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vy, JiE B 2019 4 12 A—2020 5 12 A R AZABEA K F EE R 23 4] RF 4R 69 24 hUFC 474, 24 8 #I4KIE .8 4]
FALT B B R =T R F IR F A k] UFC, & 30 3P A e ik @k 3k % (5 ook ) B R ikt X e 9k 35 (R 5
F); K REEERRAARAG B, B bl &G Aok de k40 UFC, o A7 e F 0 E £ b nl e e, R AR ES R Est
Yo, 3R B3 R FEIFE 100% , Ay 7 kA 45 R A £ F(P>0.05) BLA8 % & £ R=0.998 9, 7 R i At 42 FH e 4 55
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HERT AR AR X PRIk 5 F Bk, TR G IEL R LR an &R, ARG F A E KGR0 2 R 3em R X, =R
A 248 M MAA AR K

K R BERE FRGR B AT R YA &

PESZES R331.1 MEAARERED A

Improvement of extraction method and analysis of the interferences in the detection of urinary free cortisol
WU Zhu-yuan', HUANG Yi-wen', JTA Zi—chao', HU Zhi-dong', LUO Wei'*

(1.Department of Clinical Laboratory,General Hospital,Tianjin Medical University, Tianjin 300052, China;2.School of Medical
Laboratory , Tianjin Medical University, Tianjin 300203, China )

Abstract Objective: To improve the extraction method and analyze the interferences such as the sample retention time, urine protein,
occult blood and urine output in the detection of 24 h urinary free cortisol(UFC ). Methods: A total of 23 24—hour UFC samples with different
results from the Department of Clinical Laboratory of the General Hospital of Tianjin Medical University were collected.Samples with low
(n=8),medium (n=8)and high (n=7) UFC concentration in original method were selected,and redetected by modified dichloromethane
extraction method with chemiluminescence immunoassay. At the same time , vortex oscillator with contact type in original extraction method
was changed into shaker oscillator with a constant —speed cyclotron oscillating (improved method). After changing to the improved
method, UFC with different interferences such as storage time,urine protein,occult blood and urine output were detected after artificial
setting. Results: Compared with the original method, the improved constant speed extraction method improved the extraction success rate,
and there was no statistical difference in the detection results( P>0.05 )and the correlation coefficient R? was about 0.998 9. The improved
method couldimprove detection precision ( coefficient of variation <25% ) and accuracy (>80% ). Compared with liquid chromatography—
tandem mass spectrometry (LC—MS/MS ) , there was also no difference (P>0.05) and the correlation coefficient R? was about 0.992 2.
Different retention time of urine specimens had no effect on the results(P>0.05). The average recovery of urine protein and urine occult
blood interference experiments were 95.85% , 89.85%, respectively. But when urine hemoglobin( Hb ) reached 4 mg/L, the error would
be greater than the total error allowable (TEA,25% ) of UFC detection. Conclusion: The improved shaker constant speed oscillation
extraction method can replace the original touch vortex oscillation method and does not affect the detection results. Urine specimen
retention time and proteinuria have little effect on the test results, but occult blood urine will decrease the values.

Key words urinary freecortisol ; extraction ; improvement ; dichloromethane; influencing factors
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N FE X AN 32 I3 T AR A2 M), B RS T S
R B R TIRE , WIS W TR LR A AR I AT SRR AR
IR UFC KN 5 S ARSI 4 AR A € 35— ER B o
T&: (liquid chromatography tandem mass spectrome—
try, LC-MS/MS )@, {H32 77 1k R 5 25 FE A A v Ao ]
R, MRS 2 IR, BRI
FH S e 26 B~k 2 2 S A PR J Jof I 37 #E B )
WAL IR, N LC-MS/MS AR (B E
R 22 526 % DA — S P e 2 B A2 R ik hy
F, REE T AR AT 38 & | A
IZEZ) =GN

b2 %56k (CLIA) RN URC 75 B4 i R A
ARPEATREIL, X — i B AR S A B Ak, ARG
MEGZ IR N E T, XHah R i— e R,
H R II PR 1 TGS A BEAR A IO ¥k . ARSI % A
ZIH I LR, — BOR B L G ) — A T Bl
FHAEER b2 BRIk B, HARBCE KRB, -
(1) 24 h JRO.5 mL fin 4 %E 1 mL F 085
BETR, Q)WERZH I LIRS 5 min, .0 5 min
(3000 r/min). (3)HCFJZ 400 pL TS K
WENIERZET . (4)01 200 L A= FE K AR
Jii CLIA K3,

