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Abstract

The present study was to determine the protective effect of apple polyphenols on acute ethanol-induced neurobehavioral damages in mice 
as well as its possible mechanism of action. A loss of righting reflex test in mice was used to study the protective effect of apple polyphenols on 
the hypnotic effect caused by acute ethanol intake (4.0g/kg, i.p). Rotarod performance test in mice was used to study the protective effect of apple 
polyphenols on motor ataxia caused by acute ethanol intake (2.4g/kg, i.p). Blood ethanol concentration and alcohol dehydrogenase activity were 
measured using assay kits. Pretreatment with apple polyphenols (400 and 800mg/kg) for 1, 3, and 7 days significantly shortened acute ethanol-
induced duration of righting reflex loss in Loss of Righting Reflex Test. Pretreatment with apple polyphenols (200mg/kg) for 3 and 7 days and 
apple polyphenols (200, 400 and 800mg/kg) for 1, 3, and 7 days significantly prolonged the latency to fall off the rotarod after acute ethanol 
injection in rotarod performance test. All doses of apple polyphenols decreased blood ethanol concentration while apple polyphenols (800mg/
kg) increased hepatic alcohol dehydrogenase activity after acute ethanol injection. These results indicate that apple polyphenols have significant 
protective effects against the hypnotic effect and motor ataxia induced by acute ethanol. These effects may partially occur via a mechanism linked 
to promoting ethanol metabolism. 
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Introduction
Alcohol excessive use can increase the risk of a number of 

health problems, such as intoxication and dependence. Alcohol 
can affect most organs and systems, especially the central nervous 
system [1]. Cell membranes are highly permeable to alcohol and 
once alcohol enters the bloodstream, it can diffuse into nearly 
everybody tissue and show differential effects according to the 
blood alcohol concentration. In animal experiments, acute alcohol 
exposure has been shown to produce differential neurobehavioral 
abnormalities, such as motor impairment [2], reduction of the 
probability of longer reaction time responses [3] and sedation/
hypnosis [4].

Apples have been traditionally regarded as a healthy fruit 
in many countries. Large quantities of polyphenols can be 
extracted and purified from apple peel, especially from the unripe 
apple. Apple polyphenols (AP) have received much attention 
over the past decades for their diverse roles in human health.  

 
The main classes of AP are flavonoids, including procyanidins,  
quercetin, (-)-epicatechin and (+)-catechin and anthocyanidins, 
dihydrochalcones such as phloretin and phloridzin and other 
polyphenolic compounds such as chlorogenic acid [5]. AP 
are shown to have a wide range of biological activities with 
very little adverse effect [6], including strong antioxidant 
activity [7], hepatoprotective effect [8,9], antiallergic activity 
[10], antiproliferative activity in cancer cells [11], and 
hypotriglyceridemic effects [12]. Studies have shown that 
polyphenols extracted from grapes have neuroprotective activities 
on ethanol-induced morphological damage [13] and oxidative 
DNA damage of neurons [14]. 

Taken together, we hypothesized that AP have protective 
effects on acute ethanol-induced differential neurobehavioral 
abnormalities and that these effects may occur through a 
mechanism linked to promoting ethanol metabolism. The aims 
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of this research were first to assess the neuroprotective effects of 
AP in two acute ethanol-induced neurobehavioral damage models 
and then to explore the underlying mechanisms of those effects. 

Materials and Methods
Materials and chemicals   

Apple polyphenols (AP, Appjfnol) was provided by Tianjin 
Jianfeng Natural Product R&D Co., Ltd (Tianjin, China). Ascorbic 
acid (AA) was purchased from Sinopharm Chemical Reagent Co., 
Ltd (Shanghai, China). AP and AA were dissolved in distilled water 
before use. Ethanol assay kit was purchased from SEO Co., Ltd 
(USA) and ADH assay kit was purchased from Nanjing JianCheng 
Bioengineering Institute (Nanjing, China). Ethanol was purchased 
from Tianjin Hengxing Chemical Reagent Co., (Tianjin, China) and 
diluted by saline to 20 % (v/v) before use.

