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[(FEE1 BR @& i &R 3 K% M (plasma renin activity, PRA) ¥ A1 8 3%-55 8% F7 3% (liquid
chromatography-tandem mass spectrometry, LC-MS/MS) # % I J5 ¥ , FI 5. 19 57 25 55 1 & 28 2 o 49 TR & Pk s
fill 3% £ JiE (primary aldosteronism, PA), 7 i% arginine "C "N /E & W #r, % i Phenomenex Kinetex C18 #i:
(2.6 pm, 100 mmX 3. 0 mm) #7438 AL 55 °C. FEhH N 0. 2% KR AN 0. 226 H AR B RV T, o Ry
0.5 mL/min, B BEVEME . 25 B34 07 155 00 4 53 BRI L BE A TS Y B R M 2 B PR (lower limit of measuring
interval, LLMD) 2% 1 ARG 25 B . g 8 s g — 500 R I 3 A A A g k. SR LC-MIS/MS J7 i1l 52 296 4 3%
T fi B AT (B 1 153 44 4ok 143 4, T 34E IS 48 58) K 360 44 i 1L R B8 3% CR A94R8 52 % . #fiis R PA 27 fi))
B I 2% RE A PRA ., 3 5 7k 5 #0092 ¥ (radioimmunoassay , RIA) 47 [ #K . S8R %07 Beil ik 7 e S Pk 368 5 A% 6
HeHivo g A PRI RETEM . PRA F K I 28 M S Bl A 0. 084 4~30. 000 0 ng/mL; PRA fi§ LLMI 3 0. 084 4
ng-mL ™ '-h™"; H [a] FIHE P9 09 A K 85 5 A8 55 & %k (coefficient of variation, CV) <15 % ; 1 5 & i 2% $<<15 % , [a]
RNy 92,28 % ~102. 62%  BESLHI Y B % X[l 0. 25~5.12 ng-mL " “h™" (32fi) ;5 RIA H#E, 45 A1 56
PEEAF (2 = 0. 81, P<<0. 05), (HFF 1E — 18. 5% [ { 7 ; LC-MS/MS Jif % PRA ) B [& il /B & & 2 bk 8
(aldosterone to renin ratio, ARR)XF PA HJ32 Wi S v 5 R 8B 43 3k 96. 3% 5 91. 0% . 12 Wi o 6 B £ (AUC.
0.983 vs.0.894), i FRATE THERAN PRA 1§ LC-MS/MS Jrik . i& & F It R 7 M Pk i 25 PA,

[X8RY  M2RE R IEME(PRA) ;. JROM - BRI BT % (LC-MS/MS) 5 i % 1k ik [ i 18 2 i (PA)
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Method development and clinical application assessment of plasma
renin activity (PRA) by liquid chromatography-tandem
mass spectrometry (LC-MS/MS)
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GUO Wei', BIAN Hua®>, WANG Bei-li'
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[Abstract] Objective A method for the detection of plasma renin activity (PRA) was established by
LC-MS/MS for the early screening of primary aldosteronism (PA) in hypertensive patients. Methods
Arginine "C and” N were used as internal standards, and we selected Phenomenex Kinetex C18
(2.6 pm,100 mm X 3.0 mm) for separation with column temperature of 55 “C ,mobile phase of 0.2%

aqueous methanol solution and 0.2% formic acid methanol solution, flow rate of 0.5 mL/min and
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gradient elution. The method was investigated for specificity, matrix effect, carryover contamination,
repeatability, lower limit of measuring interval ( LLMI), linearity. imprecision, recovery, dilution
consistency and plasma specimen stability. LC-MS/MS method was used to determine the plasma renin
activity of 296 healthy individuals (153 males and 143 females with mean age of 48 years) and 360
hypertensive patients (mean age of 52 years, 27 patients diagnosed as PA), and compared with
radioimmunoassay ( RTIA) methods.  Results The method passes the performance evaluation of
specificity , matrix effect, carryover contamination, and repeatability. The linear range of PRA was

