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Abstract 
The scavenging effects of 10 dietary supplements including histidine dipeptide family (Carnosine = Car, 

Anserine = Ans, whale meat extract = WME containing 8.6% balenine = Bal), Twendee X (TwX), Supaliv (SuP), 
Twendee Mtcontrol (TwM), vitamin E family (α–tocopherol, Tocovid = Toco), and scallop and ascidian (Hoya) 
– derived plasmalogens (Plas) on methyl radical (. CH3), hydroxyl radical (. OH), and superoxide anion (O2

-) 
were examined using electron spin resonance (ESR) method. Car, Ans, and WME significantly suppressed . 

CH3, . OH and O2
- in a dose-dependent manner. Compared with Car, Ans and WME have higher abilities of 

scavenging . CH3 and . OH in higher doses of 1000 mg/l and 10000 mg/l. TwM, TwX, and SuP significantly 
suppressed above three radicals. TwM and TwX have higher abilities of scavenging . OH and O2

- in lower doses 
of 20 mg/l and 200 mg/l. Additionally, compared with α-tocopherol, a super mixed vitamin E, Toco has higher 
abilities of scavenging above 3 radicals. There is no big difference found between the same concentrations of 
scallop and Hoya-derived Plas in terms of scavenging above 3 radicals, although both have significant 
scavenging ability. These findings suggest that the intake of multiple dietary supplements is an alternative and 
promising way of scavenging various free radicals in order to provide us a healthier life.  
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Introduction 
Free radicals play a pivotal role in neurological 

diseases such as stroke (Abe et al., 1988; Yamashita 
et al., 2009; Abe et al., 2017) and neurodegenerative 
diseases (Halliwell B, 2001). In order to prevent such 
free radicals-related diseases, the intake of nutrients 
consisting of effective free radical scavenging 
components has been dramatically regarded 
(Tadokoro et al., 2020), Based on previous reports, 
histidine dipeptide family, especially carnosine (Car), 
anserine (Ans), and balenine (Bal) have shown to 
possess antioxidant effects in stroke models and AD 
models (Herculano et al., 2013; Davis et al., 2016; 
Kaneko et al 2017; Kawahara et al., 2020). Moreover, 
a novel supplement, Twendee X (TwX) composed of 
multiple components with known antioxidant 
properties was shown to have a significant 
neuroprotective effect in an ischemic stroke mouse 
model (Kusaki et al., 2017), an Alzheimer’s disease 
(AD) with chronic cerebral hypoperfusion (CCH) 
mouse model (Liu et al., 2019), and clinical patients 
with mild cognitive impairment by its anti-oxidative 
effect (Tadokoro et al., 2019). In addition to histidine 
dipeptide family and TwX, our research group also 
proved that a novel mix of vitamin E vitamers, 
Tocovid (Toco), majorly containing tocotrienols 
other than tocopherol could reasonably attenuate 
ischemic infarction in a stoke mouse model via 
reducing oxidative stress (Shang et al., 2018). Recent, 
increasing evidences suggest that plasmalogen (Plas), 
a subtype of phospholipids, has a potential in novel 
therapeutic approaches to AD pathology via its anti-
oxidative effects (Fujino et al., 2017; Hossain et al., 
2017; Su et al., 2019;). Although the above functional 
nutrients possess neuroprotective effects via reducing 
oxidative stress, the specific mechanisms by which 
these nutrients produce their anti-oxidative stress 
effect is still unclear. 

Electron spin resonance (ESR) is frequently 
applied in investigating mechanism of free radical 
scavenging ability of antioxidants with obvious 
advantages such as higher specificity and 
effectiveness (Mitsuta et al., 1990; Ogawa et al., 
1994). The H2O2/NaOH/DMSO system has already 
been developed for the evaluation of free radical 
scavenging ability of both water-soluble and oil-
soluble antioxidants in ESR (Yoshimura et al., 1999). 
Additionally, superoxide anion (O2-), hydroxyl 
radical (. OH), and methyl free radicals (. CH3) can be 
generated at the same time by using 
H2O2/NaOH/DMSO reaction system. Therefore, 
ESR-measurements coupled with the 
H2O2/NaOH/DMSO radical-generating system could 

be regarded as an optimum method for evaluation of 
the above three free radicals scavenging property of 
antioxidants. 

