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ABSTRACT: Acute ethanol intoxication causes a lot of 

pathologies which have been linked to oxidative stress, despite the 

attending toxicity of ethanol, its acute exposure is sometimes 

necessitated. Although, a lot of researchers have investigated 

acute ethanol intoxication with possible management regimens 

especially the use of compounds with antioxidant properties. 

However, less information is available on the time-dependent 

effects of ethanol on the biochemical indicators of oxidative stress 

and the possible interactive effects that diphenyl diselenide 

(DPDSe) may have on it in liver tissues. Hence, this study sought 

to investigate the time-dependent effects of ethanol and the 

possible influence DPDSe may have on intoxication at different 

times.10mg/kg DPDSe was administered orally to white Albino 

rats 30 minutes before and after oral administration of 13ml/kg of 

28% ethanol solution, the reaction was terminated at 1hr, 3hrs, 

6hrs and 12hrs after administration of ethanol for different 

groups. Thereafter, the oxidative stress indicators such as lipid 

peroxidation, total thiol, and non-protein thiol as well as activities 

of enzymes that are stress-responsive such as ⸹-aminolevulinic 

acid dehydratase (ALAD), 5’-nucleotidase and nucleoside 

triphosphate diphosphohydrolase (NTPDase) were evaluated. The 

results of lipid peroxidation, and thiol level show that ethanol-

induced stress is more pronounced at times 3hrs and 6hrs of 

exposure while the protective effect of diphenyl diselenide on the 

tissues is maximum at 6 hrs after exposure to ethanol. The time-

dependence intoxication effect of ethanol on the liver and the time-

dependent ameliorative effect of DPDSe show that in the search 

for more therapeutic agents against acute intoxication of ethanol, 

time of exposure to ethanol is a valid factor that is to be 

considered. 

KEYWORDS: Ethanol intoxication, time-dependent, oxidative 

stress, diphenyl diselenide. 
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INTRODUCTION 

 Intoxication by ethanol has been investigated by many researchers using various models to 

unravel how it affects different cells and organs with a view of finding agents that could have 

ameliorative effects on it (Boby et al., 2021, Carton et al., 2019, Wang et al., 2013).  Some of 

the previous work that has been done confirmed that oxidative stress could be one of the 

mechanisms of intoxication by ethanol (Hernendez et al., 2016, Jegal et al., 2023, Vucevic et 

al., 2013, Flora et al., 2013). Oxidative stress is the phenomenon that describes stress that is 

induced by the imbalance in the antioxidant and oxidant levels in the cells in favour of the 

oxidants. These resultant oxidants cause damage to cells and this may result in various 

pathologies in the cell depending on which part of the body is affected (Carton et al., 2019). 

The stress occurs either by depleting the antioxidant system in the cell or by producing the 

oxidant at an exorbitant rate than what exogenous antioxidant can cope with, thereby 

accumulating in the blood to generate free radicals which can initiate a chain reaction leading 

to the generation of more radicals and reactive oxygen species (ROS). 

Aside from the research into mechanisms of ethanol intoxication, factors that affect the severity 

of intoxication have also been investigated which include the age of the animal (Vetreno et al., 

2023), dosage and concentration of ethanol taken (Carton et al., 2019), time of exposure 

(Ibrahim et al., 2014) and interaction with other chemical compounds (Souli et al., 2013) The 

effect of time of exposure to ethanol intoxication on various organs is another area that has 

attracted the interest of researchers (Ibrahim et al., 2014) and their results show that 

intoxication in the liver and heart is through oxidative stress and that it depends on the time of 

exposure to ethanol.  

In search of the solution to alcohol intoxication, several antioxidant compounds have been used 

to ameliorate the effect (Luczaj and Skrzydlewa,2004, Reiter et al., 1999, Jegal et al., 2023). 

Diphenyl diselenide is an organoselenium compound with proven antioxidant properties which 

have been used in the management of many pathologies that are linked with oxidative stress 

(Wang et al., 2022, Petrinilho et al.,2016, Quispe et al., 2019). 

