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Inhibitory effect of low‑molecular‑weight 
peptides (0–3 kDa) from Spirulina platensis 
on H2O2‑induced oxidative damage in L02 
human liver cells
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Abstract 

Spirulina platensis protein hydrolysates were prepared by digesting protein extracts with papain, and the hydrolysates 
were separated into 30, 10, and 3 kDa weights using membrane ultrafiltration. The 0–3 kDa low-molecular-weight 
Spirulina peptides (LMWSPs) proved the highest chemical antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
radical scavenging ability, hydroxyl radical (·OH) scavenging activities and total antioxidant capacity. Cellular antioxi-
dant ability of LMWPs fractions against 2000 μg/mL H2O2 induced oxidative damage of L02 cells were investigated. 
The MTT assay results displayed that LMWSPs at different concentrations (0–1000 μg/mL) had proliferation effect 
on the L02 cells and that treatment of the L02 cells with the 1000 μg/mL LMWSPs (0–3 kDa) significantly prevented 
H2O2-induced oxidative damage compared with control cells. Moreover, the 2′,7′-dichlorofluorescein diacetate 
(DCFH-DA) fluorescent probe assay showed that the levels of ROS and NO were significantly lower in the experimen-
tal group that was treated with the peptides for 24 h than in the control group. Furthermore, using the corresponding 
kits, the treatment inhibited the reduction of SOD activity and the increase of MDA contents in the L02 cells. There-
fore, LMWSPs (0–3 kDa) may have potential applications in antioxidant and liver health products.
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Introduction
Reactive oxygen species (ROS) are produced by mito-
chondria during aerobic metabolism and are continu-
ously generated and eliminated in the intracellular 
compartments of living organisms. This process plays 
an important causative role in cell signaling in a vari-
ety of physiological and pathological processes (Checa 
and Aran 2020; Ray et  al. 2012). ROS imbalance in liv-
ing organisms can lead to cell necrosis, cell apoptosis or 
tissue damage through different routes, such as causing 
lipid peroxidation of polyunsaturated fatty acids, which 

can lead to changes in macromolecules, especially DNA, 
thereby leading to apoptosis and necrosis (Valko et  al. 
2007; Stadtman 2004). Fatty acid oxidation can produce 
hepatic toxic active oxygen to accelerate oxidative stress 
response, making fatty liver to transform into hepati-
tis and liver fibrosis faster (Valko et al. 2006). Currently, 
people use antioxidants to inhibit oxidation and maintain 
a balance among the various oxidative processes. How-
ever, some synthetic antioxidants used in food products, 
such as butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT), may have potential health risks 
(Ito et  al. 1985). For this reason, peptides have gained 
popularity as safe natural antioxidants in the food indus-
try and in related fields. Many potent antioxidant protein 
hydrolysates have been isolated from plants, animals, and 
microorganisms, and these compounds have exhibited 
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strong antioxidant abilities in model systems. Examples 
include protein hydrolysates from Melinjo (Gnetumgne-
mon) seeds, spotless smoothhound (Mustelus griseus), 
sweet potato, cod (Gadusmorhua), Cornu Bubali (the 
muscle of yellow stripe trevally; Selaroides leptolepis), 
and corn gluten meal (Supriyadi et  al. 2019; Tao et  al. 
2018; Zhang et  al. 2020; Farvin et  al. 2016; Hu et  al. 
2020a, b).

As nutrient-dense foods, low-molecular-weight pep-
tides (LMWPs) have gained popularity because of their 
advantages over macromolecular peptides. For example, 
some studies have reported that small peptides from soy-
bean hydrolysate have a higher rate of absorption than 
large peptides in the intestinal perfusion model of the rat 
small intestine. Many small-molecule antioxidant pep-
tide hydrolysates isolated from natural materials, such as 
whey protein hydrolysate peptides, duck skin peptides, 
gelatin polypeptides of Jellyfish (Rhopilema esculentum), 
chickpea protein hydrolysate (CPH), and soy protein 
hydrolysates, have been reported to exhibit a high free 
radical scavenging capacity or cellular antioxidant activ-
ity, and several antioxidants have already been incorpo-
rated into health foods (Kleekayai et  al. 2020; Lee et  al. 
2013; Zhuang et  al. 2010; Xu and Galanopoulos 2019; 
Tian et al. 2020). In addition, LMWPs have been found to 
exhibit functional activities, including antimicrobial and 
anticancer effects (Gan et al. 2020; Bayram et al. 2017).

