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Fig. 1 A schematic illustration of the microfluidic experimental system

1: Microinjection pump; 2: Micro-syringe; 3: Y-microfluidic chip; 4: Stereoscopic microscope; 5: Oocyte channel.
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Fig. 2 Cryopreservation devices and integration microfluidic chips

(a) OPS. (b) QC. (¢) Cryotop. (d) PDMS-transparent ceramic integration microfluidic chip. (¢) PDMS-glass integration microfluidic chip.
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Fig. 3 Schematic of experiments

(a) Microfluidic CPA addition-removal protocol is combined with three kinds of cryopreservation devices. (b) Integration microfluidic chip is employed

for oocytes loading, unloading, and cryopreservation.
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Fig. 4 The flow velocity of the concave addition with convex removal combination protocol
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KrgR 2d JE WL ER N2 . OPS 74, QC . Cryotop
RN R R AR G E L, N 19.96% + 26.58% -
33.97%.

Table 1 Survival rates and in vitro development of oocytes treated with different

traditional and microfluidic cryopreservation protocols

Survival rate

Cleavage rate

Frozen protocol Two-step Microfluidic Two-step Microfluidic
addition/removal addition/removal addition/removal addition/removal
OPS (55.80 + 4.49)%° (66.69 + 1.85)%* (13.77 £ 3.15)%* (19.96 + 1.03)%*
QC (80 = 0)%" (84.90 = 0.40)%* (19.96 + 2.52)% (26.58 + 3.65)%"

Cryotop (77.5 + 3.54)%¢

Control group (90.45 £ 1.38)%"

(89.45 = 2.06)%

(26.39 + 1.96)%" (33.97 = 4.50)%"
(87.73 + 7.25)%

Letters (a—e) indicate significant difference in Duncan’s new multiple range test (P < 0.05).
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PRI 5 5 LA VR AR IR LA R S 4 . Ui
TR0 - Z2 B CR A 758 ik Fa 1) 4 &) ol ) s vk
FERE A, P30 T AR R T AR RIR SR K
BRI 52 BIBIE R SR phtr, G T A AR
R AL, A 8080 T ARAE Ry rlasn - %
BRET R o, ORI - RERAR A
F&HC Cryotop %k % 5 B 41 i 32 47 I U3 AR A7 15 21 1)
TE35 %.(89.45%) 5 XF HE ZH I 7738 2R (90.45%) G i 3

PR, HAFSIR IR E(33.97%) 35 = T Lk
FAh AR 7 RGP
22 — KU MREGREARNHABRMETESK
SNE BRI

[ BRI HL/E PDMS- 3% BH P % LA K. PDMS-3 3
— R AR IR ARAT 5 AT A7 R B AR AR B 1
W, SGERILFE 2. PDMS- & W R AN A7 % 5
(59.79% ) it 7 T PDMS- 3% ¥ 41 ) 40 J 17 7% %
(33.4%), K U BEAH MR A Uk 5 DM SRS, JRTE RS
7% 2d JG ML YRZY R, PDMS- 37 B W 4 4HL 1 24 o Y
RN 12.33% . LI PDMS- & B M & DL

Table 2 Survival rates and in vitro development of oocytes treated with different integrated

microfluidic cryopreservation protocols

Frozen protocol

Survival rate

Cleavage rate

Control group
PDMS-transparent ceramic chip

PDMS-glass chip

(9045 = 1.38)%
(59.79 = 5.01)%"
(33.40 + 4.19)%

(87.73 + 7.25)%
(1233 + 6.13)%"
(0 £ 0)%®

a—c: Values with different supersecripts in the same column are significantly different (P < 0.05).
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Table 3 Apoptosis rate, reactive oxygen species and mitochondrial membrane potential of oocytes treated

with different cryopreservation protocols (n > 40)

Groups Early apoptosis/% ROS Mitochondrial membrane potential
Control group 0° (9.64 £ 1.07) (1.35 +0.43)
Microfluidic + Cryotop 39.44° (11.90 + 1.20)° (0.94 +0.13)°
Two-step + OPS 61.43¢ (13.19 + 2.89) (0.48 + 0.06)

a—c: Values with different supersecripts in the same column are significantly different (P < 0.05).
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Abstract Cryopreservation will cause osmotic damage, toxic damage and ice crystal damage to oocytes, thus it is
difficult to improve the quality of the frozen oocytes. In this paper, microfluidic and stepwise cryoprotectant (CPA)
loading-unloading protocols were combined with three kinds of cryopreservation devices (OPS, QC and Cryotop)
to cryopreserve the porcine oocytes for the first time. Moreover, PDMS-transparent ceramic and PDMS-glass
integration microfluidic chips were employed for oocytes cryopreservation for the first time, the survival rate and
development rate of cryopreserved oocytes were used to evaluate optimal cryopreservation protocol. Finally, early
apoptosis rate, intracellular reactive oxygen species (ROS) and mitochondrial membrane potential of oocytes were
analyzed. The results showed that the survival rate and cleavage rate of frozen oocytes by microfluidic
loading-unloading of CPAs were significantly higher than traditional loading-unloading group. Microfluidic
method could reduce the early apoptosis rate, intracellular ROS and mitochondrial damage, improve the quality of
frozen oocytes. The survival rate and cleavage rate of oocytes cryopreserved by PDMS-transparent ceramic
integrated chip were not significantly different from traditional OPS method. Microfluidic chip technology

provides a new idea for oocytes cryopreservation and has good application prospects.
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