Although many antioxidant compounds with ameliorative effects on ethanol intoxication have 

been studied, less information is available in the literature as to the effects of these antioxidant 

compounds on ethanol intoxication at various hours of exposure to ethanol, this research sought 

to investigate the effect of ethanol on hepatic and neuronal cells at different hours (1hr, 3hrs, 

6hrs, 12hrs) after a single oral administration of 8g/kg ethanol and the interactive effect of 

diphenyl diselenide on the intoxication at the various hours of exposure studied using rat model. 
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MATERIALS AND METHODS 

Chemicals 

Diphenyl diselenide, trichloroacetic acid (TCA), Dithiothreitol (DTT), Tris salt, dithio-bis-(2-

nitrobenzoic acid) DTNB, ethanol and other chemicals were gotten from Sigma Chemical Co. 

USA. Other chemicals were purchased from standard suppliers. 

Experimental animals 

Male adult Wistar rats (120-150 g) were purchased, acclimatised at the Animal House of the 

Department of Biochemistry, The Federal University of Technology, Akure, Nigeria, for 2 

weeks and used in the entire experiment according to standard guidelines of the Committee on 

Care and Use of Experimental Animal Resources. 

Experimental Design (in vivo) 

The study of DPDSe influence on acute intoxication by ethanol after 1 hr, 3 hrs, 6hrs and 12 

hours of treatment was carried out. The rats were divided into five groups (n=6) for each hour 

treatment and allowed to acclimatise for two weeks, after which group 1 (Control) was 

administered distilled water, group 2 was treated with 10 mg/kg DPDSe only, group 3 induced 

with a single oral dose of 8 g/kg ethanol only, group 4 was pretreated with 10 mg/kg DPDSe 

before induction with a single oral dose of 10ml/kg of 28% ethanol solution,  group 5 was 

treated with 10mg/kg DPDSe after 30 minutes of a single oral dose of 8g/kg ethanol, the 

experiment was terminated at different hours  (1 hr, 3 hrs, 6 hrs, 6 hrs) after the treatment with 

ethanol. 

Lipid peroxidation assay 

Lipid peroxidation was measured as thiobarbituric acid reactive substances (TBARS). TBARS 

were determined in tissue homogenates as previously described (Ohkawa et al., 1979; Rossato 

et al., 2002). MDA values were determined using the absorbance coefficient (1.56 · 105 

/cm/mmol) of the MDA–TBA complex at 532 nm. 

Thiol oxidation 

The thiol oxidation was determined in the presence of 50 mM Tris HCl pH 7.4 in both 

proteinised and deproteinized samples. The rate of thiol oxidation was evaluated by measuring 

the disappearance of the SH group. The free SH-group was determined by Ellman, (1959). 

5’-Nucleotidase and NTPDase-like activities. 

The 5’-Nucleotidase activity was determined in a reaction medium essentially as described by 

Heymann, et al. (1984). The reaction was initiated by the addition of AMP and ATP to a final 

concentration of 2.0 mM for both enzymes (NTPDase and 5’-Nucleotidase) respectively. The 

assays were stopped by the addition of 250 µl of 10% trichloroacetic acid (TCA). Inorganic 

phosphate was measured by the method of Fiske and Subbarow (1925). Control experiments 

were carried out to correct for non-enzymatic hydrolysis of the nucleotides. All samples were 

run in duplicate and Enzyme-specific activities are reported as nmol Pi released/min/mg of 

protein. 
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Statistical analysis 

 The results of replicate readings were pooled and expressed as mean ± standard deviation 

(S.D). One-way Analysis of Variance (ANOVA) was used to analyse the results followed by 

Turkey’s post hoc test, with levels of significance accepted at p < 0.05. All statistical analyses 

were carried out using the software Graph pad PRISM (V.5.0). 

 

RESULTS 

INFLUENCE OF ETHANOL AND DIPHENYL DISELENIDE ON BIOCHEMICAL 

INDICES OF OXIDATION STRESS.  