Spirulina platensis, a microscopic blue green alga, is 
considered healthy due to its high nutritional value and 
pharmacological activity. The high nutritional value of 
Spirulina peptides from Algeria has been confirmed by 
rigorous biological and chemical testing (Verdasco-Mar-
tín et  al. 2019). As an important resource of bioactive 
peptides, Spirulina protein hydrolysates have the ability 
to inhibit tumors, antibacterial and oxidation-induced 
damage (Wang and Zhang 2016a, b; Sun et  al. 2018; 
Akpinar and Yumusak 2018) The ACE inhibitory peptide 
purified from Spirulina platensis has exhibited potential 
preventive and therapeutic effects on hypertension (Lu 
et al. 2010). In addition, 15 polypeptides from Spirulina 
have been shown to have anti-proliferation activities 
in five cancer cells (HepG-2, MCF-7, SGC-7901, A549, 
and HT-29) (Wang and Zhang 2016a, b). In our study, to 
explore the effect of LMWSPs on liver oxidation and pro-
tection, we used LO2 human normal liver cells to estab-
lish oxidative stress model. The purpose of this study was 
to screen Spirulina platensis hydrolytic fragments (30, 
10, and 3 kDa) with high oxidation resistance by chemical 
antioxidant method, and to study the antioxidant activity 
of LMWSPs on H2O2-induced oxidative damage in L02 
human liver cells, exploring the effect of LMWSPs on 
liver oxidation and protection.

Materials and methods
Materials
Spirulina platensis powder was provided by the Spirulina 
platensis Research Institute of Beijing Forest University 
(Beijing, China). Papain (≥ 3 U/mg) was purchased from 
Aladdin Reagent Company (Shanghai, China). DPPH was 
purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). 
A T-AOC kit was bought from the Nanjing Built Bio-
logical Engineering Research Institute (Nanjing, China). 
3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium-
bromide (MTT) and DCFH-DA were purchased from 
Sigma-Aldrich Co. (St. Louis, Mo, USA). 3-Amino,4-
aminomethyl-2′,7′-difluorescein diacetate (DAFFM-DA) 
was obtained from Beyotime (Jiangsu, China). The other 
chemicals were of analytical grade and were commer-
cially available.

Human normal liver cell lines (L02) was purchased 
at National Infrastructure of Cell Line Resource and 
approved by Ethics Committee of Peking Union Medi-
cal College (0111003). Experiments were implemented in 
compliance with the Helsinki Declaration.

Extraction of protein and concentration determination
First, Spirulina platensis powder (20  g) was mixed with 
distilled water (160  mL), frozen using liquid nitrogen, 
and thawed via the water bath method (25–30 ℃). After 
repeating these two steps five times, the mixture was sub-
jected to ultrasonication at room temperature and 150 W 
for 3 min. The sample was centrifuged at 6000 rpm at 4 ℃ 
for 30 min. The supernatant (protein fraction) was imme-
diately subjected to freeze drying using a vacuum freeze 
dryer, and the resulting Spirulina platensis protein pow-
der was stored at 4 ℃.

Preparation of Spirulina platensis peptides
The protein concentration was estimated to be 
56 ± 0.97%. The hydrolysate was obtained by subjecting 
the Spirulina platensis protein powder to enzymolysis. 
Three compounds, ethylene diamine tetra acetic (EDTA), 
l-cysteine, and NaCl, were added to 30  mL of 2% Spir-
ulina protein liquid, and the final concentrations of the 
solvents were adjusted to 2.0 mM, 5.0 mM, and 300 mM, 
respectively. The papain enzymatic hydrolysis conditions 
included a temperature of 60 ℃ for 9  h at pH 7.0, and 
the ratio of enzyme and substrate was 1.6%. The result-
ing hydrolysate was filtered with 30, 10, and 3 kDa MW 
cutoff ceramic membranes successively in ultrafiltra-
tion centrifuge tubes at 6000 rpm at 4 ℃, for 30 min and 
stored at 4 ℃ after vacuum freeze drying. The antioxidant 
abilities of the filtered peptides of different molecular 
weights were individually determined in vitro.
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Quantitation of Spirulina platensis peptides
The Spirulina platensis peptides (crude extract protein, 
0–3  kDa, 3–10  kDa and 10–30  kDa) concentration was 
detected by bicinchoninic acid (BCA) assay. The experi-
mental operation steps according to the BCA Protein 
Assay Kit (Yuangye Biotech CO., Shanghai, China). The 
absorbance was measured at 562 nm using a microplate 
reader (PerkinElmer, Shanghai, China).