Ji 7 2 R EBR P A AGE A 10 S DL P A I/
WK, i 2 IR 252 Gy (AR A W 2 e tRAAR S5 AR B
P FRASIZ BRI 2 R B e R 2
BRI, ShIE R H 26 36K AR AS B ARHEAL oK
ARG I I TR o TR A e k453 B
T V0 A LR T %) R b A B IS ) 2K P DR I R
X = RAEEREN URC BB IAEE T, LA
WA IR S iR LT 2Rl 22 2%
1 #Rl5AZ®
1.1 HAZ S H2019 4F 12 H—2020 4F 12 H
FEE R B E B IR R 23 B A 245 5 1
24 h UFC #3A%, Jrfr 8 BilfIR{E .8 i B .7 il s i
T EE R BRI « 2 BRARSZER 2 (1 UFC Kl
SV 30~110 pg/24 h (R B Jo Eeifk i o L)
24 h JRHE) ., 0~50 wg/24 h W AARAEZH .50~110 g/
24 h PAELH > 220 pe/24 h A EELH . B
I P B A 5 B T R AR UL AR G AR
SR R . FFRIUIE b R 45 1 1 R 2 T
flio UK S LB TR IR A A B
[T RS2 . 1 RIEAR AR B 5 A T
15 ( Cor ) J 4 fib FH T 160 B2 B0 E 52 56 e 1 i
FRAYE Ry S50 FH PR AR 11 Bk i T4 558, RS
Bl PR T A Hh (6] — A AR 114 2 TG 36 e A [R) S 56 1)

ZURELR AR R SE R £ T A RIARAR

12 RAEE rbral —EHF e (R fb2Aik
FN=T7) B s e 170 (fh2r &) (B 7 1)
FEFZW= A RA ) . TeREA 7 XW-80A
1T FLAR DL RS 3 A PR F] ) (HY =5A [l g
KRG (VLRSI A TR2AE ) 2 A sk
2R NCAPE AT IMMULITE 2000( £ E 74 ] 74
FRAT) . Haz 7180 4= H s bsr i ( HAS HI-
TACHI 2~ &) 4 A sl 40 A (Fs B3 3 XN -
2000+PA-990) . VR AH (35— FF K T3S AB SCIEX
Triple Quad™4500MD(3E[E SCIEX 4] ).

1.3 RE L5 % UFC KNSR 22 &k, v
I'1F2 /] IMMULITE 2000 4= H sh 6 Befb2: % 6 A
Bl T A SR R IR AR A TR i e TR S RO
S BE B b 10 ) B T e S 25 A B i 22 v b
RN LT NI D B | A2 W 2 X e 1D A
B Jo T ek 5 S D AR %o G B e 2 ) B L
KeFro HAKHTERE ol WL ULEH A5 . S PRE A U i fe
£, #% 18 IMMULITE 2000 $2/EF AT H 3 4E47
RGP R AT . R ST EE R
AR BEAE O TS I SO, SR Z AR
SCHT R B A5 B (2) B il HY -5A [81jiE 23R 7 28 0T
BB RN 250 v/min, HR5 05 E] 5 mino £F 2 R 73
Bilt 1 — 2 A bR AR B8 B R B R T IR Y
UFRC &R AT T o AEFRAS B AT (] 11 5 56
W, B RIRAS NS | SESERIR 24 h PRI, PR ASfig
FES&AE Ry ACCTR T, ASTR NG IR o 7F PRAE (S ki
TP, eI 1 R AR 1 SR R RS A I
R IEFRA S 1612 URC {5 4R 7S e ) A [
YR T 1 PR R FAREAS SRV IAEAS , E AL Cor {H,
A SEINE S5 BRI A 2%