0.084 4—30.000 0 ng/mL. The LLMI of PRA was 0. 084 4 ng-mL '-h"'. The imprecision coefficient

of variations (CV) were less than 15% between days and batch. The accuracy deviation was less than
15% ,and the recoveries was 92.28% to 102. 62%. The biological reference interval ranged from 0. 25
to 5. 12 ng-mL "~ "-h™' (standing position). Compared with RIA, the correlation was acceptable (" = 0. 81, P<C
0.05) ,but there was a bias of — 18.5%. The specificity and sensitivity of aldosterone to renin ration
ARR (LC-MS/MS method) for diagnosis of PA were 96.3% and 91. 0% ,and diagnostic performance
was better (AUC. 0. 983 ws. 0. 894). Our study established an accurate LC-MS/MS

method for the determination of PRA, which is suitable for rapid screening of PA early in the clinical.

Conclusions

[Key words] plasma renin activity ( PRA) ;
MS/MS) ;
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R,
OB M O vk MArm i sl fEG A 2 mL 1% BSA [y 0.1
mol/L Tris (pH = 6) TAEZZ il HE B %5 % 10 pg
{EEFNiXF AB SCIEX® Triple Quad 6500 + arginine *C "N, Hl B 5 000 ng/mL (4 N 5% &

LC-MS/MS R Gt prife it A NI Bk R | SRER
KEW (S mg, BTG AR AR A D N
Frh A Ang 1 £20€ [F 2 2 N 8 arginine "C ®N
(5 mg, Anaspec, Fremont, &R e LW Rl 4 A
FRAED s T E IEH AR A M3 SeraCon™ I (£
|E SeraCare Life Sciences 2 ) ; H ¥ (2 [E Merck
A B R 4 M TE B & B (K Sigma Life
Science 23 H]) 5 78 HY L 6 [k % (£ [ Roche 12 Wi 24
7] ; Tris Base i (7% [ Roche 12 Wi s ) 5 IR (3£
[E ROE scientific /23 a] , @ 8O A €15 0 .

BENA ABEAA 2017 4E 12 A F 2018
1 He TE B REME P Il BE R T 12 N 7 R
FEAAFEIE AT PRA 19 360 44 25 I, s 55 3% % [7] 4
TE TR e RS HR RS 1 296 44 Rl BEATE . T
FEAS R IR AT T 2ok A 244K 52 HL 2 B v 1 5 B 2
P2 01 2 b o S A8 3 VI ) A

e L £ A AR T < R v i s 12 T AR i
2010 AR E S L B R HE M . o 27 6] PA Y
ZWHRAE A 2016 4 v [ i 2 (0t 4 1 1 [ P 1% 22
KE 12 BB IT 1 % K3

ARG 2% 10D it BN BE 8 A BR A AR IR =18 %5
BMI 4 18. 0~35. 0 kg/m?; Ifl £ T 5% (< 130/80
mmHg,1 mmHg=0. 133 kPa) ; Il 88 o 7 % (2. 8~
6.2 mmol/ L) ; A&k FI B s 25 W) sk & ok B2 VR 97 s TTl
HHWETE 5 0™ F i o 1O JUE 9 5 TC 0 BT RE 3 R LA 1Y
DIIREAE T VB TIREA 2 AR T IR I FL I IO % .

FRARE il EDTA it =S RERH
KL . JRPRC2 D D B0 4 B L3R T 43 2 B 4R
JEE LN, — 80 CHRAE,

MESREE fE2 mL REE ERH NRA MK
HOERR VAR 10 pg Ang T BECHIAL 5 000 ng/mL 1R
HEGE BT o B At 48 W A% B — 2 LU 93 BE Oy 0. 337 5
(S1).0.675 0 (S2),1.350 0 (S3).,2.700 0 (S4).
9. 000 0 (S5) & 30. 0000 ng/mL (S6)FrUE T . 435
Ja = 80 CORAF AN RERC A .