Antioxidant activity assay
DPPH radical scavenging activity assay
Aliquots of 0.5 mL of three different molecular weights of 
Spirulina platensis peptides (0–3  kDa, 3–10  kDa and 
10–30  kDa) and Vc in ethanol were added to 2.5  mL 
0.1 mM DPPH in 100% ethanol. The mixture was shaken 
and allowed to stand at room temperature in the dark for 
30 min, and the absorbance of the resulting solution was 
measured at 517  nm (AS). Ethanol was used instead of 
samples in the control experiment (AC), and the blank 
was prepared as described above but without DPPH 
(AB). A lower absorbance represented a higher DPPH 
scavenging activity. The scavenging activity was calcu-
lated as 

[

1−
AS−AB

AC

]

× 100%.

Hydroxyl radical scavenging activity assay
The reaction mixture containing 2 mL of 2.0 mM FeSO4, 
1 mL of 6 mM salicylate in ethanol, 5 mL of samples, and 
2 mL of 6.0 mM H2O2 was incubated for 15 min at 37 ℃ 
in a water bath. After incubation, the absorbance of the 
resulting solution was measured at 510  nm (AS) using 
a spectrophotometer. The control was prepared in the 
same manner except that distilled water was used instead 
of the samples (AC). The abilities to scavenge hydroxyl 
radicals were calculated as AC−AS

AC
× 100%.

Total antioxidant capacity assay
The total antioxidant capacity was assayed using the 
T-AOC kit. The absorbance of solution was measured 
at 517 nm using a spectrophotometer. The total antioxi-
dant capacities were calculated according to T-AOC kit’s 
manufacturer.

Determination of cell viability
1 × 104 cells/mL (100 μL per well) L02 were planted into 
96-well plates and cultured for 24 h. The cells were main-
tained in an atmosphere of 5% CO2 at 37 ℃ in DMEM 
that was supplemented with 10% fetal bovine serum and 
0.1% antibiotics (penicillin and streptomycin). When 
the cells were completely adhered to the wall, they 
were treated with various concentrations of LMWSPs 
(0–3  kDa) and the oxidative damaging agent, H2O2 
(1000  μg/mL or 2000  μg/mL). After 24  h of incubation, 
10  μL of MTT (5  mg/mL) in phosphate buffered saline 

(PBS) was added to each well, and the plates were placed 
in the dark. After four hours, the liquids in the upper 
layer were removed, and 100 μL of DMSO was added to 
the 96-well plates to dissolve the purple formazan crys-
tals. The L02 cell viability was estimated by reading the 
absorbance at 492 nm using a microplate reader (Perki-
nElmer, Shanghai, China). The relative cell viability was 
defined as the absorbance of treated wells divided by that 
of the control.

Intracellular reactive oxygen species (ROS) detection
The level of intracellular ROS was detected using the 
DCFH-DA assay. 1 × 104 cells/mL (100 μL per well) L02 
were planted into 96-well plates and cultured for 24  h. 
When the cells were completely adhered to the wall, they 
were treated with various concentrations of LMWSPs 
(0–3 kDa) and the 2000 μg/mL H2O2. The L02 cells were 
washed mildly twice with PBS and incubated in Krebs’ 
ringer solution containing 10  μM DCFH-DA at 37  ℃ 
for 30 min. After three additional washes with PBS, the 
DCF-labeled L02 cells were observed and scanned under 
a confocal microscope (FV 500, Olympus, Japan). Digi-
tal pictures were analyzed using Image-J software, and 
the results were used to calculate the integrated optical 
density (IOD), which increases as the level of intracellular 
ROS rises.

Intracellular nitric oxide (NO) test
The intracellular nitric oxide level was determined using 
a fluorescent NO-sensitive dye via the DAFFM DA assay. 
Shortly after sucking out the cell culture fluid, cells were 
washed twice with PBS and maintained in the Krebs’ 
ringer solution supplemented with 10  μM DAFFM DA 
at 37 ℃ for 20  min. After three additional washes with 
PBS to remove excess dye, the cells were examined and 
scanned using a confocal microscope. Digital pictures 
were processed using Image-J software, and the results 
were used to calculate the IOD, which increases as the 
level of intracellular NO rises.

