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11. Tém tat cac két qua méi cia ludn an:

Béi canh nghién citu va ly do chon dé tai

V6 sinh — hiém muon dang tré thanh mot thach thirc y té toan cau, thiic diy nhu cau phat
trién cac k¥ thuat hd trg sinh san an toan, hiéu qua va c6 kha niang chuan hoa cao hon.
Trong bdi canh d6, truéng thanh trimg non trong dng nghiém (IVM) ndi 1én nhu mot
huéng tiép can tiém niang nhod kha niang giam sir dung hormone kich thich budng trimg,
han ché ganh ning diéu tri cho nguoi bénh va giam nguy co hdi chimg qua kich budng
tring. Tuy nhién, hiéu qua ciia IVM hién nay van bi gi¢i han béi sy phu thudc vao thao
tac thi cong, danh gia cha quan va cac hé thong nudi ciy tinh chua tai tao day du vi moi
truong sinh 1y dong ciia nodn trong co thé. Su phat trién cia cong nghé vi luu, organ-on-
chip, tri tu¢ nhan tao va dién di di¢n méi (DEP) md ra co hdi xay dung cac nén tang nuoi
cdy va danh gia nodn tién tién hon, cho phép kiém soat chinh xac vi méi trudng, ting
cuong trao ddi chat, theo ddi khach quan va lya chon noan c6 chét lugng cao. Pay la co
s& quan trong dé hudng t6i cac hé thong ART thé hé mdi c6 tinh ty dong hoa, do lap lai
va hi¢u qua 1am sang cao hon.

Muc tiéu cua luan an

Muc ti€u chinh cta nghién ctru 1a thiét ké, ché tao va t6i vu hda mot hé théng vi luu tich
hop, cung cip méi truong vi mo kiém soat chit ché va gan voi diéu kién sinh 1y thuc té
cho nudi ciy va thao tac noan trong ART. Hé théng cho phép nudi cay dong cac noin dong



thoi voi té bao hat, két hop véi gidm sat thong minh dya trén hoc may, tach noan tu dong
trén chip va lia chon noan khong xam 14n dya trén DEP. Cach tiép can nay hudng tdi viéc
nang cao hidu qua trao d6i chét va loai bo chat thai trong qua trinh nudi cay, duy tri vi moi
truong On dinh, dong thoi hd tro danh gia khach quan va tu dong héa quy trinh. Nho do,
hé théng gitp ting cudng hiéu qua trudng thanh ciia nodn va chuin héa cac quy trinh nudi
cdy, xr Iy va lya chon nodn trong cac k¥ thuat ART hién dai.

Phwong phdp va pham vi nghién ciru

Nghién ctru nay st dung két hop gilta mo phong sd, thiét ké, ché tao va kiém chung thyc
nghiém hé thong vi luu tich hop cho quy trinh IVM. Pham vi nghién ctru bao gdom thiét ké
va ché tao chip vi luu, khao sat dong chay, phan b tng suét cit va hanh vi té bao duéi tac
dong lyc DEP. Céc chirc ning cua hé théng duoc danh gia bang thi nghiém véi nodn lon
1am mAu sinh hoc, nudi cdy dong dong thdi nodn véi té bao hat nham phan nao tai tao vi
moi truong trong co thé, tach nodn tu dong trén chip va lya chon noan st dung k¥ thuat
DEP. Phuong phap nay cung cip co s& toan dién dé kiém tra hiéu qua, tinh kha thi va kha
nang tu dong hoa cua nén tang vi luu trong cac tmg dung hd tro sinh san hién dai.