A S Bk TETCEER R AR G 3%
ViR 10 pg Ang LFECHI S 5 000 ng/mL AR HERE 5
W WAl —E B mBER 20,40 &
8.0 ng/mL B4 dh . 4r%JE — 80 CLRAF# I A

Wo K Ang T PIARE R 1020 B R /K 5 WA 1
% 10 ng/mL,

FEARBIALEE W5 I3 AR v i L BT 5 R R
BU A B i, (D MFE RO 43 BIEL 250 pL
B T R R L L A 50 pL B 2% of
W.BGIRA G 37 ClE 3 h, MELHEMA
300 uL. Ang | SIS 35 1H A Ja A R BEAE S . W0 5 2%
P Y IC 4y I EC 1210 1 g Tris Base 5 74.0 g
EDTA, A 900 mL 2% T /K J5 #74 30 min, B £
TERWME N EE T KEARZRT 000 mL, &5
VKR 98 15 pH & 5. 45~5.50,2~8 “C {3 7%,
(2) [& #H #€ B . f# ] Waters OASIS HLB uElution
96 FLAR AT 1 45 RN AL B, LT 1 P FR N 5 00
FBR /K S W 1 ol X SERL A7 14 A0S AL i AT
B INLJE 600 L R A CHfi 32 SUAR o ff D 28 17 il 42
FNAL I AR YA 5 260 H R /K ¥ W 20 06 F B K
WA 1 mL AT IRGE S 3 iR AS TR A1 1 2% ot vk I3
i Ja T 250 L WEER B A5 43 8 9 LA SRR [
2 NARUE I AREA AR .

BESIHMEGHESRIEEE @CiEHEN
Phenomenex Kinetex C18 (2. 6 ym X 100 mm X
3.0 mm), #EE 55 ‘C. Fshi A Ry 0. 2208 I EEK
VWL W E A B R 0. 2% Y R H R VA U R
0.5 mL/min, $¥e BE#S EVEME (3 1. AR
BN AL BRI B AR R 5 pl. RS AR
h Ang 1 %E B FXF (Gm/2) R 433. 1647, 5,
HESLHL A 46 VRl fERE &4 22 V; Ang T SIS i &
I BGFXF (m/2) 2y 436. 4—657. 5, HEfLHL
46 V. flpfERE N 22 V. B RRE B LA 1,

F1 WNENELEE
Tab 1 Gradient of mobile phase

Time Flow rate
(min) (mL/min) A (%) B (%)
0.0 0.5 90 10
0.5 0.5 90 10
1.5 0.5 5 95
3.5 0.5 5 95
3.6 0.5 90 10
6.0 0.5 90 10

A. 0. 2% aqueous methanol solution; B: 0. 2% formic acid

methanol solution.
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Fig 1 The mass spectrometry cleavage information

FiEFEER

FgE  COFEFE TR B AR A I
AR WS FIREAS 2 FT A3 5 2 s RER I 5 Ik,
L85 S 04 1 AR S 1A R BR (lower limit of
measuring interval, LLMD) g 2 . 56 0IF % J7 12 B0 5
SR, T R E B/ LLMI i 1) AL <20 26 B A W7 o4
AR . (20 HE RO - 3 BOE B IR A 25 1 L3
WA, i b BE A 25 4L 9 ng/mL Fl 100
ng/mL B FRHE S bR 5 g0 B 10 £5) . 4 i bRA )
AR 5 U, LA il 5 R BT AN 4 VT AR 5
A (MEY%) s ME % <100 % £ 15 % B 5] Wt > 7] 4%
%o O#EAIGYL  AE 250 pL HEEH I A 25 pL ¥
JER 100. 0 ng/mL (4 45 #E i S7 1E by i (b5 A<
(10. 0 ng/mL); £ 250 pL BHEEHFIIA 25 ul 9.0
ng/mL FRAEM S5 VE B AR FR A (0. 9 ng/mL), fik
HARA AR 5 U, w5 MR . =K
LG A i B (B S AR e S e i I 2 22 /0 T
- A 5% ¥ 2 & 9 3 A% F5 1 22 (standard
deviation, SD) BV H Wi 2 v $% 52 . (4) T & 1% - ¥ 4
HESFBEE 110% LLMI (0. 372 ng/mL).90%
LLMI (27. 000 ng/mL) #1 50% [(LLMI+ ULMD
15. 169 ng/ml, ULMI: upper limit of measuring
interval G &Kzl b FRO JHE b f M AE & . 28w Ak
PR 5 R vk B R A B A R AR 20 WKL 3HEE SD AN
CV,CV <15 % RIH i o] #2257 .

