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Alterations in lifespan and sleep:wake duration under selective
monochromes of visible light in Drosophila melanogaster
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ABSTRACT
Rapid technology development, exposure to gadgets, and artificial
lights (with different monochromes) have disturbed our lifestyle and
the circadian clock, which otherwise confers better regulation of
behavioral patterns and sleep:wake cycles in most organisms
including Drosophila melanogaster. We assay the effect of
LD12:12 h (light:dark) monochromatic lights (violet, blue, green,
yellow, orange, and red) on the lifespan, activity, and sleep of the
D. melanogaster. We observe a shortened lifespan under 12 h of
violet, blue, green, and yellow lights, while significantly reduced
activity levels under the light phase of blue and green light as
compared to their dark phase is observed. Significant increase in the
evening anticipation index of flies under blue and green light
alongside increased and decreased sleep depth during the day and
night respectively suggests the light avoidance, while there is no
effect of colored light on the waking time, daily active time, and sleep
time. Thus, our study shows short and long-term exposure to certain
colored lights in terms of reduced lifespan and locomotor activity,
which cause qualitative as well as quantitative changes in the sleep of
flies; probably as a sign of aversion towards a specific light.

This article has an associated First Person interview with the first
author of the paper.
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INTRODUCTION
The circadian clock benefits most of the organisms living under
12:12 h of light: dark (LD) cycles and its precision is seen to evolve
across generations upon selection pressures (Kannan et al., 2012).
Circadian clock is synchronized when the day is ∼24 h, while
it also favors the habitation under constant darkness (DD) or
constant light (LL) particularly in the organisms living in the polar
region and deep sea oceans (Sharma, 2003; Krittika and Yadav,
2020; references therein). Presence of light:dark cue and light
discrimination can confer various advantages for survival, predator
avoidance, and benefit the organisms with a sense of food and
shelter search (Dominy and Lucas, 2001; Osorio and Vorobyev,
2008). Studying associated responses such as phototaxis and color
preference help us understand the pest control, fruit-piercing
behavior and mating in fruit flies Drosophila melanogaster

(Harada, 1991; Yang et al., 2003; Cowan and Gries, 2009; Díaz-
Fleischer and Arredondo, 2011; Hori et al., 2015; Shibuya et al.,
2018; references therein). But interestingly, increased exposure to
artificial light can interfere with sleep quality and circadian function
in humans (Chang et al., 2015; Green et al., 2017); and moreover,
D. melanogaster showed color preference (Lazopulo et al., 2019)
and the toxicity of blue light (Hori et al., 2015; Nash et al., 2019;
Shen et al., 2019). Hence, understanding the toxicity of colored
lights on the fitness traits and how the flies perceive colors across
time of the day will enable us to understand the clock performance
and physiological adaptations and also benefit the agricultural and
its related storage sector for effective pest control.

The color identification in flies is ensured by photoreceptors
called rhodopsin, wherein certain rhodopsin classes are color-
specific (Schnaitmann et al., 2013). Since fruit flies show a color
preference across different times of the day (Lazopulo et al., 2019),
it is important to test whether this color preference can benefit their
lifespan or fitness. Fitness-related studies can be categorized based
on the exposure of the experimental conditions (colored lights)
during pre-adult (Xiang et al., 2010; Hori et al., 2015; Shibuya et al.,
2018) or the adult stages of the flies (Lazopulo et al., 2019; Shen
et al., 2019). Due to the tight association between light and the
circadian clock, bright light therapy is used to treat sleep:wake cycle
disturbances in old people and for mood disorders (Blume et al.,
2019; references therein). As colored-light-emitting gadgets and
artificial lights have become an integral part of our daily life,
especially blue light (high exposure possibility) can aggravate
migraine symptoms and also cause sleep disorders (Noseda et al.,
2010; Falchi et al., 2011; Green et al., 2017). So, it is important to
study their negative effects on the sleep patterns or life of the
organism, especially during the evening or night hours (Holzman,
2010).

