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Abstract: Quetiapine, an atypical antipsychotic, has been employed to treat alcoholic patients 

with comorbid psychopathology. It was shown to scavenge hydroxyl radicals and to protect 

cultured cells from noxious effects of oxidative stress, a pathophysiological mechanism 

involved in the toxicity of alcohol. This study compared the redox status of the liver and the 

brain regions of prefrontal cortex, hippocampus, and cerebellum of rats treated with or without 

ethanol and quetiapine. Ethanol administration for 1 week induced oxidative stress in the liver 

and decreased the activity of glutathione peroxidase and total antioxidant capacity (TAC) there. 

Coadministration of quetiapine did not protect glutathione peroxidase and TAC in the liver 

against the noxious effect of ethanol, thus was unable to mitigate the ethanol-induced oxidative 

stress there. The ethanol-induced alteration in the redox status in the prefrontal cortex is mild, 

whereas the hippocampus and cerebellum are more susceptible to ethanol intoxication. For all 

the examined brain regions, coadministration of quetiapine exerted effective protection on the 

antioxidants catalase and total superoxide dismutase and on the TAC, thus completely blocking 

the ethanol-induced oxidative stress in these brain regions. These protective effects may explain 

the clinical observations that quetiapine reduced psychiatric symptoms intensity and maintained 

a good level of tolerability in chronic alcoholism with comorbid psychopathology.

Keywords: ethanol, quetiapine, oxidative stress, antioxidant

Introduction
Clinical studies suggest that some atypical antipsychotics, such as clozapine, 

olanzapine, and quetiapine, may reduce alcohol craving and consumption, especially 

among patients with comorbid psychopathology. Clozapine treatment was associated 

with a decrease in alcohol use in schizophrenic patients with comorbid substance use 

disorders.1–3 Olanzapine treatment resulted in a reduction in the use of alcohol and 

other abused substances4 and helped nonpsychotic alcohol-dependent individuals to 

maintain sobriety.5 Similar benefits of quetiapine in reducing alcohol use and craving 

were also reported in posttraumatic stress disorder.6,7 In a recent open-label study, que-

tiapine decreased alcohol consumption, craving for alcohol, and psychiatric symptoms 

intensity while maintaining a good level of tolerance.8 Moreover, in a double-blind, 

placebo-controlled pilot trial, alcohol craving was significantly reduced in quetiapine-

treated subjects compared with that in placebo-treated type B alcoholics (early-onset 

alcoholics), although it provided no advantage over placebo in improving drinking 

outcomes among type A alcoholics.9

The dopaminergic system has been described as the principal neurotransmitter 

associated with reward from alcohol.10–12 The serotonergic system, which modulates 
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dopamine release, has also been associated with drinking 

behaviors.13,14 Atypical antipsychotics target both the dop-

amine and the serotonin systems, thus exerting their actions 

for alcohol dependence. In addition, some other factors may 

also contribute to the effective use of atypical antipsychotics 

in alcohol-dependent individuals. For example, a good level 

of tolerance or counteracting the toxic effects of alcohol may 

be important.