AP Sample preparation and analysis 
AP preparation and the polyphenol profiles were analyzed 

by reversed phase HPLC according to our previous study [8]. The 
HPLC chromatogram and specifications of AP were summarized 
in our previously published paper [8]. 

Animals 
Male Swiss-Kunming mice, weighing between 18-22g, were 

obtained from the Experimental Animal Center of Shenyang 
Pharmaceutical University. Mice were housed under a 12h light-
dark cycle with ad libitum water and food. All mice used in this 
study were in accordance with the guideline for the Care and Use 
of Laboratory Animals published by the U.S. National Institutes of 
Health and approved by the Animal Ethics Committee of Shenyang 
Pharmaceutical University.

Loss of righting reflex       
Mice were divided into five groups of 20 mice each: (1) ethanol 

model group: ethanol+distilled water; (2) positive control group: 
ethanol+ascorbic acid (200mg/kg); (3) AP low-dose group: 
ethanol+AP (200mg/kg); (4) AP middle-dose group: ethanol+AP 
(400mg/kg); (5) AP high-dose group: ethanol+AP (800mg/kg). 
Mice in the ethanol model group, positive control group and AP 
treatment groups were administered distilled water, ascorbic acid 
and AP, respectively, for 1, 3 or 7 days via the intragastric route. 
60min after the last drug administration, all mice were injected 
with ethanol (4g/kg) intraperitoneally. Immediately after ethanol 
administration, the loss of righting reflex (LORR) performance 
was observed. The duration of LORR was measured as the time 
interval between the loss and recovery of righting reflex [15]. 

Fixed-speed rotarod  
Mice were divided into six groups of 20 mice each: (1) control 

group; (2) ethanol model group: ethanol+distilled water; (3) 
positive control group: ethanol+ascorbic acid (200mg/kg); (4) 
AP low-dose group: ethanol+AP (200mg/kg); (5) AP middle-
dose group: ethanol+AP (400mg/kg); (6) AP high-dose group: 
ethanol+AP (800mg/kg). Mice in the control and ethanol model 

groups were administered distilled water intragastrically, mice in 
the positive control and AP treatment groups were administered 
ascorbic acid and AP, respectively, for 1, 3 or 7 days via the 
intragastric route. The test procedure was performed according 
to a previously described method with minor modifications [16]. 
All mice were trained on a fixed-speed rotarod (speed of rod, 
16.0 rpm) 24 hours before the test day. Training was considered 
complete when mice were able to remain on the rotarod for 180 
seconds. Animals that did not successfully stay on the rotarod for 
180 seconds were excluded from further testing. On the test day, 
mice in the control group were injected intraperitoneally with 
distilled water while other mice were injected intraperitoneally 
with ethanol (2.4g/kg) 60min after the last drug administration. 
Each mouse was placed on the rotarod at 0-, 10-, 20-, 30-, 40-, 
50-, 60-, 70-, 80- min after ethanol injection and the latency to fall 
from the rotarod was recorded. During each trial, the latency to 
fall from the rotarod was recorded with a maximum duration of 
180 seconds per trial. 

Biochemical analysis  
Mice were divided into six groups of 20 mice each: (1) control 

group; (2) ethanol model group: ethanol+distilled water; (3) 
positive control group: ethanol+ascorbic acid (200mg/kg); (4) 
AP low-dose group: ethanol+AP (200mg/kg); (5) AP middle-
dose group: ethanol+AP (400mg/kg); (6) AP high-dose group: 
ethanol+AP (800 mg/kg). Mice in the control and ethanol model 
groups were administered distilled water intragastrically; Mice 
in the AP groups were administered AP and mice in the positive 
control group were administered ascorbic acid for one time via the 
intragastric route. 60min after administration, mice in the control 
group were administered distilled water intragastrically while 
other mice were injected with ethanol (4g/kg) intraperitoneally. 
Venous blood was collected from the ophthalmic venous plexus 
40min after ethanol injection and the blood ethanol concentration 
was measured using the ethanol assay kit [17]. Liver samples 
were homogenized and hepatic ADH activity was measured using 
the ADH assay kit.