In the case of D. melanogaster, it is seen that daily blue light
exposure alone shortens the lifespan, impairs locomotion, and
accelerates aging (Nash et al., 2019). However, there are limited
reports on the effect of UV light (100-400 nm) and colors of visible
light (400-780 nm) on fruit fly D. melanogaster activity, lifespan,
lethality and related traits (Hori et al., 2015; Guntur et al., 2017;
Lazopulo et al., 2019; Nash et al., 2019; Shen et al., 2019). Thus, it
becomes requisite to understand the effect of other monochromes of
shorter (violet) and longer wavelengths (green to red) on the
lifespan and locomotor activity of the flies.

In this study, we intend to assess the effect of different colors of
visible light range [violet (400-440 nm), blue (460-500 nm), green
(500-570 nm), yellow (570-590 nm), orange (590-620 nm), red
(620-700 nm)] on the lifespan, activity, and sleep of adult fruit flies
D. melanogaster. We observed that the lifespan under shorter
wavelengths is shortened when compared with that under LD
(12 h:12 h light:dark cycle of white light), DD (24 h constant
darkness; control), and red light. As expected, the total activity
under DD was higher as compared to all the tested light regimes andReceived 7 February 2022; Accepted 15 June 2022
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controls (LL and LD white light) except under the red LD.
Interestingly, activity under blue and yellow LD is higher than that
recorded under LL white light control. We also observed that the
flies under blue and green LD anticipate dark phase alongside
showing higher sleep depth during the light phase and could be
assumed to be an avoidance strategy of the flies. They also exhibit
shorter active time and extended sleep time during the day, possibly
due to the avoidance of light as mentioned earlier. Thus, our study
confirms the toxic effect of short-wavelength lights, especially blue
and green light on the lifespan of the flies and reveals the activity
suppression and sleep enhancement during the blue and green light
phase as compared to their dark phase.

RESULTS
Lifespan
The lifespan of male fruit flies D. melanogaster was assayed under
three different control light regimes: LL (constant light), LD (12 h
light:12 h dark), DD (constant darkness), and the monochromes of
visible light (experimental; violet, blue, green, yellow, orange, red).
The survivorship curves and one-way ANOVA on the lifespan data
showed a significant effect of light (L; F8,81=24.064, P<0.0001;
Table 1, Fig. 1A,B). Multiple comparisons using Tukey’s HSD test
revealed that lifespan under DD was higher than the other light
regimes. Male flies under white LD exhibit a higher lifespan than
colored LD lights of violet, blue, green, and yellow. Interestingly,
flies exposed to blue LD recorded the lowest lifespan as compared to
that under control white light regimes (LL, LD) along with orange
and red, but were not different from the lifespan recorded under
violet and green light regimes. The lifespan of flies exposed with red
light was higher than that exposed with violet, blue, green,
and yellow light while being similar to that under orange light
and lower than that under DD control. Thus, the results suggest that
lifespan is undoubtedly higher under DD conditions followed by red
light.

Locomotor activity
Upon differences in lifespan, we assayed the effect of light on the
activity levels of flies. One-way ANOVA on the average locomotor
activity data with light as an independent factor showed a significant
effect of light (L; F8,276=10.177, P<0.0001; Table 1, Fig. 2A). The
multiple comparisons by Tukey’s test revealed that activity under
DD control was higher as compared to all tested lights except red
light (wherein it was found to be similar), while white LL control
exhibited lower activity as compared to blue, yellow and red.
Interestingly, the activity under red light was higher than that
observed under white LD and LL activity. Moreover, two-way
ANOVA followed by Tukey’s HSD test on activity during light:dark
phase showed a significant effect of colored light (CL; F6,126=3.56,
P<0.0027), phase (P; F1,126=22.47, P<0.0001), and light-phase

interaction (L×P; F6,126=4.64, P<0.0003; Table 1, Fig. 2B). The
activity levels in red LD during the light phase were found to be
higher than those under white LD control, blue, green and orange
LD. Under blue and green light, despite the expected difference in
the light and dark phase activity, interestingly, we observe a
significant increase in the activity at night. Thus, taken together,
this study suggests that flies do not prefer being active under
the light phases of blue and green light, and thereby compensate
for their activity in their dark phase (Fig. 2B; actograms in
Fig. S1A-D).

