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Material and Methods 

mRNA analysis using quantitative real-time PCR 

To quantify NCX1, NCX2, and NCX3 mRNA levels in the IC, control-treated SD rats and SD rats 

subjected to ethanol withdrawal (3 hours group, 2 hours group, and 48 hours group) were 

euthanized with Nembutal (100 mg/kg; i.p.), and the colliculi were surgically dissected and stored 

at –80°C until use. Total RNA was extracted from IC tissues using the RNeasy mini kit (Qiagen, 

Valencia, California, Unites States) as previously described (N’Gouemo et al., Newton et al.). 

Briefly, complementary DNA was synthesized using a 5x iScript reaction mix (Bio-Rad, Hercules, 

California, United States) from total RNA by reverse transcription using the Quantitect reverse 

transcription kit (Qiagen) and stored at ‒20°C. The specific NCX1 (rat Slc8a1; Cat. #: 

Rn.PT.58.34399747.g, GenBank accession no. NM_019268), NCX2 (rat Slc8a2; Cat. #: 

Rn.PT.58.18337311, GenBank accession no. NM_078619), and NCX3 (rat Slc8a3; Cat. #: 

Rn.PT.58.45226267, GenBank accession no. NM_78620) primers (Integrated DNA Technologies, 

Coralville, Iowa, United Stated) were pre-validated and evaluated for PCR efficiency by the 

manufacturer; the assay will perform with PCR efficiencies between 90–110% and R2 >0.99. 

qPCR was performed on a CFX96 real-time PCR detection system (Bio-Rad) using the 

SsoAdvanced Universal SYBR green supermix (Bio-Rad). After amplification, a crossing 

threshold (CT) value (representing the number of cycles required to reach a specific level of 

fluorescence) was determined for each sample using the BioRad CFX manager software.  

Data analysis 

We used the comparative CT (ΔΔCT) method to calculate NCX1, NCX2, and NCX3 mRNA 

expression in ethanol-treated samples relative to control-treated samples, and β-actin was used for 

data normalization [65]. One-way ANOVA followed by a Bonferroni post hoc correction to 
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evaluate differences in mRNA levels. The summary data are presented as fold-change±S.E.M. for 

mRNA expression; differences were considered significant at P<0.05. 

Results 

Ethanol withdrawal upregulates NCX at the mRNA level. 

The NCX mRNA levels were analyzed at 3 hours (before the onset of AWSs), 24 hours (when 

AWS susceptibility peaks), and 48 hours (when the seizure susceptibility resolved) following 

ethanol withdrawal. IC tissues were obtained from the control-treated and ethanol-treated rats at 

3, 24, and 48 hours following ethanol withdrawal. The overall expression of NCX1 mRNA was 

increased significantly in the IC (n=5) following ethanol withdrawal (one-way ANOVA, F(3,16) = 

22.79, P = 0.00001). Interestingly, the expression (presented as fold-changes) of NCX1 mRNA 

was significantly increased at 3 hours (t=7.07, P < 0.05) and 24 hours (t=3.59, P <0.05), but not 

48 hours following ethanol withdrawal, in comparison to the control-treated group (Figure 5A). 

Comparisons between ethanol-treated groups revealed that expression levels for NCX1 mRNA 

were significantly elevated 3 hours following ethanol withdrawal compared to the 24 hours group 

(t=3.47, P < 0.05, Fig. 5A). Furthermore, the expression levels for NCX1 mRNA were significantly 

elevated 3 hours (t=7.02, P < 0.05, Fig. 5A) and 24 hours (t=3.55, P < 0.05, Figure 5A) following 

ethanol withdrawal compared to 48 hours. The overall expression of NCX2 mRNA was also 

increased significantly in the IC (n=5) following ethanol withdrawal (F(3,16) = 6.0, P = 0.006). 

However, ethanol withdrawal did not significantly alter the levels of NCX2 mRNA compared to 

the control-treated group. Nevertheless, the levels of NCX2 mRNA were significantly higher 24 

hours following ethanol withdrawal compared to the 48 hours group (t=4.19, P <0.05; Fig. 5B). 

The overall expression of NCX3 mRNA was also increased significantly in the IC (n=3) following 

ethanol withdrawal (F(3,14) = 10.43, P = 0.0007). Further analysis revealed that the levels of NCX3 
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mRNA were significantly higher 24 hours after ethanol withdrawal compared to the control-treated 

group (t=4.76, P = 0.002; Fig. 5C). Interestingly, the levels of NCX3 mRNA were also significantly 

higher at 24 hours compared to 3 hours (t=3.30, P = 0.0313) or 48 hours  (t=4.87, P = 0.0015; Fig. 

1C) following ethanol withdrawal (Fig. 5C). 

Quantification of mRNA ratios of the three NCX was calculated and presented in Table 2. The 

NCX1 mRNA expression was dominant throughout ethanol withdrawal and 3 hours after ethanol 

withdrawal over NCX2 and NCX3 mRNA, respectively. Furthermore, analysis of the ratios of the 

mRNA expression levels of the NCX2 to NCX3 revealed dominant mRNA expression levels of 

NCX2 before the onset of AWS susceptibility, whereas NCX3 mRNA expression levels became 

dominant when AWS susceptibility peaked and resolved. 

Discussion 

We found that mRNA levels of NCX1 were higher at 3 and 24 hours after alcohol withdrawal, 

before the onset of AWS susceptibility, and when seizure susceptibility peaked, respectively, 

compared to the control-treated group. The NCX2  mRNA expression was higher when AWS 

susceptibility peaked but lower when AWS susceptibility was resolved. The NCX3  mRNA 

expression was higher when AWS susceptibility peaked than when AWS susceptibility was absent 

or the control-treated group. Furthermore, the ratios of NCX mRNA revealed that only NCX1 

mRNA expression was dominant during alcohol withdrawal.  

There is some limitation to the mRNA data. The limited number of evaluated animals subjected 

to alcohol withdrawal make it difficult to decipher the relation between NCX3 mRNA and NCX3 

protein expression. Nevertheless, these findings suggest that upregulation of NCX1 plays the most 

considerable role in the pathogenesis and pathophysiology of AWSs.  
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Legends 

Figure 5. Ethanol withdrawal upregulates NCX1 mRNA in the IC before the onset of seizure 

susceptibility 

 The NCX1, NCX2, and NCX3 mRNA levels are measured in the IC; data are expressed as fold 

change relative to the control-treated group. A. The NCX1 mRNA levels were significantly 

elevated 3 and 24 hours after alcohol withdrawal compared to the control-treated group. The  NCX1 

mRNA levels were also considerably elevated 3 hours after alcohol withdrawal compared to the 

24th hour. Similarly, the levels of NCX1 mRNA were significantly elevated 24 hours after alcohol 

withdrawal compared to the 48th hour. The summary data are shown as mean ± S.E.M. (n=5 rats 

per group). B.  The levels of NCX2 mRNA were significantly elevated 24 hours after alcohol 

withdrawal compared to the 48th hour. C.  The levels of NCX3 mRNA were elevated considerably 

24 hours after alcohol withdrawal compared to the 48th hour and the control-treated group. The 

data are shown as mean ± S.E.M. (5 rats per group). *P<0.05 (ANOVA followed by a Bonferroni 

correction). 