Accordingly, in the present study, we 
investigated the free radical scavenging abilities of 
several nutrients including histidine dipeptide family 
(Car, Ans, whale meat extract = WME containing 
8.6% Bal), TwX, Supaliv = SuP, Twendee Mtcontrol 
= TwM, Toco, and scallop and ascidian (Hoya) – 
derived plasmalogens (Plas) using the 
H2O2/NaOH/DMSO reaction system and ESR. 

 
Materials and Methods 

Nutrients 
Edaravone (Eda) was obtained from Mitsubishi 

Tanabe Pharmaceutical Co. Ltd. SuP, TwX, and TwM 
were obtained from TIMA Japan Company. Toco was 
obtained from Hovid Bhd Company, Malaysia. α-
Tocopherol (T3251), Car (C9625) and Ans (A1131) 
were obtained from Sigma-Aldrich. WME mainly 
containing 8.6% Bal was obtained from Japanese 
ship-fishing cooperation. Scallop-derived Plas was 
obtained from Dr. Fujino, Kyushu University, and 
ascidian (Hoya)-derived Plas was obtained from 
Sunsho Pharmaceutical Co. Ltd.  
 
Reagents 

5,5-dimethyl-1-pyrroline-N-oxide (DMPO, 
92688), docosahexaenoic acid (DMSO, D5879), 1 
mol/L sodium hydroxide solution (NaOH, 28-3010-
5), 30% hydrogen peroxide solution (H2O2, 13-1910-
5) were obtained from Sigma-Aldrich. Ultrapure 
distilled water (10977-015) was purchased from 
Thermo Fisher Scientific. 

 
Instruments 

ESR spectra were recorded on a JEOL JES-
FE3XG spectrometer using a quartz flat cell designed 
for aqueous solution. 

 
ESR conditions 

Conditions of ESR spectrometry were: magnetic 
field, 336.3 ( 5 mT; power, 8.0 mW; modulation 
frequency, 100 kHz; frequency, 9.425 GHz; 
modulation amplitude, 0.063 mT; gain, 500; time 
scan, 1 min; time constant, 0.03 s. 

 
Experimental procedure 

The proper doses used in the present study were 
determined by our preliminary experiments. Fifty 
microliters of DMSO, the same volume of 25 mM 
NaOH, and sample solution (aqueous, ultrapure 
distilled water) including Eda, TwX, SuP, TwM, Car, 
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Ans, WME, scallop-derived Plas, and ascidian-
derived Plas were mixed in a disposable plastic tube, 
followed by the addition of 5 ul of DMPO and 50 ul 
of 30% H2O2. In the case of oil-soluble antioxidant 
including Toco and α-tocopherol, the sample was 
dissolved in 50 ul of DMSO and 50 ul of ultrapure 
distilled water and the same volume of 25 mM NaOH 
were mixed, followed by the addition of 5 ul of 
DMPO and 50 ul of 30% H2O2. 

The reaction mixture was sucked into the quartz 
flat cell and set in the ESR apparatus; scanning was 
started at 10 min after the addition of H2O2. The 
signal intensities of . CH3, . OH, and O2

- species-
DMPO adducts reached plateaus between 10 and 20 
min after the start of the reaction. 

 
Generation of free radicals 

The signal height was calculated using a radical 
analyzer program attached to the ESR instrument. 
The calculation was done for the positive signal 
height of the . CH3-DMPO adduct and the . OH-
DMPO adduct and for the negative signal height of 
the O2

--DMPO adduct in the lowest magnetic field. 
The signal heights were normalized to the Mn2+ 
resonance as a ratio of the height of each free radical 
to that of Mn2+ represented S (free radical) / M (Mn2+) 
as shown in Figure 1. 
 
Statistical analysis 

All data were expressed as mean ± SD. 
Statistical analyses were performed using one way 
analysis of variance followed by a Tukey–Kramer 
post comparison test. Differences with a probability 
value of p < 0.05 were considered to be statistically 
significant. 

 
Results 

Typical ESR spectrum in the H2O2/NaOH/DMSO 
system 

As shown in Fig. 1, . CH3, . OH, and O2
- derived 

signals were assigned. Signal heights were calculated 
at double-sided arrows in Fig. 1. Mn2+ as internal 
reference standard marker was observed on each side 
of the spectrum. The intensity of 3 free radical signals 
was respectively calculated as the ratio between 
positive signal height of . CH3-DMPO adduct in the 
lowest magnetic field and the positive and negative 
signal height of Mn2+ reference marker, the ratio 
between the positive signal height of the . OH-DMPO 
adduct in the lowest magnetic field and the positive 
and negative signal height of Mn2+, and the ratio 
between negative signal height of the O2

--DMPO 
adduct in the lowest magnetic field and the positive 

and negative signal height of Mn2+. 
 