The toxicity of alcohol is associated with increased 

generation of free radicals and the development of oxidative 

stress. It is known that ethanol is metabolized into acetalde-

hyde, mainly by the enzyme alcohol dehydrogenase. Acet-

aldehyde reacts with hepatic glutathione (GSH), which is a 

major cytosolic antioxidant in the liver, and causes depletion 

of GSH.15,16 In addition, ethanol promotes the formation of 

reactive oxygen species (ROS) within the mitochondria and 

decreases mitochondria GSH content, thus making these 

organelles more susceptible to oxidative damage.17,18 Via 

these mechanisms, ethanol causes oxidative stress in humans 

and animals. In support of this notion, oxidative stress was 

found in the blood of patients with alcohol-related liver 

cirrhosis.19 In ethanol-fed rats, increased levels of thiobarbi-

turic acid substances and lipid hydroperoxides were detected, 

while activities of superoxide dismutase (SOD), catalase, and 

glutathione peroxidase (GPx) were decreased by the same 

treatment.20,21 Moreover, simultaneous administration of 

antioxidants along with ethanol prevented oxidative altera-

tions of mitochondria in alcohol-treated rats,22 attenuated the 

oxidative stress, and restored the levels of enzymatic and 

nonenzymatic antioxidants.20,21,23

In our previous studies, quetiapine exerted protective 

effects on PC12 cells experiencing serum withdrawal,24 or 

exposed to N-methyl-4-phenylpyridinium ion25 or amyloid 

β protein.26,27 All these insults increased the production of 

ROS.28,29 These results suggest an antioxidant action of 

quetiapine. This antioxidant mechanism was further dem-

onstrated in cell-free and cell culture systems, in which 

quetiapine was shown to capture hydroxyl radicals produced 

in the Fenton system and in the amyloid β solution.30 In line 

with the aforementioned findings, the 7-hydroxymetabolite 

of quetiapine was detected in the plasma of patients who 

received quetiapine treatment,31 suggesting that this drug 

effectively captures hydroxyl radicals in the human body.

On the basis of the aforementioned previous studies, 

quetiapine was hypothesized to protect subjects against 

oxidative stress caused by ethanol. To test this hypothesis, 

we measured and compared some oxidative stress-related 

parameters in the liver and various brain regions of rats 

subjected to different treatments with or without ethanol 

and quetiapine.

Materials and methods
animals
Adult (10-week-old) male Sprague-Dawley rats were pur-

chased from Vital River Laboratories (Beijing, People’s 

Republic of China) and housed in the animal facility of 

Xinxiang Medical University with a 12 hours dark/12 hours 

light cycle and free access to food and water. The vivarium 

was kept at a constant temperature of 22°C±1°C and a relative 

humidity of 60%. All procedures were performed in accor-

dance with the guidelines set by the Animal Care and Use 

Committee of Xinxiang Medical University and approved 

by the committee.

ethanol and quetiapine administrations
Dehydrated ethanol was purchased from Sabex Inc. 

(Boucherville, QC, Canada). It was diluted with saline to 20% 

(vol/vol). On the basis of the primary data of our pilot study, 

the rats were given the 20% ethanol at a dose of 2 g/kg/day 

via intraperitoneal (IP) administration once a day for 7 days. 

Quetiapine was provided by AstraZeneca (Wilmington, DE, 

USA). It was dissolved in 0.6% glacial acetic acid and given 

to rats via IP administration at a dose of 10 mg/kg/day for 

3 weeks. This protocol was exercised following that in our 

previous animal studies.32,33 The volume of each injection 

was 1 mL/kg.

After 1-week acclimation to the laboratory conditions, the 

rats were given quetiapine or the vehicle of it for 3 weeks. 

During the 3rd week, they were given ethanol or an equal 

volume of sterilized saline once a day. Depending on the 

treatment, the rats were divided into four groups: CNT 

(controls), ETH (ethanol), QUE (quetiapine), and QUE + 

ETH (quetiapine plus ethanol). Each group consisted of 

eight rats. During the 3-week experimental period, all rats 

had free access to water and food, and their body weight was 

measured every other 2 days.

Preparation of tissue samples 
for biochemical analyses
Twenty-four hours after the last injection, rats were killed 

by decapitation, and their brains and livers were quickly 

removed and immediately transferred to ice-cold contain-

ers containing 0.89% sodium chloride. The brain regions 

of cerebellum, prefrontal cortex (PFC), and hippocampus 

were dissected out of the whole brain. Then the liver and 

these brain samples were homogenized in 0.1 M Tris-HCl 
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buffer, pH 7.4, followed by centrifugation at 12,000× g for 

10 minutes at 4°C. The protein concentrations of the super-

natants were quantified using the BCA protein assay kit 

(Bio-Rad Laboratories, Hercules, CA, USA).

The liver is the organ with which the toxic effects of 

ethanol have been well documented.34 For the hippocampus, 

much work has been done investigating acute and chronic 

effects of ethanol on learning-related synaptic plasticity.35 

The cerebellum is one of the brain regions that are most 

susceptible to ethanol during development.36 PFC is also 

compromised in ethanol-exposed animals, indicated by 

working memory deficit and neurobiological changes that 

occur in this brain region.37 Each group had eight samples 

of the aforementioned brain regions and the liver that were 

used for the following biochemical analyses.

