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Abstract: In this experiment, HEK293 cells were induced by H,0, to establish a cell model of oxidative damage, and
the optimal H,O, concentration and treatment time were determined. The effects of five antioxidant peptides (AFK,
IEQI, FPFF, LPVPQ and RELEEL) derived from yak milk casein on the survival rate, malondialdehyde (MDA) content,
antioxidant enzyme activities, reduced glutathione and oxidized glutathione contents of the damaged cells were studied,
and the mechanism of action of the antioxidant peptides was explored to provide a theoretical basis for their development
and application in high value-added biological products and functional foods. The results showed that these antioxidant
peptides had different scavenging effects on different radical species, but they all showed a dose-effect relationship.
After being treated with a final concentration of 400 pmol/L H,O, for 12 h, the inhibitory rate of HEK293 cells was
(46.21 £ 0.40)%. Cytotoxicity test showed that the five antioxidant peptides had no toxic or side effects on HEK-293
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cells, and did not promote cell proliferation either. These antioxidant peptides could significantly reduce the contents
of malondialdehyde (except LPVPQ) and oxidized glutathione in HEK293 cells damaged by oxidation, and enhance
the activity of antioxidant enzymes. RELEEL at a concentration of 200 pg/mL significantly reduced MDA content to
(0.062 + 0.000) nmol/10* cells and increased glutathione content to (61.17 + 2.48) pg/10° cells while maintaining high
GSH/GSSG ratio of 64.93 + 0.95. The antioxidant peptide LPVPQ at 200 pg/mL significantly reduced the content
of oxidized glutathione to (0.74 + 0.26) pg/10° cells and increased the activity of superoxide dismutase (SOD) to
(1.17 £ 0.02) U/10" cells; the antioxidant peptide AFK at 200 pg/mL significantly enhanced catalase (CAT) activity to
(0.60+0.09) U/10" cells. These results indicate that the antioxidant peptides derived from yak milk casein have positive effects
on cells damaged by oxidation, which can provide a reference for further development of relevant products.
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Fig. 2  DPPH radical scavenging activity of yak milk casein-derived
antioxidant peptides
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Table 1  Effects of yak milk casein-derived antioxidant peptides on
CAT, SOD and MDA levels in HEK293 cells
) JREIREE,  CATIE 11/ SODJE 1/ MDA %/
- (pug/mL)  (U/M0*cells)  (U/10%cells)  (nmol/10" cells)
o HE2H 0.64+0.13 1.5640.01 0.05540.000
EiEFIEaEN 0.1440.03%*  0.4240.00%*  0.12140.000%*
12.5 0.24+0.01%%"  0.5440.00%*"  0.11140.000%**
25 0.4440.02%"  0.6540.00%*"  0.1040.000%*
3 Cacpgs o AFK 50 0.5020.01"  0.73£0.00%*"  0.09840.001**
DU ‘ 100 0.55+0.03"  0.7440.00%%"  0.084+0.001**"
A~H.Z351250, 25, 50, 100, 200, 400. 800, 1600 umol/L H,0,. . » ”
200 0.60£0.09"  0.8240.01***  0.066+0.000*
K9  AFHKEHOLMMHEK2934 A RKEM (12h, 100X)
# i
Fig. 9  Morphological alterations of HEK293 cell induced by different 125 021+ 0'01**# 0.44 i0.00**# 0.063+ O'OOO#
*3k sk
concentrations of H,0, for 12 h (100 x) 25 0.30£0.05 0.50£0.01 0.062+0.000
IEQI 50 0.25+0.01%%*  0.56+£0.00%**  0.063+0.000"
= [y - N #H ted #i
24 SEARREULIEATH,O & BHEKO3 A W e e
RS THR R 12.5 0.1810'04** 0.6110.01**#“ 0.103 J:o .000**
% 5] N N Ry . . U . U . U
MEORTLIEH, Bt AALIRAFKSE, HAb bk 25 028001 0534001 009300 000%
XTI R RGO ER, 75— JER AT FPFF 50 0.3720.00%%" 0.5940.00%¥" 0.08840.001%*"
JHHE N FIROS ELA Bl S TE RE R, it L IkRELEEL 100 03940.04%%" 0.8940.00%* 0.07540.001**"
N - 200 0.5740.01"  1.1440.00¥"  0.0814-0.000%*"
1£50~200 pg/mLI) T EERE N RA BE& W RTVER .
125 0.284+0.01% 0.464+0.00%*  0.10140.000%*
O0pg/mL  012.5ug/mL  ©25 pg/mL 25 0.37£0.00%%*  0.480.00%*  0.10240.000%*
120 B850 ug/mL. @100 pg/mL =200 pg/mL LPVPQ 50 0.37£0.07*%* 0.6340.00%*"  0.11740.000%**
&100 100 0.294£0.01%*" 0.914+0.01%*"  0.1104-0.001%**
580 200 0.3240.02%%F  1.1740.02%"  0.09340.000%*
g 60 12.5 0.28£0.04%*  0.45+0.00%*  0.07240.000%"
g’é 40 25 0.3040.00%*"  0.5040.00%*"  0.071+0.000%"
50 RELEEL 50 0.39+0.05%*"  0.68+0.00%*"  0.066+0.001*"
0 100 0.4440.02%%% 0.794£0.00%*"  0.06440.001*"
&Q}’ 200 0.37+40.04**" 1.014+0.00%"  0.06240.000%"
& VE: SATIRALAILG, . 25 RE (P<0.05) , wx. % 5%

Z kA5

* R AL Z R B (P<0.05) ;
# S5 RAMEL EREE (P<0.05) .

(P<0.01) ; H5HifdHA, #. 25 8% (P<0.05) , #E27REE

(P<0.01) . F[d,

10 B SURKZE PO ARG HLO, i S HEK 29341 4L 2.6 EAFALBREAPUANIK BN GSH. GSSG
BRI GE FIGSH/GSSG 5
Fig. 10  Protective effect of yak milk casein-derived antioxidant

peptides on H,0,-induced oxidative damage of HEK293 cells
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Table 2  Effects of yak milk casein-derived antioxidant peptides on the

contents of GSH and GSSG and ratio between them in HEK293 cells
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4 EII
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