treated than control neurons (p < .01). NAC treatment
reduced ROS levels in ethanol-treated cultures to values that are significantly below those in
their time-matched groups (p < .01). Although this and another laboratory (Giusti et al.,
1996) had technical difficulty using melatonin in DCF assays, there is clear evidence that
melatonin scavenges ROS (Tan et al., 2000).

Ethanol significantly increases the percentage of apoptotic HN2-5 cells; co-treatment with
NAC and melatonin prevents this ethanol-associated damage

Figures 2A and 2B include representative images of HN2-5 cells stained with Hoechst 33342.
These cells were treated with ethanol and NAC (Figure 2A) or melatonin (Figure 2B). This
laboratory previously demonstrated that Hoechst 33342, which stains fragmented/apoptotic
nuclei, identifies the same apoptotic cells as TUNEL (terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end-labeling); TUNEL stains fragmented DNA (Druse et al.,
2004). Each value presented in the graphic representations in Figures 2C and 2D was obtained
from 4-6 separate studies in which > 2000 cells were analyzed per treatment group. Ethanol
treatment caused a 2.5- to 3-fold increase in the percentage of apoptotic HN2-5 cells.
Importantly, co-treatment with either NAC (Figure 2C) or melatonin (Figure 2D) blocked the
ethanol-associated increase in apoptosis; the percentage of apoptotic neurons in cultures treated
with ethanol plus NAC or melatonin were comparable to those in untreated (no ethanol) cultures
(p > .05).

A 24-hour exposure of HN2-5 cells to ethanol reduced the expression of the gene that
encodes the pro-survival protein XIAP by ∼50% (p < .05); co-treatment with either NAC or
melatonin prevented this ethanol-associated reduction (Figure 3)

In fact, both antioxidants significantly augmented XIAP in ethanol-treated neurons. In
comparison with control neurons (no ethanol, no antioxidant) XIAP was increased ∼1.5 fold
in HN2-5 cells that were co-treated with ethanol and NAC (p < .05) and 6-fold in cells co-
treated with melatonin (p < .01). Melatonin also increased XIAP in control neurons (p < .05).
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Expression of the gene that encodes the pro-survival protein Bcl-2 was augmented by
melatonin (Figure 4)

Melatonin increased Bcl-2 expression in ethanol-treated HN2-5 cells in comparison to those
maintained both under control conditions (4-fold increase, p < .01) and in the presence of
ethanol (p <.01). NAC did not significantly alter Bcl-2 in either control or ethanol-treated
neurons (p > .05).

Discussion
Using hippocampus-derived HN2-5 cells (Lee et al., 1990; Singh et al., 1996), which proved
to be an effective model to study ethanol-associated apoptosis, the present study demonstrated
the neuroprotective effects of two structurally unrelated antioxidants, NAC and melatonin.
Their neuroprotective effects are likely to include their ability to counteract oxidative stress.
In addition, the results of this investigation raise the possibility that the ability of NAC and
melatonin to up-regulate genes that encode important anti-apoptotic proteins, i.e., Bcl-2 and
XIAP, might also be important.

In HN2-5 cells, as in cultured neurons (Montoliu et al., 1995; Heaton et al., 2002;
Ramachandran et al., 2003), ethanol-treatment causes a brisk rise in ROS. There is strong
evidence that the ethanol-associated increase in ROS is associated with an impaired ability of
the cells to detoxify the elevated levels of ROS (Uysal et al., 1989; Calabrese et al., 2000;
Heaton et al., 2003; Watts et al., 2005), mitochondrial dysfunction, DNA damage and apoptotic
death (Chu et al., 2007; Cherian et al., 2008). Unfortunately, neural tissue is particularly
susceptible to the damage caused by oxidative stress because of its high oxygen consumption,
high polyunsaturated fatty acid content, and low antioxidant defenses (Halliwell and
Gutteridge, 1985; Lau et al., 2005).

Co-treatment with NAC prevents the ethanol-associated rise in ROS in HN2-5 cells. There is
additional evidence that NAC reduces oxidative stress in hippocampal neurons (Jayalakshmi
et al., 2005) and that melatonin scavenges ROS (Tan et al., 2000). In addition to its effects as
a classical antioxidant, NAC can reduce oxidative stress by elevating intracellular levels of the
endogenous antioxidant GSH (Mayer and Noble, 1994; Juknat et al., 2005) and by augmenting
the activities of the antioxidant enzymes glutathione peroxidase and glutathione reductase
(Jayalakshmi et al., 2005). Reportedly, melatonin’s effects also involve its ability to increase
the activities of superoxide disumutase and glutathione reductase in brain (Okatani et al.,
2000) and other organs (Liu and Ng, 2000).