Determination of lipid peroxidation 
and reactive oxygen species
Levels of lipid peroxidation in the samples were determined 

following the manufacturer’s protocol (Nanjing Jiancheng 

Bioengineering Institute, Nanjing, People’s Republic of 

China). Briefly, 10 µL supernatant was mixed with an equal 

volume of working solution 1. Then working solutions  

2 (0.30 mL) and 3 (0.10 mL) were added, followed by incuba-

tion at 95°C for 40 minutes. After cooling, the solution was 

centrifuged at 1,000× g for 10 minutes. Absorbance at 532 nm 

was read, and the concentration of malondialdehyde (MDA) in 

the samples was calculated according to the formula provided 

by the manufacturer and expressed as nmol/mg protein.

ROS in the samples was detected using a commercial ROS 

assay kit (Nanjing Jiancheng) and following the manufacturer’s 

protocol. Briefly, the molecular probe 5,6-chloromethyl-2’, 

7’-dichlorodihydrofluorescein diacetate was added into the 

samples (1:19) and mixed; then the mixed solution was 

incubated at 37°C for 30 minutes. Plates were read in F97 

Pro fluorospectrophotometer (Lengguang Tech, Shanghai, 

People’s Republic of China) at 485/530 nm. The results are 

expressed as fluorescence intensity (FI)/mg protein.

assessments of antioxidant enzymes 
and capacity
The activity of catalase in the samples was measured follow-

ing the manufacturer’s protocol (Nanjing Jiancheng). Briefly, 

10 µL sample solution was mixed with 1.5 mL substrate solu-

tion (prepared with an optical density value between 0.50 and 

0.55 and preincubated at 25°C). The absorbance at 240 nm 

was measured. One minute later, another reading was taken 

at the same wavelength. The enzyme activity was calculated 

according to the formula provided by the manufacturer and 

expressed as U/mg protein.

The activity of GPx in the samples was measured follow-

ing the manufacturer’s protocol (Nanjing Jiancheng). Briefly, 

20 µL sample solution was mixed with an equal volume 

of GSH solution (1.0 mmol) in an Eppendorf tube. After 

incubation at 37°C for 5 minutes, 10 µL working solution 1  

was added. After incubation at 37°C for 5 minutes, 0.20 mL 

working solution 2 was added. The solution was mixed and 

centrifuged at 1,000× g for 10 minutes. In another parallel 

tube, sample solution was added at the last step rather than 

the first step. About 0.10 mL of the final solution was taken 

up and mixed with an equal volume of working solution 3, 

25 µL working solution 4, and 5 µL working solution 5. The 

absorbance at 412 nm was measured. The enzyme activity 

was calculated according to the formula provided by the 

manufacturer and expressed as U/mg protein.

The total superoxide dismutase (T-SOD) activity in 

the samples was measured following the manufacturer’s 

protocol (Nanjing Jiancheng). Briefly, 5 µL of sample was 

mixed with 1.0 mL working solution 1 and same volume 

(0.1 mL) of working solutions 2, 3, and 4. Then the mixed 

solution was incubated at 37°C for 40 minutes. After adding 

the color developing agent, the absorbance of the solution at 

550 nm was measured. The activity of T-SOD was calculated 

according to the formula provided by the manufacturer and 

expressed as U/mg protein.

The total antioxidant capacity (TAC) in the samples was 

measured following the manufacturer’s protocol (Nanjing 

Jiancheng). Briefly, the sample (20 µL) was mixed with work-

ing solutions 1 (100 µL), 2 (200 µL), and 3 (50 µL). Then the 

mixed solution was incubated at 37°C for 30 min. After adding 

solutions 4 (200 µL) and 5 (200 µL) and mixing the solutions, 

the absorbance of the mixed solution at 520 nm was measured. 

The activity of TAC was calculated according to the formula 

provided by the manufacturer and expressed as U/mg protein. 

