
oise pollution has become so signifi cant that 
people now must pay much more attention to 

noise stress than in the past.  Chronic exposure to 
noise can cause hearing loss,  annoyance,  sleep dis-
turbance and decreased performance in animals,  
including humans [1, 2].  Recently,  a few studies 
demonstrated the following noise-induced acute 
change.  Noise acutely reduced the glycogen,  lactic 
acid and cholesterol contents in the liver of the rat,  
and noise rapidly increased the activities of serum 
glutamic pyruvic transaminase (GPT),  alkaline phos-
phatase (ALP) and creatine kinase (CK) in rats [3, 
4].  Corticosterone and serum cholesterol,  glutamic-
oxaloacetic transaminase (GOT) and glutamic pyruvic 

transaminase (GPT) in albino rats increased after 30 
min of noise stress,  while the serum triglyceride 
level dropped [5].  Moreover,  the Chinese tradi-
tional medicines Astragali,  Rhodiolae and Ligusticum 
suppressed the acute physiological and biochemical 
changes [3, 4].  However, the mechanism by which 
the harmful eff ects were reduced remains to be eluci-
dated.
　　On the other hand,  hearing loss induced by noise 
stress has been energetically studied.  Vitamin C 
(Ascorbic acid) can aff ect the oxidative system thus 
leading to a reduction in noise-induced hearing loss 
[6, 7].  Vitamin E (α-tocopherol) can attenuate the 
noise-induced cochlear damage and enhance recovery 
[8, 9].  The vitamin B₁₂ level of patients with noise-
induced hearing loss was signifi cantly lower than that 
of the control [10].  However,  there have been few 
studies on the acute changes in the physiological and 
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biochemical conditions of a rat subjected to noise,  
and on the suppression of these acute changes by 
vitamins.
　　The eff ects of vitamin B₁₂,  which is reduced by 
noise stress,  as well as antioxidant vitamins, vitamin 
C and vitamin E,  on the acute change in the hepatic 
glycogen contents in rats were investigated.

Materials and Methods

　　Animals. 　Female Wistar rats aged 2 months 
and weighing 180-200 g were used in the experi-
ments as described previously [3, 4].  The rats were 
provided by the Experimental Animals Laboratory of 
Dalian Medical University.  The rats were treated in 
accordance with European Union Directives (86/609/
EEC) for laboratory animal care.  They fasted for 60 
min before the exposure to noise.  The physiological 
saline water containing each vitamin was injected into 
the abdomen of each rat.  The concentrations of vita-
min C (ascorbic acid),  vitamin E  (α-tocopherol) and 
vitamin B₁₂ (cobalamin) were 300 mg/kg body weight,  
100 mg/kg body weight and 300 μg/kg body weight,  
respectively.  The injection was rendered before the 
noise application.  The intravenous drip with vitamin 
C and vitamin B₁₂ was purchased from Shandong 
Reyoung Pharmaceutical Ltd.  (Shandong,  China),  
and the intravenous drip with vitamin E was pur-
chased from Zhejiang Medicine Co.  Ltd.  (Zhejiang,  
China).  The dripsdrips were diluted to the desired 
concentration with physiological saline water before 
each vitamin was injected into the rats.
　　Noise application and sample preparation. 
The equipment used to produce the noise was kindly 
provided by the Acoustics Institute of Nanjing 
University.  The rats were divided into a non-exposed 
group and noise-exposed group,  with the non-exposed 
group not being subjected to noise stimulation.  The 
noise-exposed group was divided into 12 sub-groups 
that were stimulated by a 2-4 kHz noise at 95 or 110 
dB for 30,  60, 90 or 120 min. Each group was com-
posed of 10 rats.  Soon after the noise had been 
applied for the indicated time,  the rats were sacri-
fi ced,  and their livers were excised.  The livers were 
transferred into liquid nitrogen.  The frozen liver 
(0.6 g) was homogenized in 5 ml of 20 mM Tris-HCl 
(pH 7.6) with a Tefl on-glass homogenizer.  The 
homogenate was centrifuged at 5000×g for 60 min at 

4℃,  the supernatant being transferred to new tubes 
and stored at ‒70℃ for subsequent glycogen analysis.
　　Hepatic glycogen analysis. 　Hepatic glycogen 
contents were analyzed as shown previously [3].  
The hepatic glycogen in the supernatant was dis-
solved in KOH with Na₂SO₄ and precipitated with 
ethanol.  The precipitated glycogen was then dis-
solved in distilled water to a fi nal volume of 5 ml.  
The amount of glycogen was determined by the phe-
nol-sulfuric acid method form from the absorbance at 
490 nm.
　　Protein measurement. 　The protein concen-
tration was determined by the modifi ed Bradford 
method,  using bovine serum albumin (BSA) as a stan-
dard [11].
　　Statistics. 　All statistical analyses were per-
formed by the Dunnett’s multiple comparison test 
using EXCEL software.  Values of p<0.05 are con-
sidered to show statistically signifi cant diff erences.