Influence of DPDSe on ethanol-induced lipid peroxidation 

Fig. 3.1.1 shows that ethanol intoxication causes an increase in the production of thiobarbituric 

acid reactive species (TBARS) at 3hrs and 6hrs and that pre-DPDSe treatment markedly 

(p<0.05) reverses the ethanol-induced decrease in the at these hours while post-treatment 

markedly increase TBARS formed at all the hours studied. 

Influence of DPDSe on ethanol-induced reduction in total protein thiol at different times 

after exposure.  

Fig. 3.1.2 shows that ethanol decreases the total thiol level with an increase in time after 

exposure. Both pre-and post-DPDSe treatment markedly mitigates ethanol-induced reduction 

in total thiol level with a decreased effect at 12 hrs after exposure. 

Influence of DPDSe on ethanol-induced reduction in non-protein thiol 

Fig. 3.1.3 shows that ethanol intoxication causes an increase in non-protein thiol at 1hr and a 

reduction in non-protein thiol at 3hrs and 6hrs after exposure and that both pre- and post-

DPDSe treatments markedly reverse the ethanol-induced decrease in the in vivo thiol level. 

Influence of DPDSe on ethanol-induced modulation in ALA-D activity 

Fig. 3.1.4 shows that ethanol intoxication causes a reduction in ALA-D activity and that both 

pre- and post-DPDSe treatments markedly decrease the activity of the enzyme mostly at times 

6 hrs after exposure to ethanol. 

Influence of DPDSe on ethanol-induced modulation of NTPDase activity 

Fig. 3.1.5 shows that ethanol intoxication causes an elevation in NTPDase activity at 1hr, 

3hrs,6hrs and 12hrs, it also shows that both pre-and post-DPDSe treatments markedly increase 

the activity of the enzyme at different hours studied except at 6hrs. 

Influence of DPDSe on ethanol-induced modulation of Nucleotidase activity 

Fig. 3.1.5 shows that ethanol intoxication causes elevation in Nucleotidase activity at 1 hr, 3hrs, 

6hrs and 12hrs, it also shows that both pre- and post-DPDSe treatments markedly increase the 

activity of the enzyme at different hours studied except at 6hrs after exposure. 
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Fig.3.1.1: Influence of DPDSe pre- and post-treatment on TBARS level in the liver of acute 

ethanol-intoxicated male Wistar rats at different times after exposure.  ap<0.05 significant 

difference compared to control and ethanol at each hour of treatment. 
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Fig.3.1.2: Influence of DPDSe pre- and post-treatment on total thiol level in the liver of acute 

ethanol-intoxicated male Wistar rats at different times after exposure.   ap<0.05 significant 

difference compared to control and ethanol at each hour of treatment. 
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Fig.3.1.3: Influence of DPDSe pre- and post-treatment on non-protein thiol level in the liver of 

acute ethanol-intoxicated male Wistar rats at different hours after exposure. 
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Fig.3.1.4: Influence of DPDSe pre- and post-treatment on the activity of ALA-D in the liver of 

acute ethanol-intoxicated male Wistar rats at different times after exposure.  ap<0.05 significant 

difference compared to control and ethanol at each hour of treatment. 
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Fig.3.1.5: Influence of DPDSe pre- and post-treatment on the activity of NTPDase in the liver 

of acute ethanol-intoxicated male Wistar rats at different hours after exposure.  ap<0.05 

significant difference compared to control and ethanol at each hour of treatment 
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Fig.3.1.6: Influence of DPDSe pre- and post-treatment on the activity of 5’-Nucleotidase in the 

liver of acute ethanol-intoxicated male Wistar rats at different hours after exposure. ap<0.05 

significant difference compared to control and ethanol at each hour of treatment. 
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DISCUSSION 

Most of the earlier reports on acute ethanol intoxication have shown that ethanol intoxication 

occurs through oxidative stress (Tsermpini et al., 2022), this is partly due to its metabolism 

course through alcohol and acetaldehyde dehydrogenase which includes more generation of 

ROS by enhanced activity of respiratory chain.  (Gonthier and Barret., 1991, Nordmann et al., 