P RE B i

Ew TR OB AR UE S 4 bR ME RO
0.337 5.0.084 4 F1 0. 042 2 ng/mL, &k HE
Bl 10 %, F [ e 2 CV <1500, K I i fay

(deviation,Dev)<C10% H {F Mt kv >20:1 B K He
JEAE E O A R

LVEVEAY BB 100 ng/mL 9 A5 U dh #
B 6 ANk EE (30, 000 0,9. 000 0,2. 700 0, 1. 350
0.0.675 0.,0.337 5 ng/mL), FE & 3 WHIH.
W BE B Dev<<10% ,CV<15 % H. il £k %[5 15 & %%
(r*)=>0.99 ] F Wi by LM,

ANE B VRS A (8.0 ng/mL)  H1 (4.0
ng/mL) ik (0. 25 ng/mL) 3 >k BE /K- 4 5 45
YRR R DA fh 43 30 [) B A2 0 200 0K, 37 4 41t 9 A
WK G MK 3 % T — 20 CORAE, LA 3
KGRER 3 WG IEM A% . LLMI ik E
3 REBHE AR CV<T20% , Hidy CV<T15 %6 B 7 4
A,

WERR PPN 7 3 MUR A B B4 il (2. 0.4, 0
8.0 ng/mL) Al H B IARHE S S4 (2.7 ng/mL) %}
FEA T AT 5 B L IF 5 BB E AT LA
i Dev, WERGRE Dev<<15% HAR M BF Dev<<20%
RV 7 Sk P A7 . SO T G 2 80 %0 ~120 %,

Wi —FrE By 100 ng/mL By A5 HE i
ST WBERE 3 AW (20,10.5 ng/mL) , i 4b B 5
B AU B ARSI 5 UK, Y W >3 A LLMI
B R 2 AE 100, 0% £ 15. 0%, CV <15 % Bl 5
RN

FEATEME e R e tE UK. & & 2 4
RA MK FEA S 5 E T 25,4, — 80 CHRAF 15 h )5
HEATRG I, LA 4 LI EMESE CVY%,.CV<T
15 0 B A K7 o0 o] 452 5% . I VR AR R 4R I Ak PR AR
£ R FBEMLECR YL OR T E A 76 360 41 5 1
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FEE AR AS T R AL R B 20 B I ARE L 4% 3 A [ b BEE
SRIEAT L2 53 855 43 R 3 Fh Ak RIS ) PRA TR
PHES CVY%,.CV<15% B AW Rl 8% . bRA R
G STBN B M3 . F 37 CHEE 3 hsbr A RAE G 7
REorBg e . T 4 ChE 5 h J5 T 37 C#E 3 hsbr
AR JGEE 5 ho MR B . F 37 CHEE 3 h

s R4 LR S X ]« % T R B
R VE AT 43 41 I e 20 B 2 5 AR M 25 5%
WA 2 5 0] 43 21 5 N7 2 2% DX TR) 5 5 5 AR 6 1 43 A A
T AT 1% ARG U =2 [R] 2 75 A7 A6 AH DG M A 7 A8 A G
P DU R B 4 0% 43 B A ST 55 DX J) . ) O e B R 2
REBNER A AEES M 2.5% 5 97.
SYHHAMNEBIERNSE X LTI, k¥ 5
RIA Kl B 4% PRA 25 A7 — v 5 W a5 37 10
W6 PR 7 L FE A < F LC-MS/MS Fil RIA 1 7 75 4%
BT ARR VRN P HLE X PA 12 W7 9 2 0%
Bk R TR i Wb fE .

GitZE oM i SPSS 17. 0 AR IE .