1.4 %t 4@ SR SPSS13.0 #AF #4750 07,
ERA A TR SRR vas 2o, HHECRORER %
TN, PIREAR IS (H)R F Student's ¢ #6556, DA P<0.05
hZESAGIEE L

2 #ZR

2.1 EBFFH AR LBEALE NI s E
1) UFC Fill brAs 23 4], JHorf 55 10 6] 45 e 3
Bl (44.60+14.27) % 5 Lo 13 ) AR08 X 8K
(50.77+18.99) % , HAK(FE B A AIE I S 24 h IR
W3 1,

22 HKRHFERELRFZXHEREG»EZREL
B BRI CHE B M BEdR 5 ) AL B3 )2 5 8 0 vk
GRTEIRGIE ) WA IZRCRNT L AN 1 s, A BN
MR B A M RO R BRI A A AN
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Tab 1 Clinical characteristics of patients

BH I 24 h bR "
413 e PES #) (L) [ S2L]
L No.1 % 76 1400 ' LRRAhH
No.2 I 48 1850  ffiLfR s,
No.3 % 60 2100 PRI
No.4 3 40 1000 e 40
No.5 E°e 19 1000 P& I
No.6 5 34 1300 @i
No.7 8 44 2100 HHIRIE
No.8 s 55 1200  HERAG
M No9 L 71 3300  AREAIAE
No.10 'S 35 3400 fEMEEHR
No.11 'S 72 4300 B BRI U
No.12 % 47 2500  JHOMAEKAE TR
No.13 °© 31 3000 HIJT
No.14 & 43 1500 [%%
No.15 5 37 1100  REVELHERIE
No.16 7 32 4000  BERE
H  No.l7 5 30 6 100  BEDORAS AREN IE
No.18 7 66 2800  FRIMLE HERE
No.19 % 85 1900 B4R ST I PRIE G
No.20 L 30 2600 JEIRZESTE B IREAS
No.21 5 57 3100  fIRANIAE
No.22 u© 62 1500 B LM
No.23 5 32 4000 HERFE

e LMCH 20 REAR L (2L P sl BRI ) E BB A s
T AR IR RE ST A

ST e S H e e % )

R EE (R % )

1 BRZESEFER Cor RS EMRXTLLE
Fig 1 Comparison of Cor extraction layering effect between im—
proved method and original method

2.3 HREL R RN 4R et BT € 4 4
FeAT O AT ORI IR T T R 5 2R T 45 SR T
Toguitef2e 5 IR (E 4 22 5% P=0.667, P {H41 %
5t P=0.693, F {41257 P=0.967, A[HKF-4 P
KT 0.05, 5 11E P>0.05, BRI 5 2 () LAk S
LR 20 WIFR 7 A (10 25 SR AR S 2 A L I 2
R, HARME R BCN R?=0.998 9,

R2 WHENFENEREE(pg24h)

Tab 2 Comparison of the results of the two extraction methods

(mg/24h)
[E%S T QRS P 5HH P
L1 24.80 27.16 2.36
L2 40.70 30.16 -10.54
L3 32.76 35.28 252 >0.05
14 15.30 18.00 2.70
L5 29.30 28.70 —0.60
M1 77.40 79.92 2.52
M2 66.99 56.43 -10.53
M3 51.34 49.30 —2.04 >0.05
M4 79.12 92.88 13.76
M5 127.25 135.50 7.5
HI 3 050.00 2934.10 -115.90
H2 336.00 394.80 58.80
H3 437.00 389.50 —47.50 >0.05
H4 1175.20 1 190.80 15.60
H5 282.56 259.84 -22.72
At >0.05
LM H 3 BIRRAK b e
(pg/24 h)
3300 B
3 000 y=0.965 9 x+6.335 4
2700 R*=0.998 9
2 400
2 100
1 800
1 500
1 200
900
600
300
0

0 300 600 900 1200150018002 100240027003 0003 300 pg/24 h)
B2 @A EFERNENEXES T

Fig2 Correlation analysis of detection values between two methods
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T3 43 )[R B AGE I 20 Y, A N 28 S R AR (co-
efficient of variation,CV); ¥ 3 NU B HUREAS % 42
R 10 d, B RMGE 2 O, THEALT] OV, 316 WLk
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b CVIRTT 25%, misk Kkt Atk ra) cv 1y
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R3 WHERTENBEEITME(ng/24 h,xs)