It should be noted that this test measures predominantly the 

low-molecular-weight, chain-breaking antioxidants, excluding 

the contribution of antioxidant enzymes and metal-binding 

proteins. In general, TAC is decreased in conditions associated 

with oxidative stress, and the administration of chain-breaking 

antioxidants increases antioxidant capacity.38

statistical analysis
Data were subjected to two-way analysis of variance 

(ANOVA), with ethanol and quetiapine as the two factors, 

followed by Bonferroni’s post hoc comparisons. The level 

of statistical significance was set at P,0.05.
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Results
Quetiapine ameliorates the inhibiting 
effect of ethanol on weight gain of rats
During the first 2 weeks, all rats in the four groups showed 

comparable body weight gains (Figure 1A). However, dur-

ing the 3rd week when ethanol was administered, the rats 

in ETH group showed a smallest weight gain relative to 

the other three groups. Two-way ANOVA indicated a sig-

nificant interaction (F
(1, 28)

 =26.38, P,0.0001) between the 

two main factors (ethanol and quetiapine). Both factor A 

(F
(1, 28)

 =29.43, P,0.0001) and B (F
(1, 28)

 =16.72, P,0.001) 

exerted significant effect. Post hoc comparisons found sig-

nificant differences between ETH group and all the other 

three groups, and between QUE + ETH group and all the 

other three groups. The difference between ETH and QUE 

+ ETH was also significant (Figure 1B).

effects of quetiapine on the ethanol-
induced oxidative stress in the liver
For MDA in the liver, ETH and QUE + ETH groups showed 

higher levels relative to the other two groups. Two-way 

ANOVA indicated no significant interaction (F
(1, 28)

 =0.14, 

P=0.71) between the two main factors; factor A (F
(1, 28)

 

=27.84, P,0.0001), but not B, exerted a significant effect. 

Post hoc comparisons found significant differences between 

CNT and ETH and between CNT and QUE + ETH. The dif-

ferences between QUE and the ethanol-treated groups (ETH 

and ETH + QUE) were also significant. No significant dif-

ference was found between CNT and QUE (Figure 2A). For 

ROS, ETH and QUE + ETH groups showed higher levels 

relative to the other two groups. Two-way ANOVA indicated 

no significant interaction (F
(1, 28)

 =0.18, P=0.67) between the 

two main factors; factor A (F
(1, 28)

 =12.95, P=0.001), but not B,  

exerted a significant effect. Post hoc comparisons found 

significant differences between CNT and ETH and between 

CNT and QUE + ETH. The differences between QUE and 

the ethanol-treated groups (ETH and ETH + QUE) were also 

significant. No significant difference was found between 

CNT and QUE (Figure 2B).

For GPx activity in the liver tissue, ETH group showed 

a lowest level relative to the other three groups. Two-way 

ANOVA indicated a significant interaction (F
(1, 28)

 =4.63, 

P=0.04) between the two main factors, although neither factor A  

nor factor B show significant effect. Post hoc comparisons 

found significant differences between CNT and ETH and 

between ETH and QUE + ETH. The difference between 

QUE and ETH was significant, but not between QUE and 

the other two groups (Figure 2C). For TAC activity, ETH 

and QUE + ETH groups showed lower levels relative to the 

other two groups. Two-way ANOVA indicated no significant 

interaction (F
(1, 28)

 =0.26, P=0.61) between the two main 

factors; factor A exerted a significant effect (F
(1, 28)

 =12.30, 

P,0.001). Post hoc comparisons found significant differ-

ences between CNT and ETH and between CNT and QUE + 

ETH. The differences between QUE and the ethanol-treated 

rats (ETH and ETH + QUE groups) were also significant. 

No significant difference was found between CNT and QUE 

(Figure 2D). The ethanol and quetiapine administrations 

showed no effect on the activities of catalase and T-SOD in 

the liver tissue as all four groups had comparable values of 

these two indices (data not shown).

