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Purpose: Hypoxia induced suspended animation and recovery 
Suspended animation is a state is characterized by the none moving, none feeding and they regain their ability to 
move and feed and all other functions on recovery from suspended animation. Suspended animation can be 
induced in invertebrates by exposure to CO2, O2, N2, and H2S and upon stressed condition to young ones at L1 
stage. In the present study the worms were exposed in the custom designed Glove box with the supply of 
Nitrogen N2 till 98.5% of the volume. Inside the glove 
laptop attached for imaging. Images were taken at 7fps and utilized for the analysis of speed, peed, peristaltic 
movement, track length, egg hatching and recovery by using N2 gas as an inducer of suspended 
create an anoxic environment. The time
analysis in WORMLAB software to examine them for movement, speed, track length and peristaltic pumping. 
Analyses are conducted on the track length of C elegans before, during, and after the period of recovery from 
suspended animation.  
Method: In this study, the worms were exposed in glove box at 99.8% of nitrogen to induce suspended 
animation and the movement was recorded with the lumasco
The revival was assessed by K-medium, M9 and blue light exposure or their effect on suspended animation on 
worm movement in terms of speed, peristaltic movement, track length, egg hatching and recovery. Time l
images were recorded for further analysis by WORMLAB software. Analyses are conducted on the track length 
of C. elegans before, during and after the period of recovery from suspended animation.
Results: The track length was recorded at 157.328 m/sec 
suspended animation. The worms resumed movement and reached a speed of 1177.621 m/sec after three hours 
of the N2 gas supply being removed or stopped. 
Conclusions: The observed speed data indicates that the measured peristaltic track length reduced by 67.98%, 
while the worm's peristaltic length track increased by 54% following the recovery. The track length recorded 
was 1227.476m/sec prior to hypoxia exp
period the worms resumed movement and reached and the track length was 1083.136 m/sec. The speed as 
measured by the worm lab based on analysis was a speed of 610.707 m/sec during suspended
74.079 and during recovery period was 1177.621. Similarly peristaltic track lengths before suspended animation 
was157.328m/sec to hypoxia exposure it was 50.389m/sec during suspended animation and during recovery 
period it was 242.416 m/sec After three hours of the N2 gas supply being removed or stopped. The observed 
speed data indicates that the measured speed has been significantly increased during recovery and peristaltic 
track length reduced by 67.98% during suspended animation, while the
by 54% during recovery. The worms reached the state of suspended animation by at 98.5% and above exposure 
to nitrogen gas and were able to recover after 72h of 
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Introduction   
Hypoxia has been known to induce suspended animation in various invertebrates and organisms 
Zebrafish, embryos. In zebrafish embryos complete arrest of heart beat, movem
developmental progression has been well established. Similarly in 
animation by arresting its movement, cell division and developmental stages. It has been observed that 
C.elegans can survive two or more upon reoxygenation or return to normoxia. (Nystul and Roth 2004). In the 
hypoxia conditions organisms require minimum amount of oxygen to generate ATP power the cellular reaction 
and C. elegans adopts itself  moderate to survive anoxia 
conserved these mechanisms compensate to the loss of aerobic energy production or decrease in demand. The 
extreme hypoxia condition leads to the anoxia and it defined as <0.001 kPa of oxygen. At this leve
the oxidative phosphorylation decreases and capacity to generate energy is drastically reduced. In this condition 
the cell needs to decrease energy demand and must reduce the cellular activity. But in case of mild hypoxia 
partial cell activity is active for cell survival. (Nystul and Roth 2004). In hypoxia conditions animals adapt to the 
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Abstract 
Purpose: Hypoxia induced suspended animation and recovery in Caenorhabditis Elegance. 
Suspended animation is a state is characterized by the none moving, none feeding and they regain their ability to 
move and feed and all other functions on recovery from suspended animation. Suspended animation can be 

invertebrates by exposure to CO2, O2, N2, and H2S and upon stressed condition to young ones at L1 
stage. In the present study the worms were exposed in the custom designed Glove box with the supply of 
Nitrogen N2 till 98.5% of the volume. Inside the glove box worms were recorded using Lumaascope
laptop attached for imaging. Images were taken at 7fps and utilized for the analysis of speed, peed, peristaltic 
movement, track length, egg hatching and recovery by using N2 gas as an inducer of suspended 
create an anoxic environment. The time-lapse images were recorded and combined to create the movie for the 
analysis in WORMLAB software to examine them for movement, speed, track length and peristaltic pumping. 

ack length of C elegans before, during, and after the period of recovery from 

Method: In this study, the worms were exposed in glove box at 99.8% of nitrogen to induce suspended 
animation and the movement was recorded with the lumascope-620 attached to the microscope on exposure. 

medium, M9 and blue light exposure or their effect on suspended animation on 
worm movement in terms of speed, peristaltic movement, track length, egg hatching and recovery. Time l
images were recorded for further analysis by WORMLAB software. Analyses are conducted on the track length 
of C. elegans before, during and after the period of recovery from suspended animation. 
Results: The track length was recorded at 157.328 m/sec prior to hypoxia exposure and 50.389 m/sec during 
suspended animation. The worms resumed movement and reached a speed of 1177.621 m/sec after three hours 
of the N2 gas supply being removed or stopped.  
Conclusions: The observed speed data indicates that the measured peristaltic track length reduced by 67.98%, 
while the worm's peristaltic length track increased by 54% following the recovery. The track length recorded 
was 1227.476m/sec prior to hypoxia exposure it was 74.090m/sec during suspended animation during recovery 
period the worms resumed movement and reached and the track length was 1083.136 m/sec. The speed as 
measured by the worm lab based on analysis was a speed of 610.707 m/sec during suspended
74.079 and during recovery period was 1177.621. Similarly peristaltic track lengths before suspended animation 
was157.328m/sec to hypoxia exposure it was 50.389m/sec during suspended animation and during recovery 