Active and sleep time
Apart from activity, we intended to see whether there were
differences in the duration of activity and sleep as light is a major
determinant of sleep:wake cycle as discussed earlier. ANOVA on
the active time data showed the significant effect of light (L;
F6,268=5.85, P<0.0001), time (T; F1,268=30.00, P<0.0001) and their
interaction (L×T; F6,268=6.67, P<0.0001; Table 2, Fig. 3A-C).
Multiple comparisons using Bonferroni’s test revealed that the
active time of flies under blue light is shorter than white LD control
during the day. Interestingly, the difference in the active time of flies
during the day and night is witnessed only under the white LD
control, violet, yellow, and red LD lights, while there is no
quantitative difference in terms of activity bouts in the light phase
versus dark phase under blue, green and orange LD lights (Fig. 3C).
ANOVA on the sleep time data showed significant effect of light (L;
F6,268=5.85, P<0.0001), time (T; F1,268=30.00, P<0.0001) and their
interaction (L×T; F6,268=6.67, P<0.0001; Table 2, Fig. 3D-F).
Multiple comparisons by Bonferroni’s test revealed that the sleep
time of flies under blue light is higher than that under white LD
control during the day and the sleep time also shows no phase
separation under blue, green, and orange (Fig. 3F, similar to active
time). Thus, blue, green, and orange lights are nullifying the effect
of LD on the active and sleep time of the flies.

Since, we observed no difference in total active time of the flies
under the colored lights or the LD control, we narrowed the assay to
assess the fly’s preference towards the phase of the day (light or dark
phase). We assayed the anticipation index of flies for the evening
(dark phase) considering that the flies are less active during the day
(light phase). One-way ANOVA followed by multiple comparisons
using Tukey’s test on anticipation index showed a significant effect
of L (morning; F6,215=2.72, P<0.0146; evening; F6,216=5.13,
P<0.0001). The morning anticipation was not observed under all
colored LD light as compared to the white LD control (Fig. 4A).
But, interestingly, flies under blue and green LD light alone showed
higher anticipation for the evening (dark phase) as compared to the
white LD control and red LD light (Fig. 4B). Further, one-way
ANOVA on the sleep latency with light as an independent factor
showed a significant effect of light (L; F6,134=2.71, P<0.0162;

Table 1. Summarized statistical details of lifespan and activity assay performed under LD12:12 h

Assay Effect d.f. MS effect d.f. error MS error F P<

Lifespan Light (L) 8 444.1 81 18.5 24.06 0.0001
Average activity Light (L) 8 183,171,382.4 276 17,998,543.9 10.18 0.0001
Activity under LD phase Coloured light (CL) 6 71,777 126 20,158 3.56 0.0027

Phase (P) 1 452,878 126 20,158 22.47 0.0001
CL×P 6 93,583 126 20,158 4.64 0.0003

Activity under light phase Light (L) 6 9433.1 819 446.1 21.15 0.0001
Time (T) 2 142,660.2 819 446.1 319.82 0.0001
L×T 12 1893.5 819 446.1 4.25 0.0001

ANOVA on the lifespan and activity data of the flies, followed by post-hocmultiple comparisons by Tukey’s test shows a significant difference upon independent
variables and their interaction.
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Table 2, Fig. 4C). The multiple comparisons by Tukey’s test
revealed that the sleep latency of flies under red light is lower than
that of the white LD control, while no other lights showed any effect
on sleep latency.
In addition to various sleep parameters, the depth of sleep may

also be affected by the duration of unfavourable light exposure.
One-way ANOVA on the sleep depth showed significant effect of
light (L; F6,63=9.33, P<0.0001), and its interaction with time (L×T;
F6,63=67.09, P<0.0001; Table 2, Fig. 4D,E), but not of time (T;
F1,63=1.31, P=0.2570). The multiple comparisons by Bonferroni’s
test revealed that the sleep depth of flies under blue and green light is
higher during the day and lower at night, while flies under red light
show lower sleep depth during day and night (Fig. 4E). This shows
that the flies do not prefer blue and green light for activity and
thereby prefer being active in the dark as discussed earlier.
Moreover, the fraction of wake bouts showed no difference under
the tested colors as compared to control (Wilks’ lambda=0.719,
F30,522=1.4930, P=0.0467; Fig. 4F), while the fraction of sleep
bouts under yellow light (>150 min bouts) is significantly lower

than white LD control and blue light (Wilks’ lambda=0.736,
F30,522=1.3877, P=0.085; Fig. 4G). Hence, these data suggest that
blue and green light are aversive towards the light phase and thereby
tend to have higher sleep depth. Interestingly, active time and sleep
throughout the day, their average daily activity, and waking time did
not show any effect of light (Fig. S3A-D).