A 2.06
5000 Ang [
. 4000 Q1—Q3
= m/z 433.1+647.5
£ 3000
8
£ 2000
1 000
O " -
1.5 2.0 2.5
t/ min
C
2.0e5 2.05
Ang |
_ 15e5 ¢ Q1>Q3
= m/z 433.1—+647.5
5 1.0e5 |
K=
5.0e4
O 1 1
1.5 2.0 2.5

t/ min

SD.CV. Dev il [5 4§t %, fifi ] Skewness-Kurtosis
o 5 #2 ¥ ) W %% 4 IE & ks fff ] Stem-and-
Leaf & Box Plots T3 5Bk &5 (8 5 £ 4 2 Bopk A
Ko 9 58 v 53 M o2 75 A7 72 P 3l 22 5 5 i ] Spearman
A DG 43 A ) T A 158 RS 1 22 (] S A5 A 7E A DR
PE . D5 R R4S 3 LA PRI ST AR A Y ¢ A6 3 i AT
I3 hr . P<<0. 05 N ZFA G E L. ROC £
Hr BRI T 5 5 RIA Fr 345 /X F PA 2 )
AR A

45 R

FiEREWIE

T B i

LC-MS/MS kil bRife st S3 ALK AR A Ang
I (m/2:433.1—647.5) X HNIrH Ang [-IS
(m/z:436.4—657.5) Byt 3% & WL & 2, F B 1) a] 43
A 2,06 F 2. 05 min,

2.0e5 2.06
Ang [-IS
1ses | Q1-Q3
= mlz 436.4—657.5
5 1.0e5
=
5.0e4
0 . ,
1.5 2.0 2.5
t/ min
2.5¢5 2.06
Ang [-IS
2.0e5 Q1-Q3
2 mlz 436.4—657.5
‘5 1.5e5
g
£ 1.0e5
5.0e4
0 1 Il
1.5 2.0 2.5

t/ min

A and B: The chromatogram of the standard S3 Ang I and Ang I-1S;C and D: The chromatogram of the plasma sample Ang I and Ang I-1S.
2 LC-MS/MS i il PRA #) & i& &
Fig 2 Chromatograms of PRA detected by LC-MS/MS

ek WS H 3R R SRR 5 RS 21 &
W a7 FL/LLMI I i A2 4 5k 3. 61%. 3. 02%.
4. 14% 2. 43% F1 0.99% , ¥/NF 20% . HAh, i &
e T B/ T IS e 1 AR 3 I S 0. 1196, 0. 1854,
0.18%.0. 09% F1 0. 09% /N F 5% . LIILIRIEZ
J7 ¥ B RE S R

FFALN W AR, & E (9 ng/mL. 100
ng/mL) B it 19 I 2% B B A 4l MR 1945 5 HO (e
(ME %) 43 51124 93. 88 %6 (IR ) F1 103, 02 %, 15t B
I 3 55 50T AR R Ve BB R A 11 5 ) 3 0l R I B
0 R R 5 I B A 15 060 22 9 U AR
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oo gy IR e A A B S IR A 5
ke S B AE 43 0 R 0. 353 1 0. 372, B #F Y 2 (d
(0. 019 /NTF 3 A AR-ARAE &% e 4 5 SD, A Wy 4y 7]
%
THEME  110% LLMI (0. 372 ng/mL).90%
LLMI (27. 000 ng/mL) Fl 50% (LLMI + ULMI)
(15.169 ng/mL) 3 Bk FE M BEAR UE i (19 CV 43331
5,17 %.2. 00% F1 7. 93 % , $4<15 %6 Bl H1) by Sy w]
%2

M Y B iE

ER TR R bR ME S 4 bR ME R
0.337 5.0.084 4 1 0.042 2 ng/mL, BN WEES
K 10 ¥k ,0.337 5 F1 0. 0844 ng/mL W BT CV
A3 A 5.36% F 11, 76% (3 <<15%) . H Dev<<
10% 5 >20: 1, At LLMI 34 0. 084 4 ng-
mL ™ “h™', WREELE 0. 042 0 ng/mL B}, {3 W H i
JEE/D3:1,CV M Dev i /& I T 150K U BR (limit
of detection, LoD)Z 3R ,{H AN GEW & LIMI Ay R,
Hi 0,042 0 ng/mL g 2 BUig a0 J5 219 LoD,

LYEVEAY By 100 ng/mL 9 5 1 & #i
B 6 AN BE (30. 000 0.9. 000 0,2, 700 0,1. 350 0,
0.675 0.,0.337 5 ng/mL), EE K 3 YHII(HE.
LLMI ¥ JBF 5 B B A S 1Y Dev<<10% H CV<C
159 ) 3 & # I B SR, PRA Byl T 5 fE g v =
0.091 72+0.010 3, 43 2% > = 0. 99, PRA {4
PEFE R 0. 084 4~30. 000 0 ng/mlL,