After three hours of the N2 gas supply being removed or stopped. The observed 
speed data indicates that the measured speed has been significantly increased during recovery and peristaltic 
track length reduced by 67.98% during suspended animation, while the worm's peristaltic length track increased 
by 54% during recovery. The worms reached the state of suspended animation by at 98.5% and above exposure 
to nitrogen gas and were able to recover after 72h of suspended animation to normalcy. 

Hypoxia, suspended animation, Caenorhabditis Elegance 

Hypoxia has been known to induce suspended animation in various invertebrates and organisms 
Zebrafish, embryos. In zebrafish embryos complete arrest of heart beat, movement, cell cycle progression and 
developmental progression has been well established. Similarly in C.elegans the worms enter into suspended 
animation by arresting its movement, cell division and developmental stages. It has been observed that 

survive two or more upon reoxygenation or return to normoxia. (Nystul and Roth 2004). In the 
hypoxia conditions organisms require minimum amount of oxygen to generate ATP power the cellular reaction 

adopts itself  moderate to survive anoxia stress survival mechanisms and their mechanisms are 
conserved these mechanisms compensate to the loss of aerobic energy production or decrease in demand. The 
extreme hypoxia condition leads to the anoxia and it defined as <0.001 kPa of oxygen. At this leve
the oxidative phosphorylation decreases and capacity to generate energy is drastically reduced. In this condition 
the cell needs to decrease energy demand and must reduce the cellular activity. But in case of mild hypoxia 

is active for cell survival. (Nystul and Roth 2004). In hypoxia conditions animals adapt to the 
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Suspended animation is a state is characterized by the none moving, none feeding and they regain their ability to 
move and feed and all other functions on recovery from suspended animation. Suspended animation can be 

invertebrates by exposure to CO2, O2, N2, and H2S and upon stressed condition to young ones at L1 
stage. In the present study the worms were exposed in the custom designed Glove box with the supply of 

box worms were recorded using Lumaascope-620 with 
laptop attached for imaging. Images were taken at 7fps and utilized for the analysis of speed, peed, peristaltic 
movement, track length, egg hatching and recovery by using N2 gas as an inducer of suspended animation to 

lapse images were recorded and combined to create the movie for the 
analysis in WORMLAB software to examine them for movement, speed, track length and peristaltic pumping. 

ack length of C elegans before, during, and after the period of recovery from 

Method: In this study, the worms were exposed in glove box at 99.8% of nitrogen to induce suspended 
620 attached to the microscope on exposure. 

medium, M9 and blue light exposure or their effect on suspended animation on 
worm movement in terms of speed, peristaltic movement, track length, egg hatching and recovery. Time lapsed 
images were recorded for further analysis by WORMLAB software. Analyses are conducted on the track length 

prior to hypoxia exposure and 50.389 m/sec during 
suspended animation. The worms resumed movement and reached a speed of 1177.621 m/sec after three hours 

Conclusions: The observed speed data indicates that the measured peristaltic track length reduced by 67.98%, 
while the worm's peristaltic length track increased by 54% following the recovery. The track length recorded 

osure it was 74.090m/sec during suspended animation during recovery 
period the worms resumed movement and reached and the track length was 1083.136 m/sec. The speed as 
measured by the worm lab based on analysis was a speed of 610.707 m/sec during suspended animation was 
74.079 and during recovery period was 1177.621. Similarly peristaltic track lengths before suspended animation 
was157.328m/sec to hypoxia exposure it was 50.389m/sec during suspended animation and during recovery 

After three hours of the N2 gas supply being removed or stopped. The observed 
speed data indicates that the measured speed has been significantly increased during recovery and peristaltic 

worm's peristaltic length track increased 
by 54% during recovery. The worms reached the state of suspended animation by at 98.5% and above exposure 

Hypoxia has been known to induce suspended animation in various invertebrates and organisms viz., C.elegans, 
ent, cell cycle progression and 

the worms enter into suspended 
animation by arresting its movement, cell division and developmental stages. It has been observed that 

survive two or more upon reoxygenation or return to normoxia. (Nystul and Roth 2004). In the 
hypoxia conditions organisms require minimum amount of oxygen to generate ATP power the cellular reaction 

stress survival mechanisms and their mechanisms are 
conserved these mechanisms compensate to the loss of aerobic energy production or decrease in demand. The 
extreme hypoxia condition leads to the anoxia and it defined as <0.001 kPa of oxygen. At this level of oxygen 
the oxidative phosphorylation decreases and capacity to generate energy is drastically reduced. In this condition 
the cell needs to decrease energy demand and must reduce the cellular activity. But in case of mild hypoxia 

is active for cell survival. (Nystul and Roth 2004). In hypoxia conditions animals adapt to the 



moderate survival for this hypoxia tolerance the hypoxia inducile factors (HIF
up regulated. The C. elegans survives complet
entering in to reversible state of suspended animation (Shen 
live starvation, overcrowding, anoxia exposure leads to quiescent states (Chan 
and Hajeri et al.,2005). 
 