Free radical scavenging ability of Edaravone by 
ESR 

Eda was added in the reaction system at 3 
concentrations (3 mg/l, 6 mg/l, 12 mg/l) as described 
in Fig. 2A. Inhibition rate was defined as the 
following equation: 1-signal intensity (sample) / 
signal intensity (control). Eda significantly 
suppressed . OH and O2

- in the dose-dependent 
manner among 3 above different concentrations. 
However, Eda did not significantly scavenge . CH3 in 
the above doses compared with control group (Fig. 
2B, *p<0.05 VS Control, **p<0.01 VS Control; 
#p<0.05 VS 3 mg/l Edaravone; &p<0.05 VS 6 mg/l 
Edaravone).  

 
 

Free radical scavenging ability of carnosine, 
anserine, and whale meat extract by ESR 

Car, Ans, and WME were added in the reaction 
system at 4 concentrations (10 mg/l, 100 mg/l, 1000 
mg/l, 10000 mg/l) as described in Fig. 3A. Car, Ans, 
and WME significantly suppressed . CH3, . OH and 
O2

- starting from the dose of 10 mg/l in the dose-
dependent manner compared with control group (Fig. 
3C-3E, *p<0.05 VS Control, *p<0.01 VS Control; 
Ωp<0.05 VS 10 mg/l, ΩΩp<0.01 VS 10 mg/l; πp<0.05 
VS 100 mg/l, ππp<0.01 VS 100 mg/l; θp<0.05 VS 
1000 mg/l.). Compared with Car, Ans and WME have 
higher abilities of scavenging . CH3 and . OH in higher 
doses of 1000 mg/l and 10000 mg/l (Fig. 3B, 3C, 
#p<0.05 VS 1000 mg/l Car; &p<0.05 VS 10000 mg/l 
Car). 
 
Free radical scavenging ability of Twendee 
Mtcontrol, Twendee X, and Supaliv by ESR 

TwM, TwX, and SuP were added in the reaction 
system at 3 concentrations (20 mg/l, 200 mg/l, 2000 
mg/l) described in Fig. 4A. TwM, TwX, and SuP 
significantly suppressed . CH3, . OH, and O2

- in the 
dose of 20 mg/l, 200 mg/l, and 2000 mg/l compared 
with control group (Fig. 4B-4D, *p<0.05 VS Control, 
** p<0.01 VS Control). Compared with 200 mg/l, 
TwM, TwX, and SuP greatly reduced . CH3 in the dose 
of 2000 mg/l. However, there is no significant 
difference between 20 mg/l and 200mg/l (Fig. 4B, 
θθp<0.01 VS 200 mg/l). As for reducing . OH, there is 
significant difference between 20 mg/l and 200mg/l 
and a dramatically significant difference between 200 
mg/l and 2000 mg/l, respectively in the TwM group 
and TwX group (Fig. 4C, πp<0.05 VS 20 mg/l, 
θθp<0.01 VS 200 mg/l). In the SuP group, no 
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significant difference was observed between 20 mg/l 
and 200 mg/l in terms of reducing . OH. However, a 
dramatically significant difference was found 
between 200 mg/l and 2000mg/l (Fig. 4C, θθp<0.01 
VS 200 mg/l). For scavenging O2

-, obvious dose-
dependent manner of TwM, TwX, and Sup was 
shown among 20 mg/l, 200 mg/l, and 2000 mg/l (Fig. 
4D, πp<0.05 VS 20 mg/l, ππp<0.01 VS 20 mg/l; 
θp<0.05 VS 200 mg/l θθp<0.01 VS 200 mg/l). 
Compared with SuP, TwM and TwX have higher 
abilities of scavenging . OH and O2

- in lower doses of 
20 mg/l and 200 mg/l (Fig. 4C, 4D, #p<0.05 VS 20 
mg/l SuP; &p<0.05 VS 200 mg/l SuP). 
  