Co-treatment with either NAC or melatonin prevents ethanol-associated apoptosis in HN2-5
cells. Protection was also found when NAC (Jayalakshmi et al., 2005; Arakawa et al., 2006)
or melatonin treatment was used to counter the effects of other models of oxidative stress
(Feng and Zhang, 2004; Juknat et al., 2005). Thus, it is likely that a part of the neuroprotective
effects are due to the ability of these antioxidants to reduce oxidative stress. Similarly, this
laboratory showed that ethanol-associated apoptosis in fetal rhombencephalic neurons is
prevented by co-treatment with several different antioxidants, including phenols (EGCG,
curcumin and resveratrol), an indole (melatonin) and a dithiol (α-lipoic acid) (Antonio and
Druse, 2008). Others demonstrated that treatment with vitamin E (Heaton et al., 2004; Marino
et al., 2004) or the bioflavonoid pycnogenol (Siler-Marsiglio et al., 2004) exert similar
neuroprotective effects on ethanol-treated neurons. However, the neuroprotective effects of
antioxidants are not limited to the attenuation of an ethanol-associated increase in ROS.

The results of the present study also suggest that a part of the neuroprotective effects of NAC
and melatonin might include non antioxidant actions, i.e., their ability to up-regulate the
expression of genes encoding one or more anti-apoptotic proteins. For example, both NAC and

Sheth et al. Page 4

Brain Res. Author manuscript; available in PMC 2010 August 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



melatonin augmented expression of XIAP in ethanol-treated HN2-5 cells. XIAP encodes the
X-inhibitor of apoptosis protein, an important inhibitor of apoptosis via its inhibition of
caspase-3 (Salvesen et al., 2002). In addition, melatonin increased Bcl-2 expression. The Bcl-2
protein can block apoptosis by binding to proapoptotic Bax and preventing the formation of
pores in the outer mitochondrial membrane (Tsujimoto et al., 2000). If the NAC and/or
melatonin-mediated increase in the expression of XIAP and Bcl-2 in the antioxidant-treated
neurons is paralleled by changes in protein, such changes could contribute to the
neuroprotective effects of these molecules. In fact, another investigator (Heaton et al., 2004)
reported that treatment with the antioxidant vitamin E prevented an ethanol-associated
reduction in the levels of the Bcl-2 protein. That melatonin but not NAC up-regulated Bcl-2
suggests that the regulation of this gene is not limited to classical antioxidant effects.

In summary, this study demonstrates the anti-apoptotic effects of the antioxidants NAC and
melatonin. While their neuroprotective effects are undoubtedly due in part to their actions as
classical antioxidants, the present studies raise the possibility that these effects might also
involve the up-regulation of genes that encode pro-survival/anti-apoptotic proteins.
Interestingly, this laboratory demonstrated that two additional neuroprotective agents, i.e., the
5-HT1A agonist ipsapirone and S100B, both prevented ethanol-associated apoptosis and
augmented expression of XIAP and either Bcl-XL or Bcl-2 (Druse et al., 2006; 2007). A common
thread in the neuroprotective effects of three unrelated types of agents, i.e., antioxidants,
ipsapirone, and S100B, might involve their ability to up-regulate the expression of these and
possibly other neuroprotective genes. Importantly, ipsapirone was also shown to prevent the
in vivo reduction in 5-HT neurons that accompanies in utero ethanol exposure (Tajuddin and
Druse, 1999; 2001). Additional studies are needed to determine whether NAC and melatonin
also exert neuroprotective effects against ethanol-associated neuronal loss in vivo.

