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Abstract: The aim of this study was to determine the effects of extremely low frequency electromagnetic field (ELF-EMF) on energy
metabolism and oxidative stress in Caenorhabditis elegans (C. elegans). Worms in three adult stages (young adult stage, egg-laying
stage and peak egg-laying stage) were investigated under 50 Hz, 3 mT ELF-EMF exposure. ATP levels, ATP synthase activity in vivo,
reactive oxygen species (ROS) content, and changes of total antioxidant capacity (TAC) were detected, and worms’ oxidative stress
responses were also evaluated under ELF-EMF exposure. The results showed that ATP levels were significantly increased under this
ELF-EMF exposure, and mitochondrial ATP synthase activity was upregulated simultaneously. In young adult stage, worms’ ROS level
was significantly elevated, together with upregulated TAC but with a decreased ROS-TAC score indicated by principal component
analysis. ROS level and TAC of worms had no significant changes in egg-laying and peak egg-laying stages. Based on these results,
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we concluded that ELF-EMF can enhance worm energy metabolism and elicit oxidative stress, mainly manifesting as ATP and ROS

level elevation together with ATP synthase upregulation and ROS-TAC score decrease in young adult C. elegans.
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Fig. 1. Extremely low frequency electromagnetic field (ELF-
EMF) exposure elevated worms’ ATP level in vivo. Worm pellets
from different adulthood stages (approximately 15 000 worms)
were collected in M9 buffer, and samples’ homogenates were
prepared after grinding, and centrifugation. Luciferase enzyme
reaction was used as a method for ATP level detection. The

experiment was repeated thrice. Mean + SD. "P < 0.05 vs control

group.
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Fig. 2. Extremely low frequency electromagnetic field (ELF-
EMEF) exposure induced enhancement of ATP synthase activity.
Worms were treated, and homogerate was prepared as described
in Fig. 1. ATP synthase activity was measured by the reaction of
absorptive peak value reduction after oxidation of the reduced
nicotinamide adenine dinucleotide (NADH) and expressed as the
OD value per total protein content. The experiment was repeated

thrice. Mean + SD. P < 0.01, "P < 0.05 vs control group.
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Fig. 3. Effect of extremely low frequency electromagnetic field
(ELF-EMF) exposure on adult worms’ ROS level. Worms were
treated by DCFH-DA staining for 2 h and detected with fluo-
rescence intensity normalized by total proteins. Mean + SD. The

experiment was repeated thrice. "P < 0.05 vs control group.
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Fig. 4. Effect of extremely low frequency electromagnetic field
(ELF-EMF) exposure on adults’ total antioxidant capacity (TAC).
TAC was determined by a kit following the manufacturer’s
protocol. Mean + SD. The experiment was repeated thrice. P <

0.05 vs control group.

Table 1. Comparison of measures of oxidative stress between extremely low frequency electromagnetic field (ELF-EMF) exposed

worms and the normal controls at young adult stage (56 h)

Variables Control ELF-EMF exposure P-value
log(ROS + 1) 0.10 +0.01 0.18 +0.04 0.039
TAC 55.50 + 4.16 81.08 +9.67 0.022"
ROS-TAC score 25.04 % 0.62 23.80 +0.39 0.008™

ROS: reactive oxygen species; TAC: total antioxidant capacity. All values were expressed as mean = SD. The experiment was repeated

thrice. "P < 0.05, "P < 0.01 vs control group.
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Fig. 5. Extremely low frequency electromagnetic field (ELF-EMF) exposure enhanced energy metabolism accompanied with oxidative
damage in worm adulthood. ATP level showed a significant elevation, and increased ATP synthase activity was apparent during the
adulthood under ELF-EMF exposure. ROS level and total antioxidant capacity (TAC) were elevated under ELF-EMF stress in early
adults and then with no significant changes in following adulthood. Declined ROS-TAC score indicated ROS elevation was more than
TAC alteration which implied worms’ oxidative stress response was induced by ELF-EMF exposure. Terms enhanced or elevated

were marked in red, and inhibited or decreased terms were marked in green.
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