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[Abstract] Objective The feasibility of using Transwell, based on the molecular sieve effect of its membrane pores,
to select high-quality human sperm was explored. Methods A total of 162 fresh semen samples were collected from the
Department of Andrology at the First Affiliated Hospital of Guangzhou University of Chinese Medicine between

November 2023 and May 2024. Differences in sperm selection using 5 um and 8 pm pore Transwell filters were analyzed,
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and microscopic structural differences were observed by transmission electron microscopy (TEM). Changes in semen
parameters after 30, 60, and 80 minutes of Transwell sperm selection were compared. Differences in semen parameters
after optimization of sperm of varying qualities by Transwell, density gradient centrifugation (DGC), and swim-up (SU)
methods were also compared. In this study, the percentage of progressive motility (PR) of sperm was set as the primary
outcome measure, while sperm motility, normal sperm morphology rate (NSMR), DNA fragmentation index (DFI),
sperm concentration, and recovery rate were set as secondary outcome measures. Results ~ When the aperture is 5 um
and the preferred time is 60 minutes, the Transwell method yields better results for sperm selection. In the normal semen
group, compared with the DGC method, the median percentage of PR in sperm after Transwell selection increased from
77.50% to 92.05% (P < 0.05), the median NSMR increased from 9.00% to 13.25% (P < 0.01), and the median DFI
decreased from 2.16% to 0.25% (P < 0.01). Compared with the SU method, the median sperm concentration after
Transwell selection increased from 4.70 x 10° mL ™" to 14.15 x 10° mL ™" (P < 0.01), the median DFI decreased from 0.47%
t0 0.25% (P < 0.01), and the median recovery rate increased from 2.50% to 6.48% (P < 0.01). but there were no statistically
significant differences in sperm motility, PR percentage, or NSMR. In the abnormal semen group, compared with the
DGC method, the median PR percentage of sperm after Transwell selection increased from 37.20% to 88.75% (P < 0.01),
the median sperm motility increased from 53.00% to 95.00%, and the median DFI decreased from 12.49% to 0.92% (P <
0.01). Compared with the SU method, the median PR percentage of sperm after Transwell selection increased from
86.30% to 88.75% (P < 0.05), and the median DFI decreased from 1.63% to 0.92% (P < 0.05). Conclusion The Transwell
preferred method demonstrates excellent performance in obtaining sufficient sperm with high viability, good

morphology, and good DNA integrity. This makes it a promising, simple, and practical method for selecting high-quality
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sperm in assisted reproductive technologies.

[Key words] Assisted reproductive technology
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Table 1 Comparison of various semen parameters after Transwell selection with different pore sizes (M [Q;])

Parameter Pre-treatment (n = 32) 5 um group (n = 32) 8 um group (n = 32) X P

Concentration/10° mL ™" 51.80 (39.90) 4.50 (7.90)" 635 (11.30)" 66.49 <0.001
Motility/% 73.10 (14.90) 96.20 (5.00)" 94.85 (6.90)" 71.35 <0.001
PR/% 46.10 (16.90) 87.40 (11.20)" 85.65 (14.20)" 181.84 <0.001
NSMR/% 400 (2.50) 11.88 (9.80)" 10.88 (6.50)" 107.93 <0.001
DFI/% 8.35 (4.50) 0.31(0.60)" 0.81(1.54)™"" 69.36 <0.001

PR: percentage of progressive motility; NSMR: normal sperm morphology rate; DFI: DNA fragmentation index; M: median; Q,: interquartile range. Overall

. . . . . . . . . . B . e
comparison using Friedman test for repeated measures; pairwise comparisons using Wilcoxon signed-rank test with Bonferroni correction. ~ P < 0.01, vs. pre-

treatment group; " P < 0.01, vs. 5 um group.

I R20/P22 ] R20/P22 5 R20/P22
O O O
o N N
= G =
OB 5 = (OB
= - — - = - o
" “DFI 11.70% " DFI: 0.27% " DFI: 0.41%
n Do B s 0
©° oL ] \°
=) : ~ =} <
=} T T T O T T T o T T T
0.0 655 131.1 196.6 262.1 0.0 655 131.1 196.6 262.1 0.0 655 131.1 196.6 262.1
(D] PerCP-H | @ PerCP-H @ PerCP-H I

1 REIFLEZE Transwell 1% 5 fF 45 F R ASFIDFI

Fig 1 Sperm morphology and DFI before and after selection with different pore diameters in the Transwell assay