C. elegans also modifies its behavior in response to environmental cues by avoiding or attraction of volatile 
compounds. carbon monoxide (Nystul and Roth 2004), H
like arrest of movement. The arrest of embryo hatching, feeding. Previously the arrest of egg development 
(Miller and Roth 2009), and arrest at blastomeric stage (Hajeri 
major effects on cell cyclekinetics and protein expression in 
al.,2005). Mitotic arrest in response to hypoxia and a polar bodies during early embryogenesis (Fischer 
al.,2004) has been reported. The worm lab is a platform where several experiment has been conducted to study 
the movement of worms (speed) under various treatments like heavy metals exposure (Wang and Xing 2008), 
antibiotic (sulfmethoxazole) treatment(Yu 
et al., 1997). 
 
Track length and speed has been measured under vitamin B12 exposure (Teggene 
are calculated from position to mid-point (Angstman 
C.elegans. Nitrogen is an inert gas which is colourless, odourless and non
attention as a potential euthanasia agent compared to other inert gases. The proposed mechanism of N
loss of consciousness and death is also by hypoxia was proposed by (Biovin G.P 
2006) suggested that N2, may be less aversive than argon (Ar) since it does not increase heart rate and mean 
arterial blood pressure. Additionally, N
and therefore safe to the operators, in contrast to CO
et al.,2018). As C. elegans has the short life cycle of three days at 20
nervous system is well characterized having 302 neurons. It can be grown in petriplates seeded with 
Hence the experiment was designed to study the response of 
exposing worms to the nitrogen gas to induce suspended animation.
 
Materials And Methods 
In the present study four nematode strains [
CX2205, N2, AML 01] were used. These strains were obtained from the 
University of Minnesota USA. 
 
MEDIA AND GROWTH CONDITION
All chemicals required for experiment w
stages of Caenarhabditis elegans were maintained in petriplates on nematode growth medium (NGM) seeded 
with Escherichia coli (E.coli) at 20ºC. 
 
Nematode Growth Medium (NGM) 
The NGM was poured on petridishes, allowed to solidify and stored at 4ºCtill use.
0.051M NaCl, 2.5% Bactopeptone, 0.17% Bacto
60ºC. To the warm medium was supplemented with 0.01% cholesterol, 0.
 
Glove box: Custom designed environmental chamber for the long
BOMBAY with the automated oxygen inflow sensors, carbon dioxide sensors and with pressure measurements 
inside the chamber (Fig. 1). The glove box custom designed for long 
nitrogen gas up to 99.93% and measured by using various sensors. Sensors were purchased to check the oxygen 
levels, carbon monoxide levels etc in the chamber and confirmed that the nitrogen gas was filled around 
99.93%. Custom fabricated glove box was fitted with the nitrogen, carbon dioxide and oxygen cylinders and the 
gas was inflow was monitored and recorded digitally. The worm movement was recorded by lumascope 
connected to laptop at 16 fps (Fig. 2). 
 
Worm lab software: Worm Lab is a complete hardware/software for imaging and quantitative analysis of
elegans behavior. It is an easy-to-use worm tracking system with powerful analysis tools. The Worm Lab 
tracking technology employs a ground breaking algorithm an
broad spectrum of behavior of C. elegans
and long-term tracking for measuring speed, direction distance travelled, changes in posture, ampli

 
moderate survival for this hypoxia tolerance the hypoxia inducile factors (HIF-1) transcription factor needs to be 

survives complete lack of oxygen for about a day in normal culture conditions by 
entering in to reversible state of suspended animation (Shen et al., 2003). Adverse environmental conditions, 
live starvation, overcrowding, anoxia exposure leads to quiescent states (Chan et al., 2010, Angstman 

also modifies its behavior in response to environmental cues by avoiding or attraction of volatile 
compounds. carbon monoxide (Nystul and Roth 2004), H2S by Budde and Roth 2011 and Miller) have studied 
like arrest of movement. The arrest of embryo hatching, feeding. Previously the arrest of egg development 
(Miller and Roth 2009), and arrest at blastomeric stage (Hajeri et al.,2005) have been reported. Hyp
major effects on cell cyclekinetics and protein expression in Drosophila melanogaster embryos (Douglas 

2005). Mitotic arrest in response to hypoxia and a polar bodies during early embryogenesis (Fischer 
he worm lab is a platform where several experiment has been conducted to study 

the movement of worms (speed) under various treatments like heavy metals exposure (Wang and Xing 2008), 
antibiotic (sulfmethoxazole) treatment(Yu et al.,2011), sodium azide (Massie et al., 2003) and toxins (McCarter 

Track length and speed has been measured under vitamin B12 exposure (Teggene et al.,2018). Speed of worms 
point (Angstman et al.,2016) with presence of food causes s

Nitrogen is an inert gas which is colourless, odourless and non-irritant, but it has received little 
attention as a potential euthanasia agent compared to other inert gases. The proposed mechanism of N

ness and death is also by hypoxia was proposed by (Biovin G.P et al., 2017). (Sharp J 
, may be less aversive than argon (Ar) since it does not increase heart rate and mean 

arterial blood pressure. Additionally, N2 gas is relatively cheap, abundant and non-polluting in the environment 
and therefore safe to the operators, in contrast to CO2, which has a significant environmental impact (Dryden R 

has the short life cycle of three days at 20oC and life span of 20 days. Its genome and 
nervous system is well characterized having 302 neurons. It can be grown in petriplates seeded with 
Hence the experiment was designed to study the response of Caenorhabditis elegans to anoxic conditions by 

g worms to the nitrogen gas to induce suspended animation. 

