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Relationship between seminal plasma oxidation-reduction potential and sperm DNA fragmentation
index, high DNA staining,and motility parameters

LIU Xingchi',ZHANG Qian'",LI Liyan', GUAN Xiaochuan',ZHANG Ning', YU Yuexin'

(1. Department of Reproductive Medicine, General Hospitial of Northern Theater Command , Shenyang 110016, China; 2. Department of Health Statis-
tics,, School of Public Health, China Medical University , Shenyang 110122, China)

Abstract Objective To investigate the correlation between seminal plasma oxidation-reduction potential (ORP) and normalized ORP
(nORP) with sperm DNA fragmentation index (DFI), high DNA staining (HDS), and motility parameters,and to explore whether these
parameters can be used as biomarkers for evaluating male fertility potential. Methods A total of 309 men who attended the andrology
clinic at the Department of Reproductive Medicine , General Hospital of Northern Theater Command , between October 2023 and December
2023, were selected in this study. We analyzed the correlation between seminal plasma ORP and nORP and parameters such as DFI using
the electrode method , HDS, age , days of ahstinence , semen volume, total sperm count,sperm concentration , sperm motility (forward motile
sperm count, forward motile sperm percentage , non-forward sperm count,non-forward sperm percentage ,immotile sperm count,immotile
sperm percentage ,and sperm motility rate), and motility indices (curvilinear velocity [ VCL], straight-line velocity [ VSL], average velocity
[VAP],linear index [ LIN ], straightness index [STR ], and wobble coefficient [WOB]). The nORP resulis were divided into three groups and
analyzed in relation to each of the parameters mentioned above. A generalized linear regression model was used to assess the relationship
between nORP and HDS,with smooth curve fitting performed to visualize this relationship. Results Pearson and Spearman correlation
analyses revealed that both ORP and nORP were positively correlated with semen volume, percentage of immotile sperm,and DFT, but

negatively correlated with forward motile sperm count, percentage of forward motile sperm, sperm motility rate, VSL,and VAP (P < 0.05).
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Additionally, ORP was positively correlated with abstinence days and immotile sperm count (P < 0.05) and negatively correlated with
LIN,STR,and WOB (P < 0.05). However,nORP was positively correlated with HDS (P < 0.05), and negatively correlated with total sperm
count, sperm concentration, non-forward sperm count, non-forward sperm percentage ,immotile sperm count,and VCL (P < 0.05). The
nORP group showed significant differences in semen volume , total sperm count, sperm concentration, forward motile sperm count, forward
motile sperm percentage , non-forward sperm count, non-forward sperm percentage ,immotile sperm count,immotile sperm percentage,
sperm motility rate, VCL, VSL, VAP, DFI, and HDS (P < 0.05). A smooth curve fitting of nORP and HDS, adjusted for age and abstinence
days, demonstrated a linear upward trend in nORP as HDS increased. Conclusion Both ORP and nORP are associated with sperm DFI

and key motility parameters. Moreover,nORP is closely related to HDS, which reflects sperm maturity, offering a more comprehensive

indicator of semen quality. Thus,nORP can be utilized as a biomarker for assessing male fertility potential.

Keywords seminal plasma oxidation-reduction potential; sperm DNA fragment index; sperm high DNA staining; sperm motility

parameter; oxidative stress sterility
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Tab.1 General clinical data and comparison of sperm motility parameter characteristics