Statistical analysis 
Values are given as mean ± SEM. In the experimemt Fixed-

speed rotarod test, repeated measures ANOVA analysis was 
used with groups as between-subjects’ factors and times as 
within-subjects’ factors. Group difference at one time point was 
analyzed by one-way ANOVA followed LSD test. The data in other 
experiments were analyzed by one-way ANOVA followed LSD test. 
SPSS 13.0 (Chicago, IL, USA) was used. P<0.05 was regarded as 
statistically significant.

Results
Protective effect of AP on ethanol-induced loss of 
righting reflex in mice  

The effect of AP on ethanol-induced LORR is shown in Figure 
1. Acute ethanol (4.0g/kg) induced significant LORR in mice and 
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the duration of LORR lasted about 60 min. Pretreatment with 
AP (200mg/kg) for 1, 3, and 7 days did not cause any change for 
ethanol-induced LORR. Pretreatment with AP at 400 and 800mg/
kg administered once before ethanol injection shortened the 

ethanol-induced duration of LORR. Pretreatment with AP for 
3 or 7 days also significantly shortened the duration of LORR. 
Pretreatment with positive control drug ascorbic acid (200mg/
kg) shortened the duration of LORR. (Figure 1)

Figure 1: Effect of apple polyphenols on duration of loss of righting reflex induced by acute ethanol in mice. Administration of apple 
polyphenols for 1 day (A), 3 days (B) and 7 days (C). Data are mean ± SEM values (n=14-18 mice per group). LORR: loss of righting reflex; 
AA: ascorbic acid; AP: apple polyphenols. *p<0.05, **p<0.01, ***p<0.001 compared with ethanol model group. 

Protective effect of AP on ethanol-induced motor ataxia 
in mice   

In the motor ataxia experiment, all mice in the control group 
were able to remain on the rotarod for 180 second at every test 
time point for the whole experiment period. The latency to fall 
from the rotarod was shortened when the mice received ethanol 
(2.4g/kg) and this effect lasted for almost 1 hour (Figure 2). 

The impairment happened immediately, and the most serious 
impairment occurred at 10min after ethanol injection. AP at 
400 and 800mg/kg administered once before ethanol injection 
significantly prolonged the latency to fall from the rotarod after 
ethanol injection. Pretreatment of AP at all three doses for 3 or 7 
days prolonged the latency to fall from the rotarod more quickly 
and significantly after ethanol injection. Pretreatment of AP 
produced improvement of motor coordination (Figure 2).   
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Figure 2: Effect of apple polyphenols on motor ataxia induced by acute ethanol in mice. Administration of apple polyphenols for 1 day (A), 
3 days (B) and 7 days (C). Data are mean ± SEM for 20 mice per group. * p<0.05, **: p<0.01 and *** p<0.001, compared with control group; 
# p<0.05, ## p<0.01, ### p<0.001 compared with ethanol group. AA: ascorbic acid; AP: apple polyphenols.

Effect of AP on blood ethanol concentration and hepatic 
ADH activity in mice exposed to ethanol

In order to explore the potential mechanism of protective 
effect of AP on acute ethanol-induced neurobehavioral damage, 
the blood ethanol concentration and hepatic ADH activity were 
detected. The blood ethanol concentration significantly increased 

in mice exposed to ethanol. Pretreatment with AP (200, 400 
and 800mg/kg) significantly decreased the blood ethanol 
concentration in a dose-dependent manner (Figure 3A). The 
activity of hepatic ADH was increased in mice exposed to ethanol. 
Pretreatment with AP (800mg/kg) significantly increased hepatic 
ADH activity (Figure 3B).

Figure 3: Effect of apple polyphenols on ethanol metabolism in mice exposed to ethanol. (A) blood ethanol concentration. (B) hepatic ADH 
activity. Data are mean ± SEM for 10 mice per group. * p<0.05, *** p<0.001, compared with control group; # p<0.05, ### p<0.001 compared 
with ethanol group. AA: ascorbic acid; AP: apple polyphenols.
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Discussion
Although alcohol consumption is thought to be an integral 