Tab 3 Precision evaluation of two extraction methods( p.g/24 h,x+s)

WRE AL T CV(%)  HR%E  CV(%)
M L 20 27.99#530 1895  31.76x4.28 13.48
M 20 99+1649  16.65 93.96+838  8.92
H 20 981.72+78.17  7.96 920.59:44.70 4.86
HE] L 20 33.05+848 2565 34.00£546 16.07
M 20 123.87+34.88 28.16 105.5+12.65 11.98
H 20 937.44+119.57 12.76 900.05+£76.70  8.52

FE: LM H 23T 2 OV - AR 5 R

2.5 BRIERITAEMESRE  WEREE TR R
Cor JF¥ i (11 SR S 2T 4%, Hit*5- 40363 ) Fl R
J5 (1 il R UFC brAs , A d — 50 F e 2 RS 2
Cor) F&HuF] FAATHCH A 5 178 35 A6 Hh v (A R
({53519 12,75 .107 .165.210 pg/24 h), LA Cor
K AT R0 T B0 E 1 1/4 3 TEA Ry 25 S e hm i
I AR A 2 S AT 5, R PR ZE B Ak 23
J TR ARG, ARG (ELAE 1/4 & TEA PN EIA A4,
5 BIAEAS T 80% A A W 52 k3% 1k ME A B TEA
W, KREE R SR, JEI7 ST 6 e (e
TEA ML 25% . A REIH 1 MERfR B 0k, 177 el R 158
1F R BETEAG

R4 WA ENERERIE(ng/24h)
Tab 4 Accuracy verification of the two methods( pg/24 h)

g Egy JE T v BSE/ R R vs B AE/
i ¥ (25%% TEA JER) % (25%5%4. TEA i)
12 14.8 23.33%/5% 10.1 15.83%/4%
75 353 52.93%/1% 75.5 0.60%/+2&

107 76.6 28.41%/15 138.0 28.98%/1%

165 203.0 23.03%/4& 148.0 10.30%/4%

210 233.0 10.95%/4 218.0 3.80%/42

STikuy & 2

2.6 K Ri*EY5 LC-MS/MS &% &gt AHFIEN
15 bR A [R] B a6 K 7 M 4 3RS 36 A W, SR LC—
MS/MS JE Rz, A8 A5 an b S i 4 Oy k4%
AR 8 B A5 AT, 4R S 15t i SI2 B SR A 7 22 S
FABRNE T o HEERIEE R 5 s, PRk
FAKFRITEG 22 57 (3 P>0.05)
BRI 2R U T 1Y 3 A AN TR I 7K S 1)
HORIET L3 I8 T A4 17, &5 3 an
TEFTR . PRI 7L AR DG4, AHOC R %L R? B AT
i50.992 2,
27 ARAR B AR A 4 R e B
o R EARAS RS 1R IR 24 h KRN, BT A UFC
PRASE ARG 3 Uk, HA5 R AR ILIE 4, Geit ot

K AS[RI L) A TR B ek 1] 5 B (R L 22 S 24
it E (3 P>0.05) . SR EHIFAR T IEN T
W, 4°CEF IR T, IR Cor KEM{HARRE , SZARAS
B BN ] RN o

x5 HBREESLC-MS/MS HZERER(pg/24h)
Tab 5 Difference of the results between improved method and
LC-MS/MS(pg/24 h)

E%N MR LC-MS/MS 25l PiH
L1 27.16 25.80 1.36
12 30.16 3572 -5.56
13 35.28 3151 3.77 >0.05
14 18.00 1630 1.70
L5 28.70 21.80 6.90
M1 79.92 71.40 8.52
M2 56.43 61.99 -5.56
M3 49.30 53.34 -4.04 >0.05
M4 92.88 89.12 3.76
M5 135.50 121.25 14.25
H1 2934.10 2 750.10 184.00
H2 394.80 335.00 59.80
H3 389.50 357.00 32.50 P>0.05
H4 1 190.80 137520 ~184.40
HS5 259.84 242.51 17.33

