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Analysis of stimulating factors for serum copeptin based on
liquid chromatography-tandem mass spectrometry
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Abstract: Copeptin, as a stable surrogate biomarker for arginine vasopressin (AVP), plays an
important role in the differential diagnosis of polyuria-polydipsia syndromes. Current guidelines
recommend dynamic monitoring of copeptin levels during stimulation tests to assist in differentiating
AVP deficiency (AVP-D) from primary polydipsia. Although these methods are well-established, they
have certain limitations. Therefore, safer and more feasible stimulants with reliable effects are of
clinical interest. Additionally, the currently available copeptin assay, which is based on time-resolved

immunofluorescence assay, can be subject to interference from autoantibodies or hemolysis. This
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study aims to evaluate the effects of four common stimulants used in growth hormone function tests,
namely levodopa, insulin, glucagon, and octreotide, on copeptin levels using a reliable liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method developed in our laboratory. A
total of 62 subjects undergoing growth hormone function tests were retrospectively enrolled and
stratified by stimulation type: levodopa (n=28), insulin-induced hypoglycemia (n=7), glucagon (n
=20), and octreotide (n=7). Blood samples were collected at baseline, 30, 60, 90, and 120 min
(for the glucagon stimulation test, samples were collected at 120 and 180 min) for growth hormone
determination. Copeptin levels at each time point were measured using LC-MS/MS. The effects of
stimulation and correlations were analyzed using the Wilcoxon paired signed-rank test, Mann-
Whitney test, and Spearman correlation analysis. The results demonstrated that copeptin levels
increased under levodopa stimulation by a maximum of 8.47-fold of baseline (p<0.000 1), under
insulin stimulation by a maximum of 5.85-fold of baseline (p=0.031 2), under glucagon stimulation
by a maximum of 1.43-fold of baseline (p<0.000 1), and decreased under octreotide to 43% of
baseline (p<0.05). No significant correlation was observed between copeptin level changes and those
in growth hormone levels. In the levodopa-stimulation group, the maximum value of copeptin in
patients with AVP deficiency was significantly lower than that in non-AVP deficiency patients (p=
0.000 2), and the area under the receiver operating characteristic curve was 0.98 (95% confidence
interval 0.94-1.00, p=0.002 1). Our results demonstrate that levodopa and insulin can effectively
stimulate copeptin secretion, whereas octreotide exhibits a suppressive effect. These findings offer
important physiological insights into AVP regulation and indicate that certain GH stimulation agents
may have extended utility in copeptin-based diagnostic strategies. The LC-MS/MS method for de-
tecting copeptin has potential clinical value in the diagnosis of patients with AVP deficiency and can
provide a new detection method for clinical practice. However, the relatively small sample sizes
restrict the statistical power, and larger prospective studies are warranted.

Keywords: liquid chromatography-tandem mass spectrometry; copeptin, arginine vasopressin;

arginine vasopressin deficiency; growth hormone function test
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M E S IR A 0 7E g B R AT
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pL 5% R /K s MR e e 2k b i RN BR 2K o vk W ]
24 WL 10% 2K W H A A 50 pL 2 1 i
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S 200 pL 10% 22 /K ¥ W A B V% 50 plL
5% TR HY I 6 79 O, Wk M v 22 RO T I 50
pL 10% CIEKE 5, 0T EALR .

1.4.2 L&

{0, 3% #F . Waters ACQUITY UPLC® Peptide
BEH C18 #: (100 mmx2.1 mm, 1.7 wm) . i3 .
A MR 0.3% KR, B AN 25 5 56 5 VeI LY -
0~1.5 min, 10%B; 1.5~4.2 min, 10%B~18%B; 4.2~
5.5 min, 18%B; 5.5~5.6 min, 18%B~90%B; 5.6~7.0
min, 90%B; 7.0~8.5 min, 10%B. ¥%i# 0.3 mL/min;
PERERRL 10 w L s #ER 40 C; FEM EIRE 4 T,

B U R WS ST R B R OE R R R X A A
A 2 WAL L, 1.007.0 — 465.2(E B T
XF) 51007.0 — 653.4 (€ B F %) ;1012.0 —
465 2( NPREFXF) . RifERE 30 V, KFEHE 40V,
T EE 550 C, fif i <o
1.5 THEEINIE

P I R 52 5 = bR 1 4k P & (Clinical and
Laboratory Standards Institute , CLSI) C62-A"'F
Co4 " HEATHRIE .