part of daily life, the World Health Organization has ranked 
alcohol as one of the primary causes of the global burden of 
disease in industrialized countries [18]. It is well known that 
the central nervous system is a particularly susceptible target 
organ to acute ethanol toxicity. With the dose increase, ethanol 
causes gradual increase in anxiety, loss of exploration, muscle 
relaxation and ataxia, sedation and hypnosis [19]. LORR test is a 
simple and reliable method to assess sensitivity to acute ethanol-
induced hypnotic effect [2,20] and fixed-speed rotarod test is a 
suitable motor performance test for evaluation of acute ethanol-
induced cerebellar impairment in animal experiments [21]. 
These two kinds of model systems are not only commonly used 
to investigate the mechanism of ethanol-induced neurobehavioral 
impairment but also for the screening of candidate agents that 
have protective effect on neurobehavioral damage [22,23]. In 
the present study, 4.0g/kg of ethanol significantly prolonged the 
duration of LORR in mice as described in previous studies [24,25]. 
Pretreatment of AP at the doses of 400 and 800mg/kg for 1, 3 or 
7 days significantly improved the acute central inhibition induced 
by ethanol. Moreover, we also found that pretreatment with AP at 
200mg/kg for 3 or 7 days and AP at 400 and 800mg/kg for 1, 3 or 
7 days significantly improved acute motor coordination induced 
by ethanol (2.4g/kg). From the above results, we conclude that AP 
can especially improve acute neurobehavioral damage induced by 
excessive doses of ethanol. It has been reported that AP had no 
significant hematological, clinical, chemical, histopathological or 
urinary effects at a dose of 2000 mg/kg in a 90-day subchronic-
toxicity test [6]. Furthermore, both chromosomal aberration and 
micronucleus tests on AP have found no significant mutagenicity 
[6]. Furthermore, both chromosomal aberration and micronucleus 
tests on AP have found no significant mutagenicity6. Based on our 
present results and the previous reports on the safety of AP, it 
is suggested that AP has a potential application value with high 
safety. 

Behavioral impairment induced by acute ethanol is associated 
with blood ethanol concentration, the rate of ethanol metabolism 
by ADH and the microsomal alcohol-oxidizing system [26]. Blood 
ethanol concentration is a more accurate indicator of the potential 
for ethanol-induced damage than ethanol dose administration 
because of the metabolic differences of ethanol among individuals 
[27]. Route of administration for ethanol can affect the peak 
and profile of blood ethanol concentration. In the present study, 
we chose intraperitoneal injection because this kind of route 
of administration resulted in a more rapid increase and higher 
blood ethanol concentration than intragastric gavage which saw 
about 10% of ethanol metabolized by gastric ADH [27,28]. Our 
results showed that the increase of blood ethanol concentration 
in the ethanol model group was similar to a previous report [27]. 
Pretreatment of AP decreased the blood ethanol concentration 
in a dose-dependent manner, suggesting that decrease of the 
blood ethanol concentration is one of the reasons of protective 

effect of AP on acute ethanol-induced neurobehavioral damage. 
In animals, intraperitoneal ethanol is absorbed directly from the 
peritoneal cavity into the portal bloodstream, where it travels to 
the liver and is metabolized into acetaldehyde by hepatic ADH 
[27]. ADH is thought to be involved in the major pathway for 
ethanol metabolism and is an important enzyme that oxidizes 
alcohol at a fast rate to decrease the alcohol concentration. Our 
results showed that AP increased hepatic ADH activity, indicating 
that AP protected the acute ethanol-induced neurobehavioral 
damage partly via a mechanism linked to promoting ethanol 
metabolism. We also noticed that though AP decreased blood 
ethanol concentration 40 min after ethanol injection, the blood 
ethanol concentration in the AP group was still high. At this time 
point, mice in AP groups had shown improvement in acute ethanol-
induced central inhibition via the LOSS test. This phenomenon 
indicates that there may be other mechanisms of AP involved in 
apart from promoting ethanol metabolism and it is worthy to be 
studied further in the future.

Conclusion 
In conclusion, the present study is the first to demonstrate 

that AP significantly protects against acute ethanol-induced 
neurobehavioral damage in mice. Moreover, the effects of AP 
may be partly attributed to the decrease of the blood ethanol 
concentration and increase in hepatic ADH activity. Our study 
could serve as a useful reference to allow for future exploitation 
of the potential of AP to prevent ethanol-induced neurobehavioral 
damage. 
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