1 :LC-MS/MS: AR 35— RT3 75 s LM H 43 B R AT
AN E R

(pg/24 h)
3000
2500
2 000
1 500 .
1 000
500

y=0.962 2 x+5.473 8
R*=0.992 2

0
0 500 1000 150020002 50030003500 (pg/24 h)
T : LC-MS/MS : A L1 — R i
B3 MRiES LC-MS/MS #RillERHE XS
Fig3 Correlation analysis of improved method and LC-MS/MS
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1 : Cor: 7 o
El 4 Fx Cor HRAT[E B E R 18] 19 25 SR
Fig 4 Detection results of urine Cor specimens with different in—

dwelling times
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2.8 REGEMLRGH A B H UFC B
{E (100 pg/24 h)ARAS, [A]EHRGI0 H R 35 F1 =150 mg/
24 h, DLHAE R PRI 0 iR 4 L3S (BSA) & H -+
3, BC ] A [ v BE ) B (PR (5 440 P1~5) 4%k
REABUS AU, EE45 F R -5 10 A Y
225 VB AR FE KB mNSCR | 45 51 R34 ]
W3y 95.85% , W1AL 47 PREE UK Cor K Fr) 52 1
BN, L 6,

#6 REEXRE Cor FHMESH

Tab 6 Analysis of the interference of urine protein on Cor

W SONME 2ESME PIeR
(pg24 h) (pg24h) (pg24h) (%)

PRAS 2 Pk
jpo) (mg/dL)

Pl 10.00 100 102.50 2.50 102.50
P2 40.00 100 94.10 5.90 94.10
P3 200.00 100 91.00 9.00 91.00
P4 400.00 100 98.15 1.85 98.15
P5 233.30 100 93.70 6.30 93.70
HIfH 176.66 100 95.89 5.11 95.89

T« Cor: Ji2 BT ; JE BT IR 35 M TP=10 mg/dL,24 h JR &
1 500 mL,24 h EJRHEH=150 mg/24 h,Cor=6.7 pwg/mL, & UFC=100
png/24 h

2.9 JRidabAem R e Fen AT HUIG R
WA 1B CGELL R 25 L3 A5 14 Hb 400 (A
PR 250 ¢/L), 28 2 VRl R A M 2500 I B
kRS 36 5 RE A TS iy bREET Hb 4 0
H & A UFC WbRAS e il A [R5 B vk B2 Hb (6T
MLIRBRAS (45 0 H1~5 ), HAG I 2 B SR 0L 3% 7
B IRRER TG = O I O €0 N 7 e M s RS 2
PR K 89.85% R Hb WEETE 2 000 pg/mlL i}
2P R 10% /647 (89.4% ) , R Hb 35 4 000 g/
mL B 25 0 2 TR (65.1% )

®7 MUBERERRE Cor FHIEHH

Tab 7 Analysis of the interference of urine Hb on Cor

A e WIEEME SEDUME 2E5RME Ele
75 WE(ug/ml)  (ue24h) (pg24h) (pg24h) (%)

H1 250 100 99.00 1.00 99.00
H2 500 100 92.85 7.15 92.85
H3 1000 100 102.90 290 102.90
H4 2 000 100 89.40 10.60 89.40
H5 4 000 100 65.10 34.90 65.10
¥iE 1 550 100 89.85 11.54 89.85

H Hb: I 2T 2 5 Cor: 2 B 5 22 R Hb=0 g¢/L.,24 h J®
#1500 mL, Cor = 6.7 wg/mL, & UFC=100 pg/24 h
3 itig
HHTRI UFC feoh 85 SEEER) 74T 2 2K
24 h RIS LGSR o brids . FRIE 2 M4 BE B

TS0 R FH M 7 s | BT A 24 110 5 B B e 349 0 7
WEIA TR B , L 283003 S0 00 5 4 S e T A5 7
B S  % I ) S Z AN AR A 5 (XW-80A )14,