Quetiapine protected rats against the 
ethanol-induced changes in redox status 
in PFc
Ethanol administration for 1 week increased ROS levels in 

PFC relative to the other three groups. Two-way ANOVA 

indicated no significant interaction (F
(1, 28)

 =0.38, P=0.25) 

Figure 1 Quetiapine alone had no effect on weight gain of rats, but coadministration of quetiapine mitigated the decrease in body weight gain caused by ethanol.
Notes: rats were given quetiapine (iP) or the vehicle of it for 3 weeks. During the 3rd week, they were given 20% ethanol (2 g/kg/day, iP) or equal volume of sterilized 
saline (IP) once a day. The body weight of rats was scaled every other 2 days. All groups showed comparable weight gains during the first 2 weeks (A). During the 3rd week, 
the ethanol administration significantly reduced the weight gain of rats. But this effect was effectively and significantly ameliorated by coadministration of quetiapine (B).  
Data are expressed as mean ± seM. **P,0.01 (eTh versus cNT); ##P,0.01 (QUe + eTh versus eTh).
Abbreviations: cNT, controls; eTh, ethanol; iP, intraperitoneal; QUe, quetiapine; QUe + eTh, quetiapine plus ethanol; seM, standard error of mean.
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between the two main factors; factor A exerted a significant 

effect (F
(1, 28)

 =19.38, P=0.0001). Post hoc comparisons 

found significant differences between CNT and ETH and 

between ETH and QUE + ETH. The differences between 

QUE and the ethanol-treated rats (ETH and ETH + QUE 

groups) were also significant. No significant difference was 

found between CNT and QUE (Figure 3A). The ethanol 

treatment, in contrast, decreased the activity of catalase in 

PFC relative to the other three groups. Two-way ANOVA 

indicated a significant interaction (F
(1, 28)

 =17.44, P,0.001) 

between the two main factors; both factors A (F
(1, 28)

 =5.72, 

P=0.02) and B (F
(1, 28)

 =4.52, P=0.046) showed significant 

effects. Post hoc comparisons found significant differences 

between CNT and ETH and between ETH and QUE + 

ETH. The difference between QUE and ETH was also sig-

nificant. No significant difference was found between QUE 

and the other two groups (CNT, ETH + QUE) (Figure 3B). 

Similarly, ethanol administration decreased the activity of 

TAC in this brain region. Two-way ANOVA indicated a 

significant interaction (F
(1, 28)

 =5.70, P=0.024) between the 

two main factors; both factors A (F
(1, 28)

 =17.44, P=0.0003) 

and B (F
(1, 28)

 =4.94, P=0.03) showed significant effects. Post 

hoc comparisons found significant differences between CNT 

and ETH and between ETH and QUE + ETH. The difference 

between QUE and ETH was also significant. No significant 

difference was found between QUE and the other two groups 

(CNT, ETH + QUE) (Figure 3C). The treatment, however, 

showed no effect on MDA levels and the activity of GPx and 

T-SOD in PFC (data not shown).

Quetiapine blocked the ethanol-induced 
oxidative stress in the hippocampus 
of rats
Ethanol administration for 1 week increased MDA levels in 

the hippocampus. Two-way ANOVA indicated a significant 

interaction (F
(1, 28)

 =5.21, P=0.03) between the two main fac-

tors; both factors A (F
(1, 28)

 =5.21, P=0.03) and B (F
(1, 28)

 =4.68, 

P=0.04) showed significant effects. Post hoc comparisons 

found significant differences between CNT and ETH and 

between ETH and QUE + ETH. The differences between 

QUE and the ethanol-treated rats (ETH and ETH + QUE 

groups) were also significant. No significant difference was 

found between CNT and QUE (Figure 4A). Similar effects 

were also found for ROS levels (Figure 4B).

Interestingly, ethanol administration increased the activity 

of T-SOD in the hippocampus. Two-way ANOVA indicated 

a significant interaction (F
(1, 28)

 =7.02, P=0.013) between 

the two main factors; factor A (F
(1, 28)