20 YR PFERE I 1) {5 M H (signal to noise, S/N)=3
LI M 75 B 2 B (coefficient of variation, CV)<30%
B e B 52 o H BR (limit of detection, LOD),
20 K FEFERT ) S/N>10 DL K CV<20% # 5 S0 o
FR (limit of quantification, LOQ) .

X T R B B v S A I 5 v v
#% 3 7K (30,100 F1 200 pg/mL) (4 18 A 1L 375 B
Ao BAFEA MR R IEAT S WAL, 220 E S
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FE R A I3 RO bR oE S CES K S 43 900 ok
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H1 UG S D A R 2R VR R R A A
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i FERE i il 28 T2 7 BRI 6 44 SR LY ) L 8
B I IR 2R il D05 R AR B H AR L 2 ok
KA (1.25 F1 5 ng/mL) it AL H o B bR i db 1) 26 X
M) 17 (0 T AR R 43 T /9 s 6 T AR L M 5 A B R
I 775 H R I N7 2R AT B A, DA VEA P A A R S A IE
BTN
1.6 FitFHH

i 2578 1 3 2870 a5 4y ) b 6 £ (25th 43
B, 75th S0 B0 FCE (A ) sk RoR . A

Wilcoxon Fi X 45 5 Bk A 56 43 v 3] 98 5 36 v A IR R
FEL K5 & A B ] 55K DA S e KA/ IME Y
25 AT R 2 T LR FIIRER 5 GH K2
() B R DG 1 o o FH 2 - BERE S B R A 5 43 BT RR AT A
ANEA AVP-D 1532 3 E 78 20 e 22 T FIIR R
I KK 22 5 o (3238 % TAERRE il £k (re-
ceiver operating characteristic curve, ROC) 43 #7
7o e 22 BRI IR 3R S KAE XF T2 B AVP-D 1Y
PERE . 2 B A Excel  IBM SPSS Statis-
tics 27 1 GraphPad Prism 10.1.2, p<0.05 £/~ H
BEEG IR L.

2 HR5WiE

2.1 LC-MS/MS I i& 1Rk & i 7E i% B 1 BE

YRRV B 5~1 000 pg/mL(7>0.99),
o th R R 2.5 pg/mL. b AR %5 BE (R B %)
5.2%~12.1%, SE 50 % N AAE B R 8.1%~13.5%. [l
WK A 95.2%~103.1% 283k INFR I IE J5 , 56 5 3000
7 82.3%~118.8%. AMERN M 15 YL

FE A 5T A, FRATT E B BT 8 57 ) LC-MS/
MS & W J5 ¥ 5 4 8 F W A B-R-A-H-M-S
KRYPTOR 3% V- 5 # 47 T KRG AT, KB & A
KA 43 He BE X 6] P — S PE |47, Passing-Bablok [1]
5 )5 T B A 6 R B r=0.926 (95% & {5 X [d] (CI)
0.894~0.949) , &1 % 4 0.989(95% CI 0.89~1.09) , #
BE K 1.75(95% CI -1.51~4.67) . HAb,Z T EAZ
VI R I I Y TR . R LC-MS/MS i R AH
XF A2 2% BT R A8 I PRV T 37 50 BT 0 Ab S
i .
22 ZREBELZKTE