HDS: high DNA stainability; DFI: DNA fragmentation index. A-C, Morphology in the pre-treatment group (A), 5 um group (B), and 8 um group (C); D-F, DFI in

the pre-treatment group (D), 5 um group (E), and 8 um group (F). Red arrows indicate morphologically normal spermatozoa (Diff-Quik staining x 1000).
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2.2 AEFLIZTransweliLiE 5 FRIB MG
BEHLBAEBERTLH | 5 um#H 58 pm AT TR T
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HEATASH AT, Gt Horh e Lol 25 R o, AT
HA L, TranswellE#E /5 57 b5 T IE 84 rk 3,
5 umfLREFA 5 W TR SR 58, BIERIA N
5 um4 K EIE R RS =0 2 ML E AR
R BRRR SRR 22 3R S/ ODERH R AR

Uiy il 22 S SRR T AL BT 41 (P< 0.05) 5 8 pmZH 3k
Wi ORI S0 3 | 22 5 % TS /ODF S i %
FIAR vty 22 S AL T AL BEFT A (P< 0.05) , {H T4 25 1)
SR AN R BN B ARSI 25 5 g4
M(P>0.05) . 5umZHLpAR S5 R AL E A RR
FR v 22 575 R T8 um4l (P<0.05) . %% I,
5 um LA Transwell £E FE ARG 88 T4t 1 S8 S5 07 T e
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Table 2 Electron microscopic ultrastructural examination of preferentially selected sperm with varying pore diameters using the Transwell system

Head Cell Mid-piece Principal piece End piece
Group Deformity Acrosomal Nuclear Mitochondrial 9 + 2 axonemal Microtubule/ODF Axonemal
rate/% abnormality/% dysplasia/% abnormality/% abnormality/% abnormality/% abnormality/%
Pre-treatment 98 79 41 83 47 46 26
5um 0™ 55™ 23" 45 25" 20" P
8 um 81" 68 38" 65 26" 27" 147°

ODF: outer dense fiber. A total of 200 spermatozoa per group were counted from 5 random fields to assess ultrastructural abnormality rates. Statistical

comparisons were performed using Chi-square test or Fisher's exact test. Ultrastructural analysis was exploratory with a = 0.05. "P<0.05 "P<001, P<

0.001, vs. pre-treatment group; * P < 0.05, ” P < 0.01, vs. 5 um group.

2.3 5 um¥fL{ZTranswell {5 F AL IS FRER R
A SN ASOBIREAR, P 4R R (31.50+4.60) %
(25~39%), HAbFERTA AL, 30 min4l. 60 minZ Al
80 minZH A S BN 22 A G it 2% L (P<0.01)
FELE AR PRE /MR AE60 minH ik F1H5 5 {4 (P 4%
91.60%), 15 T30 minZH 180 min4, ZFA G124 &
(P<0.05) . KL JRTahR: K16 Ji1E 340 a1 22 7 e g it

275 (P> 0.01); NSMR 7E60 minZH ik 3| 5% i (8 (rh 7 4%
13.95%), 5 T30 minZf (P< 0.01), 580 minZf L4824 7 ¢
Giitaf 5 (P> 0.01); DFIFE60 minZH (4 {7 $70.35%) 5
30 minZHAH Lb 25 7 e iH2% 2 L (P> 0.01), {H{IXT°80 min
ZH(P<0.01) ; K5 v P BE A Dtk B[] 1) 32 e |
(P<0.01), LA FZERHLEIR60 minfE TranswellfL i 71y
SRR, W3 AIE2,

%3 5umfLEM Transwell LR E R EEERERSHEHER (M (Q.) )

Table 3 Comparison of semen parameters at different times after using a 5 um pore size Transwell (M [Q;])

Parameter Pre-treatment (n = 30) 30 min group (n = 30) 60 min group (n = 30) 80 min group (n = 30) X P

Concentration/10° mL ™" 4820 (43.33) 420 (5.08)" 11.30 (9.25) "% 15.20 (15.43) 44 3285  <0.001
Motility/% 69.30 (21.43) 95.70 (7.17)" 96.85 (4.10)” 94.25 (8.73)" 9571  <0.001
PR/% 40.70 (12.05) 86.20 (8.25)" 91.60 (8.90)"* 86.45 (10.53) "4 203.82  <0.001
NSMR/% 450 (3.00) 12.00 (9.56)" 13.95 (7.75) ™" 12.45 (11.15)" 2295 <0.001
DEL/% 8.75 (5.43) 0.45 (0.60)" 0.35(0.69)" 0.69 (1.19)" 44 7148 <0.001

The abbreviations are explained in the note to Table 1. Overall comparison using Friedman test for repeated measures; pairwise comparisons using Wilcoxon

signed-rank test with Bonferroni correction. P < 0.01, vs. pre-treatment group; * P < 0.05, " P < 0.01, vs. 30 min group; * P <0.05, ** P < 0.01, vs. 60 min

group.