RSB FITE IRIER A & T8 1710 L
SRR N — S P e 2 U R TE AR )2 B AR
Vi, RSB SCE R AT R, WEIRTR A
(XW-80A )& A 4k & , RCR Pk T 1048 5 #k
() Al P2 B S B ], 5 5 S R LA I G ol A2 TR i
AR ERCR R H 10 B ANIE T IR e, N
T T AR B MR, oA DL B AH DG SCHliRHRGE o AR BF
FERREUCRF HY-5A iR #n 2 A Ren TR A 2
(XW=80A ) . 1 M e X4 v HLAT e vt ] 3 kv
T3 IR BEROCRFEAS AT & 3 — & e 3 B UFC
SR T B Q0 R BRI ) % 7 9 2 e R A
P 5 1R A S R I 25 SR 2 ok R YA BB UFC 26
BUR 432800 (BRI &5 R AR 7 28
FAEAR P 3 ATt 15 Bl AR A R T T
FPF R B O A3 T o G5 5IESE, MO HY -5A [115€
IR 7 i (BEEHE 250 t/min, 5 min ) R AL R
PETH T TAERCR, WA AR R BRR R*= 0998 9,
I 285 5 8 7R 25 S OF e gt 2R S H ARG
S HERR SRR 22 5, 25 B i R AT X AR U
TR, A] R 2R S g AR M e A A S —
R R RN PR AR AT T AR, SRR
7, B R AL OV BT IR, A B
VAR %35 R B o M B DA T A7 — KR
M, FERETC UFC SR IR 1E & (H A B G R
FH Cor JJU48 AR L 5T A A7 BC 09 5 2 m LA T fie
e, W RS LC-MS/MS ¥ERRG I ZE BT T L
B A R B RN A SR 22 R RS R R HA
KRBT R = 0.992 2, ok B AUH15 2K Bk
T BG4 3 A i ELAE 3 A6 I T AR AR A5 o e o 2 (
ik 80 MK ). LC-MS/MS J& Bl Bt s So vk iy 7 v,
LC-MS/MS A ) 14 Jsg A% 352 i 5 35026 A 1) 461 50 i
N AR AAIE G AP AE— 5 S BRI (H R e R L
FEE R T LC-MS/MS RN RE . B, 2 R
PR T ABUR YR A IR T T O A
K S e

TN R TAE 25 BIASDU AF 5 116 R TR A5
MIERG , DRI 5 BT O B PR A AT 5 A A
BRI ) AR A M A A 7 R B R AR L AR
FEFREE AR H 2 3/4 B L%, 4R AT RES |
AW B R, B R B 255 URC 11
ARG T, 19 A DA GE 5 DRARAS TR 1 X6} 235 S5 M
WA WL SCRRARAE o ASHIFFE 45 TR SEARASTE 4°C18
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PRBE 8 d S e £ 1 PR ARG 45 SR 5 i 8- HL A 7
PRAE A TS0 T BC ] B PR IR B =3.5 ¢/24 h
(KEREHE X, PS5 THEAMIERETRLIKE),
FEVER I TP S 56 v iy B ) ) I T8 PR %) Hb Ve i
KT T 3840 pg/mL (I K 57 BERS I 48T FR ) , 5%
KBREEHIERR T X ST R A &=, (H
TR PR 2> PRSI 5 B A WA, FRE 24 )R Hb
ik 4 000 pg/mL 2 UGN 22 K F Cor K2 T
FE 25%01 TEA (B, SMAR UL, 0 2o 28 JUIESE iz it
FE e MEAr, S e A - 2E RO e b
A2 bR B BT | B R PR 2 i S A ] 2
WS AT AELILPRBRAS ] BN AL Bl A 45 7 A 5
M), AN FEE TSOGT DRt b a8 Gt 5 AT i S5 7™ 2 1 o
PRI UFC #aty .

25 TR AR U R T A 1 URC A5
D3RI BRA B B ] PR ER (R I X 3 VAR
(AR T4 R AT 08T o e el e B T T 2
TSR BRI 235 SR Ao 85 B S MERA TR R Y
IIMT A RARASSE (B A S5 R it 1T 2
OE RSS9

S 30k
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