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Abstract
The effects of vitamin C, vitamin E and vitamin B12 on the noise-induced acute change in
hepatic glycogen content in rats were investigated. The exposure of rats to 95 dB and 110 dB of
noise acutely reduced their hepatic glycogens. Vitamin C (ascorbic acid) and vitamin E (alpha
-tocopherol) attenuated the noise-inducedacute reduction in the hepatic glycogen contents. This
result suggests that antioxidants could reduce the change via reactive oxygen species. Vitamin
B12 (cobalamin) delayed the noiseinduced change, a finding that suggests that vitamin B12 could
postpone the acute change via compensating for vitamin B12 deficiency.
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Resistance Imparted by Vitamin C, Vitamin E and Vitamin
B₁₂ to the Acute Hepatic Glycogen Change
in Rats Caused by Noise
Bei - Wei Zhu , Mei-Lan Piao , Yu Zhang , Song Han ,
Qing-Da An , Yoshiyuki Murata and Mikiro Tada *
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The eﬀects of vitamin C, vitamin E and vitamin B₁₂ on the noise-induced acute change in hepatic glycogen content in rats were investigated. The exposure of rats to 95 dB and 110 dB of noise acutely
reduced their hepatic glycogens. Vitamin C (ascorbic acid) and vitamin E ( -tocopherol) attenuated
the noise-inducedacute reduction in the hepatic glycogen contents. This result suggests that antioxidants could reduce the change
reactive oxygen species. Vitamin B₁₂ (cobalamin) delayed the noiseinduced change, a ﬁnding that suggests that vitamin B₁₂ could postpone the acute change via compensating for vitamin B₁₂ deﬁciency.
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N

oise pollution has become so signiﬁcant 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 disturbance 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 phosphatase (ALP) and creatine kinase (CK) in rats [3,
4]. Corticosterone and serum cholesterol, glutamicoxaloacetic transaminase (GOT) and glutamic pyruvic
Received March 10, 2005 ; accepted October 13, 2005.
＊
Corresponding author. Phone :＋81ﾝ86ﾝ251ﾝ8309; Fax :＋81ﾝ86ﾝ251ﾝ8309
E-mail : mtada@cc.okayama-u.ac.jp (M. Tada)

Produced by The Berkeley Electronic Press, 2006

transaminase (GPT) in albino rats increased after 30
min of noise stress, while the serum triglyceride
level dropped [5]. Moreover, the Chinese traditional medicines Astragali,
suppressed the acute physiological and biochemical
changes [3, 4]. However, the mechanism by which
the harmful eﬀects were reduced remains to be elucidated.
On the other hand, hearing loss induced by noise
stress has been energetically studied. Vitamin C
(Ascorbic acid) can aﬀect 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 noiseinduced hearing loss was signiﬁcantly 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 eﬀects 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
Female Wistar rats aged 2 months
and weighing 180‑200 g were used in the experiments 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 vitamin 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 purchased 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.
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 composed of 10 rats. Soon after the noise had been
applied for the indicated time, the rats were sacriﬁced, 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 Teﬂon-glass homogenizer. The
homogenate was centrifuged at 5000×g for 60 min at
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4℃, the supernatant being transferred to new tubes
and stored at 70℃ for subsequent glycogen analysis.
Hepatic glycogen
contents were analyzed as shown previously [3].
The hepatic glycogen in the supernatant was dissolved in KOH with Na₂SO₄ and precipitated with
ethanol. The precipitated glycogen was then dissolved in distilled water to a ﬁnal volume of 5 ml.
The amount of glycogen was determined by the phenol-sulfuric acid method form from the absorbance at
490 nm.
The protein concentration was determined by the modiﬁed Bradford
method, using bovine serum albumin (BSA) as a standard [11].
All statistical analyses were performed by the Dunnettʼs multiple comparison test
using EXCEL software. Values of <0.05 are considered to show statistically signiﬁcant diﬀerences.

Results

The hepatic glycogen content 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 signiﬁcantly
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
eﬀect of these vitamins could be classiﬁed within a
time-dependent manner. When vitamin C was
injected, the amounts of hepatic glycogen slightly
decreased throughout the duration of the noise application. When vitamin E was administered, the
amount of hepatic glycogen dropped at 30 min after
the noise application and the amount of hepatic glycogen slightly increased throughout the duration of the
noise application. However, there were no signiﬁcant
diﬀerences between the amounts of hepatic glycogen
before and after the noise application.
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Discussion
-

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 significant diﬀerences between the amounts of hepatic glycogen in the rats injected with vitamin B₁₂ (△) under
noise stress and those in the rats under non-stress
(◆).
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The application of
noise temporarily reduced the amount of hepatic glycogen, 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
Eﬀect 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
Eﬀect 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.
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second mechanism that also includes ischemia, excitotoxic damage, metabolic exhaustion and ionic
imbalance in the inner ear ﬂuids. Vitamin C and vitamin E are known to be potent antioxidants. The
administration of vitamin C inhibited lipid peroxidation 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 scavenging reactive oxygen species (ROS) produced during
the noise application.
Chinese medicinal herbs are increasingly becoming the subject of pharmacological research. Radices
of
and
prevented the noise-stressinduced reduction in the glycogen contents in the liverin rats [3].
and
had antioxidant
activities that reduced some harmful eﬀects [13, 14].
These results suggest that treatment with
or
could alleviate the noise-induced eﬀects
via scavenging ROS, and this suggestion is supported
by the results of the present paper.
-
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(2004) reported on gene expression under
experimental conditions [16]. Gene expression analysis including the use of DNA microarray technology
could clarify a mechanism for reducing the harmful
eﬀects of noise exposure.
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