2.4 3FAELIES EMIEBETRILLE
AL S E LG A L00BIREA . Hovh, IE B RS bR A
500, V-4 0E (32.3444.32) % (24 ~ 418, S8 R
A500], SRR (32.96+5.01) % (23 ~ 425 ) .
IEH RS A, S PRRTA e, AR BTk 4%
RSN 25 R A Gei 2 5 L (P< 0.01) (BRFPDGCA

HORE TG 1) o EBES R4S SDGCH (P 4477.50%)
FAEE, SUZH (H137%892.60% ) Fll TranswellZH PR EH -3 (1
14492.05%) T+ (P< 0.05), SUZL 5 Transwell 41 [A] PR T
Iy RIEF TG L (P>0.05) . B RfehR: 3401
KGR 411248 X (P> 0.01); SDGCH g,
SUZ Fl TranswellZHNSMRFH 5 (P< 0.01), DFI, & ik B
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Fig 2 Sperm morphology and DFI before and after optimal selection at different times using a 5 pum pore size in Transwell

HDS: high DNA stainability; DFI: DNA fragmentation index. A-D, Morphology in the pre-treatment group (A), 30-minute group (B), 60-minute group (C), and 80-

minute group (D); E-H, DFI in the pre-treatment group (E), 30-minute group (F), 60-minute group (G), and 80-minute group (H). Red arrows indicate morphologically

normal spermatozoa (Diff-Quik staining x 1000).
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Table4 Comparison of various semen parameters after selecting the top three semen processing methods (M [Qg])

Normal semen group (1 = 50)

Abnormal semen group (1 = 50)

Parameter Fly P }e p
Pre-treatment DGC SU Transwell Pre-treatment DGC SU Transwell

Colnocfrf:fiitfon/ 54,55 (45.53) 3400 (40.73)" 470012.58) ™" 1415 (16.83) " ** 67,56 <0.001 20.50 (18.08) 1390 (11.98) 1.55(1.95)"" 320(5.73) """ ** 53,04 <0.001
Motility/%  77.80 (18.63) 89.55(6.80)  97.00(467)" 97.15(2.70)" 67.48 <0.001 39.95 (17.63) 53.00 (34.60) 94.00 (8.00) " 95.00(6.63)"" 107.84 <0.001
PR/% 49.85(19.75) 7750 (14.32)" 92.60 (8.55)" 92.05(4.95)™" 17367 <0.001 2135 (13.65) 37.20(38.33)" 86.30 (13.60) " 88.75 (11.27) """ * 13220 < 0.001
NSMR/% 450 (2.06) 9.00(5.13)" 1250(5.25)"" 13.25 (5.90)"" 63.80 <0.001 250(1.63) 395(377)" 6204457  750(6.15 "7  39.71 <0.001
DFL/% 743(603) 216(450) 047(086)% 025(032)""**  5330<0.001 13.33(13.28) 1249(1553) 163 (760" 0.92(266) " ** 1277 <001
Refftvﬁ/f —  3042(1375) 250(368)7  648(447)"** 23546 <0.001 - 3075(1252)  178(132)° 436 (495" 4" 25452 <0001

DGC: density gradient centrifugation; SU: swim-up. The abbreviations are explained in the note to Table 1. Within each group, overall comparison using Friedman test for repeated
measures; pairwise comparisons using Wilcoxon signed-rank test with Bonferroni correction. " P<0.01,vs. pre-treatment group; *P<0.05," P<0.01,vs. DGC group; 4 P<0.05,
44 p<0.01,vs.SU group.
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Fig 3 Three different methods for evaluating sperm morphology and DFI before and after sperm selection (normal semen group)

HDS: high DNA stainability; DFI: DNA fragmentation index. A-D, Morphology in the pre-treatment group (A), density gradient centrifugation group (B), Swim-up

group (C), and Transwell group (D); E-H, DFI in the pre-treatment group (E), density gradient centrifugation group (F), Swim-up group (G), and Transwell group (H).

Red arrows indicate morphologically normal spermatozoa (Diff-Quik staining x 1000).
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