1992, Wu and Cedarbaum, 2003). One of the methods of evaluating oxidative damage resulting 

from the overproduction of ROS is measuring the antioxidant capacity of the system before 

and after exposure to pro-oxidants. One of the classes of endogenous antioxidant system that 

help in scavenging free radicals is thiol which may be non-protein thiol (often glutathione) or 

total protein thiol, thiols in all their forms serve a protective role against oxidative stress. The 

present study shows that the non-protein thiol level of ethanol-intoxicated animals increased at 

1hr after administration and decreased after 3hrs and 6hrs of administration. This suggests that 

at 1hr, there is a release of more non-protein thiol as part of the initial defence mechanism put 

up against the massive production of ROS induced by ethanol intoxication, however, as more 

of the oxidants are being produced with progression in time, the thiol level reduces and the 

reduction is maximum at 6hrs. However, pre- and post-treatment with DPDSe mitigates the 

effect on thiol at all these different hours. This same pattern of result was obtained in the total 

protein thiol (TPT) assay, except that the TPT level was not high at time 1hr as was observed 

in the NPT assay. 

Following the depletion of the endogenous shield of antioxidants in the cells, cells are left 

vulnerable to oxidative damage of different macromolecules in the cell body which includes 

lipids, proteins, carbohydrates and DNA which may result in various pathologies depending on 

the severity of the damage. Lipid peroxidation is one of the measures of oxidative damage to 

lipids in the biological system, it occurs when the ROS interact with lipids within cell 

membranes to form lipid radicals which react with other susceptible molecules in a chain 

reaction that causes cell damage. Evaluation of TBARS is one of the measures of lipid 

peroxidation, this is because malondialdehyde (MDA), a byproduct of lipid peroxidation 

usually reacts with TBARS to form a compound that is easily read spectrophotometrically at 

532nm. In this study, administration of ethanol did not lead to an increase in the production of 

TBARS at 1hr and 12hrs, however, more TBARS was produced at 3hrs and 6 hrs after exposure 

with more effect at 6hrs, pre- and post-treatment with DPDSe lowers the oxidative damage 

mostly at time 3hrs and 6hrs after exposure to ethanol, this result corroborates the result 

obtained in the thiol assay which means at hours of exposure (3hrs and 6hrs) where the thiol 

level is lowest is when there is more oxidative damage to lipids in the form of TBARS-MDA 

adduct. This confirms the earlier reports that oxidative stress is one of the mechanisms of 

intoxication of ethanol (Metro et al., 2022, Vucevic et al., 2013) and that the time of exposure 

also has a role to play in the extent of the intoxication. 

Since endogenous thiol forms an integral part of the antioxidant capacity of the cell and the 

ROS have been found to almost always decrease this protective molecule, it is then imperative 

to investigate the possible effects of ethanol intoxication on enzymes which are sulphydryl 

proteins. ⸹-aminolevulinc acid dehydratase (ALA-D). Delta-aminolevulinic acid dehydratase 

(ALA-D) is an enzyme sensitive to oxidative stress, and its activity is often used as a marker 

for oxidative damage, particularly in the context of heavy metal toxicity and oxidative insults 

(La-Llave-León et al., 2017) The reduction in ALA-D activity observed following ethanol 

intoxication is consistent with the idea that ROS can inhibit enzyme activity by modifying thiol 

groups essential for enzymatic function (Checa et al., 2020). However, the reduction in ALA-
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D activity following DPDSe treatment also suggests that while DPDSe can mitigate oxidative 

damage, it may also interact with the enzyme's active sites, potentially modulating its activity. 

The elevation in NTPDase and Nucleotidase activities observed in this study following ethanol 

intoxication suggests an adaptive response to maintain nucleotide homeostasis under oxidative 

stress conditions. NTPDases and Nucleotidases play critical roles in the regulation of 

extracellular nucleotide levels, which are important for cellular signaling and energy 

metabolism. The increase in these activities could be a compensatory mechanism to counteract 

the disrupted nucleotide balance caused by ethanol-induced oxidative stress. 
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