Al Z M GH 244550 9 5 Z AR GH 2%
A iR O | B v IR 3R U % e A B it B ORI  )
I 28.7.20 F1 7 24 323, AR I h A 50 i)
4 7.0.7.0.35.5 F1 54.0 % . &4 GH K-
£ (25th 40 7 %8, 75th 43 60 %00) 20 51 28 1.1(0.2,
3.07) . 0.5(0.3,0.6) .2.05(1.32,5.72) il 6.8 (4.6,
24.4) ng/mL; GH iz K {H 19 9 07 85 51 b 10.4
(6.55, 14.225) . 8.4 (2.6, 12.8) fl 4.45(2.20, 9.85)
ng/mL, % i BRSO3 GH S5 /ME 0 A7 5K
1.9(0.4,3.3) ng/mL. 7 €% [ GH 2% 4y ik 50 Fl
By ZAR MR GH 244350 1952 1103 ik 12 Ji R 3 2 &
BN o oy 50A 5 F 3 A B2 I ok A K i 2 Bk
ZIE .
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FEZE iR 2 B GH 2% Ay i ge gl v, K R 3L 4K
S b 7 B (25th 43 7 2L, 75th 43 47 5L R 24.40
(14.05,36.40) pg/mL, Ik F A Jig 2 )5, AR &% 0%
{7 B0k 255(60.72,807.25) pg/mL, 2 2k K F
1) 8.47(3.27,28.45)ff% . £ 1 R T A2 LA
T 5 40 18] 25 B ] A5 AR 2R 7K SF- . 10 44 (35.71%)
HEE AR Z K P 1E 60 min B[] 50k B 16 E , 6 44
(21.43%) B # 76 120 min B 35 8] & H , 5 4
(17.86%) f& & 1 I AK 7K - 76 30 min B [i1] £ 35 5]
WEAE LT 3 44 (10.719%) 58 3 14 R IK 28 7K 7 & 3 7
o AR IR A T R GE 1Y 25 5 AVP-D B E A
PP 8 35 ) 1k % 12 b % {H 3.8 pmol/L (15.276
pg/mL) , 27 % (96.43%) & # 1Y A1 K K /K F 8 18 %
FHA
FE 9 5 AR M GH 2% A i 50 b, 1 b 5 AR E
By A8 A 2.1(2.0,2.5) mmol/L, I ik & 3£k -
B A 0k 23.50(17.00, 62.40) pg/mL, & {5 /K F
() AL BN 200(34.60,290) pg/mL, S 3 2k 7K SF- 1Y
5.85(1.17,12.34)f% . # 2 o T 15 R K M5 2%
A3 56 40 18] 45 Bsf 0] A A R R OKSE . A BE 2 4
(28.57%) & # 19 FIK 2 K F- 78 30 F1 60 min Fi [H] 43
KB WA, T 1 44 (14.29%) H & 19 ALK KOS oK H
BT o MRl R AR A S Y R K R 2 W AL
15.276 pg/mL,7 £ (100%) £ & {1 Fl ik & 7K F ¥ #
*1

SURCE S

AE 9 v 100 2R U A R g W U () e o B
4 9.25(7.85,11.72) mmol/L. HIfik % 54k K ¥ 1Y
rAE %l 11.90(8.80,21.40) pg/mL, W {8 1 v 137 %5
M 23.40(11.95,52.55) pg/mL, J& 3£k K F 1Y 1.43
(1.04,1.73)f% o 2 3 o T 45 W) 8] A5 /% 0 Ik 3 K
o 8 44 (40%) F 4 1 AT IK 25 /K S #E 30 min B [A] 55
IKENEAL , &4 3 4 (15%) [ 3% 7€ 60 1 180 min i}
Ik ENEAE L I 4 44 (20%) B 3 0 F1 K 2 K OF A ) 31
TEE o AR IR A A R e OB R RK 22 W B (E
15.276 pg/mL, 12 £ (60%) H & /) I ik 2 7K - 7 3%
K ARG A% PHE

e B R ARG R K 3R S 2R K P 1 v 7
M 20.50(12.90,72.90) pg/mL, & Ik {8 B 17 %8
M 6.19(5.35,31.50) pg/mL, J& % £& K F 9 0.43
(0.30,0.58) 5 . % 4 W T 45 W [8) 45 A4 A K & K
Vo A 344 (42.86%) B AR R K F-7E 2 1 8
h A [ 83 B R I .

AVP T REFE 5 7] BE R 80— RV IR ZE T L 46
PPS Fl40 FIl BRI 2 40 0 5 28 B AR S, AR
K, PPS ] 5 =25 : AVP-D (i Z: 7k Ay AR 1 SR
JRE ), HL AR SRR P i RN 4R S i AVP 1 G BRI
YU s @AVP HEHT (G KBRS B PR R A E ), &
R WX AVP B BUBME R L @ PP, Hgs o R
RS 217 OSBRI A R IR YT, HE T A B
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Table 1 Changes in levels of copeptin and growth hormone during the levodopa stimulation test

Time/min C Copeptin)/ (PE/ML) Copeptin fold change C omy/(ng/mL)
0 24.40 (14.05, 36.40) \ 1.10 (0.20, 3.07)
30 52.00 (27.30, 734.70)" 1.91 (0.89, 21.00) 7.85(2.30, 11.17)
60 144.00 (46.85, 310.75)" 4.82 (2.10, 13.00) 8.15(4.27, 13.07)
90 88.40 (30.50, 196.50)" 2.36 (1.31, 9.23) 4.00 (1.40, 5.50)
120 71.45 (35.67, 196.50)" 3.33 (1.54, 8.88) 2.00 (0.72, 3.90)
Maximum 255.00 (60.72, 807.25)" 8.47 (3.27, 28.45) 10.40 (6.55, 14.22)

* There is a significant difference from the 0 min level (»p<0.001). Values are presented as median (25th, 75th percentile).