In the present study four nematode strains [C. elegans wild type strain (Bristol N2) and transgenic strain, 
CX2205, N2, AML 01] were used. These strains were obtained from the Caenorhabditis Genetics Center at the 

MEDIA AND GROWTH CONDITION 
All chemicals required for experiment were procured from Himedia and Sigma Aldrich. All developmental 

were maintained in petriplates on nematode growth medium (NGM) seeded 
 

 
n petridishes, allowed to solidify and stored at 4ºCtill use. NGM agar (0.032M KCl, 

0.051M NaCl, 2.5% Bactopeptone, 0.17% Bacto-agar, in distilled water) was autoclaved and cooled to 50 
60ºC. To the warm medium was supplemented with 0.01% cholesterol, 0.1M CaCl2, 0.1M MgSO

Custom designed environmental chamber for the long-term exposure was built by IMSET 
BOMBAY with the automated oxygen inflow sensors, carbon dioxide sensors and with pressure measurements 
inside the chamber (Fig. 1). The glove box custom designed for long term exposure chamber which can hold 
nitrogen gas up to 99.93% and measured by using various sensors. Sensors were purchased to check the oxygen 
levels, carbon monoxide levels etc in the chamber and confirmed that the nitrogen gas was filled around 

Custom fabricated glove box was fitted with the nitrogen, carbon dioxide and oxygen cylinders and the 
gas was inflow was monitored and recorded digitally. The worm movement was recorded by lumascope 

Worm Lab is a complete hardware/software for imaging and quantitative analysis of
use worm tracking system with powerful analysis tools. The Worm Lab 

tracking technology employs a ground breaking algorithm and designed to fully automatically characterize a 
C. elegans. like, crawling worms, swimming/thrashing of worms in, whole plate 

term tracking for measuring speed, direction distance travelled, changes in posture, ampli

1) transcription factor needs to be 
e lack of oxygen for about a day in normal culture conditions by 

2003). Adverse environmental conditions, 
., 2010, Angstman et al.,2016 

also modifies its behavior in response to environmental cues by avoiding or attraction of volatile 
S by Budde and Roth 2011 and Miller) have studied 

like arrest of movement. The arrest of embryo hatching, feeding. Previously the arrest of egg development 
2005) have been reported. Hypoxia induces 

embryos (Douglas et 
2005). Mitotic arrest in response to hypoxia and a polar bodies during early embryogenesis (Fischer et 

he worm lab is a platform where several experiment has been conducted to study 
the movement of worms (speed) under various treatments like heavy metals exposure (Wang and Xing 2008), 

2003) and toxins (McCarter 

2018). Speed of worms 
2016) with presence of food causes subtle changes in 

irritant, but it has received little 
attention as a potential euthanasia agent compared to other inert gases. The proposed mechanism of N2-induced 

., 2017). (Sharp J et al,.in 
, may be less aversive than argon (Ar) since it does not increase heart rate and mean 

polluting in the environment 
, which has a significant environmental impact (Dryden R 

e span of 20 days. Its genome and 
nervous system is well characterized having 302 neurons. It can be grown in petriplates seeded with E. coli. 

to anoxic conditions by 
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Genetics Center at the 

ere procured from Himedia and Sigma Aldrich. All developmental 
were maintained in petriplates on nematode growth medium (NGM) seeded 

NGM agar (0.032M KCl, 
agar, in distilled water) was autoclaved and cooled to 50 - 

, 0.1M MgSO4.  

term exposure was built by IMSET 
BOMBAY with the automated oxygen inflow sensors, carbon dioxide sensors and with pressure measurements 

term exposure chamber which can hold 
nitrogen gas up to 99.93% and measured by using various sensors. Sensors were purchased to check the oxygen 
levels, carbon monoxide levels etc in the chamber and confirmed that the nitrogen gas was filled around 

Custom fabricated glove box was fitted with the nitrogen, carbon dioxide and oxygen cylinders and the 
gas was inflow was monitored and recorded digitally. The worm movement was recorded by lumascope -6 20 

Worm Lab is a complete hardware/software for imaging and quantitative analysis of C. 
use worm tracking system with powerful analysis tools. The Worm Lab 

d designed to fully automatically characterize a 
. like, crawling worms, swimming/thrashing of worms in, whole plate 

term tracking for measuring speed, direction distance travelled, changes in posture, amplitude of 



sinusoidal movement and accurately quantify complex movements such as omega bends, coiling, self
swimming, and thrashing. 
 
Stimulants Used in the Study 
K-Media induced stimulation: K-Medium induced recovery or stimulation as a viscous medi
applying the drop of K-Media to surround the suspended worm and the recovery was recorded. The media was 
also kept in the glove box chamber till the period of suspended animation was terminated.
 
Recovery: For the recovery of the worms 
for the natural aeration and were started recording. Further suspended animation was terminated by the addition 
of drop of K- Medium on the worms and movement was recorded.
 
Blue light stimulation: The suspended worms were exposed to blue light by the Lumascope microscope with 
fluorescence settings and the worm movement was recorded as a function of time.
 
Observation Recorded: 
Track Length of the worm was recorded by measuring the length o
motion (red) over the total number of frames tracked
covered by the worm along its central axis. The speed is based on the position of the mid
axis. Peristaltic length was recorded by measuring the length of forward motion minus length of reverse motion 
is calculated as Peristaltic length. Suspended animation and recovery induction by drop of M9 and blue light 
exposure. 