 =7.02, P=0.013), but 

not B, showed a significant effect. Post hoc comparisons 

found a significant difference between CNT and ETH, but 

Figure 2 coadministration of quetiapine had no effect on the ethanol-induced oxidative stress in the liver.
Notes: (A) Quetiapine had no effect on the ethanol-induced increase in MDa; (B) Quetiapine had no effect on the ethanol-induced increase in rOs; (C) Quetiapine 
prevented the ethanol-induced decrease in gPx; (D) Quetiapine had no effect on the ethanol-induced decrease in Tac. rats were killed by decapitation. Their livers were 
quickly removed and processed for biochemical analyses. Data are expressed as mean ± seM. *P,0.05, **P,0.01 (compared to cNT); #P,0.05 (QUe + eTh versus eTh).
Abbreviations: CNT, controls; ETH, ethanol; FI, fluorescence intensity; GPx, glutathione peroxidase; MDA, malondialdehyde; QUE, quetiapine; QUE + eTh, quetiapine 
plus ethanol; rOs, reactive oxygen species; seM, standard error of mean; Tac, total antioxidant capacity.
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Figure 3 coadministration of quetiapine protected rats against the ethanol-induced changes in redox status in PFc.
Notes: (A) Quetiapine prevented the ethanol-induced increase in rOs in PFc; (B) Quetiapine prevented the ethanol-induced decrease in catalase activity in PFc; (C) 
Quetiapine prevented the ethanol-induced decrease in Tac in PFc. rats were killed by decapitation. Their brains were quickly removed and the PFc tissue samples were 
processed for biochemical analyses. Data are expressed as mean ± seM. *P,0.05, **P,0.01 (compared to cNT); #P,0.05 (QUe + eTh versus eTh).
Abbreviations: CNT, controls; ETH, ethanol; FI, fluorescence intensity; QUE, quetiapine; PFC, prefrontal cortex; QUE + eTh, quetiapine plus ethanol; rOs, reactive 
oxygen species; seM, standard error of mean; Tac, total antioxidant capacity.

Figure 4 coadministration of quetiapine blocked the ethanol-induced oxidative stress in the hippocampus of rats.
Notes: (A) Quetiapine blocked the ethanol-induced increase in MDa; (B) Quetiapine blocked the ethanol-induced increase in rOs; (C) Quetiapine blocked the ethanol-induced 
increase in T-sOD; (D) Quetiapine blocked the ethanol-induced decrease in Tac. rats were killed by decapitation. Their brains were quickly removed and the hippocampus 
tissue samples were processed for biochemical analyses. Data are expressed as mean ± seM. *P,0.05, **P,0.01 (compared to cNT); #P,0.05 (QUe + eTh versus eTh).
Abbreviations: CNT, controls; ETH, ethanol; FI, fluorescence intensity; MDA, malondialdehyde; QUE, quetiapine; QUE + eTh, quetiapine plus ethanol; rOs, reactive 
oxygen species; seM, standard error of mean; Tac, total antioxidant capacity; T-sOD, total superoxide dismutase.
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no difference between any other two groups (Figure 4C). 

Like in PFC, ethanol administration decreased the activity 

of TAC in the hippocampus. Two-way ANOVA indicated 

a significant interaction (F
(1, 28)

 =4.28, P=0.04) between the 

two main factors; factor A (F
(1, 28)

 =4.28, P=0.04), but not B,  

showed a significant effect. Post hoc comparisons found 

significant differences between CNT and ETH and between 

ETH and QUE + ETH. The difference between QUE and 

ETH was also significant. No significant difference was found 

between QUE and the other two groups (CNT, ETH + QUE) 

(Figure 4D). The treatment showed no effect on the activity 

of catalase and GPx in the hippocampus (data not shown).

Quetiapine blocked the ethanol-induced 
oxidative stress in the cerebellum of rats
Ethanol administration for 1 week increased MDA levels in 

the cerebellum. Two-way ANOVA indicated no significant 

interaction (F
(1, 28)

 =3.60, P=0.06) between the two main 

factors; factor A (F
(1, 28)

 =5.47, P=0.03), but not B, showed 

a significant effect. Post hoc comparisons found significant 

differences between CNT and ETH and between ETH and 

QUE + ETH. The difference between QUE and ETH was also 

significant. No significant difference was found between QUE 

and the other two groups (CNT, ETH + QUE) (Figure 5A). 

Similar effects were also found in ROS levels (Figure 5B).

Like in PFC, ethanol administration decreased the activity 

of catalase in the cerebellum. Two-way ANOVA indicated 

no significant interaction (F
(1, 28)

 =1.72, P=0.20) between the 

two main factors; factor A (F
(1, 28)

 =7.72, P=0.009), but not B, 

showed a significant effect. Post hoc comparisons found a 

significant difference between CNT and ETH and between 

ETH and QUE + ETH. The difference between QUE and 

ETH was also significant. No significant difference was found 

between QUE and the other two groups (CNT, ETH + QUE) 

(Figure 5C). Similar effects were also found for the activity 

of T-SOD (Figure 5D) and TAC (Figure 5E). But the ethanol 

administration showed no effect on the activity of GPx in the 

cerebellum (data not shown).