Free radical scavenging ability of α-tocopherol 
and tocovid by ESR 

α-tocopherol and Toco were added in the 
reaction system at 3 concentrations (40 mg/l, 100 
mg/l, 1000 mg/l) as described in Fig. 5A. α-
tocopherol and Toco significantly suppressed above 
3 radicals in the dose of 40 mg/l, 100 mg/l, and 1000 
mg/l compared with control group (Fig. 5B-5D, 
*p<0.05 VS Control, **p<0.01 VS Control). Toco 
significantly scavenged above 3 free radicals as an 
obvious dose-dependent manner among above 3 
concentrations (Fig. 5B-5D, πp<0.05 VS 40 mg/l; 
θp<0.05 VS 100 mg/l, θθp<0.01 VS 100 mg/l). α-
tocopherol also obviously reduced . CH3 as an obvious 
dose-dependent manner among 3 concentrations (Fig. 
5C, πp<0.05 VS 40 mg/l; θθp<0.01 VS 100 mg/l). 
However, there is no significant difference between 
40 mg/l and 100mg/l in terms of suppressing . OH and 
O2

-, and significant difference was just observed 
between 100 mg/l and 1000 mg/l (Fig. 5C, 5D, 

θp<0.05 VS 100 mg/l, θθp<0.01 VS 100 mg/l). The 
tendency of a dose-dependent manner of α-
tocopherol exists in terms of reducing . OH and O2

- 
(Fig. 5C, 5D, θp<0.05 VS 100 mg/l, θθp<0.01 VS 100 
mg/l). Compared with α-tocopherol, Toco has higher 
abilities of scavenging above 3 radicals in 3 different 
doses. (Fig. 5B-5D, #p<0.05 VS 40 mg/l α-
Tocopherol; &p<0.05 VS 100 mg/l α-Tocopherol; 
∞p<0.05 VS 1000 mg/l α-Tocopherol).  
 
Free radical scavenging ability of scallop and 
ascidian-derived (Hoya) plasmalogens by ESR 

Scallop and ascidian-derived (Hoya) Plas were 
added in the reaction system at 4 concentrations (1 
mg/l, 10 mg/l, 100 mg/l, 1000 mg/l) described in Fig. 
6A. Scallop-derived Plas significantly suppressed . 

CH3 in the dose of 100 mg/l and 1000 mg/l, . OH in 
the dose of 10mg/l, 100mg/l, and 1000 mg/l, and O2

- 
in the dose of 100 mg/l and 1000 mg/l respectively, 

compared with control group (Fig. 6B-6D, *p<0.05 
VS Control, **p<0.01 VS Control). Ascidian (Hoya)-
derived Plas significantly scavenged . CH3 in the dose 
of 10 mg/l, 100 mg/l, and 1000 mg/l, . OH in the dose 
of 1mg/l, 10mg/l, 100mg/l and 1000 mg/l, and O2

- in 
the dose of 100 mg/l and 1000 mg/l, respectively, 
compared with control group (Fig. 6B-6D, *p<0.05 
VS Control, **p<0.01 VS Control). A small dose-
dependent manner was observed in terms of reducing 
3 above free radicals in respectively 2 groups (Fig. 
6B-6D). The remarkably significant difference 
between every two different concentrations in scallop 
or Hoya-derived Plas group was not observed (Fig. 
6B-6D). Only in the scallop-derived Plas group, we 
observed that 1000 mg/l has a higher ability of 
reducing . CH3 in relative to 1 mg/l, and for 
scavenging . OH, 10 mg/l, 100 mg/l, and 1000 mg/l 
have higher potential compared with 1 mg/l (Fig. 6B-
6D, Ωp<0.05 VS 1 mg/l). Moreover, there is no big 
difference found between the same concentration of 
scallop-derived and ascidian-derived (Hoya) Plas in 
terms of scavenging above 3 radicals (Fig. 6B-6D). 
 

Discussion 
The typical signal heights of . CH3, . OH, and O2

- 
generated from the reaction system of 
H2O2/NaOH/DMSO are shown (Fig.1). The 
mechanisms of the present radical-generating system 
are as follows：OH and O2

- are generated from the 
degradation of H2O2. Then, . OH can attack DMSO to 
generate . CH3. Therefore, we chose the present 
reaction system to successfully evaluate the 
significant free radical scavenging ability of 10 types 
of nutrients by ESR. 

As the positive control, Eda is a small synthetic 
compound with only 174.2 D in size. According to 
previous studies, Eda has been proved to be a potent . 

OH and O2
- scavenger examined by ESR in a dose-

dependent manner (Abe et al., 2004; Tokumaru et al., 
2018) with no significant scavenging effect of . CH3. 
Our present data are consistent to the previous reports 
(Fig. 2). 