DISCUSSION
Given that the presence of light enables the organism to time their
daily activity, sleep and feeding pattern (Dominy and Lucas, 2001;
Osorio and Vorobyev, 2008; Lazopulo et al., 2019); would the flies
modulate their behavior to suit the colored light or dark phase
is unexplored. This question made us carry out the current study,
and understand the regulatory changes in terms of lifespan, activity,
and sleep-related traits under the different colored lights in
D. melanogaster. Results of the current study such as shorter
lifespan and reduced activity under blue light are similar to the
findings of certain studies indicating the toxic effect of blue light
(Hori et al., 2015; Nash et al., 2019; Shen et al., 2019). The blue

Fig. 1. Lifespan under lights of short wavelength is lower. The survivorship curves (A) and average lifespan (B) under controls of LL, LD and DD and
other colored lights (V, violet; B, blue; G, green; Y, yellow; O, orange; R, red) show possible toxic effect of short-wavelength lights on lifespan. The x-axis
denotes age in days (A) and light (B), while the y-axis represents percentage (%) survival (A) and average lifespan in days (B). The error bars are standard
deviation (SD) and the asterisks indicate statistical significance (P<0.05), n.s. denotes non-significance between DD and red-light lifespan alone.

Fig. 2. The activity of flies under blue and green light phase is lower than their dark phase activity. The total activity over 10 days (A) and average
activity per day (B) show lower activity recorded under blue and green light. The x-axis denotes the light regimes imposed, and the y-axis the activity bouts in
arbitrary units (a.u.). Other details are the same to Fig. 1.
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light probably induces the accumulated damage which in turn
accelerates the aging rate and thus shorten the lifespan (Nash et al.,
2019; Shen et al., 2019), which is still shorter than that observed
under LL (white light) control, indicating that the rhythmic blue
light is more detrimental for fly’s lifespan than the arrhythmic LL
(Fig. 1B). In fruit flies, the intensity of visible light exerts sex and
diet-specific effects on lifespan and mortality rates (Shen et al.,
2019). Interestingly, our study also shows that the lifespan
under green light is also shortened in males which is against the
report of a recent study that shows that 100 lux of green light do not
affect the male lifespan (Shen et al., 2021). This difference in
green light effect might be due to the use of DD control; while it is
also reported that lifespan under DD is higher than that of white
light LD (Allemand et al., 1973), but their fitness is higher upon
long-term maintenance in white LD than DD (Kouser et al., 2014).
This shows the clear differences in the effect of LD and DD
light regimes and their effect on various traits in flies, thereby
suggesting us to choose a valid control while comparing
monochromes. Moreover, some studies which are focussed
entirely on the effect of UV, visible light, and blue light on the
pre-adult stages (Hori et al., 2015; Shibuya et al., 2018) have also
raised the question of whether the dipterans accept green or its
background as a neutral color, because of its relevance in the
environment as trees and greenery (Storz and Paul, 1998; Little
et al., 2018, 2019). Thus, taken together, lifespan and activity
respond to the effect of different monochromes of visible light
differently and therefore visible light cannot be considered just the
mere average of seven colors.
Our results show that there is no difference in total activity

between blue light and that in white LD control (Fig. 2A), which is
contrary to the study by Nash et al., (2019), which reported the
higher activity under blue light. Additionally, our results also show
that the blue and green lights suppress the flies’ activity under
the light phase and thereby the flies exhibit higher activity in the
dark phase (Fig. 2B). Moreover, the effect of light is well associated
with the circadian clock regulations, as the clock gene mutants
showed similar blue light avoidance, thereby indicating that the
avoidance of the colored light is not essentially associated with the
functional clock (Helfrich-Förster, 2019; Lazopulo et al., 2019).
However, there exists a significant decrease and increase of active
time and sleep time respectively during the day under blue
light. There is also no difference in the active and sleep time

between the light and dark phases under blue LD (Fig. 3C,F). It is
thereby intriguing that the activity under the blue light phase is
indifferent as compared with that under white LD control, but their
active time during the blue light phase is lower, indicating that the
flies might be hyperactive during the lowered active time of their
light phase.