Figure 5 coadministration of quetiapine blocked the ethanol-induced oxidative stress in the cerebellum of rats.
Notes: (A) Quetiapine blocked the ethanol-induced increase in MDa; (B) Quetiapine blocked the ethanol-induced increase in rOs; (C) Quetiapine blocked the ethanol-
induced decrease in catalase; (D) Quetiapine blocked the ethanol-induced decrease in T-sOD; (E) Quetiapine blocked the ethanol-induced decrease in Tac. rats were killed 
by decapitation. Their brains were quickly removed and the cerebellum tissue samples were processed for biochemical analyses. Data are expressed as mean ± seM. *P,0.05, 
**P,0.01 (compared to cNT); #P,0.05 (QUe + eTh versus eTh).
Abbreviations: CNT, controls; ETH, ethanol; FI, fluorescence intensity; MDA, malondialdehyde; QUE, quetiapine; QUE + eTh, quetiapine plus ethanol; rOs, reactive 
oxygen species; seM, standard error of mean; Tac, total antioxidant capacity; T-sOD, total superoxide dismutase.
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Discussion
Ethanol administration for 1 week significantly inhibited 

the weight gain of rats, suggesting a toxic effect of ethanol 

on the metabolism of the subjects. This noxious effect was 

moderate as the ethanol-exposed rats had a positive weight 

gain, though small. More significantly, coadministration of 

quetiapine in the ethanol-exposed rats effectively amelio-

rated the weight gain decrease seen in ETH group, although 

significant differences existed between CNT and QUE + 

ETH. With this counteracting effect, quetiapine may make 

rats more tolerable to ethanol administration.

In accordance with previous studies,20,21 ethanol adminis-

tration induced oxidative stress in the liver of rats, indicated 

by increased levels of MDA and ROS. It also decreased 

activity of GPx and TAC, but had no effect on the activity 

of catalase and T-SOD. These results suggest that ethanol 

targets GPx and TAC in the liver. Indeed, acetaldehyde reacts 

with hepatic GSH, which is a major cytosolic antioxidant 

in the liver, and causes depletion of GSH as introduced 

before.15,16 Unexpectedly, the increases in MDA and ROS 

were also seen in QUE + ETH group, suggesting the absence 

of a protective effect of quetiapine against the oxidative stress 

caused by ethanol. Neither did quetiapine have protective 

effect on the inhibiting effect of ethanol on TAC activity. 

But quetiapine did ameliorate the decrease in GPx activity 

caused by ethanol. Considering all these results, we may 

conclude that the protective effect of quetiapine on GPx in 

the liver is not sufficient to protect this organ against the 

noxious effects of ethanol. This conclusion is in line with the 

observations of weight gain during the ethanol administra-

tion week. However, it should be noted that only one dose 

of ethanol was used in this study. With this relatively high 

dose, ethanol might accumulate in the liver for clearance, 

thus keeping at a higher level (although we did not measure 

it). Future studies should examine the effects of quetiapine 

on the oxidative stress parameters of the liver treated with 

lower doses of ethanol.

Ethanol administration for 1 week increased ROS levels, 

but not MDA, in PFC, suggesting a mild toxic effect of this 

treatment on PFC. This is different from the oxidative stress 

seen in the liver of ethanol-exposed rats. The other differ-

ences between PFC and liver include: 1) ethanol adminis-

tration for 1 week decreased the activity of catalase in PFC, 

whereas this enzyme was unimpaired in the liver; 2) the 

treatment decreased the activity of GPx in the liver, whereas 

this enzyme was unimpaired in PFC. All these results suggest 

the presence of different metabolic machineries responsible 

for the metabolism of ethanol in the liver and PFC. More 

significantly, the ethanol-induced ROS increase in PFC was 

completely blocked by coadministration of quetiapine, which 

also prevented the activity of catalase and TAC in this brain 

region from decrease due to ethanol-exposure. In a word, the 

noxious effect of ethanol on PFC is mild, and the protection 

of quetiapine is effective.