 
Statistical Analysis 
Hypoxia induced suspended animation of N
nitrogen gas in the glove box and recorded for three days and the time lapse images were stitched to form the 
video and were analyzed by WORMLAB softwar
 

Figure 1: Experimental set up in the glove box and Imaging condition of plate with the worms on the 

 

 
sinusoidal movement and accurately quantify complex movements such as omega bends, coiling, self

Medium induced recovery or stimulation as a viscous medium was tested by 
Media to surround the suspended worm and the recovery was recorded. The media was 

also kept in the glove box chamber till the period of suspended animation was terminated. 

For the recovery of the worms from suspended animation the Petri plate lid was opened and allowed 
for the natural aeration and were started recording. Further suspended animation was terminated by the addition 

Medium on the worms and movement was recorded. 

The suspended worms were exposed to blue light by the Lumascope microscope with 
fluorescence settings and the worm movement was recorded as a function of time. 

Track Length of the worm was recorded by measuring the length of forward motion plus length of reverse 
motion (red) over the total number of frames tracked. Speed was recorded by measuring the distance per second 
covered by the worm along its central axis. The speed is based on the position of the mid-point along the 
axis. Peristaltic length was recorded by measuring the length of forward motion minus length of reverse motion 
is calculated as Peristaltic length. Suspended animation and recovery induction by drop of M9 and blue light 

Hypoxia induced suspended animation of N2 worms induced suspended animation by exposure to 99.9% of 
nitrogen gas in the glove box and recorded for three days and the time lapse images were stitched to form the 
video and were analyzed by WORMLAB software for the various parameters (WormLab® MBF Science).

Figure 1: Experimental set up in the glove box and Imaging condition of plate with the worms on the 
lumascope microscope. 

sinusoidal movement and accurately quantify complex movements such as omega bends, coiling, self-overlap, 

um was tested by 
Media to surround the suspended worm and the recovery was recorded. The media was 

from suspended animation the Petri plate lid was opened and allowed 
for the natural aeration and were started recording. Further suspended animation was terminated by the addition 

The suspended worms were exposed to blue light by the Lumascope microscope with 

f forward motion plus length of reverse 
Speed was recorded by measuring the distance per second 

point along the central 
axis. Peristaltic length was recorded by measuring the length of forward motion minus length of reverse motion 
is calculated as Peristaltic length. Suspended animation and recovery induction by drop of M9 and blue light 

worms induced suspended animation by exposure to 99.9% of 
nitrogen gas in the glove box and recorded for three days and the time lapse images were stitched to form the 

MBF Science). 

 
Figure 1: Experimental set up in the glove box and Imaging condition of plate with the worms on the 



Figure 2: Fluorescence settings of the Lumascope microscope for screening.
 
Results 
Worm Movement 
Worm movement during the hypoxic exposure has been quantified by the worm lab software. Worm lab 
software utilizes the videos captured for the analysis. The videos were captured by utilizing Lumascope 620 
which has been placed inside the glove box and the worm images were captured at 30f/s and stitched later on to 
videos by the program and the videos of one minute duration are fed to the worm lab for the analysis. The 
analysis before, during and recovery period from the suspended anim
movement and track length. The track length of the worm movement measured before hypoxia exposure was 
1227.476µm and during suspended animation was recorded to be 74.090µm while 3h of removal or stopping of 
the flow of nitrogen gas and inflow of oxygen the worms have regained the movement and they have attained a 
track length of 1083.136µm. These observations (Tabel.1) suggest that the worms were moved with length of 
1227.476µm before exposure and the decrease i
pumping in of nitrogen gas. The decrease in track length was 94% on comparison to the worm track length 
before undergoing suspended animation or normoxia. During recovery from suspended animation a
removal the track length measured by worm lab was 11.76 per cent reduced on comparison to the normoxia 
(Fig. 3). 
 
Speed of the worms before hypoxia was 610.707µm/sec and during suspended animation the speed was 
74.070µm/sec recorded while 3h of removal or stopping of the flow of nitrogen gas the worms have regained 
the movement and they have attained speed 1177.621um/sec speed was recorded. Decreasing in the worm speed 
during suspended animation, this shows that worms were moved with a twofold i
recorded in comparison with speed of worms (Table 1) (Fig. 4). The observed peristaltic track length of worms 
in (Table.1) shows that the measured Peristaltic Track Length of worms before Hypoxia exposure was 
157.328µm/sec and during suspended animation 50.389µm/sec, while 3hs of removal or stopping of the flow of 
nitrogen gas the worms have regained speed was 242.416um/Sec (Fig. 5). The embryos of the N2 exposed 
worms to Nitrogen concentration of 99.9% were not hatched till 7
were observed on 12hrs of normoxia. Suggesting that the embryo development was also arrested during 
suspended animation conditions. The representative pictures of hypoxia exposed worms.
 

Table 1 Worm movement 

Observations/ Conditions 
Normoxia

Track Length 
Speed 

Peristaltic Track Length 
 

 

 
Figure 2: Fluorescence settings of the Lumascope microscope for screening.

