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Abstract: There is often a lack of control basis for experimental-conditions and cryoprotective agents used during the cryopreservation of
articular cartilage. After calculating the diverse molecular descriptors of alcohol-protectants, quantitative structure-activity relationship (QSAR)
predictive models based on crystallization enthalpy and thermal strains were built using the genetic function approximation (GFA) method and
selected descriptors. The values of R? and Rpre2 were 0.931, 0,881 and 0.845, 0.733, respectively, sharing a preferably fitting and predictive
ability. On analyzing the model, the cooling rate and concentration of the cryoprotectant were confirmed to be the main factors that affected the
values of crystallization enthalpy and thermal strain.. The degree to which the cooling rate affected the crystallization enthalpy was constrained
by the molecular weight. Meanwhile; an optimal cooling rate (3 °C/min) of the thermal strain was found. In addition, the cryoprotectant shows a
stronger protective effect with higher values of molecular polar surface area and AlogP. Moreover, an appropriate proportion of hydroxyl and
carbon atoms. results in a smaller crystallization enthalpy, indicating an enhanced protective effect. These results suggest that the molecular
structure’of cryoprotective agents is.an important factor determining the effect of cryopreservation. The QSAR model developed in this study
can be used for the optimization.of freezing conditions.
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Table 1 Relative parameters used by the GFA model

RPANVN)  HENmolL)  FERig/(Clmin) - REKaEcR4  oFF asdid ARe ABVRE o TRiEaR
LBz 15 1 -0.010 46.0684 0 1 1 0.312
LBz 15 3 -0.010 46.0684 0 1 1 0.312
LBz 15 5 -0.010 46.0684 0 1 1 0.312
LBz 45 1 -0.010 46.0684 0 1 1 0.312
LBz 45 3 -0.010 46.0684 0 1 1 0.312
LBz 45 5 -0.010 46.0684 0 1 1 0.312

B2 15 1 -0.898 62.0678 1 2 2 0.527
L —B% 15 3 -0.898 62.0678 1 2 2 0.527
L —B% 15 5 -0.898 62.0678 1 2 2 0.527
T —B% 45 1 -0.898 62.0678 1 2 2 0.527
L —B% 45 3 -0.898 62.0678 1 2 2 0.527
L —B% 45 5 -0.898 62.0678 1 2 2 0.527
Hih 15 1 -1.409 92.0938 2 3 3 0.574
Hih 15 3 -1.409 92.0938 2 3 3 0.574
Hih 15 5 -1.409 92:0938 2 3 3 0.574
Hih 45 1 -1.409 92.0938 2 3 3 0.574
Hih 45 3 -1.409 92.0938 2 3 3 0.574
Hih 45 5 -1.409 92.0938 2 3 3 0.574
12-A =B 15 1 -0.520 76.0944 1 2 2 0.431
12-A =B 15 3 -0.520 76.0944 1 2 2 0.431
12-A =B 15 5 -0.520 76.0944 1 2 2 0.431
12-A =B 45 1 -0.520 76.0944 1 2 2 0.431
12-A =B 45 3 -0.520 76.0944 1 2 2 0.431
12-A =B 45 5 -0.520 76.0944 1 2 2 0.431
L ALES 15 1 -2.941 182.1720 5 6 6 0.431
L ALES 15 3 -2.941 182.1720 5 6 6 0.431
WL ALES 15 5 -2.941 182.1720 5 6 6 0.431
WL ALES 45 1 -2.941 182.1720 5 6 6 0.431
WL ALES 4.5 3 -2.941 182.1720 5 6 6 0.431
WL ALES 45 5 -2.941 182.1720 5 6 6 0.431
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Fig.1 Plot of experimental and calculated values of AH in the
training sets
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Table 2 Experimental and predicted data of AH for the training
sets
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IVN)  imollL)  /(Clmin)  {EIYG) /(g
LB 15 1 22694  -6.83
LB 15 3 16376  -2.15
LB 15 5 16952  -2.57
LB 45 1 18559  -3.76
LB 45 3 14185  -0.52
LB 45 5 14865  -1.03

Lo 15 1 17032 -2)68

Lo 15 3 15510 ' -1.50

Lo 15 5 -143.88 /0,67

Lo 45 1 -74.28 4.49

Lo 45 3 -99.55 2,62

Lo 45 5 -73.94 451
i 15 1 17849« ~-324
i 15 3 17518 -2.99
i 15 5 -188.08  -3.95
i 45 1 -90.44 3.29
Hih 45 3 -110.77 1.78
i 45 5 -107.76 2.00
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Fig.2 Fit testing residual plots for the QSAR model of AH
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Table 3 Physical and chemical parameters of AH in the validation

sets
Sl WE BERikE AH, AH
IVN)  I(mol/L) /(C/min)  /(/g) 1Q3/g)
12-A=8% 15 1 -149.74  -152.7940.01

12-Am=8 15 3 -137.19  -1255740.02
12-/m=8 15 5 -124.65  -146.560.02
12-Am=8 45 1 -11251  -57.9840.05
12-Am=8 45 3 -99.92  -715430.01
12-H=B 45 5 -87.43  -56.9640.03
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Strain=10.25-2.684xCR-1.366xMC+0.841xPSA+
0.35xCR%*+0.17xCRxMC )
E: HF GFA 74249 R=0845, R,.=0.733, P=
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Table 4 Experimental and predicted parameters of the training sets
PR 7 RE BREE g KE
I(VV)  J(mol/lL) /(Cimin)  A+AIQlg)  1QIg)

LB 15 1 5.76 0.31
LB 15 3 411 0.01
LB 15 5 5.24 0.21
LB 45 1 2.56 -0.28
LB 45 3 2.70 -0.26
LB 45 5 3.94 -0.03
L—B 15 1 6.08 0.36
L—_B 15 3 4.12 0.00
L—B 15 5 5.24 0.21
LB 45 1 2.22 -0.35
LB 45 3 331 -0.14
L—B% 45 5 3.76 -0.06
12-7 B 15 1 6.91 0.519
12-7 B 15 3 3.36 -0.13
12-7 B 15 5 4.62 0.10
12-7 B 45 1 3.71 -0.08
12-7 B 45 3 2.01 -0.39
12-7 B 45 5 3.33 -0.15
Hib 1.5 1 6.70 0.48
Hih 15 3 421 0.02
Hih 1.5 5 5.89 0.33
Hih 45 1 3.05 -0.19
Hih 45 3 271 -0.258
Hih 45 5 2.94 -0.21
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B, BRI E A A BT B RS IR
AR s I, R T R AR ) R A AR 1A
Ko FIH LB S HUENIRIESE, 198RS
MBI 4 FroR. GFseatqE A i EREAT t 156,

218

Pt IR AE P=0.258, KT 0.01, F{E sz
{2 A3 25, WA AR QSAR #5711 GFA
T RERIIMFEA TN AR

7 —

Predicated Thermal Strains / %

1 2 3 4 5 6 7 8
Experimental Themal Strains

3 MM TYIGELHESHEERXE
Fig.3 Plot of experimental and calculated values of Thermal Strains
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Table 5 Physical and chemical parameters of QSAR model for

Thermal Strains in the validation sets

RpA RE EREER RS RN AT SRR
IVN)  KmollL) /(Clmin) /% 181%
LEE 15 1 475 6.66:40.04
LAEE 15 3 418 4.6040.02
LEE 15 5 5.29 5.34:40,01
LELEE 45 1 3.58 3.0740.02
LAEE 45 3 1.0 2.0340.02
LAEE 45 5 3.89 3.7940.02
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