Interestingly, the flies under blue and green light show no
anticipation for the light phase but shows higher anticipation for the
dark phase (Fig. 4A,B), which can be correlated with higher activity
in the dark phase, and this can probably be because the flies are
aversive to colored light and therefore show a preference towards the
absence of light. While, green light exposed flies show significantly
higher activity in their dark phase as compared to their light phase,
and is not in line with the findings of studies reporting attraction and
preference to green (Storz and Paul, 1998; Lazopulo et al., 2019).
The blue and green light-based activity reduction can be justified
by the aversion of flies towards the blue light and their limited
movement probably contributes to the access food throughout
the day as similar to Lazopulo et al. (2019), and the same can
be the reason for higher activity in the dark phase.
Additionally, witnessing the increased and deceased sleep depth
in the light and dark phase respectively of the flies under blue and
green light (Fig. 4E) can be a point of concern as enhanced
night time activity can disrupt the ecological balance by increasing
the chances of encountered predation and lack of food
availability (Sharma, 2003; Krittika and Yadav, 2020; references
therein). The flies under red light show lower sleep latency
(Fig. 4C) and is probably consistent with the capacity of red light as
a part of light therapy (Videnovic et al., 2017). Moreover, a study on
fruit fly larva showed higher avoidance upon green light with a
higher intensity as compared to that under the lower intensity of blue
and violet lights (Xiang et al., 2010), because rhodopsin 5 (specific
for blue light) is indispensable for light avoidance rather than
rhodopsin 6 (specific for a green light; Keene et al., 2011). The
current study also suggests that under unfavorable lights (like blue
light), there might be the possibility of the flies shifting their activity
toward the dark phase. Therefore, long-term exposure to the colored
light can provoke the flies to shift their active phase, thereby
disturbing the crepuscular nature of the flies. Overall, the extent of
the colored light effect can be better understood upon 24 h color
light exposure (LL of color light) and also various dietary
interventions.

Table 2. Summarized statistical details of active time, sleep time, and related parameters performed under LD12:12 h

Assay Effect d.f. MS effect d.f. error MS error F P<

Active time Light (L) 6 48,098 268 8220 5.85 0.0001
Time (T) 1 246,635 268 8220 30.00 0.0001
L×T 6 55,609 268 8220 6.77 0.0001

Sleep time Light (L) 6 48,098 268 8220 5.85 0.0001
Time (T) 1 246,635 268 8220 30.00 0.0001
L×T 6 55,609 268 8220 6.77 0.0001

Anticipation index Light (L) 6 0.06 215 0.02 2.72 0.0146
Morning
Evening

Light (L) 6 0.05 216 0.01 5.13 0.0001
Sleep depth Light (L) 6 17,020 63 543.5 9.33 0.0001

Time (T) 1 711 63 543.5 1.31 0.2570
L×T 6 36,460 63 543.5 67.09 0.0001

Sleep latency Light (L) 6 787.3 134 290.5 2.71 0.0162
Fraction of wake bouts Light (L) 30 - 522 - 1.5 0.0466
Fraction of sleep bouts Light (L) 30 - 522 - 1.4 0.085

ANOVA followed by post-hoc multiple comparisons by Tukey’s test and Bonferroni’s test (active time, sleep time, sleep depth) shows a significant difference in
independent variables and their interaction.
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Fig. 3. No difference in the active and sleep time between day and night under blue and green light. The active time profile during day and night under
VBG (A) and YOR (B) and their quantification (C) shows reduced active time during the day under blue light. The sleep time profile during day and night
under VBG (D) and YOR (E) and their quantification (F) shows higher sleep time during day under blue light and no difference in the sleep time during day
and night under blue, green and orange light. The x-axis denotes the time of the day (A,B,D,E) and the y-axis denotes the activity/30 min (A,B) and sleep/
30 min (D,E). The x-axis denotes the light regimes imposed (C,F), and the y-axis the activity (C) and sleep (F) in minutes. The horizontal grey and black bars
indicate the light and dark phase respectively for LD 12:12 h. Other details are the same as in Fig. 1.
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MATERIALS AND METHODS
Lifespan assay and experimental design
Egg collection from the running culture of fruit fly D. melanogaster stock
(Canton S; CS flies) was done in 10 vials. Freshly emerged flies were
collected and only male flies were separated by anesthetizing with mild
CO2. The vials were maintained at 25°C temperature and ∼70% relative
humidity under the respective light (violet, blue, green, yellow, orange, red)
at LD12:12 h throughout the experiment. The control flies for the

