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Abstract: Objective To establish a high performance liquid chromatography (HPLC) method for the determination of the
concentration of citric acid in human plasma, and to investigate the correlation between the concentration of citric acid in the pre-
filter, post-filter and filtered plasma in patients undergoing local sodium citric acid anticoagulation (RCA) in continuous renal
replacement therapy (CRRT). Methods Plasma samples were precipitated with methanol, and the conditions for determination of
citric acid were as follows: The chromatographic column was Eclipse Plus C,;column (250 mm x 4.6 mm, 5 pm), the mobile phase

was 0.1% phosphoric acid solution-methanol (98 © 2), column temperature was 35 °C, injection volume was 20 pL, volume flow
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was 0.6 mL-min~', detection wavelength was 215 nm. The established HPLC method was used to determine the concentration of
citric acid in the pre-filter, post-filter and filtered plasma of 40 patients with CRRT using RCA. Pearson correlation analysis was
used to analyze the correlation between the citric acid concentration in the pre-filter, post-filter and filtered plasma, the citric acid
pump speed of each patient was recorded, the coagulation degree of the filter was observed, and according to the coagulation
condition of the dialyzer and the pipeline after the blood purification treatment was graded. Results The specificity of the
established HPLC method for the determination of citric acid concentration in plasma was good. The matrix effect was 90.25%—
101.23%, the recovery rate was 89.90%—97.00%, the intra day precision RSD was 2.60%—8.94%, and the inter day precision RSD
was 2.48%—7.31%. The samples were kept at room temperature for 0, 12, 24 hours and 4 °C for 1, 2, 3, and 4 weeks, with good
stability. The citric acid concentration in pre-filter plasma was (2.93 + 0.97) mmol-L™', the citric acid concentration in post-filter
plasma was (2.42 £ 0.77) mmol-L™", and the citric acid concentration in filtered plasma was (2.89 + 0.81) mmol-L™". The Pearson
correlation coefficient between the concentration of citric acid in the filtered plasma and the concentration of citric acid in pre-filter,
and post-filter was 0.672 (P = 0.00) and 0.734 (P = 0.00), respectively. Coagulation condition of filter in 40 patients: 32 cases were
grade 0—1, seven cases were grade 2, one case was grade 3. Conclusion The established HPLC method meets the requirements of
biological sample content determination, and can be used to determine the concentration of citric acid in plasma. When RCA is
applied to patients with CRRT, the citric acid concentration of the filtered plasma can replace the citric acid concentration of post-
filter plasma to evaluate the anticoagulant effect of the filter and reduce the diagnostic blood loss caused by repeated testing.

Key words: citric acid; continuous renal replacement therapy; local sodium citric acid anticoagulation; high performance liquid

chromatography; correlation analysis
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F1 BENERMBZELER (xts,n=5)

Table 1 Results of recovery rate and precision (;:ts,n=5)

J =R N H PR % B H [A]kS %5 B2
A K2 /% RSD/% — —

(mg-mL™) W 5Eff/(mg-mL™) RSD/% W EAH/(mg-mL™) RSD/%
0.033 89.90+4.63 5.15 0.03120.002 6.25 0.030+0.002 5.73
0.089 99.63+3.43 3.44 0.0890.002 2.60 0.088+0.002 2.48
0.133 97.00+3.46 3.57 0.137+0.012 8.94 0.134+0.010 731

®2 BEMLER (vis,n=3)
Table 2 Results of stability (;:ts,n=3)
EAE ST 8 B/ (mg-mL™) SN R IR E/ (mg-mL™) RSD/%
HiRE 24 h 0.033 0.030+0.002 5.15
0.089 0.089+0.003 3.42
0.133 0.130+0.006 4.80
4°CIHE4H 0.033 0.032+0.002 6.25
0.089 0.085+0.004 4.24
0.133 0.128+0.008 5.90