Analysis of antioxidant activities
Determination of the MDA content and SOD activity 
are often combined with each other, because the level of 
SOD activity indirectly reflects the ability of the body to 
clear oxygen free radicals and MDA indirectly reflects 
the severity of free radical attack on the cells. The MDA 
and SOD levels in the supernatants were estimated using 
MDA and SOD assay kits, respectively, from Jiancheng 
Bioengineering Institute (Nanjing, China). Briefly, the 
supernatants were collected, and the absorbance was 
read at 532 nm using a spectrophotometer, and the MDA 
and SOD contents were calculated as nmol/mL protein 
and U/mL, respectively.
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Statistical analysis
Statistical analyses were compared via one-way analysis 
of variance (ANOVA), all calculations were performed 
using IBM SPSS statistics 21.

Results
Antioxidant activities of the Spirulina peptide hydrolysates
The antioxidant activities of the peptide hydro-
lysates of Spirulina platensis are shown in Fig.  1. At 
the concentration of 1.0  mg/mL, the DPPH scaveng-
ing activities, OH· scavenging activities, and total anti-
oxidant abilities decreased in the following order: 
0–3  kDa > 3–10  kDa > 10–30  kDa. Hydrolysates with 
molecular weights ranging from 0 to 3 kDa had the high-
est antioxidant activities (P < 0.05), which was lower than 
those of Vc at the concentration of 0.5 mg/mL.

Effects of L02 cell pretreatment with H2O2 and LMWSPs
The viability of the L02 cells after incubation with 
1000  μg/mL or 2000  μg/mL of H2O2 was measured 
using the MTT method. Toxicity analysis revealed 
that the extent of oxidative damage increased with 

H2O2 concentration. The L02 cells showed significantly 
decreased cell viability compared with the control group, 
almost 50% of the cells was inhibited when the H2O2 
concentration was 2000 μg/mL. (Fig. 2a, P < 0.01); there-
fore, we chosed 2000  μg/mL H2O2 as the appropriate 
concentration to induce oxidative damage in all further 
experiments. In addition, 0–3 kDa of Spirulina peptides 
individually at various concentrations (25, 50, 100, 125, 
250, 500, and 1000  μg/mL) did not cause any apparent 
cytotoxic effects. Instead, they promoted cell growth, as 
assessed using the MTT test (Fig. 2b).

Effect of LMWSPs on cells impaired by H2O2 treatment
Pretreatments with different concentrations of 
0–3  kDa Spirulina peptides (25, 50, 100, 125, 250, 500, 
and 1000  μg/mL) after the addition of 2000  μg/mL 
H2O2 for 24  h, the effect of Spirulina peptides against 
H2O2-induced oxidative stress on the L02 cells was 
assessed as shown in Fig. 3 The viability of cells treated 
with various concentrations of 0–3  kDa Spirulina pep-
tides was higher than that observed for non-treated cells 
(2000  μg/mL H2O2-induced) (P < 0.05), In particular, 

Fig. 1  Antioxidant activities of the papain hydrolysates of Spirulina platensis peptides. a Preparation yield of the three different molecular weights 
of Spirulina platensis peptides. b DPPH radical scavenging activity of the three different molecular weights of Spirulina platensis peptides. c Hydroxyl 
radical scavenging activity of the three different molecular weights of Spirulina platensis peptides. d Total antioxidant capacity of the three different 
molecular weights of Spirulina platensis peptides. Vc as positive control. The bar graph represents mean ± SE (n = 3)
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1000  μg/mL of LMWSPs restored cell viability to near 
normal levels.

Effects of LMWSPs on ROS and NO levels in H2O2‑induced 
cells
ROS is an important index used to evaluate oxida-
tive stress. The LMWSPs had an inhibitory effect on 
the abnormal increase of ROS in injured L02 cells. The 
intracellular ROS level in the L02 cells was approxi-
mately 6.23 times greater than that in control cells dam-
aged with 2000 μg/mL H2O2 (P < 0.01). The ROS level in 
the experimental group that was treated with 500  μg/
mL and 1000 μg/mL LMWSPs for 24 h decreased signifi-
cantly to 46.93% and 36.73% compared with the damaged 

group, respectively, which was treated with 2000 μg/mL 
H2O2 (P < 0.01; Fig. 4a, b). The level of intracellular NO is 
another indicator of oxidative stress. As shown in Fig. 4c, 
d. Similar to the ROS levels, treatment with 500 μg/mL 
and 1000 μg/mL of LMWSPs visibly decreased to 60.96% 
and 28.49% compared with damaged group (P < 0.01; 
Fig. 4c, d).