experiment were kept under white light (LL and LD regimes) alongside
DD control. Each setup had ten unmated males per vial with 6 ml of corn
food (containing agar from HIMEDIA and dry yeast from Gloripan were
used; 100 flies/light) and 10 such vials were used. All the vials were checked
for the death of flies every day; wherein the fresh food vials were changed
for the surviving flies every 4th day till the death of the last fly in each
vial. The lifespan of a fly was calculated as the number of days it survived
post-emergence.

Fig. 4. Higher sleep depth during the day and anticipation for dark phase under blue and green light. The anticipation index for the morning (A) and
evening (B) shows blue and green flies anticipating for dark phase. The sleep latency (C) in red light flies exhibit less time to fall asleep. Flies show increased
sleep depth (D,E) during the day under blue and green light, while fraction of wake bouts (F) and sleep bouts (G) show not much effect of color light.
The x-axis denotes light (A-C), time of the day (D,E), and the y-axis sleep latency (C) and sleep depth (D,E). The x-axis denotes the minute bouts (F,G) and
the y-axis represents the fraction of wake bouts (F) and sleep bouts (G). Other details are the same as in Fig. 1.
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Activity and sleep assays and experimental design
The locomotor activity assay of the flies was performed using Drosophila
Activity Monitors (DAM; Trikinetics, MA, USA). Freshly eclosed flies
were collected and their activity was monitored for 10 days under
LD12:12 h with each of the monochromatic light phases and controls of
DD and white light regimes (LD and LL). Total 32 virgin males were
individually and randomly loaded into the locomotor activity tubes and
temperature (∼25°C), relative humidity (∼70%), and intensity of light inside
the recording box (15×10×8 cm3; provided with LED lights and
corresponding filters if applicable) were found to be stable. The activity
data has been plotted with the time of the day on the x-axis and the activity
bouts on the y-axis. The actograms of the flies under white light regimes LL,
LD (control), blue and green light were analyzed and plotted using
CLOCKLAB (Actimetrics, USA). The measurements of activity levels,
sleep and related traits were analyzed in a MS-excel sheet using the data
extracted from the DAM files. An inactivity period of flies for ≥5 min is
defined as sleep, as reported previously (Hendricks et al., 2000; Shaw et al.,
2000). Active time and sleep time are taken as the number of minutes the fly
exhibited activity or inactivity respectively based on the recording by DAM.
The anticipation index (AI) of the flies was calculated by dividing the 3
activity counts of 30 min each by six activity counts of 30 min before lights
on (morning AI) and before lights off (evening AI), similar to the method
described elsewhere (De et al., 2013). Sleep depth is a deep stage of
consolidated sleep, which may be found to be around ∼12 to 15 min of
continuous inactivity in flies (van Alphen et al., 2013), which increases
upon the conditions like starvation (Brown et al., 2020).

Monochromatic light source
Colored filter transparent sheets (Lee filters) and LED lights were used to
reproduce monochromatic colors for the experiments and intensity at 275 to
285 lux. The wavelength of the colors (Lee filters catalog) and the colored
sheets used for these experiments were supplied with specific numbers (by
Lee filters): violet- 181; blue- 201; green- 738; yellow- 101; orange- 105;
red- 106.

Statistical analysis
The data were subjected to ANOVA and post hoc multiple comparisons by
Tukey’s and Bonferroni’s tests. The statistical analyses were performed
using STATISTICA for Windows Release 7 (StatSoft Inc. 1995, 2004) and
GraphPad Prism version 5.00 for Windows. The statistical significance is
considered if P<0.05 and error bars are plotted with mean±s.d.
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