Worm movement during the hypoxic exposure has been quantified by the worm lab software. Worm lab 
software utilizes the videos captured for the analysis. The videos were captured by utilizing Lumascope 620 

the glove box and the worm images were captured at 30f/s and stitched later on to 
videos by the program and the videos of one minute duration are fed to the worm lab for the analysis. The 
analysis before, during and recovery period from the suspended animation are analyzed for the speed, peristaltic 
movement and track length. The track length of the worm movement measured before hypoxia exposure was 
1227.476µm and during suspended animation was recorded to be 74.090µm while 3h of removal or stopping of 

flow of nitrogen gas and inflow of oxygen the worms have regained the movement and they have attained a 
track length of 1083.136µm. These observations (Tabel.1) suggest that the worms were moved with length of 
1227.476µm before exposure and the decrease in movement was recorded on exposure/stimulus driven by the 
pumping in of nitrogen gas. The decrease in track length was 94% on comparison to the worm track length 
before undergoing suspended animation or normoxia. During recovery from suspended animation a
removal the track length measured by worm lab was 11.76 per cent reduced on comparison to the normoxia 

Speed of the worms before hypoxia was 610.707µm/sec and during suspended animation the speed was 
removal or stopping of the flow of nitrogen gas the worms have regained 

the movement and they have attained speed 1177.621um/sec speed was recorded. Decreasing in the worm speed 
during suspended animation, this shows that worms were moved with a twofold increased speed 192.82 per cent 
recorded in comparison with speed of worms (Table 1) (Fig. 4). The observed peristaltic track length of worms 
in (Table.1) shows that the measured Peristaltic Track Length of worms before Hypoxia exposure was 

d during suspended animation 50.389µm/sec, while 3hs of removal or stopping of the flow of 
nitrogen gas the worms have regained speed was 242.416um/Sec (Fig. 5). The embryos of the N2 exposed 
worms to Nitrogen concentration of 99.9% were not hatched till 72 hrs of exposure and were intact. The larvae 
were observed on 12hrs of normoxia. Suggesting that the embryo development was also arrested during 
suspended animation conditions. The representative pictures of hypoxia exposed worms. 

Table 1 Worm movement recorded under Lumascope 620 
 

Normoxia 
Suspended Animation 

Recovery from Suspended 
Animation

1227.476 74.090 1083.136
610.707 74.079 1177.621
157.328 50.389 242.416

Figure 2: Fluorescence settings of the Lumascope microscope for screening. 

Worm movement during the hypoxic exposure has been quantified by the worm lab software. Worm lab 
software utilizes the videos captured for the analysis. The videos were captured by utilizing Lumascope 620 

the glove box and the worm images were captured at 30f/s and stitched later on to 
videos by the program and the videos of one minute duration are fed to the worm lab for the analysis. The 

ation are analyzed for the speed, peristaltic 
movement and track length. The track length of the worm movement measured before hypoxia exposure was 
1227.476µm and during suspended animation was recorded to be 74.090µm while 3h of removal or stopping of 

flow of nitrogen gas and inflow of oxygen the worms have regained the movement and they have attained a 
track length of 1083.136µm. These observations (Tabel.1) suggest that the worms were moved with length of 

n movement was recorded on exposure/stimulus driven by the 
pumping in of nitrogen gas. The decrease in track length was 94% on comparison to the worm track length 
before undergoing suspended animation or normoxia. During recovery from suspended animation after 3hs of 
removal the track length measured by worm lab was 11.76 per cent reduced on comparison to the normoxia 

Speed of the worms before hypoxia was 610.707µm/sec and during suspended animation the speed was 
removal or stopping of the flow of nitrogen gas the worms have regained 

the movement and they have attained speed 1177.621um/sec speed was recorded. Decreasing in the worm speed 
ncreased speed 192.82 per cent 

recorded in comparison with speed of worms (Table 1) (Fig. 4). The observed peristaltic track length of worms 
in (Table.1) shows that the measured Peristaltic Track Length of worms before Hypoxia exposure was 

d during suspended animation 50.389µm/sec, while 3hs of removal or stopping of the flow of 
nitrogen gas the worms have regained speed was 242.416um/Sec (Fig. 5). The embryos of the N2 exposed 

2 hrs of exposure and were intact. The larvae 
were observed on 12hrs of normoxia. Suggesting that the embryo development was also arrested during 
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Animation 
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induce the suspended animation in various organisms at various stages of life cycle and development 
undergoing hibernation, quiescence and cues required for to enter into suspended anima
interest. The studies have shown that various organisms can enter and exit from suspended animation.
 
In the current study worm movements (speed, track length and peristaltic track length) suggests that worms have 
undergone the arrest in movement during the exposure period and recovery was confirmed by the reverting the 
worm movement in terms of the speed traversed by worms on removal or withdrawal of the flow of nitrogen 
gas. During this period as measured by the various sensors the nitr
97.8%. This confirms that the high hypoxia conditions are leading to the worm arrest in their movement. worms 
peristaltic track length was decreased by 67.98 per cent whereas, increased peristaltic length track of
54 per cent after suspended animation during recovery was noticed (Table 1). The studies by Nystul and Roth 
2004, in response to anoxia in C. elegans
visible, including cell division and developmental progress. When returned to normoxia after being suspended 
for 24 hours or more, C. elegans will recover with a high viability. Similarly worm speed has been enhanced 
during the recovery and all the parameters measured were increased durin
animation. Suggesting the increase in activity has been recorded for the recovered worms. When turtle 
hepatocytes are starved of oxygen, the cell makes a concerted attempt to inhibit processes including protein 
synthesis, ion channel activity, and anabolic pathways. This reduces the need for ATP by 94 %. This shows that 
worms are suspended and the movement of head part was observed even eggs are also did not develop.
 