Effects of LMWSPs on MDA content and SOD activity in L02 
cells
The MDA activity test showed a clear trend in the L02 
cells. The MDA content in the H2O2-treated L02 cells 
was 8.27 ± 0.17 nmol/mL, which was approximately 7.59 
times than that in the control group (P < 0.01; Fig. 5a). As 
the concentrations of the LMWSPs were increased, the 
MDA contents decreased gradually. 500 and 1000  μg/
mL of LMWSPs effectively inhibited the increase of 
MDA contents by 34.7% and 71.5% (P < 0.01; Fig.  5a), 
respectively, compared with the H2O2-treated group. 
Compared with the SOD activity in the control group, 
the SOD activity of the H2O2-treated group decreased 
significantly by 58.37% (P < 0.01; Fig.  5b). Compared 
with the H2O2-treated group, the SOD activity of the 
group treated with 500 and 1000  μg/mL LMWSPs was 
35.37 ± 3.41  U/mL and 42.10 ± 3.88  U/mL, which was 
a significant increase of 44.01% and 71.42% (P < 0.05; 
P < 0.01, Fig. 5b).

Discussion
The ROS index, which includes hydrogen peroxide 
(H2O2), Superoxide radical (O2*−) and hydroxyl radical 
(*OH), etc., is an important index for evaluating oxidative 
stress (Wang and Jiao 2000). Free radical imbalance in an 

Fig. 2 a  Viability of L02 cell pretreatment with H2O2 and LMWSPs by the MTT assay. Cells were incubated with the indicated concentrations of H2O2 
for 24 h, and the effects of H2O2 on the L02 cells were analyzed. b Effects of LMWSPs in different concentrations (0–1000 μg/mL) on the L02 cells. 
The bar graph represents mean ± SE (n = 3), *P < 0.05, **P < 0.01 (compared with the blank control)

Fig. 3  Protective effects of LMWSPs against H2O2-induced oxidative 
stress on the L02 cells. Data are expressed as mean ± SE, n = 3, 
**P < 0.01 (compared with H2O2 control group)
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organism is responsible for many pathological conditions, 
such as Alzheimer’s disease, atherosclerosis, neurodegen-
erative disease and coronary heart disease (Moneim 2015; 
Singh et  al. 2019; Georgieva et  al. 2017; Stemoukhov 
et  al. 2001). Free radicals are quenched by antioxidants 
during cell metabolism in normal cells, after which they 
can be effectively eliminated by the antioxidant defense 
system, which involves several enzymes (Nimse and Pal 
2015). In this study, we used H2O2-induced L02 cells 
injury to examine the effects of LMWSPs on oxidative 
stress-induced retinal damage in L02 cells. We observed 
that H2O2 treatment caused a significant decrease in L02 
cells viability. However, LMWSPs treatment increased 
the viability in human L02 cells expose to H2O2. These 
results suggest that the protective effect of LMWSPs oxi-
dative stress in L02 cells. This observation was consistent 

with the results of previous studies (Xia et al. 2017; Jian 
et  al. 2017). We detected the level of intracellular ROS 
and NO to explore the antioxidant activity of LMWSPs. 
Our results suggested that LMWSPs could alleviate the 
intracellular oxidation process. In addition, treatment 
with 1000  μg/mL of LMWSPs effectively prevented the 
increase in MDA content and inhibited the reduction of 
SOD activity in the H2O2-induced L02 cells, and it allevi-
ated the susceptibility of the cells to secondary oxidative 
damage by H2O2.

Several studies have reported that the bioactivity of 
peptide mixtures is largely affected by their molecu-
lar sizes and that the low-molecular-weight fractions 
exhibit more potent antioxidant activities, which may 
be due to the presence of hydrophobic amino acids in 
low-molecular-weight peptide. (Dong et  al. 2017). For 