Experimental Procedure
Cell culture of HN2-5 cells

Mouse hippocampal neuron-derived HN2-5 cells were generously donated by Dr. Probal
Banerjee (SUNY, Staten Island). Cells were seeded onto 55 cm2 culture plates (6 million cells/
plate) for RNA studies, 1.8 cm2 chambered slides (250,000 to 300,000 cells/chamber) for
Hoechst analyses, and 96-well plates (50,000 cells/well) for DCF studies. Plates and slides
were previously coated with poly-L-lysine (Sigma-Aldrich, St. Louis, MO). Cells were
cultured according to established protocols (Singh et al., 1996; Adayev et al., 1999; 2003) with
some modifications. After cultures reached 70% confluency, cells were maintained overnight
in differentiation media [DMEM containing 5 μM retinoic acid (Sigma-Aldrich, St. Louis,
MO), 1% FBS and 200 μg/ml neomycin]. Preliminary studies established that our culture
conditions generated a consistent degree of differentiation (∼85%) and cell morphology.
Preliminary studies also determined the optimal dose of ethanol and antioxidants and the
optimal treatment time. The media concentrations of ethanol (100 mM) and serum (0.5%, v/
v) were chosen because cells cultured under these conditions are sensitive to ethanol with regard
to ROS levels and apoptosis. The selected neuroprotective dose of NAC (1 mM NAC, Sigma-
Aldrich, St. Louis, MO) is consistent with that shown to be protective in a previous study
(Mayer and Noble, 1994); the selected concentration of melatonin (1 μM melatonin, Sigma-
Aldrich, Milwaukee, WI) is identical to that which reduced oxidative damage to DNA (López-
Burillo et al., 2003). Differentiated cells were treated with no ethanol (control) or 100 mM
ethanol (ethanol) in DMEM containing 0.5% FBS for 24 hours; they were also co-cultured in
the presence or absence of NAC or melatonin. The ethanol concentration was maintained using
a chamber system, previously described by this laboratory (Eriksen et al., 2002). This system
maintains the ethanol concentration in the media at ≥85% of the initial concentration (Eriksen
et al., 2002).
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DCF determination of ROS
ROS was measured by using 2′,7′- dichlorodihydrofluorescein diacetate (DCF-DA, Sigma-
Aldrich, St. Louis, MO) dye. HN2-5 cells were grown and cultured on 96-well plates as
described. After the overnight differentiation period, media was removed. Cells were then
washed with warmed phosphate buffered saline (PBS) and incubated with DCF-DA in PBS at
37°C for 20 minutes. The DCF-containing media was removed and cells were washed with
warmed PBS to remove unincorporated DCF. Ethanol in PBS was added immediately prior to
measurements of fluorescence at excitation and emission wavelengths of 485 nm and 538 nm,
respectively. In each experiment, one “n” represents the mean of values obtained from 12 wells.
Each experiment was repeated four times with samples generated from separate cultures.

Detection of apoptotic cells with Hoechst 33342
After the 24-hour treatments, media was removed from the cells in the 4-chambered slides,
cells were washed once with PBS, and fixed with 4% formaldehyde (Sigma-Aldrich, St. Louis,
MO) in PBS. Cells were then washed with PBS and incubated with a 1:500 dilution of stock
solution (1.2 mg/ml in PBS) of Hoechst 33342 (Sigma-Aldrich, St. Louis, MO) in a dark
humidified chamber at 37°C for 15 min. A Nikon Microphot fluorescence microscope was
used in the ultraviolet range to view Hoechst-stained cells. Images were captured using a 20X
objective and later analyzed at a higher computer-enhanced magnification (>100X). Neurons
that were identified as apoptotic contained fragmented nuclei; non-apoptotic cells had an intact
nucleus and lacked the fragmented nuclei. In earlier studies from this laboratory (Druse et al.,
2004), we showed that the identical population of apoptotic fetal rhombencephalic neurons in
control and ethanol-treated cultures were identified by Hoechst 33342, which stains fragmented
nuclei, and TUNEL, which labels fragmented DNA in apoptotic cells. In each of 4 to 6 separate
experiment 500-600 neurons were analyzed; these neurons were counted on ∼20 fields from
two chambers (10 fields/chamber). Thus, a total of > 2000 were analyzed for each treatment
group. Samples were analyzed methodically without consideration of treatment.

Quantitative real-time RT-PCR
As described previously (Druse et al., 2006), Trizol (Life Technology, Gaithersburg, MD) was
used to extract total RNA from cultured HN2-5 cells. RNA was dissolved in 25 μl of DEPC-
treated H2O, which was treated with DNA-free (Ambion) and stored at -80° until use. Using
1 to 2 μg of total RNA (DNA-free), single strand cDNA was synthesized using the First Strand
cDNA synthesis kit (Pharmacia Biotech, Piscataway, NJ).

cDNA (DNA equivalent of 40 ng to 20 ng of total RNA) was used at a dilution of 1:2 or 1:4
in 20 μl of 1X Platinum Quantitative PCR Super Mix-UDG (1.5 U Platinum Taq DNA
polymerase, 50 mM KCl, 3 mM MgCl2, 20 mM Tris-HCl (pH 8.4), 200 mM each of dGTP,
dATP, and CTP, 400 mM dUTP, 1 U UDG) (Life Technology), 1/40,000 SYBR Green
(Molecular Probes, Eugene, Oregon), 0.25 mM Rox (Life Technology), and 0.25 μM primers
(Druse et al., 2006). PCR amplifications were performed in triplicate using a Perkin-Elmer
Gene Amp 7300 Sequence Detector thermal cycler (Applied Biosystems, Foster City, CA).
GAPDH expression was assessed to normalize sample inputs; GAPDH was not influenced by
the experimental treatments used in this study. Standard curves were generated using plasmid
containing target genes (Druse et al., 2006) and serial dilutions of known amounts of the input
copy number of target genes. For each set of primers, a triplicate RT-PCR reaction was included
that lacked cDNA or known DNA template. Specific primary sequences for XIAP and Bcl-2
(Druse et al., 2006) were selected using the Primer Express program (Applied Biosystems) and
sequences available from the NCBI database. Primers were synthesized by Life Technology.
Values were obtained from four to six separate experiments.
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Statistical Analyses
Statistical significance of data was determined using a 2-way ANOVA and post-hoc analyses
(p < 0.05). Values from real-time RT-PCR analyses were determined using the 2 -ΔΔC

T method
(Livak and Schmittgen, 2001), which facilitates the analysis of relative changes in gene
expression from real-time quantitative RT-PCR experiments.