%2 BBEROMXEREEHRE ERAEN DMK FEL
Table 2 Changes in levels of copeptin, growth hormone and glucose during the insulin tolerance test

Time/min C (Gopepiin)/ (PE/ML) Copeptin fold change C o/ (ng/mL) C  rucose)/(MMOI/L)

0 23.50 (17.00, 62.40) \ 0.50 (0.30, 0.60) 4.80 (4.80, 5.30)

30 120.00 (27.10, 245.00) 2.12 (0.92, 12.34) 4.30 (1.70, 12.80) 2.10 (2.00, 2.50)

60 90.20 (34.60, 123.00) 2.20 (1.17, 4.30) 4.30 (2.00, 11.20) 3.90 (3.40, 4.20)

90 58.30 (29.10, 136.00) 1.51 (0.98, 6.36) 2.50 (0.60, 7.00) 4.50 (3.50, 5.00)

180 51.00 (30.10, 145.00) 3.11 (0.85, 4.13) 0.70 (0.40, 2.90) 5.10 (4.40, 5.40)
Maximum 200.30 (34.60, 290.00)" 5.85(1.17, 12.34) 8.40 (2.60, 12.80) 2.10(2.00,2.50)

* There is a significant difference from the 0 min level (p=0.0312).
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Table 3 Changes in levels of copeptin, growth hormone and glucose during the glucagon stimulation test

Time/min C copeptin/(PE/ML) Copeptin fold change C e/ (ng/mL) C rucose)/(MMOI/L)
0 11.90 (8.80, 21.40) \ 2.05(1.32, 5.72) 5.25 (4.82, 5.77)
30 16.95 (9.05, 29.80) 1.09 (0.80, 1.47) 2.35(0.70, 5.05) 8.75 (7.72, 10.32)
60 12.00 (8.75, 31.67) 1.01 (0.75, 1.33) 3.10 (1.15, 7.10) 8.95(7.02, 11.55)
120 12.50 (8.24, 39.82) 0.87 (0.70, 1.37) 2.20 (0.80, 4.05) 6.50 (5.55, 9.12)
180 17.10 (6.57, 288.05) 0.85 (0.61, 1.50) 2.85(1.92, 5.35) 4.95(3.75, 7.42)

Maximum 23.40 (11.95, 52.55)" 1.43 (1.04, 1.73) 4.45(2.20, 9.85) 9.25(7.85,11.72)

* There is a significant difference from the 0 min level (p<0.001).

R4 BREBMEREPAMREMERBENAESL

Table 4 Changes in levels of copeptin and growth hormone during the Octreotide tolerance test

Time/h C, /(pg/mL) Copeptin fold change C ony/(ng/mL)

Copeptin

0 20.50 (12.90, 72.90)
2 12.10 (7.24, 31.50)"
4 16.70 (14.50, 63.30)
6 18.10 (5.85, 58.80)

8 11.30 (6.19, 40.30)"

Minimum 6.19 (5.35, 31.50)"

\ 6.80 (4.60, 24.40)
0.70 (0.43, 0.92) 1.90 (0.50, 4.10)
0.87 (0.75, 1.09) 2.50 (0.40, 3.80)
0.81 (0.47, 0.88) 3.30 (0.80, 3.90)
0.57 (0.30, 0.76) 3.40 (0.60, 5.00)
0.43 (0.30, 0.58) 1.90 (0.40, 3.30)

* There is a significant difference from the 0 min level (p<0.05).
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Fig.1 Correlation between the maximum values of growth hormone (GH) and copeptin in the (a) levodopa stimulation

test (n=28), (b) insulin tolerance test (n=7), (c¢) glucagon stimulation test (n=20), and (d) octreotide tolerance

test (n=7)
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Fig. 2 Correlation between the fold change of GH and copeptin in the (a) levodopa stimulation test (n=28), (b) insulin tol-
erance test (n=7), (c¢) glucagon stimulation test (n=20), and (d) octreotide tolerance test (n=7)
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Table 5 Clinical features of patients with arginine vasopressin deficiency

No. sl A Ccopeptn)/(PE/ML) C g/ (ng/mL)
0 min 30 min 60 min 90 min 120 min Omin 30min 60 min 90 min 120 min
1 F 61 0 1.91 1.55 3.67 3.43 0.1 0.1 0.1 0.1 0.3
2 M 42 7.07 30.5 17.9 13 14 0.3 0.2 0.2 0.3 0.4
3 F 10 8.91 12.7 9.65 12.8 17.1 0.1 0.1 0.2 0.3 0.1
4 M 13 2.69 8.19 7.08 10.6 8.16 0.1 1.8 1.3 0.4 0.9

F: female; M: male.
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