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A B S T R A C T

Noise pollution remains a pervasive health hazard that people encounter especially in large commercial
metropolis and has been implicated in many adverse non-auditory health conditions such as hypertension,
atherosclerosis, vascular (endothelial) dysfunction and metabolic disorders. There is a growing body of evidence
showing that chronic noise exposure is associated with an increased risk of hypercholesterol, adiposity and
development of type 2 diabetes. The present study investigated the effect of noise stress on parameters of glucose
homeostasis in male rats and possible recovery after noise cessation. Twenty-four (24) adult male Sprague-Dawley
rats were designated into four groups (n ¼ 6 per group). All rats except the control group were exposed to 95dB
noise using a noise generator for 28 consecutive days. A group of rats was investigated immediately after 28 days
of noise exposure (NE28), while others were left to recover from noise stress for 7 days (NER7) or 14 days
(NER14). OGTT and ITT were performed using standard methods. Plasma levels of triglyceride (TRIG), total
cholesterol (CHOL), low density lipoprotein (LDL) and high-density lipoprotein (HDL) were determined. Serum
level of insulin, corticosterone (CORT) and corticosterone-releasing-factor (CRF) were determined using ELISA.
Homeostasis model assessment-insulin resistance (HOMA-IR) and glycogen content in liver as well as gastroc-
nemius muscle were also determined.

Although glucose tolerance remained unchanged in the noise-exposed groups, insulin sensitivity was however
significantly reduced compared with control. There was significant increase (P < 0.05) in the level of CHOL, LDL
and HDL. Noise also increased (P < 0.05) both insulin and CORT levels; and elicited a higher HOMA-IR index in
NE28 rats. Hepatic and myocytic glycogen content were lower (P < 0.05) in NE28 rats relative to control. The
reported changes above were reversed following a 14-day noise withdrawal period. Noise-induced insulin
resistance may result from dysregulation of the stress axis and appears to be reversible with noise cessation.
1. Introduction

Noise pollution remains a pervasive health hazard that people
encounter especially in commercial metropolis and has been implicated
in many adverse non-auditory health conditions such as hypertension,
atherosclerosis, vascular (endothelial) dysfunction and metabolic disor-
ders. In fact, there is growing body of evidence showing that chronic
noise exposure is associated with an increased risk of hyper-
cholesterolaemia (Mohammadi et al., 2016), adiposity (Christensen
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et al., 2016; Foraster et al., 2018) and development of type 2 diabetes
(T2D) (Clark et al., 2017; Eze et al., 2017; Kempen et al., 2018).

Exposure to noise has been shown to result in perturbations in glucose
homeostasis in both animal and human subjects. In an animal study
designed to evaluate the glucometabolic consequences of noise, Cui and
co-workers showed that chronic noise exposure increased blood glucose
and impaired hepatic insulin production (Cui et al., 2016), which in-
dicates that prolonged noise exposure increased the risk and accelerate
the onset of T2D development. Furthermore, acute noise exposure eli-
cited transient glucose intolerance and insulin resistance while chronic
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noise exposure led to prolonged insulin resistance inmale mice (Liu et al.,
2016); thereby manifesting a time course difference in the two windows
of exposure. Meanwhile and perhaps more importantly, human study
mirrored the findings in animal experiments with exposure to nocturnal
noise shown to impair glucose tolerance and insulin sensitivity in normal
subjects (Sorensen et al., 2013).

Glucocorticoid release in response to stress has been well character-
ized in rodents (KlenerovaÂ et al., 2003; Agrawal et al., 2011). One of the
critical physiological functions of corticosterone, a major glucocorticoid
is to increase gluconeogenesis and hepatic glycogenolysis in rats,
resulting in increased availability of metabolic substrates to cope with
stressful conditions (Solin and Lysashev, 2014). In addition to glucose
mobilization from the energy store, there are indication that corticoste-
rone may act antagonistically to the actions of insulin, the primary hor-
mone responsible for glucose uptake in the body (Dallman et al., 1993).
Current evidence suggests that glucocorticoids counteract the effects of
insulin-sensitive tissues where insulin performs its major anabolic actions
(hepatocytes, adipocytes, and muscle tissue) by exerting gluconeogenic
effects to increase plasma glucose levels (Dallman et al., 1993; Strack
et al., 1995). Interestingly, glucocorticoid during stress also has the po-
tential to mobilize lipids from adipose tissue, which supports
gluconeogenesis.

