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[Abstract] Objective To explore the surface-enhanced Raman spectroscopy (SERS) difference of key female fertility
indicators, estradiol (E2), anti-Miillerian hormone (AMH) and antral follicle count (AFC) in serum samples of healthy and
infertile women, and the possibility of their application in preliminary screening of clinical female fertility. Methods A total
of 236 serum samples of healthy and infertile women of childbearing age were collected from Reproductive Medical Center of
the First Affiliated Hospital with Nanjing Medical University. The ages of all subjects ranged from 22 to 49 years old, with an
average age of (30.8 =-5.1) years old. The samples were divided into high E2 value group (>5 000 pmol/L, 78 cases) and low
E2 value group (<500 pmol/L, 86 cases), high AMH value group (=1.1 ng/mL, 33 cases) and low AMH value group (<1.1
ng/mL, 30 cases), high AFC value group (> 14, 68 cases) and low AFC value group (<7, 34 cases). Serum SERS analysis was
established and Raman spectra of each group were detected. Orthogonal partial least squares discriminant analysis (OPLS-DA),
receiver operating characteristic (ROC) curve and permutation test were used to analyze the signals. Results The Raman
spectrum morphology of serum samples was similar between high and low E2 value groups, high and low AMH value groups,

and high and low AFC value groups, but the spectral peak intensity of the three indicators was different between the high and
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low value groups. In the OPLS-DA model, there was an obvious clustering trend in E2, AMH and AFC between the high and
low value groups, and the areas under ROC curve were 0.996 and 0.996, 0.995 and 0.995, and 1 and 1 in high and low E2
value groups, high and low AMH value groups, and high and low AFC value groups, respectively. Conclusion SERS has a

potential to be used in the primary screening of female fertility. Serum SERS profile as an auxiliary method for early diagnosis

of infertility is worthy of further study.

[Key words] surface-enhanced Raman spectroscopy; infertility; estradiol; anti-Miillerian hormone; antral follicle

count; orthogonal partial least squares discriminant analysis
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(3) DREAER NI, B AFC<5~7 4~ AMH<
0.5~1.1 ng/mL. HR¥ - IBFRHEKIG ARA I 25
PR A2 0 B2 @& {E4H ( >5 000 pmol/L,
78 1)) 5 E2 fR{E4H ( <500 pmol/L, 86 14 ) .
AMH &HfE4A (=1.1 ng/mL, 33 #] ) 5 AMH
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( B ) ARAFE ™, QL-901 Rk JiE#s A ]
T AR DR AR G BRA R ™= i, Bl (2~
20pL, 0.1~2.5uL) A7%% Biohit 2™ i,

1.3 #wlz ik RIEsAs N —80 °C ukKFaEL S
HTER (25°C) BUrbh HARIRTYR . SAJEHC 10 pL
RS 10 uL ARG IFRIR A TH % 0.2 mL PCR
B, TIRBERS T RIS, I AR
BRI RN 30 min, S FRSTBARBUR G FEM 2.5 uL
SEEEMAGARMEI R L, FRHARKT . fi
BRI R WK R 785 nm, AL R
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i, DI b2 (5.
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SIMCA 14.1 ¥ (Ei#t Umetrics 2AF ) #471E
A e /N 3L 534 (orthogonal partial least
squares discriminant analysis, OPLS-DA ) ., OPLS-
DA J&—FpAg WoB i i o M e vt ik, i
RX F R*Y 53 B i At X F0 Y B 1) ff
K, O FonBRINEINGE S, it L R O (Hilk
Peilt 1 BRI G PR R, SR TEOLT R A
0" BILL>0.5 (50% ) H#hs, >04 BinjHez, H
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WIS . 2 TARRHE (receiver operating
characteristic, ROC ) HHZEIFAL ik EmtE, H
EHALI IR Al FErE . ] SPSS 25 BRPFRT L
TR AT RS, KRSRKHUE (a) R 0.05.
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E2: Estradiol; SERS: Surface-enhanced Raman spectroscopy

70

g —— High AMH (n=33)
60} —— Low AMH (#=30)
> S0F @ -
=1 (o]
z — 3
8 4of -
E o0
=] [sa)
s 30f m g
g g - @
% 2 3 - 0
3 T8 733
10} o2 S
RN

O I\
400 600 800 1 000 1 200 1400 1600 1800

Raman shift v/cm ™"

2 AMH S{E£ (= 1.1 ng/mL) F{E{EZ (< 1.1 ng/mL)
J3—{L/ImiEF SERS iEE
Fig2 Average SERS of normalized serum in high AMH
value ( = 1.1 ng/mL) and low AMH value
(<1.1 ng/mL) groups
AMH: Anti-Miillerian hormone; SERS: Surface-enhanced

Raman spectroscopy

2.1.3  AFC & 18 4 F i {5 41 6y of % 73 SERS
B e WL 3. PR R -3 h i S g
WEIEAKARL, 7E 480, 554, 641, 679, 725,
755, 813, 854, 913, 960. 1004, 1026, 1128,
1219, 1338, 1445, 1580, 1643 . 1781 cm '
IR AE 554, 755, 854, 1219, 1 445,



° 1226 -

BEEE SRR 20194 11 H, 4540 %
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Fig3 Average SERS of normalized serum in high AFC
value ( > 14) and low AFC value ( <7) groups
AFC: Antral follicle count; SERS: Surface-enhanced Raman
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AR ZEA RS, HZE AL (area under curve,
AUC) BRI WrER RS . A B2 mfadl
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spectroscopy [ b} N N
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Fig4 OPLS-DA diagram of serum samples from high E2 value (> 5 000 pmol/L) and low E2 value ( < 500 pmol/L) groups

A: Score chart of serum samples in high E2 value group (n=78) and low E2 value group (n=86); B: ROC curve of serum SERS in high
E2 value group and low E2 value group after OPLS-DA; C: OPLS-DA post-displacement test. E2: Estradiol; OPLS-DA: Orthogonal

partial least squares discriminant analysis; ROC: Receiver operating characteristic; SERS: Surface-enhanced Raman spectroscopy;

TPR: True positive rate; FPR: False positive rate; R*: Goodness of fit; Q*: Predictive capability
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Fig5 OPLS-DA diagram of serum samples from high AMH value ( = 1.1 ng/mL)
and low AMH value ( <1.1 ng/mL) groups

A: Score chart of serum samples in high AMH value group (»=33) and low AMH value group (#n=30); B: ROC curve of serum SERS
in high AMH value group and low AMH value group after OPLS-DA; C: OPLS-DA post-displacement test. AMH: Anti-Miillerian

hormone; OPLS-DA: Orthogonal partial least squares discriminant analysis; ROC: Receiver operating characteristic; SERS: Surface-

enhanced Raman spectroscopy; TPR: True positive rate; FPR: False positive rate; R*: Goodness of fit; Q”: Predictive capability
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Fig 6 OPLS-DA diagram of serum samples from high AFC value ( > 14) and low AFC value ( <7) groups

A: Score chart of serum samples in high AFC value group (n=68) and low value group (n=34); B: ROC curve of serum SERS in high
AFC value group and low AFC value group after OPLS-DA; C: OPLS-DA post-displacement test. AFC: Antral follicle count; OPLS-

DA: Orthogonal partial least squares discriminant analysis; ROC: Receiver operating characteristic; SERS: Surface-enhanced Raman

spectroscopy; TPR: True positive rate; FPR: False positive rate; R*: Goodness of fit; Q”: Predictive capability
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