Car is a common histidine-derived imidazole 
dipeptide with roles of metal-ion chelation and 
antioxidant capacity (Alexander et al., 2013). Ans 
and Bal collectively contain a methylated variant of 
Car (Hipkiss et al., 2016). Previous studies showed 
that Car and Ans can scavenge . OH and O2

- via 
interaction between radicals and their structure of 
histidine (Klebanov et al., 1997; Boldyrev et al., 
2004). Our present data indicate that Car, Ans and 
WME containg 8.6% Bal not only suppress . OH and 
O2

-, but also reduce . CH3 in a dose-dependent manner, 
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probably relating to decreased amount of . OH or the 
formation of imidazole-DMSO adduct (Fig.3). 
Moreover, compared with Car, Ans and WME have 
higher abilities of scavenging . CH3 and . OH in higher 
doses of 1000 mg/l and 10000 mg/l (Fig. 3). To date, 
there is no corresponding conclusion about the rank 
of specific free radical scavenging ability among Car, 
Ans, and Bal. Therefore, our present data could offer 
benefit to some degree in terms of comparison among 
the three histidine dipeptides. 

SuP, TwX, and TwM mainly consist of ascorbic 
acid, L-glutamine, L-cystine, coenzyme Q10, 
ascorbic acid (AsA), and riboflavin (Kusaki et al., 
2017). TwM, TwX, and SuP significantly suppressed . 

CH3, . OH, and O2
- compared with control group (Fig. 

4). Previous papers reported that higher concentration 
of AsA over 500 mg/l produces ascorbyl radical, and 
thus increases the signal height of . CH3 (Yamaguchi 
et al., 1999; Yoshihiro et al., 1999). However, such 
adverse phenomenon was not observed in the same 
ESR reaction system (Fig. 4), indicating that the 
mixed components into these supplements effectively 
inhibit the production of ascorbyl radical caused by 
higher concentration of AsA. Moreover, compared 
with SuP, both TwM and TwX have higher abilities of 
scavenging . OH and O2

- in lower doses of 20 mg/l and 
200 mg/l, probably owing to the improved 
components (Fig. 4).  

Toco is a novel supplement containing a mixture 
of tocotrienol and tocopherol, which reasonably 
attenuated ischemic infarction in a stoke mouse 
model via reducing oxidative stress (Shang et al., 
2018). Compared with single α-tocopherol, Toco has 
higher abilities of scavenging above 3 radicals in 
doses of 40 mg/l, 100 mg/l, and 1000 mg/l in a dose-
dependent manner, evidencing a higher antioxidant 
potential than a single nutrient α-tocopherol (Fig. 5). 

Plas are glycerophospholipids which are very 
sensitive to redox owing to the high reactivity to free 
radicals of their vinyl ether double bonds at the sn-1 
position (Fujino et al., 2017). A polyunsaturated fatty 
acid is predominantly localized into sn-2 position of 
Plas, specifically docosahexaenoic acid (DHA; C22:6) 
or eicosapntemacnioc acid (EPA; C20:5) depending 
on the species derivation (Su et al., 2019). A previous 
paper reported that the amount of EPA and DHA in 
ascidian-derived (Viscera) (Hoya) Plas was 
respectively around 10 and 15 times higher than that 
in scallop-derived Plas (Viscera) in the case of the 
same amount of foodstuffs (umol/100g wet wt) 
(Yamashita et al., 2015). However, Yamashita’s 
group did not conduct comparison between two 
species in the case of the same amount of total Plas. 

Therefore, more and further investigations are worthy 
of conducting for better understanding the variety of 
different species-derived Plas. In the present study, 
scallop and Hoya-derived Plas similarly suppressed 3 
radicals compared with control group with a small 
dose-dependent manner (Fig. 6). The reason could be 
that vinyl ether may be more dominant to scavenge 
free radicals than polyunsaturated fatty acid, which 
also be proved by previous studies (Tobias et al., 
2001; Broniec et al., 2011). And, we must clarify that 
H2O2/NaOH/DMSO is an alkaline environmental 
reaction system, not a physiological environment. 
Plas as a bioactive phospholipid act in the 
physiological condition with multiple mechanisms 
(Su et al., 2019). Therefore, we wonder that the 
viability of Plas probably was affected in the present 
alkaline system, which could partly explain why 
scallop and Hoya-derived Plas suppressed 3 radicals 
compared with control group with a small dose-
dependent manner, and 50% inhibition rate was not 
observed even though in the highest-concentration 
groups. Hence, further studies about scavenging 
ability of district species-derived Plas are worth 
conducting in in-vitro and in-vivo, especially in   
physiological and various pathological conditions. 

