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Abstract: Human hormones at trace levels play a vital role in the regulation of a variety of functions and
systems in the body, and an imbalance in hormone levels can lead to the emergence and development of diverse
diseases. Therefore, the development of reliable sample pretreatment methods and sensitive and accurate analytical
techniques for human hormone detection could contribute to the prevention, diagnosis and treatment of diseases,
providing significant improvement for human health. Human samples which are usually used to detecting hormones,
such as blood, saliva, urine and other matrix are more complex, so sample pretreatment is an important step to
ensure the accuracy and reliability in the detection of hormones. In this review three common sample pretreatment
methods including solid phase extraction (SPE), liquid-liquid extraction (LLE) and protein precipitation (PP)
methods are discussed. Then, recent research progress in conventional techniques like liquid/gas chromatography
and liquid/gas chromatography-mass spectrometry (LC/GC-MS/MS), as well as some novel strategies, such as
immunoassay including chemiluminescence immunoassay (CLIA), lateral-flow immunoassay (LFIA) and time-
resolved fluoroimmunoassay (TRFIA), and sensor technology including electrochemical (EC), fluorescent (FL)
and surface-enhanced Raman scattering (SERS) sensors, and microfluidic chip analysis are discussed for human
hormone detection. Finally, the future perspective on the use of these methods for hormone detection is considered.
It is hoped to provide powerful insights to researchers for the relevant researches.
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BN IR — 1547, B 1902 4E KL —Fh AR &=~
e fEE 2 (secretin, SR) AR, AMIN SR AL T £
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W, S ] R 2 5| RS B R R R TR 2% A Ak R s
BE R 5 Ins A HAE 4 K5 (0% V-1, 177 Ins 25 1 7T T 30
B SR S AR I I ARRE

X N AR IR KT 1 S 0 A8 A BRI 3R S, T
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A IR A1, 38 52 22 Fh o3 AT 1 R 2R AR s2 e, R B
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-, J 0TI A2 2 M 2 5 s AR WU 5 SR ) v R AT T
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b PR A R RN RS I O v ) A d R AT 4
iR, DN i S iR 2 5% .
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T it 1T Ak 3 2 VB v S DU A 00 B ) — 3R,
FE PRI &5 R UER T SE I R 2. ARk, [ AH A5 HL

(solid-phase extraction, SPE). & — ¥ 2 I (liquid-liquid
extraction, LLE) M1 &5 [ J1 i€ 7% (protein precipitation,
PP) 52 AL WA i v N AR A 5 5 P FC T AR P T B

SPE ¥ 5 #5173 B i R AR B, 3@ Ay U 4 72
VO] Y AH 2 TR (1 23 T 22 St Sk S B RS HUR 23 B8, REAE DL
555 % ORI F () IR, SE LA o £ A R A 0 IR 1R TR
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BE & 2RI E (45 TSHAE UNVE Z (follitropin, FSH).
AN B LM Z (human choriogonadotropin, hCG)
A AR Z (lutropin, LH)] AT E HEFE & 04T Zou
ZEUIDL Tergitol TMN-6 15 4 B+ 8 R i & M ) 45 &
P A Bh vl S A5 I (ultrasound-assisted cloud-point
extraction, UACPE), & 7. 1 — Ff 39 5 1) 12y S0 A £ 1
53§71 77 %% (HPLC-DAD), Dy F T A SRV 1) 3 Fio i
B [17p-ME % (17p-Estradiolum, 178-E2) HEfRH A1
175 METY (diethylstilbestrol, DES)] fAG I, 48 M FR (limit
of detection, LOD) 4374 0.1.0.2 f10.1 ng-mL",

SPE HE 1Y 51 N, ik 1 A0AH €835 o 60T 3 16 HH V5
(gas chromatography tandem mass spectrometr, GC-MS/
MS) FIBAH 3 5 R B Y2 (liquid chromatography
tandem mass spectrometry, LC-MS/MS) 7E A & 3 25 M
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Pl 2R (A RV 20 BT B, GC-MS 78 43 AT 0 1) 43 5 R A DU
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dothyronine (T2). 3,3’, 5-triiodothyronine (T3). 3,3',5'-
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5E B PR (limits of quantification, LOQ) & & 0.002~
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Figure 1 New detection techniques for human hormones
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Figure 2 Chemiluminescence immunoassay (CLIA) detection of progesterone (A, PRG, reprinted with permission from reference!", copy-

right 2008, John Wiley and Sons), lutropin (B, LH, reprinted with permission from reference