Results

　　Eff ect of noise stress on the hepatic glycogen 
contents in rats and the ameliorating eff ect of 
antioxidant vitamins. 　The hepatic glycogen con-
tent in rats injected with vitamin C (△) and vitamin 
E (▲) under noise stress at 95 dB (Fig. 1A) or 110 
dB (Fig. 1B) was measured.
　　The application of 95 dB and 110 dB of noise 
for 30 min reduced the amount of hepatic glycogen 
(○),  which subsequently returned to the level 
observed before the noise application.  The injection 
of vitamin C and vitamin E into the rats signifi cantly 
suppressed the acute reduction in hepatic glycogen.  
The levels of hepatic glycogen in the rats injected 
with vitamin C or vitamin E under noise stress were 
close to those in the rats under non-stress (◆).  The 
eff ect of these vitamins could be classifi ed within a 
time-dependent manner.  When vitamin C was 
injected,  the amounts of hepatic glycogen slightly 
decreased throughout the duration of the noise appli-
cation.  When vitamin E was administered,  the 
amount of hepatic glycogen dropped at 30 min after 
the noise application and the amount of hepatic glyco-
gen slightly increased throughout the duration of the 
noise application.  However,  there were no signifi cant 
diff erences between the amounts of hepatic glycogen 
before and after the noise application.
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　　Ameliorating the eff ect of vitamin B₁₂ on 
noise-induced acute reduction in hepatic glyco-
gen. 　The hepatic glycogen levels in rats injected 
with vitamin B₁₂ (△) under noise stress at 95 dB 
(Fig. 2A) or 110 dB (Fig. 2B) were measured.  When 
vitamin B₁₂ was injected into the rats,  the amounts 
of hepatic glycogen gradually decreased up to 120 
min under noise stress.  However, there are no signif-
icant diff erences between the amounts of hepatic gly-
cogen in the rats injected with vitamin B₁₂ (△) under 
noise stress and those in the rats under non-stress 
(◆).

Discussion

　　Eff ect of noise stress on the hepatic glyco-
gen contents in rats and the ameliorating eff ect 
of antioxidant vitamins. 　The application of 
noise temporarily reduced the amount of hepatic gly-
cogen,  which then returned to the level observed 
before the noise application (Fig. 1).  These results 
are consistent with our previous data [3].
　　Cellular lipids,  protein and DNA are vulnerable 
to reactive oxygen species (ROS) activity [12].  The 
generation of ROS is considered to be part of the 
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Fig. 1　　Eff ect of vitamins on the content of hepatic glycogen in 
rats subjected to 95 dB (A) and 110 dB (B) noise stress.  The 
hepatic glycogen content is shown in the exposed rats that 
received vitamin C (△) or vitamin E (▲) and in those that received 
neither (○).  Rats not subjected to any noise were used as a 
control (◆).  Each value is presented as the mean±S.D. for 10 
rats.
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Fig. 2　　Eff ect of vitamin B12 on the hepatic glycogen content in 
rats subjected to 95 dB (A) and 110 dB (B) noise stress.  The 
hepatic glycogen content is shown in exposed rats that were 
administered vitamin B12 (△) and in rats that did not receive the 
vitamin (○).  Rats that were not subjected to any noise were used 
as a control (◆).  Each value is presented as the mean±S.D. for 
10 rats.



second mechanism that also includes ischemia,  exci-
totoxic damage,  metabolic exhaustion and ionic 
imbalance in the inner ear fl uids.  Vitamin C and vita-
min E are known to be potent antioxidants.  The 
administration of vitamin C inhibited lipid peroxida-
tion and oxidative damage of proteins in rabbits and 
also reduced noise-induced hearing loss [6, 7].  
Dietary vitamin E reduced temporary threshold 
shifts (TTS),  and intraperitoneal injection of vitamin 
E protected against noise-induced hearing loss in 
guinea pigs [8, 9].  Taken together, vitamin C and 
vitamin E might suppress the acute reduction of 
hepatic glycogen induced by noise stress via scaveng-
ing reactive oxygen species (ROS) produced during 
the noise application.
　　Chinese medicinal herbs are increasingly becom-
ing the subject of pharmacological research.  Radices 
of Astragali and Rhodiolae prevented the noise-stress-
induced reduction in the glycogen contents in the liv-
erin rats [3].  Astragali and Rhodiolae had antioxidant 
activities that reduced some harmful eff ects [13, 14].  
These results suggest that treatment with Astragali 
or Rhodiolae could alleviate the noise-induced eff ects 
via scavenging ROS,  and this suggestion is supported 
by the results of the present paper.
　　Ameliorating eff ect of vitamin B₁₂ on noise-
induced acute reduction in hepatic glycogen. 　
It has been reported that noise stress induces hear-
ing loss by reduceding the vitamin B₁₂ level 
[10].  These results suggest that noise might acutely 
induce a vitamin B₁₂ defi ciency and thus lead to the 
reduction of hepatic glycogen. 
　　Quaranta et al.  demonstrated that vitamin B₁₂ 
administration had a protective eff ect via increasing 
the serum vitamin B₁₂ concentration in the experi-
mental group [15].  Exogenous vitamin B₁₂ might 
have delayed the acute change in the hepatic glyco-
gen,  which suggests that the gradual decrease in 
hepatic glycogen might be attributed to a decrease in 
the exogenous vitamin B₁₂ due to the noise applica-
tion.
　　Conclusion. 　Vitamin C,  vitamin E and vita-
min B₁₂ could suppress the decrease in the hepatic 
glycogen contents in rats exposed to 95 or 110 dB of 
noise,  a fi nding which suggests that the administra-
tion of these vitamins could alleviate the harmful 
eff ects of noise.  Little is known about the molecular 
responses to high-intensity noise exposure,  but Cho 

et al.  (2004) reported on gene expression under 
experimental conditions [16].  Gene expression anal-
ysis including the use of DNA microarray technology 
could clarify a mechanism for reducing the harmful 
eff ects of noise exposure.
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