Insulin resistance (IR), a state where normal concentrations of insulin
elicit a suboptimal biological response (Kahn, 1978), manifests in
metabolically active tissues such as skeletal muscle, adipose tissue and
liver. IR can become worse and wear out the pancreatic beta-cells if
exposure to the insult is continuous and unabating. Noise exposure has
been shown to be associated with IR development, however, additional
studies explaining the noise-induced IR (Liu et al., 2016) and especially
potential for improvement after cessation of noise exposure are still
warranted. Therefore, this study sought to evaluate perturbations asso-
ciated with noise-induced IR and possible reversibility of noise-induced
metabolic indices such as glucose tolerance, insulin sensitivity, lipid
profile, glycogen content and corticosterone hormone after a period of
withdrawal from the stressor.

2. Methods

2.1. Animals

A total of 24 male adult rats of the Sprague-Dawley strain (150–220 g
body weight) were used for the study. They were obtained from the
animal breeding facility of the College of Medicine of the University of
Lagos, Lagos, Nigeria. All procedures for care and use of animals were
carried out according to the criteria outlined by the National Academy of
Science published by the National Institute of Health (NIH, 1985). This
was approved by the Animal and Human Use in Research Committee of
the institution. The animals were handled humanely, kept in plastic
cages, placed in a well ventilated and hygienic rat house under suitable
conditions of temperature, humidity and natural photoperiod of 12 h
light and 12 h dark cycle. They also had free access to food (standard
rodent chow) and water. After a 2-week acclimatization period, the an-
imals were randomly assigned into one control group and three noise
groups (6 rats per group). The animals in the noise groups were exposed
to white noise for 28 consecutive days (4 h per day, from 0900 to 1300 h)
and classified according to the time points of noise exposure. One of the
noise groups was assessed immediately after 28 days of exposure (NE28),
while the remaining groups of noise-exposed rats were left to recover
from noise stress for 7 days (NER7) or 14 days (NER14) before assessing
their metabolic function.

2.2. Noise exposure setup

Noise was generated using a noise generator that was mounted on the
rat cage. The noise level was set at 95 dB and monitored using a digital
sound meter (NKTech). Variations in noise level was 2 dB within the
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space available to the animals and the noise generator was off auto-
matically after 1 h and then restarted 10 min later. The method used was
adapted with modifications from previous study of Cui et al. (2016).

2.3. Oral glucose tolerance test

After overnight fasting for 12 h, initial fasting blood glucose levels
were estimated prior to glucose loading. Thereafter, the animals were
administered a glucose (1 g/kg of body weight) dissolved in water by
gavage. Blood glucose concentrations were determined from the tail vein
with an Accu-check at 30, 60, 90, and 120 min afterwards. The incre-
mental area under the curve (AUC-GTT) was also calculated.

2.4. Insulin tolerance test

Rats that had been fasted for 4 h were injected i.p.with regular human
insulin (Humulin, 0.75 U/kg body weight). The blood glucose concen-
trations were monitored before (0 min) and 15, 30, 45, 60, 90, and 120
min after insulin injection. The AUC for the blood glucose–time function
(AUC-ITT) was calculated.

