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Table 1  Parameter values used in the simulation
calculation

Parameter Value Unit
\A 0.84x10¢ pm?
Ve 63.5 L - mol"!
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Fig.1 Different loading schemes

(a) Loading scheme of different loading times; (b) Loading scheme of different line types; (c) The loading scheme of different concave types.



2019; 46 (3) B, . [MRES

B SRR AR 570 A2 o OF £ 48 B B #3497 14 +299-

Y = min (ylj»J’z/'a '"9ymf) (11)

Horry, SRR i FEPEIN g 5 MR E s vy
E N ENIEYIE SRS E T Vi SN |- I IE 7N
A IR 22 055 j R s i) e IV
1.4.2 P HEER

XA TR A Ak 38U B4 43 5 e R I XA 2
PALESS i N4 SR E AR LS R L
pi» W (12) s . £ ME0r B0 & 258 5 1
TN T LEEREP, WX (13) PR,

X

Pi— Z;,,ley (12)

PupPi... Pin
p— (p,-,-) _ :21 p:zz ::-p:zn (13)

Pt Pm2 """ Pun

143 WEMITE
8 L B R A MR R (e«

e= "k 2;171 ( pyInp;) (14)

Her, HEESHEEF ST BN Bm AL R
HAE 57— 4 k=1/Inm, M 0<e<1.
144 2SR

MR B (EL e, 15820/ 2R 1 Y 2 5+
PERH g, =X (15) iR, 25 R MK,
R x, FE NS SR 256 VP v EE M b
I AAAF AR A

g=1—g¢ (15)

145 AEMITE

R A 22 S R g, RV AT TR T 45 2t A A
wy, W (16) Fia . A A K/ T %2 0
X 2 A (AR

_ &

= = (16)
" 2 j= 18
L4.6 LRGN EAITR

HR 545 205 A AR wo, VSRS j 2R 5 1 2 0 A
FEPEINETT 2 nE S B L p,, KIS
AN Z BV A s,

S;i =W Va tTWoVa T Wi s
1.5 FERAFREBRPFBRHOEE

20 41 5% 3% W (tissue culture medium 199,
TCM-199) . Ba4-1M75 (fetal bovine serum, FBS) .
PIEARR AN AN G BERE R 18 1 T3 Gibeo 4w, H
A% S5 T P R Al 3 R0 B R ol 156 BH Ah S T B 56
Sigma-Aldrich 23 7] . BRI : TCM199+20 %FBS,
TR . 15 %EG+15 %Me,SO+FER .
1.6 JEIPEMBERIRE. THEFEIM S

M BT T X B S O R AR IR, &
TR (FF . BEERA500U/ml) #, 1h
PERIA IG5 . B 18 G Y S mlVEST Sl I 5 3% 1w
H AR 2~6 mm B BRI, KA AS 00 DN IR 92 G TE A
10 ml Y JCT B0 N, 78 39°C M #fFEL 15 min )5,
TESM RS TR, U A) . BE
I Z 50 B . W32 LN F AU - B R 41 i
H4A4MK (cumulus oocyte complexes, COCs) . PE#&
JE AU, BEALH A 60~65 HLBREREARL, T
72 hJ5 & T 38.5°C . 5% CO, A AN 1 CO,
R Rk B 9% 42~46 h.

1.7 RIESRE RS

PO S0 R GE PSSR (O3 T4
FERR AN PRAP RN A T ) . PG AR AR L T
A AR BRI R, SEE ke ] 2
B A Y BUAFG#ETE . iR A, e
RATEE . AN EERS . 0Bt B E E A 1 e

(17)

4

h

3

[
) | E—| g
I
1] | T
e~
£
t

I )
™ a\
)
LY
S j

Oocyte analysis chamber
= Columnar barrier

Oocyte loading/unloading channel

Fig.2 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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Table 2 Setting of CPA velocity of linear loading schemes

with different times

Loading method Flow rate setting Time setting
I (5 min) 0~5 ul/min (0s,300s)

I (10 min) 0~5 ul/min (05,600 s)
I (15 min) 0~5 ul/min (05,900 s)

Table 3 Setting of CPA velocity of linear loading schemes
with different line types

Loading method Flow rate setting Time setting
Linearity 0 wl/min~35 pl/min (0,600 )
S-type 0 w/min~0.6 pl/min (0,150 s)

(151,450 s)
(4515,600 s)
(05,300 8)
(301s,600 s)