Ket qua chinh, dong gop mdi cua lugn an

Luan &n da phat trién mot hé théng vi Iuu tich hop phuc vu hd tro sinh san, két hop nubi
céy vi luu, thao tac noan ty dong va lya chon noan khong xam lan. Heé théng cho phép
nuoi céy dong noan cung té bao hat, hd tro trao ddi chat, duy tri vi méi truong 6n dinh va
danh gia nodn & cap do don té bao, qua d6 gop phan nang cao hiéu qua truong thanh trong
quy trinh [IVM. Bén canh d¢, viéc tich hgp phan tich hinh anh thoi gian thyc va hoc may
giup giam sat qua trinh trudng thanh noan mot cach thong minh, thong qua dinh lugng su
mo rong cla té bao hat va cac thay doi hinh thai trong qua trinh nudi cay. Luan 4n ciing
thiét ké va kiém ching hé thong tach noan ty dong trén chip véi thong luong cao, dong
thoi phat trién chip vi luu tich hop DEP dé lva chon nodn khong xam lan dya trén dic tinh
dién cua té bao. Nhin chung, cac két qua nghién ctru gop phan chuin hoa cac budc nuodi
céy, xu ly, theo doi va lya chon noan, déng thoi mo ra hudng phat trién cac hé théng vi
lwu tich hgp cong nghé y sinh hién dai cho cac ki thuat hd tro sinh san thé hé méi.

12. Kha ning tmg dung trong thuyc tién:

Nén tang vi luu duogc phat trién trong luan 4n khong chi chimg minh tinh kha thi ciia viéc
thao tac, nudi cdy va danh gia nodn trong méi trudng vi mé duge kiém soat, ma con cung
cip co so cong nghé cho viéc xay dung cac quy trinh hd tro sinh san c6 kha nang chuan
hoa, mé rong quy md va tich hop ty dong. Vi thiét ké nho gon, kha nang kiém soat dong
chay chinh xac va tiém ning tich hgp nhiéu chirc ning trén ciing mot hé thong, nén tang
nay goép phan thu hep khoang cach giita cic cong nghé k¥ thuat vi luu trong phong thi
nghiém va nhu cau tng dung thuc té trong cham soc ste khoe sinh san. Vé lau dai, hudng
tiép can ndy c6 thé hd trg phat trién cac hé thong ART thé hé mdi, trong d6 cac budc xir



1y noan, lya chon té bao sinh san, nuoi céy va danh gia chét lugng co thé dugc thuc hién
mot cach hiéu qua, nhat quéan, va it phu thudc hon vao thao tac thii cong.

13. Nhirng hudng nghién ciu tiép theo:

Trong tuong lai, nén tang vi luu dugc phét trién trong luan an c6 thé tiép tuc duge tdi uu
theo hudng nang cao kha ning mé phong cac diéu kién sinh 1y tu nhién cua hé sinh san
nit, ddc biét thong qua viéc cai thién hinh hoc vi kénh, diéu kién dong chay, co ché trao
d6i chat, cling nhu kha ning dong nudi cdy véi cac té bao hd tro. Bén canh do, viée tich
hop thém cac chirc nang danh gia thong minh, chang han nhu cam bién sinh hoc, phén tich
hinh anh thoi gian thuc, hoc mdy va cac thuat toan hd tro ra quyét dinh, c6 thé cho phép
theo ddi khach quan hon chat luong nodn va phéi trong sudt qua trinh xir 1y va nudi cay.
Trén co s& d6, nén tang nay co tiém ning duoc mé rong thanh cac hé théng ART thé hé
moi, trong do nhiéu buéc quan trong nhu lya chon tinh trung, thu tinh trén chip, nuoi céy
phoi, danh gia chat luong phdi va chuan bi cho chuyén phoi cé thé duogc tich hop trong
mot quy trinh khép kin, tu dong va c6 tinh 1ap lai cao. Nhitng phat trién nay khong chi gop
phan nang cao hiéu qua va do 6n dinh ciia cic quy trinh hd trg sinh san, ma con mé ra
hudng tiép can méi nham ca thé héa diéu tri, giam phu thudc vao thao tac thu cong va ting
kha ning chuyén giao cong nghé vi luu vao thuc hanh 1am sang.
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11. Summary of the new findings of the thesis:

Background and context of the research

Infertility has become a major global health concern, with millions of couples worldwide
experiencing reproductive failure and posing significant challenges to reproductive
healthcare systems. In vitro maturation (IVM) has attracted considerable attention due to
its ability to reduce ovarian stimulation, minimize patient burden, and lower the risk of
ovarian hyperstimulation syndrome. However, current workflows still rely heavily on
manual handling, subjective evaluation, and static culture systems that inadequately mimic
the physiological ovarian microenvironment. Recent advances in microfluidic, organ-on-
chip, artificial intelligence, and dielectrophoretic technologies provide promising
opportunities for developing biomimetic and automated platforms for oocyte culture,
monitoring, and selection in next-generation ART applications.