2.5. Insulin, corticosterone and corticosterone-releasing-factor levels

To determine the concentration of insulin, corticosterone (CORT) and
corticosterone-releasing-factor (CRF), commercially available ELISA kit
(Elabscience Biotechnology Co., Ltd., Wuhan, China) which are designed
as a competitive immunoassay for the quantitative determination of
respective hormone in body fluids were used according to the manu-
facturer's instructions. Briefly, serum samples were added to 96-well
plates containing biotinylated primary antibody and incubated for 45
min at 37 �C. Thereafter, plates were washed, and horseradish
peroxidase-conjugated streptavidin solution was added to the wells and
incubated for another 30 min at 37 �C. The plates were then washed,
substrate reagent was added, and the plates were incubated for an
additional 15 min at 37 �C. Finally, stop solution was added to the wells
to terminate the reaction. The resultant absorbance was measured at 450
nm using an ELISA microplate reader (Biobase Bioindustry Co. Ltd.,
Shandong, China). The concentration of insulin, CORT or CRF was
determined using their respective standard curve. Homeostasis model
assessment-insulin resistance (HOMA-IR) was also calculated to measure
the insulin sensitivity of the rats (Hanley et al., 2002): [Fasting plasma
insulin (μg/L) � Fasting blood glucose (mg/dL)]/22.5.

2.6. Blood lipids

Plasma lipid levels of TG, TC, LDL-C, and HDL-C after treatment were
determined by automatic biochemistry analyzer (BT, 2000 Plus, Ger-
many) using diagnostic kits for each, purchased from BioSystems® (S.A
Costa Brava of Barcelona, Spain).

2.7. Tissue isolation

After the last glucose level was determined, the animals were fasted
overnight and then sacrificed by cervical dislocation. Tissue samples of
the liver and gastrocnemius muscle were carefully dissected over ice,
rinsed with 1.15 % KCl, blotted and weighed.

2.8. Muscle and liver glycogen determination

Glycogen contents in hepatocytes and myocytes were determined as
described in our previous study (Morakinyo et al., 2018). By this method,
liver and gastrocnemius muscles of experimental animals were harvested
and cleaned immediately before known weight were homogenized in
ice-cold trichloroacetic acid (deproteinizing) solution and incubated for
15 min in water-bath. After discarding the precipitate, the supernatant
was mixed with sulphuric acid and heated for 5 min and the absorbance



Table 1. Blood glucose lebel during oral glucose tolerance test in male Sprague-
Dawley rats exposed to noise stress.

Time (min) Control NE28 NER7 NER14

0 63.8 � 5.62 77.0 � 4.34 64.6 � 3.96 66.0 � 3.30

30 106.2 � 8. 45
(66.3 %)

101.4 � 7.74
(31.7 %)

103.8 � 18.43
(60.7 %)

102.2 � 7.94
(54.9 %)

60 118.7 � 8.43
(85.9 %)

85.6 � 7.82
(11.2 %)

106.0 � 13.58
(64.09 %)

112.4 � 4.74
(70.3 %)

120 75.3 � 7.87
(18.0 %)

75.6 � 6.10
(-1.8 %)

77.4 � 7.89
(19.8 %)

93.6 � 2.58
(41.8 %)

180 63.0 � 5.32
(-1.3 %)

63.8 � 4.62
(-17.1 %)

62.0 � 5.48
(-4.0 %)

76.4 � 3.06
(15.8 %)

Data presented as mean � SEM (n ¼ 6 per group; unit – mg/dl). Values in
parenthesis represent percent change in blood glucose level relative to 0 min.

Figure 2. AUC of glucose tolerance test in Sprague-Dawley rats exposed to noise
stress. Each point represents the mean with SEM (n ¼ 6 per group). Data are
expressed as mean � SEM, n ¼ 6 per group.
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read with ELISA reader (Biobase Bioindustry Co. Ltd., Shandong, China)
at 520 nm wavelength. A standard glycogen (Sigma; St. Louis, MO, USA)
was also prepared and employed for the standard curve.

2.9. Statistical analysis

All results are presented as the mean� standard error of mean (SEM).
Statistical analyses were conducted using GraphPad Prism Software
(GraphPad, Inc., La Jolla, CA, USA). Data analyses were performed by
one-way analysis of variance (ANOVA) with post hoc Tukey's multiple
comparison test. Statistical significance was set at p < 0.05.