In summary, the present study reported the 3 free 
radical scavenging ability of 10 types of nutrients by 
ESR in a dose-dependent manner to some degree. 
Moreover, dietary supplements composed of different 
antioxidative spectrum could be more appropriately 
designed for preventing multiple free radicals and 
promoting health.  
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Fig.,1) Typical electron spin resonance (ESR) spectrum in the H2O2/NaOH/DMSO system. ESR conditions 

were described in the text. Each free radical derived signal was assigned, and signal heights were calculated at 
double-sided arrows. The amplification rate of the apparatus was adjusted to obtain the proper spectrum heights 
of the hydroxyl radical (. OH)-DMPO adduct as shown in Fig. 1 (1:2:2:1). Scale bar = 1 mT. 
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Fig. 2) Free radical scavenging property of a positive control Edaravone (Eda) by ESR. ESR spectra of 
free radical adducts under the condition of 3 concentrations of Eda (A). Inhibition rate = 1 – signal height 
(sample) / signal height (control). The signal heights were normalized to the Mn2+ resonance. Quantitative 
analysis of inhibition rate of Eda against methyl radical (. CH3), . OH, and superoxide anion (O2

-) (B-D, * p<0.05 
VS Control, ** p<0.01 VS Control; # p<0.05 VS 3 mg/l Edaravone; & p<0.05 VS 6 mg/l Edaravone).  
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Fig. 3) Free radical scavenging property of carnosine (Car), anserine (Ans), and whale meat extract (WME) 
by ESR. ESR spectra of free radical adducts under the condition of 4 concentrations of Car, Ans, and WME (A). 
Quantitative analysis of inhibition rate of Car, Ans, and WME against . CH3, . OH, and O2

- (B-D, * p<0.05 VS 
Control, ** p<0.01 VS Control; Ω p<0.05 VS 10 mg/l, ΩΩ p<0.01 VS 10 mg/l; πp<0.05 VS 100 mg/l, ππ p<0.01 
VS 100 mg/l; θ p<0.05 VS 1000 mg/l; # p<0.05 VS 1000 mg/l Carnosine; & p<0.05 VS 10000 mg/l Carnosine). 
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Fig. 4) Free radical scavenging property of Supaliv (SuP), Twendee X (TwX), and Twendee Mtcontrol 
(TwM) by ESR. ESR spectra of free radical adducts under the condition of 3 concentrations of SuP, TwX, and 
TwM (A). Quantitative analysis of inhibition rate of SuP, TwX, and TwM against . CH3, . OH, and O2

- (B-D, * 
p<0.05 VS Control, ** p<0.01 VS Control; πp<0.05 VS 20 mg/l, ππ p<0.01 VS 20 mg/l; θ p<0.05 VS 200 mg/l, 
θθ p<0.01 VS 200 mg/l; # p<0.05 VS 20 mg/l Supaliv; & p<0.05 VS 200 mg/l Supaliv). 
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Fig. 5) Free radical scavenging property of α-tocopherol and tocovid (Toco) by ESR. ESR spectra of free 

radical adducts under the condition of 3 concentrations of α-tocopherol and Toco (A). Quantitative analysis of 
inhibition rate of α-tocopherol and Toco against . CH3, . OH, O2

- (B-D, * p<0.05 VS Control, ** p<0.01 VS 
Control; π p<0.05 VS 40 mg/l; θ p<0.05 VS 100 mg/l, θθ p<0.01 VS 100 mg/l; # p<0.05 VS 40 mg/l α-Tocopherol 
& p<0.05 VS 100 mg/l α-Tocopherol; ∞ p<0.05 VS 1000 mg/l α-Tocopherol). 
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Fig. 6) Free radical scavenging property of scallop and ascidian (Hoya) – derived plasmalogens (Plas) by 

ESR. ESR spectra of free radical adducts under the condition of 4 concentrations of scallop and ascidian (Hoya) 
– derived Plas (A). Quantitative analysis of inhibition rate of scallop and ascidian (Hoya) – derived Plas against . 

CH3, . OH, and O2
- (B-D, * p<0.05 VS Control, ** p<0.01 VS Control; Ω p<0.05 VS 1 mg/l). 