Index Total (n =309) LownORP (n = 102) Middle nORP (n = 103) High nORP (n = 104) P
Age (year) 31.00(28.00-34.00) 30.50(27.25-33.75) 31.00(27.50-34.00) 31.00(28.75-34.00) 0.782
Days of abstinence (d) 4.00(3.00-5.00) 4.00(3.00-5.00) 4.00(3.00-5.00) 4.00(3.00-5.00) 0.887
Semen volume (mL) 3.68(2.95-4.59) 3.33(2.68-4.38) 3.91(2.92-4.56) 3.73(3.15-4.90) 0.009
Total sperm count ( x 10°) 92.15(49.63-158.79) 178.01(133.92-221.50) 94.92(74.95- 125.37) 39.01(27.04-56.59) <0.001
Sperm concentration ( x 10%mL) 25.90(13.45-44.14) 50.66 (44.17-62.73) 25.90(21.82-31.80) 10.31(7.37-13.45) <0.001
Forward motile sperm count ( x 10°) 4673 (22.40-80.17) 90.34(65.69-138.33) 51.83(33.88-66.73) 14.93(10.34-4.53) <0.001
Forward molile sperm percentage (%) 53.00(39.00-63.00) 57.00(43.00-66.75) 5600 (45.00-64.50) 46.50(30.00-5.00) <0.001
Non-forward sperm count ( x 10°) 7.32(3.43-15.76) 16.84(12.48-23.37) 7.99(5.22-13.75) 2.56(1.57-4.29) <0.001
Non-forward percentage (%) 8.00(6.00-11.00) 10.00(8.00-12.00) 9.00(7.00-11.00) 7.00(5.00-9.00) <0.001
Immotile sperm count ( x 10°) 33.68(18.54-56.47) 60.27(37.39-86.27) 36.19(22.13-51.30) 18.21(12.03-28.24) <0.001
Immotile sperm percentage (%) 38.00(28.00-50.00) 31.00(24.00-44.75) 34.00(25.50-45.50) 44.00(38.00-64.00) <0.001
Sperm motility rate (%) 62.00(50.00-72.00) 69.00(55.25-76.00) 66.00 (54.50-74.50) 56.00 (36.00-62.00) <0.001
VCL (pm/s) 66311525 70.34 + 14.32 6743+ 1491 61.24+15.19 <0.001
VSL (pm/s) 33.14(28.39-36.27) 3439(30.10-37.53) 33.48(29.45-36.34) 31.04(26.90-35.05) <0.001
VAP (pm/s) 4143 +8.05 4382779 4200767 38.51+7.84 <0.001
LIN 5203+733 5170 £6.19 5201641 5237+9.06 0.392
STR 80.36(76.39-84.30) 78.94(76.12-82.87) 80.54(76.75-83.80) 81.28(76.89-85.86) 0.072
WOB 64.80 (61.85-67.58) 6438 (62.06-67.51) 64.82(61.16-67.16) 64.99(62.21-68.29) 0.538
DFI(%) 7.14(4.50-10.42) 6.49(4.25-9.75) 7.18(4.35-10.25) 7.88(5.37-1127) 0.068
HDS (%) 7.08(5.59-9.21) 6.07(4.72-8.14) 6.90(5.70-8.44) 8.16(6.56-11.09) <0.001
ORP(mV) 156.44 £ 16.49 153.33 £ 15.00 155.00 £ 14.68 160.88 + 16.68 0.003
Low nORP, <4.00 mV/(10°*mL™") ;middle nORP,>4.00 to <9.08 mV/(10°*mL™) ;high nORP, =9.08 mV/(10°-mL™").
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Tab.2 Analysis of the correlation between ORP and sperm DFI, HDS, and motility parameters

ORP nORP
Index
r P r p
Age 0.0170 0.766 0.0314 0.582
Days of abstinence 0.2440 <0.001 0.005 9 0.918
Semen volume 0.1816 0.001 0.169 3 0.003
Total sperm count -0.022 1 0.698 -0.869 9 <0.001
Sperm concentration -0.106 7 0.061 -0.991 2 <0.001
Forward motile sperm count -0.117 8 0.039 -0.8258 <0.001
Forward motile sperm percentage -0.256 6 <0.001 -0.265 3 <0.001
Non-forward sperm count -0.0349 0.541 -0.828 3 <0.001
Non-forward sperm percentage -0.0370 0.517 -0.3230 <0.001
Immotile sperm count 0.1129 0.047 -0.654 2 <0.001
Immotile sperm percentage 0.2535 <0.001 0.345 1 <0.001
Sperm motility rate -0.2533 <0.001 -0.344 5 <0.001
VCL -0.093 8 0.100 -0.265 1 <0.001
VSL -0.1149 0.044 -0.245 8 <0.001
VAP -0.136 4 0.017 -0.2893 <0.001
LIN -0.2322 <0.001 0.064 9 0.256
STR -0.170 2 0.003 0.1114 0.050
WOB -0.157 6 0.006 0.049 2 0.389
DFI 0.286 7 <0.001 0.128 6 0.024
HDS 0.066 5 0.244 0.338 1 <0.001
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Fig.1 Relationship between HDS and nORP (curve fitting)
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