3. Results

3.1. Effect of noise exposure on fasting glucose level

The fasting blood glucose concentration in NE28 rats was higher than
control group (64.4 � 4.49 vs. 77.0 � 4.34 mmol/L) but the difference
was not statistically significant (P ¼ 0.17). Meanwhile, there was no
significance difference (P ¼ 0.99) in the glucose concentration in NER7
and NER14 rats (64.6� 4.49 and 66.0� 3.3 respectively) compared with
the control (77.0 � 4.34) following 7 and 14 days recovery period
(Figure 1).

3.2. Effect of noise exposure on glucose tolerance

The blood glucose concentrations during the oral glucose tolerance
test in noise-exposed groups and the control are shown in Table 1. The
GTT reflects the efficiency with which the body handles glucose after an
oral glucose load and results from this test showed no significant dif-
ference (P > 0.05) in the glucose tolerance of NE28, NER7 and NER14
rats when compared with control rats, as indicated by a similar AUC-
glucose (Figure 2). Nonetheless, NE28 rats had a generally blunted
response to the glucose load with a 31.7 %, 11.2 %, -1.8 % and -17.1 %
rise in glucose concentration compared with 66.3 %, 85.9 %, 18 % and
-1.3 % in control rats at 30-, 60-, 120- and 180-min post-glucose load
respectively (see Table 1).

3.3. Effect of noise exposure on insulin tolerance

The results shown in Table 2 depicts changes in blood glucose in
response to insulin challenge and demonstrate the effect of noise expo-
sure on insulin tolerance. The rate of glucose disappearance in NE28 rats
(-12.9 %) in response to the insulin challenge was remarkably lower than
control rats (-21.6 %) at the 15-min post i.p. insulin and the trend
continued throughout the serial measurement timeline. As depicted by
Figure 3, noise stress appears to reduce insulin sensitivity in NE28 with a
Figure 1. Fasting blood glucose level in Sprague-Dawley rats exposed to noise
stress. Values are expressed as mean � SEM, n ¼ 6 per group.

Figure 3. AUC of insulin tolerance test in Sprague-Dawley rats exposed to noise
stress. Each point represents the mean with SEM (n ¼ 6 per group). Data are
expressed as mean � SEM, **p < 0.01 vs control, ##p < 0.01 vs NE28, bp<0.01
vs NE7, n ¼ 6 per group.
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significant increase (P < 0.01) in AUC-insulin (14760 � 929) when
compared with control (10275 � 581). However, insulin sensitivity was
improved in NER7 rats with a significantly reduced AUC-insulin (5998�
239) compared with both control and NE28 rats.
3.4. Effect of noise exposure on insulin sensitivity using HOMA-IR

We examined the changes on insulin sensitivity in noise-exposed rats
and their control counterparts. HOMA-IR was significantly increased in
NE28 (1.19� 0.035) but not in NER7 (0.74� 0.053) and NER14 (0.68�
0.047) compared with control rats (0.92� 0.035). Moreover, both values
in NER7 and NER14 were within the control range (Figure 4).



Table 2. Blood glucose level during insulin tolerance test in male Sprague-
Dawley rats exposed to noise stress.

Time (min) Control NE28 NER7 NER14

0 104.0 � 2.99 105.4 � 12.37 85.8 � 8.79 109.5 � 4.37

15 81.5 � 5.75
(-21.6 %)

91.8 � 13.14
(-12.9 %)

29.0 � 4.48
(-66.2 %)

86.3 � 10.01
(-21.2 %)

30 52.7 � 8.67
(-49.4 %)

74.6 � 12.65
(-29.2 %)

32.4 � 3.50
(-62.2 %)

62.3 � 13.33
(-43.2 %)

60 49.5 � 8.98
(-52.4 %)

74.8 � 13.09
(-29.0 %)

31.0 � 2.65
(-63.9 %)

48.0 � 13.03
(-56.2 %)

120 47.5 � 10.12
(-54.3 %)

85.0 � 17.68
(-19.4 %)

29.3 � 4.87
(-65.9 %)

47.5 � 13.25
(-56.6 %)

180 67.0 � 6.40
(- 35.6 %)

81.6 � 15.20
(-22.6 %)

28.0 � 4.81
(-67.4 %)

67.0 � 6.00
(38.8 %)

Data presented as mean � SEM (n ¼ 6 per group; units – mg/dl). Values in
parenthesis represent percent change in blood glucose level relative to 0 min
after insulin challenge.