AHEBEETAN (0. 25 ng/ml) . H1(4. 0 ng/mL)
FIE5 (8.0 ng/mL) 3 NHBEKF ) PRA IR IR Ff5
SO N AKE B RE Sk 3,54 % 1. 32 % 1 1. 88 %,
I [A] ARG 85 B8 43 328 5. 69 % 2. 22 % 1 1. 92% , 52
B 25 R WoR 3 WRPEKF Bods an AL N AT H B CV 8
<15 %6 1 I AR LR

HERA BE DAY SCIm 2 R WORAG H  3 R
ISP 54 B Dev 43 5l D — 8. 8100, 2. 18% FiI
2.62% s Dev <1550 . i & 0 A A A 2R . [Tl
FH 91, 28% ~102. 62% . FF A& 80% ~ 120% 1Y
PR .

Wi —BrE R BE N 100 ng/mL A5 o &
P& 3 AU (20,105 ng/mL) , Z i Ab 35 4
ANV B HEREREIN 5 R (32 3) . 100 ng/mlL (33.3 ng-

mL"hT DR 1220 i B [l R A CV H 3 2

®3 PRAGER—HUK
Tab 3 The dilution consistency of PRA

Theoretical

. Level 1 (1:5) Level 2 (1:10) Level 3 (1:20)
concentration

1 19. 10 8. 70 5.28

2 18. 80 8.51 5.22

3 19. 40 8. 46 5.15

4 18. 80 8. 41 5.23

5 19. 00 8. 61 5.18
Recovery (%) 95.10 86. 00 104. 24

CV (% 1.31 0.98 0.95

Level 1:20 ng/mL;Level 2:10 ng/mL;Level 3:5 ng/mlL.

FEATENE AR Pk AR R & 2 IR A M
WHREATE 25,4, - 80 CAR-AF 15 h J5 .4 U &5 51
EREGHFEX(P=0.14), MFEFEARFE G L
PRASE PE 20 BIBEHL M FEF A1 A2 Al B J7 AT
M35 883 FiAEARL LS (1) PRA 2R 45T &
SL(P>0.05), L Al k7 100% . 35k A2 F1 B 4111
AsrtbesiflE 3,

I R IEME 296 44 2 1 fa Fe A HF (5P 153 44l
M 143 6D B ST A TG B R AR IS Oy 48 (23~
82) %, BMI 3} (22.55 + 2. 21) kg/m’, I 4 JE Ky
(112£17) mmHg, 73Kk KA (75 £ 11) mmHg, fi#f
H9(3.77+0.5) mmol/L. B L&adlja N1 g5k
LR TG E X ALD 255 5458 oA 5 1 (r =
0.06) . RHIESEHET & AW 2% X EE L
2.5%~97.5% 43545 5k 0. 25~5. 12 ng-mL "
h™" (3700,

TR 360 ) & i H A ks R 12
PA BREA T 27 ], Ho o B LC-MS/MS #il RIA
Z5 R Z 8] 1 AH & 1 » Spearman AH 3G A6 5 45 5 R
P =0.81,P<<0. 05, & 45 R — S i (| 4).,
Bland-Altman plot [8 £ A& 45 24 W J7 35 r 45 45 22 1)
BIE O3y WG 5 vk Z ) AR X 22 . 5 RIA 45
A H, LC-MS/MS J i 114 65 25 5 (1) °F 21 22 hy
-18.5% .

e Bk Bz A VE il AR 4l 9 O R 25 R
ARR, 26l W Fh 5589 ROC i 2 (& 5) , fli 26~ 1
FLLC-MS/MS Jy 0. 983 (P<0. 05), RIA J30.894
(P<<0.05), LC-MS/MS Fif§ PRA & K ARR
Xt PA W2 Wi PERESE (. LA 30 /E A ARR A9 ) 5%
LC-MS/MS [y 2 0 & #1551 43 51 28 96. 3 % Al
91. 0% , B AR RIA W12 iRy 51 (99. 400 847, (1
R (33. 3% g e,
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0 Sample No.
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