Unlike that in PFC, ethanol administration for 1 week 

caused oxidative stress in the hippocampus with the evidence 

of increased MDA and ROS and changed the activity of 

T-SOD and TAC. These results suggest that the hippocampus 

is more susceptible to ethanol than PFC. In line with this 

suggestion, the hippocampus was one of the brain regions 

most susceptible to chronic ethanol treatment with oxidative 

stress.38 But the damage to the hippocampus in the present 

study seems to be moderate and reversible as the ethanol-

induced increases in MDA and ROS were completely blocked 

by the coadministration of quetiapine. Another supporting 

evidence is that ethanol-exposure significantly increased, 

rather than decreased, the activity of T-SOD in the hip-

pocampus, suggesting a compensatory reaction. In line with 

these, the ethanol-induced changes in T-SOD and TAC were 

completely blocked by the coadministration of quetiapine.

Compared to the hippocampus and PFC, the ethanol-

induced oxidative stress is most severe in the cerebellum, 

indicated by increased MDA and ROS and decreased activ-

ity of catalase, T-SOD, and TAC. The only unimpaired one 

was GPx. This conclusion confirms the specific sensitivity 

of the cerebellum to alcohol-induced toxicities seen in previ-

ous studies.39–41 Supporting evidence is also seen in human 

studies showing abnormalities of the cerebellum in patients 

with histories of alcohol dependence or abuse.42–44 Moreover, 

cerebellar atrophy was associated with greater daily ethanol 

consumption.45

Although the ethanol-induced oxidative stress in the 

cerebellum is severe as discussed earlier, coadministration of 

quetiapine completely blocked these noxious effects on this 

brain region. This effective protection in the cerebellum is 

contrasting to the no effect of coadministration of quetiapine 

on the ethanol-induced oxidative stress in the liver. This 

phenomenon suggests a neurophilic property of quetiapine. 

Indeed, coadministration of quetiapine completely blocked 

the ethanol-induced oxidative stress in all brain regions exam-

ined in this study. For this neurophilic property, this drug may 

also protect other brain regions against oxidative stress.

The mechanisms underlying the different effects of 

ethanol on the liver and brain are unknown and were not 

addressed in this study. However, a heuristic finding of the 

present study is that the activity of GPx in the liver was 
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impaired by ethanol administration, but it was escaped in 

all examined brain regions. This finding reminded us of 

the results from previous studies that the ethanol-induced 

mitochondrial lipid peroxidation in the liver was insensitive 

to SOD, catalase, or hydroxyl radical scavengers, but was 

sensitive to GSH46 and that no change was found in the levels 

of GSH produced by acute ethanol in the three brain regions 

of frontal cortex, hippocampus, and striatum of juvenile and 

adult rats.47 In short, GSH and GPx are the main antioxidants 

that respond to ethanol in the liver, whereas catalase, SOD, 

and the other hydroxyl radical scavengers protect brain tissue 

against the ethanol intoxication. Therefore, quetiapine, via 

its ability to scavenge hydroxyl radicals as demonstrated in 

our previous study,30 effectively blocked the ethanol-induced 

oxidative stress in brain tissue, but not in the liver.

In summary, ethanol administration for 1 week induced 

oxidative stress in the liver, where GSH and GPx are main 

antioxidants responding to lipid peroxidation. Coadministra-

tion of quetiapine did not protect GPx in the liver against the 

noxious effect of ethanol, thus was unable to mitigate the 

ethanol-induced oxidative stress there. The ethanol-induced 

alteration in the redox status in PFC is mild, whereas the 

hippocampus and cerebellum are more susceptible to ethanol 

intoxication. For all the examined brain regions, coadminis-

tration of quetiapine exerted effective protection on the anti-

oxidants catalase and T-SOD and the TAC, thus completely 

blocking the ethanol-induced oxidative stress in these brain 

regions. These protective effects may be attributed to the abil-

ity of quetiapine to scavenge hydroxyl radical as demonstrated 

in our previous study.30 These protective effects may explain 

the clinical observations that quetiapine reduced psychiatric 

symptoms intensity and maintained a good level of tolerability 

in chronic alcoholism with comorbid psychopathology.8,48,49
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