Figure 4. HOMA-IR indices in Sprague-Dawley rats exposed to noise stress.
Data are expressed as mean � SEM, *p < 0.05 vs control; ##p < 0.01 vs NE28, n
¼ 6 per group.
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3.5. Effect of noise exposure on insulin concentration

Noise stress caused a significant (P ¼ 0.002) increase in insulin
concentration in NE28 group (0.35 � 0.009) when compared with the
control (0.30 � 0.01). However, NER7 (0.28 � 0.007) and NER14 (0.29
� 0.009) rats had significantly (P � 0.01) reduced concentration of in-
sulin compared with NE28 rats (Figure 5).
Figure 5. Effect of noise stress on the serum insulin concentration in Sprague-
Dawley rats. Data are expressed as mean � SEM, **p < 0.01 vs control; ##p <

0.01 vs NE28, n ¼ 6 per group.
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3.6. Effect of noise exposure on CORT and CRF concentrations

The level of CORT and CRF in rats exposed to noise stress and their
control counterpart is depicted in Figure 6. There was a significant in-
crease in CORT level in NE28 (159 � 4.32) compared with control rats
(110 � 4.34. However, following a period of withdrawal from noise
stress for 7 and 14 days, CORT concentration was significantly reduced (P
¼ 0.0001) in NER7 and NER14 rats (118 � 2.75 and 111 � 2.39
respectively) compared to NE28 (159 � 4.32). Conversely, the concen-
tration of CRF was significantly (P � 0.01) lower in NE28 (0.60 � 0.03)
as well as in NER7 (0.48 � 0.09) and NER14 (0.69 � 0.04) rats when
compared with control (1.13 � 0.15).

3.7. Effect of noise exposure on lipid profile

We examined the effect of noise stress on serum lipid profiles of male
Sprague-Dawley rats. Figure 7 shows that the rats exposed to noise stress
for 28 days (NE28 rats) had significantly higher levels of CHOL, LDL and
HDL but TRIG level was similar to that seen in control rats. An apparent
effect of 7 days recovery from stress was observed on CHOL and LDL
values in NER7 rats, however HDL level was significantly higher (P ¼
0.003) in NER7 rats when compared with control. The pattern of lipid
profile observed in NER14 rats was similar to that seen in NE28 rats,
particularly with respect to CHOL, LDL and HDL levels which were
significantly higher in NE14 rats compared to control rats. In both NER7
and NER14 rats, the levels of TRIG were significantly lower (P ¼ 0.001
and P ¼ 0.01 respectively) relative to the control group.

3.8. Effect of noise exposure on hepatic and myocytic glycogen storage

The contents of hepatic and myocytic glycogen storage in rats
exposed to noise stress is shown in Figure 8. Rats exposed to noise stress
Figure 6. Effect of noise exposure on the serum levels of CORT (A) and CRF (B)
in Sprague-Dawley rats. Data are expressed as mean � SEM, n ¼ 6 per group,
**p < 0.01 vs control, n ¼ 6 per group.



Figure 7. CHOL (A), TRIG (B), LDL (C) and HDL (D) profile of Sprague-Dawley rats exposed to noise stress. Data are expressed as mean � SEM, *p < 0.05 vs control;
**p < 0.01 vs control; n ¼ 6 per group.