Abbreviations
NAC, N-acetylcysteine; Mel, Melatonin; ROS, reactive oxygen species; DCF-2′, 7′-
dichlorodihydrofluorescein; GSH, glutathione.
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Figure 1. N-Acetylcysteine blocks the ethanol-associated increase in ROS
DCF was used to measure ROS in cultures of HN2-5 cells maintained in the presence of 0 or
100 mM ethanol and 0 or 1 mM NAC. DCF fluoresecence was measured over a 1-hour period
in 12 replicate wells/sample. Results are presented from the 30′ and 60′ time points as the mean
± SEM of values obtained from four similar experiments. The ** identify values that are
significantly different from those in the time-matched untreated control at p < .01; ## identifies
values from cells treated both with ethanol and NAC that were significantly different from
values obtained from ethanol-treated cells (p < .01). The abbreviations Con, Eth, and NAC are
used in place of Control, Ethanol, and N-acetylcysteine, respectively.
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Figure 2. Ethanol augments apoptosis in HN2-5 cells; both NAC and melatonin provide
neuroprotection
This figure includes representative images of HN2-5 cells, stained with Hoechst 33342, that
were co-treated with ethanol (0 or 100 mM) and either 0 or 1 mM NAC (Figure 2A) or 0 or 1
μM melatonin (Figure 2B). Apoptotic cells are identified with arrows. Figures 2C and 2D
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include graphic representations of the results obtained in experiments which used Hoechst
33342 to identify apoptotic HN2-5 cells in cultures co-treated with ethanol and NAC (Figure
2C) or melatonin (Figure 2D). Results are presented as the mean percent apoptotic cells ± SEM
of values obtained from four to six separate experiments. Treatment of HN2-5 cells with ethanol
for 24 hours results in a 2- to 2.5-fold increase in apoptosis. Co-treatment of ethanol cultures
with either NAC or melatonin decreased the percentage of apoptotic neurons and prevented
ethanol-associated increase apoptosis. Values from ethanol-treated cultures were significantly
greater than those in control cultures (**, p < .01), and those from cultures co-treated with
NAC or melatonin and ethanol were significantly less than those from the ethanol-treated
cultures (##, p < .01) and comparable to control values (p > .05). The abbreviations Con, Eth,
NAC and Mel are used in place of Control, Ethanol, N-acetylcysteine, and melatonin,
respectively.

Sheth et al. Page 15

Brain Res. Author manuscript; available in PMC 2010 August 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Ethanol reduced the expression of XIAP. Co-treatment with NAC (Figure 3A) or
melatonin (Figure 3B) augmented expression of XIAP in ethanol-treated HN2-5 cells; melatonin
also increased XIAP in control neurons
Each value represents the mean ± the SEM of values obtained from three to four separate
experiments. Values are expressed as the fold change in mRNA as calculated by the 2
-ΔΔC T method [Livak and Schmittgen, 2001]. The abbreviations Con, Eth, NAC and Mel are
used in place of Control, Ethanol, N-acetylcysteine, and melatonin, respectively. * and **
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identify values that are significantly different from the control value at p < .05 and p< .01,
respectively; the ## identifies values in the EthNAC or EthMel groups that are significantly
different from those in the Ethanol group (p < .01).
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Figure 4. Co-treatment of ethanol-treated HN2-5 cells with melatonin augmented expression of
XIAP
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Each value represents the mean ± the SEM of values obtained from three to four separate
experiments obtained from cultures of HN2-5 cells that were co-treated with NAC (Figure 4A)
or melatonin (Figure 4B). Values are expressed as the fold change in mRNA as calculated by
the 2 -ΔΔC

T method [Livak and Schmittgen, 2001]. The abbreviations Con, Eth, NAC and Mel
are used in place of Control, Ethanol, N-acetylcysteine, and melatonin, respectively. The **
identifies values that are significantly different from the control value at p< .01; the ## identifies
values in the EthMel group that are significantly different from those in the Ethanol group (p
<. 01).

Sheth et al. Page 19

Brain Res. Author manuscript; available in PMC 2010 August 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