Hypoxia is a typical natural stress, and there are a number 
hypoxic situations. The cell must either enhance anaerobic energy generation or decrease energy demand to 
make up for the loss in the capacity for aerobic energy production under hypoxia. In metazoans, 
both of these reactions are frequent, and the particular reaction employed is typically based on the amount of 
oxygen accessible to the cell ( J A Powell
 
Nystul and Roth 2003 Assessed the survivability of wild
oxygen pressures between moderate hypoxia and anoxia for 24 hours in order to know the ranges
of these responses are active. Anoxic-
after the exposure. Embryos in 0.5 kPa O2 survived with a high viability and shown suspended animation 
throughout the exposure. They concluded that the embryos did not survived, when exposed to an intermediate 
range of oxygen tensions (0.1 to 0.01 kPa O2) between m
 
The production of carbon monoxide by heme oxygenase in response to hypoxia is one recently identified 
reaction (Dulak and Jozkowicz 2003). Exogenous carbon monoxide perfusion in transplant animals can produce 
similar cytoprotective benefits to endogenous carbon monoxide in terms of activating signaling cascades that 
reduce hypoxia damage through antiapoptotic and antiinflammatory activities. Although the potential 
cytoprotective role of this activity in hypoxia has not been exp
for binding to iron-containing proteins, such as mitochondrial cytochromes, at greater quantities (Otterbein 
al., 2000, Otterbein et al., 2003, Amersi 
 
The suspended animation induced by high oxygen that is 0.25 kPa O
monoxide. The levels of carbon monoxide may induce suspended animation in hypoxia by directly interacting 
with oxygen sensing through competitive inhibition. It was interesting
dioxide naturally in hypoxia tissue to induce local regions of suspended animation (Nystul and Roth 2004). 
 
These measurements suggests that worms have undergone the arrest in movement during the exposure period 
and recovery was confirmed by the reverting the worm movement in terms of the track length traversed by 
worms on removal or withdrawal of the flow of nitrogen gas. During this period as measured by the various 
sensors the nitrogen gas present in the chamber 
conditions are leading to the worm arresting their movement.  Shows that worms are suspended and the 
movement of head part was observed even eggs stage were not developed.
 
Similarly previous studies in response to anoxia, 
movement is visible, including cell division and developmental progress. When returned to normoxia after being 
suspended for 24 hours or more, C. elegans
and Ward 2000). When turtle hepatocytes are starved of oxygen, the cell makes a concerted attempt to inhibit 
processes including protein synthesis, ion channel activity, and anabolic pathways. This reduces 
ATP by 94% (Hochachka et al.,1996). 

 
induce the suspended animation in various organisms at various stages of life cycle and development 
undergoing hibernation, quiescence and cues required for to enter into suspended animation is of various 
interest. The studies have shown that various organisms can enter and exit from suspended animation.

In the current study worm movements (speed, track length and peristaltic track length) suggests that worms have 
movement during the exposure period and recovery was confirmed by the reverting the 

worm movement in terms of the speed traversed by worms on removal or withdrawal of the flow of nitrogen 
gas. During this period as measured by the various sensors the nitrogen gas present in the chamber was around 
97.8%. This confirms that the high hypoxia conditions are leading to the worm arrest in their movement. worms 
peristaltic track length was decreased by 67.98 per cent whereas, increased peristaltic length track of
54 per cent after suspended animation during recovery was noticed (Table 1). The studies by Nystul and Roth 

C. elegans enters a state of suspended animation in which no movement is 
and developmental progress. When returned to normoxia after being suspended 

will recover with a high viability. Similarly worm speed has been enhanced 
during the recovery and all the parameters measured were increased during recovery from the suspended 
animation. Suggesting the increase in activity has been recorded for the recovered worms. When turtle 
hepatocytes are starved of oxygen, the cell makes a concerted attempt to inhibit processes including protein 

channel activity, and anabolic pathways. This reduces the need for ATP by 94 %. This shows that 
worms are suspended and the movement of head part was observed even eggs are also did not develop.

Hypoxia is a typical natural stress, and there are a number of well-conserved mechanisms that help cells adapt to 
hypoxic situations. The cell must either enhance anaerobic energy generation or decrease energy demand to 
make up for the loss in the capacity for aerobic energy production under hypoxia. In metazoans, 
both of these reactions are frequent, and the particular reaction employed is typically based on the amount of 
oxygen accessible to the cell ( J A Powell-coffman 2010). 

Nystul and Roth 2003 Assessed the survivability of wild-type C. elegans after exposing embryos to various 
oxygen pressures between moderate hypoxia and anoxia for 24 hours in order to know the ranges

-exposed embryos entered suspended animation and had a high viability 
exposure. Embryos in 0.5 kPa O2 survived with a high viability and shown suspended animation 

throughout the exposure. They concluded that the embryos did not survived, when exposed to an intermediate 
range of oxygen tensions (0.1 to 0.01 kPa O2) between moderate hypoxia and anoxia.  

The production of carbon monoxide by heme oxygenase in response to hypoxia is one recently identified 
reaction (Dulak and Jozkowicz 2003). Exogenous carbon monoxide perfusion in transplant animals can produce 

ctive benefits to endogenous carbon monoxide in terms of activating signaling cascades that 
reduce hypoxia damage through antiapoptotic and antiinflammatory activities. Although the potential 
cytoprotective role of this activity in hypoxia has not been explored, carbon monoxide competes with oxygen 

containing proteins, such as mitochondrial cytochromes, at greater quantities (Otterbein 
., 2003, Amersi et al., 2002 and Gormann et al., 2003) 

ation induced by high oxygen that is 0.25 kPa O2 was protected by excess carbon 
monoxide. The levels of carbon monoxide may induce suspended animation in hypoxia by directly interacting 
with oxygen sensing through competitive inhibition. It was interesting to know that the accumulation of carbon 
dioxide naturally in hypoxia tissue to induce local regions of suspended animation (Nystul and Roth 2004). 

