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Fig.1 Flowchart illustrating the encapsulation of ovarian tissue in sodium alginate hydrogel followed by vitrification

A: loading of equilibrium solution; B: loading of vitrification solution; C: immersion in sodium alginate; D: immersion in calcium chloride solution;

E: placement in the E. vit carrier mesh; F: securing the straw on the mesh; G: plunging the E.vit into liquid nitrogen.
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Fig. 2 Different protocols for hydrogel encapsulation and CPAs loading for ovarian tissue
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Fig. 3 A platform for warming ovarian tissue using a

combination of water bath and magnetic induction
nanowarming

A: computer; B: magnetic induction nanowarming device;

C: centrifuge tube with water bath; D: magnetic heating coil;

E: condensate system.
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Fig.4 The effect of sodium alginate concentration on vitrification of encapsulated ovarian tissue

(a) Microscopic view of ovarian tissue encapsulated in sodium alginate hydrogel; (b) effect of different concentrations of sodium alginate on follicle

survival, ¥***P<0.000 1; (c) HE staining of ovarian tissues encapsulated with different concentrations of sodium alginate. i: 1% sodium alginate; ii:

2% sodium alginate; iii: 3% sodium alginate. Red circles indicate the presence of cavities; red arrows indicate anisotropic follicles.
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Fig.5 The effect of loading methods on vitrification of encapsulated ovarian tissue

(a) Effect of different loading methods on follicle survival rate, *P<0.05, **P<0.01; (b) HE staining of freezing ovarian tissues with different loading

methods. i: Group EVH (hydrogel encapsulation after loading with ES and VS); ii: Group HEV (hydrogel encapsulation before loading with ES and

VS); iii: Group HEV+ (extended loading time of ES and VS following hydrogel encapsulation). Red circles indicate the presence of cavities; red

arrows indicate anisotropic follicles.
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Fig. 6 The effect of sodium alginate hydrogel encapsulation on reducing cryoprotectant concentration for vitrification of

ovarian tissue

(a) Effect of different encapsulation methods on follicle survival rate; (b) effect of different encapsulation methods on the antioxidant capacity; (c) HE

staining of ovarian tissue with different encapsulation methods. i: Group W/O-1; ii: Group W-1; iii: Group W-1/2; iv: Group W-0. Red circles indicate

the presence of cavities; red arrows indicate anisotropic follicles. *P<0.05; **P<0.01; ****P<0.000 1.
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Fig.7 The effect of magnetic nanoparticle concentration and magnetic field strength on the warming efficiency of

ovarian tissue

(a) Effect of magnetic nanoparticles concentration on the follicle survival rate; (b) effect of magnetic strength on the follicle survival rate.

**%P<0.001; ****%P<0.000 1.
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Fig. 8 The effect of different rewarming methods on the warming efficiency of ovarian tissue

(a) Effect of different rewarming method on follicle survival rate; (b) effect of different rewarming methods on the antioxidant capacity; (c) HE

staining of ovarian tissue subjected to different rewarming techniques. i: Water bath warming; ii: magnetic induction nanowarming; iii: combined

water bath and magnetic induction nanowarming. Red circles denote the presence of cavities; red arrows indicate anisotropic follicles. *P<0.05;

**P<0.01; ****%P<0.000 1.
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Abstract  Objective  For prepubertal and urgently treated malignant tumor patients, ovarian tissue
cryopreservation and transplantation represent more appropriate fertility preservation methods. Current clinical
practices often involve freezing ovarian tissue with high concentrations of cryoprotectants (CPAs) and thawing
with water baths. These processes lead to varying degrees of toxicity and devitrification damage to ovarian tissue.
Therefore, this paper proposes optimized methods for vitrification of ovarian tissues based on sodium alginate
hydrogel encapsulation and magnetic induction nanowarming technology. Methods  Firstly, the study

investigated the effects of sodium alginate concentration, the sequence of hydrogel encapsulation and CPAs
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loading on vitrification efficiency of encapsulated ovarian tissue. Additionally, the capability of sodium alginate
hydrogel encapsulation to reduce the required concentration of CPAs was validated. Secondly, a platform
combining water bath and magnetic induction nanowarming was established to rewarm ovarian tissue under
various concentrations of magnetic nanoparticles and magnetic field strengths. The post-warming follicle survival
rate, antioxidant capacity, and ovarian tissue integrity were evaluated to assess the efficacy of the method.
Results The study found that ovarian tissue encapsulated with 2% sodium alginate hydrogel exhibited the
highest follicle survival rate after vitrification. The method of loading CPAs prior to encapsulation proved more
suitable for ovarian tissue cryopreservation, effectively reducing the required concentration of CPAs by 50%. A
combination of 8 g/L Fe,0, nanoparticles and an alternating magnetic field of 300 Gs showed optimal warming
effectiveness for ovarian tissue. Combining water bath rewarming with magnetic induction nanowarming yielded
the highest follicle survival rate, enhanced antioxidant capacity, and preserved tissue morphology.
Conclusion Sodium alginate hydrogel encapsulation of ovarian tissue reduces the concentration of CPAs
required during the freezing process. The combination of magnetic induction nanowarming with water bath
provides an efficient method ovarian tissue rewarming. This study offers novel approaches to optimize ovarian

tissues vitrification.

Key words ovarian tissue, vitrification, sodium alginate, hydrogel, nanoparticles, magnetic induction
nanowarming
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