[19]

hormone (C, AMH) in human serum (reprinted with permission from reference™, copyright 2019, Springer)

, copyright 2009, Elsevier) and anti-miillerian
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DNk — D5 A R B, Znoyko SR T —
Tl 35 R UG P 40 K SR A i 1) LFIA AR 2% 7 1%
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T B AR BER I T AT

(A) Nanomagnetic lateral flow assay
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b5 4 45 ELISA 43 #1 AH B, LFTA 52 A A W A ) 4,
7E 10~30 min Py 0] UI0 45 5K, HL 15 56 08, A6 0
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Pl 2 BB R G ARSI, R B A Al Sk
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22.1.3 BHEIS PR RZE T TRFIA & LA A M
RE DGRV B 2R 00 3R M B G T E R R S
— RO B AR U M TR . B 1983 SEH TR =
II5E hCG LLSK, TRFIA (177 V5 0 70 Rl K S FH R Je
T

TRFIA $ AR AR M6 35 Re 1, 6048 17 I 1)
S AN K BT FE 58 (stokes) A2 8%, AT R AN 2 6 b
WSS SRR A 2 . BRI 2 B YR
(A2 SO I R W) (R e e LT s T
AT WX, X T T R 2 EREMR . T

High-precision detection of
hyper- and hypothyroidism

Magnetic
signal, r.u. i
1000 |
100 | /
10
-------- Normal
4 lLop=0017 | ""9° 7K, piuiml
001 041 1 10 100

TSH AuNP MGITC

Detection
Antibody
(Anti-TSH1gG 1) (Anti-TSH1gG 2) (Chicken IgY)

Control
Antibody pPvP BSA

Capture
Antibody

Figure 3 Nanomagnetic lateral-flow immunoassay (LFIA) test strip for thyrotropin (TSH) detection in serum (reprinted with permission

from reference!®”

, copyright 2020, Elsevier) (A) and surface enhancement of Raman scattering (SERS)-based LFIA platform for hyperthy-

roidism and hypothyroidism detection (reprinted with permission from reference™, copyright 2017, Elsevier) (B)
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TRFIA # AR B A 8K 56 F iy 4 R R B G
YERARI 4, Bl R T 58 o 3 I PRS2 18] 1R A
ZE 5, WA ROH R SUE S TR, SRS B R (S
b, il T K ZHR AR ICAFE S ST, 2
T H R M L%, TRFIA C#H T AR A A4 K
% (human growth hormne, hGH)**, TSH***"),COR"”
SR A o

AW T R BE T R0 ket B AR (V) 5 2R T R A AR
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HRCRE RN B L, SR 22 PR 1) R O E A WK B
523 TRFIA 701V A8 I B 2R & 7 17 .
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& &A% (sensors) A& BERF KT A5 B 3% — & AU 4%
o LS 5 A B 7R 2 S S A 2 B,
W5 R B AL g A B A SRR T SRR 4 ) 4
3R, ELA ) A f 48 3R 17 o L R v ARG AR R AS
PRI I o ST AR IR BRI PR TR0 B AR A T
R T (DU T I8 BC A S5 ) R T R S
Bl vl I A5 5 I RE AR A . H AT, S PR BB B
A, WAL 2= (electrochemical, EC). %¢ )% (fluorescent,
FL) FIl SERS 1% J& 4% 55 CL 4 A & FEH T AR 1 R
ORI
2221 EBACEEMEREEE  7EWER AR BRI ik,
A 538 (PR WU AR AT AE 1) 25 50 SR 2% A3 BT AR w8 B I
%5 JR) PR, T H Ak A RS B R A R
BT RN AR AN TR G SRR A, TR Hh v
e T R R o I AESR, RF RN BT R T 2R
TR b AL K ES . H AT, AR R
O T 1% R AL 375 55 FF A 1 EPPY (] 4A) 178-E28Y,
DA (& 4B) TH i1l T4PO25380 3% (1) 5E B A6

N TR LAY A R A A WU U R ) AR R R,
FEN GLIE W 23 10 A% 1) ] £ 3o 2 v 4 B 9ok R
YR RE I b ] R [ 5 A R e RS TR
BE 55 UK UL R AL BAL 2 I D5 E A 10 Gajjala
SEBR] F DA R4 - 48 (Cu@Pd) #% - 7% 449 2K kL A5 1
(B 2B A0 S8 A b B R AR L, SEEL T R
AN A AL R R DA B R BRI, WL 4B 1% 07 VN
DA )4 W1 95 Bl 4 100 nmol-L"'~3 mmol-L", LOD &
Z 12 nmol-L™ o 3 P F B 3 S A0 I s F 3 M S 1
LIRS, X TR T SRR (B IR o A 2 4 R 1
%, W PRG.COR. 178-E2 %5) LA M /Ny 10 L i PR 4
FEIR W Z AR ) B T B i 2, EORROAR AR, B B
SOPAZER: 558