These measurements suggests that worms have undergone the arrest in movement during the exposure period 
d recovery was confirmed by the reverting the worm movement in terms of the track length traversed by 

worms on removal or withdrawal of the flow of nitrogen gas. During this period as measured by the various 
sensors the nitrogen gas present in the chamber was around 97.8%. This confirms that the high hypoxia 
conditions are leading to the worm arresting their movement.  Shows that worms are suspended and the 
movement of head part was observed even eggs stage were not developed. 

response to anoxia, C. elegans enters a state of suspended animation in which no 
movement is visible, including cell division and developmental progress. When returned to normoxia after being 

C. elegans will recover with a high viability (Padilla et al., 2002 and Voorhies 
and Ward 2000). When turtle hepatocytes are starved of oxygen, the cell makes a concerted attempt to inhibit 
processes including protein synthesis, ion channel activity, and anabolic pathways. This reduces 
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54 per cent after suspended animation during recovery was noticed (Table 1). The studies by Nystul and Roth 
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animation. Suggesting the increase in activity has been recorded for the recovered worms. When turtle 
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worms are suspended and the movement of head part was observed even eggs are also did not develop. 
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Nystul and Roth 2003 assessed the survivability of wild
oxygen pressures between moderate hypoxia and anoxia for 24 hours in order to know the ranges
of these responses are active. Anoxic-
after the exposure. Embryos in 0.5 kPa O2 survived with a high viability and shown suspended animation 
throughout the exposure. They concluded that the embryos did not survived, when exposed to an intermediate 
range of oxygen tensions (0.1 to 0.01 kPa O2) betwee
when subjected to this moderate level of hypoxia, demonstrating that the HIF
carried out. The exposed C. elegans 
animation activity due to Hif-1 non signaling mode. Then they conduced that embryos exposed to lethal oxygen 
tensions did not arrest embryogenesis and also the increased amount of oxygen correlated with an increase in the 
extent of development progression in the embryo. This statement shows that the intermediate range of hypoxia 
is a unique stress in which O2 levels are neither sufficiently high to facilitate continued animation nor 
sufficiently low to induce suspended animation. 
conditions with complete lack of oxygen (anoxia) by entering into a state of reversible arrest that is suspended 
animation. Recovers from anoxia induced arrest does not require hif 
embryonic survival in anoxia long term anoxia or survey hypoxia at the temperature is ultimately lethal.  Several 
studies have demonstrated that the induction of suspended animation in mammals is possible for a few hours at 
a time through a procedure in which the exsanguinations is followed by an aortic flush with cold saline 
(Bellamy et al., 1996 and Alam et al., 2002).
 
Several studies have described the new roles for 
Roth 2010, Mehta, R. et al., 2009, Chen D 
Compared to wild-type animals, egl-9-
sulfide, and certain pathogens [Budde and Roth 2010, Bellier, A.
et al., 1999, Anyanful, A. et al.,2005 and Treinin, M. 
suppresses these egl-9 loss-of function phenotypes [Budde and Roth 2010, Bellier, A. 
M. et al., 2003]. Moderate over expression of HIF
Nematodes exhibit diseases in a variety of tissues, including muscle, the nervous system, and the pharynx, after 
being incubated for more than 20 hours at high temperatures in conditions of severe hypoxia or anoxia. 
Homozygous animals receive protection from these hypoxic injuries and maintain their mobility for several 
hours because of the daf-2 (e1370) mutant (Scott, B.A. 
function mutations in daf-2 result in nuclear localization of the DAF
resistance to a range of other stresses [Panowski and Dillin 2009]. There are interesting differenc
mutations that confer hypoxic resistance phenotypes and those that cause dauer formation or longevity 
phenotypes. These allelic differences have been used as tools to identify gene expression differences that 
correlate with resistance to severe hypoxia [Mabon. M.E. 
involved in anaerobic energy production, such as glycolytic enzymes and glucose transporters, hypoxia
inducible transcription factor 1 (HIF-
(Semenza, G.L. 2001 and Guillemin & Krasnow 1997). As a defense against the harm caused by free radicals, 
this response also encourages the up-regulation of antioxidants like catalase and superoxide dismutase. As a 
result, even in mild hypoxia, the cell can continue to function at nearly normoxic levels. When turtle 
hepatocytes are starved of oxygen, the cell makes a concerted attempt to inhibit processes including protein 
synthesis, ion channel activity, and anabolic pathways. 
 
Conclusion:  
Hypoxia was induced by the 99.00% of nitrogen in glove box which induces hypoxic conditions. The nematodes 
were exposed to these conditions and as soon as the 99.00 of oxygen is reached worms enter into 
of suspended animation. Till the conditions were returned to normoxia. Recovery was recorded by normoxia 
conditions. Worms were recovered from suspended animation by re
and recovery was tested by addition of K
started moving as soon as K- medium drops were circulated through its body and the worms started moving and 
normal crawling was recorded. Blue light induced activation was not reco
suspended animation but the blue light activated movement was recorded during after recovery period. 
Recovery was recorded by normoxia conditions and movement was observed.
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