Figure 8. Effect of noise stress on hepatic glycogen (A) and myocytic glycogen
(B) storage in Sprague-Dawley rats. Data are expressed as mean � SEM, **p <

0.01 vs control, #p < 0.05 vs NE28, n ¼ 6 per group.
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for 28 days had a significantly lower hepatic and myocytic glycogen
content than rats from control group. The reduced glycogen content due
to stress exposure was reversed to control values 14 days post-recovery
from stress as seen in NER14 rats, which had a significantly higher
levels of glycogen in hepatic and myocytic tissues than NE28 rats.
5

4. Discussion

There is a general shift in the global burden of disease from
communicable to non-communicable causes in the last decade, and
recent evidence suggests that environmental factors contribute to the
development of chronic non-communicable diseases (Lim et al., 2012).
The study of noise as an environmental stressor is becoming more and
more important in our industrialized world especially traffic noise from
road, crowd and workplace among others (Munzel et al., 2014).
Numerous studies have demonstrated that noise plays a significant role in
the development of metabolic diseases (Munzel et al., 2017), including
insulin resistance which is a key contributor to the development of Type
2 diabetes mellitus. However, limited work has been done to elucidate
the mechanisms underlying the effect of noise stress in the development
of these metabolic disorders.

Several studies have reported significant increases in plasma stress
hormone levels during and after exposure to different forms of noise
(Samson et al., 2007; Cui et al., 2016). Noise-exposed rats in the present
study demonstrated elevated corticosterone level suggesting sustained
response to noise stress. However, the concentration of corticosterone
declined in the reversal groups of rats suggesting that withdrawal from
exposure to noise leads to an abatement of noise stress-induced pertur-
bation of hypothalamo-pituitary adrenal axis. This result follows the
pattern of cortisol secretion in humans exposed to night noise (Maschke,
2003) and gives evidence of persistent rise in stress hormone occasioned
by chronic nocturnal noise exposure (Ising and Braun, 2000). Cortisol
provides the body with glucose under stressful conditions via increased
gluconeogenesis in the liver (Dallman et al., 1993; Strack et al., 1995).
However, elevated cortisol over a long term consistently produces
glucose, leading to hyperglycaemia.

Furthermore, the increase in the FBG recorded in noise-exposed rats is
an indication of disturbance of glucose homeostasis which was however
reversed after a period of non-exposure to noise. Elevated level of stress
hormones has been suggested to be responsible for altered glycaemic
control (Knudsen et al., 2014) via catecholamines influence on hepatic
glucose output (Yuen et al., 2013) and suppression of insulin-mediated
glucose transport into skeletal muscle (Hunt and Ivy, 2002). It thus ap-
pears that the improvement in FBG in the recovery group is due to
absence of the noise. Meanwhile, when the rats were challenged with
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glucose load during GTT, glucose response in noise-exposed rats were not
remarkably different from the control animals although the glucose level
trended higher in noise-exposed rats. We argue though that increased
level of corticosterone without a notable deterioration of glucose toler-
ance capacity in rats exposed to noise stress might imply a delayed
response in glucose tolerance to the insult or perhaps the exposure re-
quires an extended period.

Interestingly, other endpoints of glucose homeostasis appear to be
worsening in the noise-exposed rats within the same exposure window.
Rats exposed to noise demonstrated a significant increase in serum in-
sulin level. Insulin works as a key signal of blood glucose levels and mean
plasma insulin level is used to indicate the relative degree of insulin
sensitivity (Morakinyo et al., 2018). A higher insulin level in
noise-exposed rats may be connected with the development of insulin
resistance and worsening insulin function (Ferrannini and Mari, 1998).
In addition, elevated insulin level might not be unconnected with the
rising level of corticosterone in the animals. Cortisol is known to hinder
insulin function and render the cells insulin resistant thereby potentially
increasing the risk for type-2 diabetes mellitus (Ramamoorthy and
Cidlowski, 2016; Magomedova and Cummins, 2016). Meanwhile a
remarkable decline in insulin levels in the recovery groups following a
period of noise withdrawal, is indicative of the possible recovery of in-
sulin receptor functions in the uptake of glucose from the bloodstream
into the body tissues.