B T 9K M RE LA, B T E A B T
PRV RE 7 (0 AE PR ) oA (s e 44 I 43 B 28

REWE) KRB EVISERVEALECE &, PASist fl g &
HE AL 2 AR B AR PR e o 201 Li 2507 22 ) B R sk H A
(screen printed carbon electrode, SPCE) I JZ )2 H 43¢
Ty T FEL A PR SR 0 TR R e 0 7 11 4 A B R Tl 4
K% [poly (diallyldimethylammonium)-oxidized single-
walled carbon nanotubes, PDDA-0oSWCNTs]. 77 71 Hi, faf
1 5-%2 6 Jl% (5-hydroxytryptamine, 5-HT, X BRI 75 &)
R 7 3 PO A AR S BRI (tyrosinase, Tyr)-AuNPs E &
YT R g T AL A E E AR A i A (]4C), Hoks 5-HT
R S P 3 I A RN Tyr 455 7T 8 35 4 i A% IR AR 1 a4
T, 9K A PR 5INTT RO EE ks R B, SR A
72457 Bk AR 22 1% (DPV) LA B #2600 e i 2 1) AR A o L3
Bl 1R 4R 5-HT, LOD HJ3A 2 nmol- L™, JEBL 1 5 it #%
P | 1 R AR A AR

e AR, J T o AR B AR S R Ol e ) A 4 (two-
dimensional, 2D) i ¥ 4 JE B/ Z ALY (MXenes) S it i
EEBAY) (MoS,) 99K B BRRF I VE BT (2 1
BREHFEE TR R K SRR O 55,
Kashefi-Kheyrabadi 25°¢ -F SPCE % 1fi ¥4 & 1 — Fh
MoS,@Ti,C,T, MXene & & 49K kH) 3D Hifk 23E it
RAE RS, W 4D, 1% =4k (three-dimensional, 3D) 44
IR T AT SR R B T4 3R, T S8 6 N E
1) AL 45 T TBOK, i 1% 4% A8 6 T4 1 LOD IS &
0.39 pg'mL”, Z& V5 N 7.8x10"~7.8x10° pg-mL™, H.
T 10 min P 7] 58 BN LB FE it T4 PR R Bl .

WTAE R, F B AL 2 AR RS 5 8 e T 45 & h 2
i3 UR BEF & O RO i PRISCER R IR 5 9 5 3RS 1
S R T R B BB B, Lin PR
T SPCE I L AL 2@ B AR AL i S A e O 5 A il
Tk R G ) TS R RRE — i, @i
R FHLATAN 77 L HUE 5, e S T e
% B (glucose, Glu) Fl Ins 173 2L SEHP A (] 4E). b
A8 I Au-S 8K Glu il Ins 1 7 A5 5 AR AL & A 14
&1 #1] SPCE T ) AuNPs [, J£ i T SPCE-AuNPs-
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[33]

from reference™, copyright 2018, American Chemical Society) (A); detection of dopamine (DA) by EC sensor based on Cu@Pd core-shell

[35]

nanoparticles modified pencil graphite electrode (reprinted with permission from reference™”’, copyright 2021, American Chemical Society)

(B); MoS,@Ti,C,T, MXene composite nanomaterials based 3D EC aptasensor for 3,5,3',5'-tetraiodothyronine (T4) detection (reprinted with
permission from reference™®, copyright 2021, Elsevier) (C); PDDA-0oSWCNTs and AuNPs based EC aptasensor for 5-hydroxytryptamine
(5-HT) detection (reprinted with permission from reference””, copyright 2021, Springer) (D); Smartphone signal readout based portable EC

aptasensor for simultaneous detection of glucose and insulin (reprinted with permission from reference™, copyright 2022, Elsevier) (E)
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Figure 5 Exo III and SG I based unlabeled fluorescent aptasensor

for DA detection (reprinted with permission from reference”,

copyright 2019, Elsevier) (A); Fluorescence aptasensor based on
quantum dots (QDs) fluorescence quenching for cortisol (COR)
detection (reprinted with permission from reference™”, copyright

2020, American Chemical Society) (B)
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B30 178-E2 ik R AR SE e R B s 2 G WITE
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