Fig. 4  Protective effect of LMWSPs on L02 cells impaired by H2O2. a ROS level was determined by measuring the fluorescence of L02 cells under a 
confocal microscope. a: Wt; b: 2000 H2O2 + 0 peptides; c: 2000 H2O2 + 500 μg/mL peptides; d: 2000 H2O2 + 1000 μg/mL peptides. b Quantification 
of intracellular ROS production in damaged and normal cells. Data are expressed as mean ± SE, n = 3, **P < 0.01 (compared with H2O2 control 
group). c NO level was determined by measuring the fluorescence of L02 cells under a confocal microscope. a: Wt; b: 2000 H2O2 + 0 peptides; c: 
2000 H2O2 + 500 μg/mL peptides; d: 2000 H2O2 + 1000 μg/mL peptides. d Quantification of intracellular NO production in damaged and normal 
cells. Data are expressed as mean ± SE, n = 3, **P < 0.01 (compared with H2O2 control group)
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example, low-molecular-weight whey hydrolysate pep-
tides (0.1–2.8  kDa) have been found to be highly anti-
oxidative and can protect lung fibroblast MRC-5 cells 
against H2O2-induced oxidative damage (Kong et  al. 
2012). One previous report also showed that low-molec-
ular peptides (941.43  Da) from duck skin by-products 
have high radical scavenging activities and protect the 
liver against oxidative damage. In the previous studies, 
the 0–3  kDa of Monkfish muscle proteins hydrolysate 
(MPTH-I), Blood plasma hydrolysate (BPH4) and pep-
tides derived from biodegradation of chicken feather 
(PBCF) showed the highest antioxidant activities than 
other molecular weights, corroborating our result that 
LMWSPs (0–3  kDa) have highest antioxidant activi-
ties (Hu et al. 2020a, b; Cheng et al. 2016; Alahyaribeika 
et  al. 2021). Table  1 shows that the difference of anti-
oxidant activities between peptides (0–3  kDa) derived 
from four different species. The DPPH radical scaveng-
ing activity of LMWSPs (0–3 kDa) was 58.3% ± 2.89% at 
a concentration of 1.0 mg/mL, which was stronger than 
that of MPTH-I and PBCF. In addition, the results of 

hydroxyl radical scavenging activity shows that LMWSPs 
(0–3 kDa) has higher antioxidant activity than MPTH-I.

The safety of Spirulina peptides in health foods has 
attracted much attention, and most studies have con-
centrated on the cell apoptosis-triggering and antican-
cer effects of the LMWSPs (Wang and Zhang 2015). Our 
results reveal that different concentrations of Spirulina 
peptides promote cell growth and are non-toxic to a 
normal human cells line (L02). Similar results have been 
obtained with mulberry leaf low-molecular-weight pep-
tides, which have a beneficial effect on silkworm growth 
and development (Jha et al. 2014). In addition, LMWSPs 
may be involved in regulating cell proliferation-related 
gene expression. Our results provide a theoretical foun-
dation for using LMWSPs as a safe and functional food.

Conclusions
Our study demonstrates that LMWSPs (0–3  kDa) have 
stronger antioxidant properties than large-molecular-
weight Spirulina peptides (3–10, 10–30  kDa). Further-
more, LMWSPs have a protective effect on L02 cells by 

Fig. 5  Effect of LMWSPs on the MDA content and SOD activity in H2O2-treated L02 cells. Cells were pretreated with different concentrations of 
0–3 kDa LMWSPs for 24 h before treatment with H2O2 for 24 h. Each column represents the mean ± SE (n = 3). *P < 0.05, **P < 0.01 (compared with 
the H2O2 control group)

Table 1  Comparison of antioxidant activities between peptides (0–3 kDa) of four different species

LMWSPs low-molecular-weight Spirulina peptides, MPTH-I Monkfish muscle proteins hydrolysate, BPH4 blood plasma hydrolysate, PBCF peptides derived from 
biodegradation of chicken feather, Note no detected

Fractions Molecular weight Concentration (mg/
mL)

DPPH radical 
scavenging activity

Hydroxyl radical 
scavenging activity

References

LMWSPS 0–3 kDa 1.0 58.3% ± 2.89% 44.5% ± 2.8% This study

MPTH-I 5.0 65.52% ± 3.86% 58.78% ± 3.05% Hu et al. (2020a, b)

BPH4 1.0 69.9% ± 3.5% ND Cheng et al. (2016)

BCFP 5.03 50% ND Alahyaribeika et al. (2021)
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reducing oxidative stress and improving cell viability 
without any toxic influence on normal liver cells. Our 
findings provide the basis for further research on func-
tional food or theoretical medicine to alleviate oxidative 
stress in human liver cells from oxidative injury.
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oxygen species; IOD: Integrated optical density; NO: Intracellular nitric oxide; 
GSH: Glutathione.
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