In response to exogenous insulin challenge, both control and noise-
exposed animals produced similar reaction in the first 15-minutes of
insulin challenge with marked fall in glucose levels; however, the insulin-
stimulated glucose uptake was attenuated in noise-exposed rats from the
30-minutes mark resulting in an elevated blood glucose level at 120-mi-
nutes post-insulin administration. This implies that noise stress pre-
disposes the animals to insulin insensitivity. A significantly reduced level
of insulin sensitivity is known as insulin resistance; a metabolic disorder
in which cells are less responsive to the effect of circulating insulin, so
that higher insulin concentrations are required to achieve euglycemia
with a given glucose load (Cefalu, 2006). This view is substantiated by
HOMA-IR data from the different groups which showed that
noise-exposed rats demonstrated relatively higher HOMA-IR compared
to control rats. HOMA-IR is an index of insulin resistance and a useful
non-invasive way of determining insulin sensitivity in rodents (Andri-
kopoulos et al., 2008). Higher HOMA-IR relates to the level of insulin
resistance such that the higher the number, the more resistant the tissues
are to insulin. Taken together, the coincidence of increased fasting
glucose and fasting insulin is symptomatic of noise-induced insulin
resistance. This therefore provide some rationale for noise-stress induced
gluco-metabolic dysfunction which may not be unrelated to the role of
noise in the induction type 2 diabetes (Ozougwu et al., 2013).

Environmental stressors contribute to metabolic disorders such as
hyperglycaemia and hyperlipidaemia (Babisch, 2002). It has been well
established that adipose tissue plays a dynamic and critical role in the
regulation of glucose and lipid metabolism as well as energy homeostasis
(Bays et al., 2004). Based on this fact, it was deemed fit to evaluate the
lipid profile of rats exposed to noise in the present study. A lipid profile is
a direct measure of four blood components namely; total cholesterol
(CHOL), triglycerides (TRIG), high-density lipoproteins cholesterol
(HDL) and low-density lipoprotein cholesterol (LDL) (Schaefer et al.,
2000). Noise-exposed rats had occurrence of pronounced lipid distur-
bance (increased LDL only) compared with the controls in the present
study. The most likely cause of dyslipidaemia in noise-exposed animal is
the increased free fatty-acid flux, secondary to insulin resistance. Insulin
plays a critical role in the control of lipid metabolism. Besides facilitating
the entry of glucose into adipocytes and providing more material for
triglyceride synthesis within the adipocyte, insulin also inhibits the
breakdown of fat by suppressing the adipose triglyceride lipase that hy-
drolyses triglycerides to release fatty acids (Park et al., 2015). However,
this ability of insulin to inhibit lipolysis and reduce the plasma FFA
concentration is markedly impaired in insulin resistance (Roder et al.,
6

1998; Kasuga, 2006). We therefore reasonably interpret the significantly
higher LDL level after 28 days of noise exposure as a metabolic biomarker
of the gradual progression of glucometabolic disturbance in
noise-exposed rats.

The liver is a major metabolic organ, and among its many functions, is
the production of glucose (via gluconeogenesis and glycogenolysis) and
its release into circulation (Radziuk and Pye, 2001). Overall, it is a
principal organ in controlling blood sugar, because an imbalance in
glucose release from the liver and uptake from peripheral tissues can lead
to the persistent hyperglycaemia; a major contributing factor to the
development of diabetes (Meyer et al., 2002). In noise-exposed rats, we
observed that both hepatic glycogen synthesis and glycogen synthesis in
skeletal muscle by insulin were stunted. It therefore appears that with
progressing insulin resistance in noise-stressed rats, insulin actionmay be
repressed at the liver and/or peripheral tissues, leading to increased
hepatic glycogenolysis, suppressed glucose uptake into peripheral tissues
and increased blood glucose levels.

In conclusion, the present study provide evidence that exposure to
noise led to a dysregulated hypothalamo-pituitary adrenal axis activity
with high corticosterone read-out, which appears to blunt the action of
insulin in peripheral tissues; and, consequently limits glucose uptake as
well as glycogen deposition in hepatic and gastrocnemius muscle of
Sprague-Dawley rats. However, these adverse effects were reversible
after a period of withdrawal from stress factor.
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