0.6 pl/min~4.4 ul/min
4.4 W/min~5 pl/min
Concave-type 0 pl/min~0.6 pl/min

0.6 ul/min~35 pl/min

Table 4 Setting of CPA velocity of linear loading schemes

with different concave types

Loading method Flow rate setting Time setting
Linearity 0 ul/min~35 pl/min (0,600 )
High-concave-type 0 pl/min~2.5 pl/min (0,540 s)
2.5 pl/min~35 pl/min (5415,600 s)
Low-concave-type 0 ul/min~0.6 wl/min (0,300 )

0.6 ul/min~5 pl/min (301 5,600 s)
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Fig. 3 Cell volume changes of different loading schemes

(a) Cell volume changes of linear loading schemes with different times; (b) Cell volume changes of linear loading schemes with different line

types; (c) Cell volume changes of linear loading schemes with different concave types.

Table 5 Damage assessment parameter values of linear

loading schemes with different loading times

Table 7 Damage assessment parameter values of linear

loading schemes with different concave types

Loading method AV AOD J Loading method AV AOD J
Control group 0 0 0 Control group 0 0
5 min 0.31 81.02 6.17 Linearity 0.22 105.17 13.12
10 min 0.22 105.17 13.12 High-concave-type 0.26 82.27 5.97
15 min 0.18 106.88 20.16 Low-concave-type 0.26 93.27 7.73
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Table 6 Damage assessment parameter values of linear

loading schemes with different line types

Loading method AV AOD J
Control group 0 0
Linearity 0.22 105.17 13.12
S-type 0.24 109.05 13.59
Concave-type 0.26 93.27 7.73
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Table 8 Entropy value, difference coefficient and weight

of each evaluation parameter

Evaluation parameter AV AOD J
Entropy value 0.77 0.79 0.72
Difference coefficient 0.22 0.21 0.28
Weight 0.32 0.30 0.38
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Table 9 The value of s for different loading schemes

Different Different line Different concave

times : types * types }
Control group 0  Control group 0  Control group 0

5 min 26.48  Linearity  38.76 Linearity 38.17

10 min 36.29 S-type 40.19 High-concave-type 28.29

15 min 39.48 Concave-type 33.01 Low-concave-type 32.20
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Fig. 4 Relationship between the value of s and blastocyst

rate at different loading times
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Table 10 The blastocyst rate of oocytes after loading with different loading schemes

Different times Blastocyst rate/% Different line types Blastocyst rate/% Different concave types Blastocyst rate/%
Control group 35.20+3.97 Control group 35.2+3.97 Control group 35.20+3.97

5 min 17.25+1.62 Linearity 8.84+0.44 Linearity 8.84+0.44

10 min 8.84+0.44 S-type 3.33+£5.77 High-concave-type 23.48+4.73

15 min 3.33+£5.77 Concave-type 16.31£1.62 Low-concave-type 16.31£1.62
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The Injury Evaluation During Cryoprotectant Loading With Microfluidic Chip”

SHAO Wen-Qi", GUO Ying-Ying", DAI Jian-Jun”?, ZHANG De-Fu”, ZHOU Xin-Li""
(VInstitute of Biothermal Technology, University of Shanghai for Science and Technology, Shanghai 200093, China;
PAnimal and Veterinary Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201106, China)

Abstract With the help of the oocyte cryoproservation, the assisted reproductive technology and the embryo
engineering technology have tremendous development potential. However, the high concentration of
cryoprotectants(CPAs) in cryopreservation will cause osmotic damage and toxic damage to oocytes. Unlike
adding a fixed concentration of CPA in step-by-step method, the microfluidic method can achieve continuous CPA
concentration change. The oocytes damage evaluation in CPA continuous loading by microfluidic method has not
been reported. In this paper, the osmotic behavior of M Il porcine oocytes in different loading time, different
loading line types and different concave loading types were simulated. Three traditional parameters AV
(maximum volume change), AOD(accumulative osmotic damage) and J (accumulative chemical damage) were
used to evaluate the damage of oocyte. A comprehensive parameter s, which based on the traditional parameters
and the information entropy theory, was proposed to evaluate the damage. Oocytes loading experiments were
conducted to verify the effectiveness of s. The results showed differences from the results of traditional damage
assessment parameters, which cannot come to the unified conclusion. By analyzing the relationship between
blastocyst rate and s, we found that there is a highly negative correlation between s and blastocysts rate. That
indicates that the comprehensive damage assessment parameter s can be used to assess cell damage and breaks a

new path for cell damage evaluation.
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