Objective and significance of the research

The primary objective of this research is to develop and optimize an integrated mi-

crofluidic platform that provides a controlled and biomimetic microenvironment for key



oocyte-related procedures in assisted reproductive technologies. To overcome the limita-
tions of current IVM workflows, the proposed system incorporates dynamic co-culture,
deep learning-assisted monitoring, automated on-chip denudation, and dielectrophoretic
selection within a microfluidic framework. This approach has the potential to establish a
more objective, physiologically relevant, and automation-compatible platform for
improving the efficiency, consistency, and standardization of ART.

Methods and scope of the study

This study employs a combination of numerical simulation, microfabrication, and
experimental validation to develop an integrated microfluidic platform for assisted
reproductive technologies. The scope of the research includes the design and fabrication of
microfluidic chips, characterization of fluid flow, shear stress, and DEP-induced cell
behavior, as well as experimental evaluation of single-oocyte trapping, dynamic co-
culture, automated denudation, and DEP-based oocyte selection using porcine oocytes as
biological samples.

New findings of the thesis

This dissertation presents the development of an integrated microfluidic platform for
assisted reproduction, incorporating microfluidic culture, automated oocyte handling, and
non-invasive oocyte selection into a coherent system. The proposed platform supports
dynamic co-culture of oocytes and cumulus cells, enhances mass transport, preserves a
partial biomimetic microenvironment, thereby providing a technological foundation for
improving oocyte maturation outcomes in [VM. Furthermore, the integration of real-time
image analysis and machine learning allows intelligent monitoring of the maturation
process by quantitatively tracking cumulus cell expansion and culture-induced
morphological changes. Beyond microfluidic culture, the dissertation further establishes a
high-throughput on-chip denudation strategy and develops a DEP-based microfluidic
module for non-invasive oocyte selection according to cell-specific electrical
characteristics. Collectively, these results support the enhancement, standardization and
automation of IVM and highlight the potential of integrated microfluidic-bioengineering
systems for advancing next-generation ART platforms.

12. Practical applicability:

The microfluidic platform developed in this dissertation demonstrates the feasibility of

oocyte manipulation, culture, and assessment within a precisely controlled microscale



environment. It also provides a technological foundation for developing assisted
reproductive workflows that are more standardized, scalable, and compatible with
automation. By enabling precise flow regulation and dynamic culture conditions, the
platform can enhance mass transport, maintain a more stable culture microenvironment,
and thereby improve oocyte culture efficiency. Its compact design and potential for
multifunctional integration further support the combination of oocyte processing,
monitoring, and selection within a single system. These features help narrow the gap
between laboratory-based microfluidic engineering and practical applications in
reproductive healthcare. In the long term, this approach may contribute to next-generation
ART platforms in which oocyte handling, gamete selection, culture, and quality assessment
are performed more efficiently, consistently, and with reduced dependence on manual
operation.

13. Further research directions:

Future work will focus on further optimizing the microfluidic platform to better support
oocyte culture, selection, and downstream fertilization processes. In particular,
incorporating additional biochemical and biomechanical cues through optimized channel
geometry, flow regulation, and culture design may help more closely recapitulate the in
vivo reproductive microenvironment and further enhance IVM performance. Another
important direction is the integration of additional analytical functions, such as multimodal
sensing and data-driven assessment, to provide more comprehensive and objective
evaluation of oocyte quality. The DEP-based module should also be further refined to
improve selection accuracy, throughput, and compatibility with fully automated
workflows. In the longer term, the platform could be extended toward next- generation
microfluidic systems for ART, including biomimetic sperm selection, on-chip fertilization,
and embryo-related applications. Such developments may contribute to more
physiologically relevant, efficient, and standardized ART.
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