2.10 GitZEAEFGE

K H SPSS 26.0 B A HEAT Si it 40t . B
% + s R~ , A MR H Pearson A ¢ P 70 #r, P<
0.05 HZERE G4 E L. 28528 F TR ih
2 (ROC) , LB TGUHE B %of 08 4 F5 100 11 4 7 41
ROC £k F A (AUC) ELi R Z K65 .
2.11 HMIEER HPLC M E /5757 CRRT B & JGTid
FEP IR & W 2R R
2.11.1 CRRT I HIERRFHPLCH E M b
R ST HPLC 55 72 CRRT &2 H RCA B8
AT IS 8 28 5 A2 R Ik I S rp A A R R
g HARGE R WE 3.
2.11.2  JEFSET UE A 5 R I VI S rp R A R R P
Pearson AR MM 43 Hr 4 R W7, P8I i S
M R VR P55 U0 A48 T < I 8 S L SR A A R VR FE 1Y
Pearson #H5¢ 2 3043 514 0.672(P=0.00) .0.734(P=
0.00) , Tt BH Ji8 3 YK I S M M R A 5 15 B 488 I LS A
PR R JEE AH S 1 98¢ 1y » SR P HPLC vk B B2 s € ik
T A MR BRI BE , AT AR R B VB TPl B 28 J5
I R BRI B, DA /D 12 W7 P 2 I
2.11.3 MIBIRPUEECR U 0B B E M
TR 2 3 , U %52 906 s 1) % I T, AR 4R I Vi AL VR T
J 325 R 4% RV % 1 B AL YO0 R AT 40 2 - O R TG
I B HL 5% A7 2 Bk 1ML 5 1 40 930 4 46 I B8R o 4 44 vk
1152 2% 9 7™ B ek af B 0 DA B AR A I 3 2 Dk
AT g . Kb, 0~1 R RhLEA

Bs 2 e R AR PUEERCR KA, 3 F R R Pt o
XoF 40 1] 5 2 U A5 B L1 L3R AT R Wy g . o,
0~12¢32%1,2 761,35 1 5], HLEH R GER
AT D 28 o I 2 R0 8 3 VI R Hp ) A TR A A
R 9% T D o] i 4 ek ISR 2 %) S W A B (ROC i 2 L
K12),ROC M2 % N FE i R WK 4. SR ETR,
Y AR I A A R TR A FEE 4 W 0 4 v IR 2 1) AUC
K057, REEMEE R E &, 25N
72.0% F153.3%. LR FaR 455, o T if sk i i 2
MR BR VR P 15 DB 2% 5 10050 M0 M R AR B8 AR S PR A8, T
T I A U R e A A TR AR R A VAL D A
Jii IS MR R TR, M T L ot b SR R AT P A
3 g
3.1 HHEER HPLC N E 73 3L

RSB ST T BT HPLC I 5 I RE A o M ik
FRIREERI 7% . BT AEDIFEAR PR R E A, T
A RAIRE AT b3 7 15 R4 H AR 5 H A
SESIOCEE . ARSI R A TR B B B T E v
VEFEAS T AL BE 73 o AR A A5 T %) B A0 ot , )
2 0 H AN 5 A 9 B L TUE R, 6T bE O e
b R =% Ky o R A S S Bl ik 7 K P
o g5 RN, MR NS A UOE ) H L S5 R
FUEE A 201 B, MR R 1 €20 1% ) e 57 B I At 336
/LR 7 WEN LS =

SIS JE R T K- S K-HEE L0.01% £
PR 7KV Y- FH I 0. 1% o R 7K V8 - P I 0.2% B 1R



-+ 388 - $F46% FE 28 2023F28 ﬁ""i‘ﬁﬁti Drug Evaluation Research

Vol. 46 No.2 February 2023

R3 UEARETESREFIRE RN R PSRN E SR
Table 3 Results of citric acid in pre-filter, post-filter and

filtered plasma

¥/ (mmol-L™")

o
Sk JEEATIY  JESVE MY b
1 3.51 1.93 2.59
2 3.29 1.99 2.77
3 1.32 1.17 1.17
4 2.50 2.62 2.84
5 2.48 2.81 3.16
6 3.83 2.85 3.39
7 2.10 2.66 3.73
8 4.76 4.22 2.53
9 3.29 3.10 3.09
10 4.30 2.82 3.17
11 2.28 1.85 2.09
12 4.07 2.78 393
13 4.25 2.74 3.50
14 2.24 1.23 1.55
15 1.85 2.19 2.38
16 1.18 0.78 2.31
17 2.05 2.36 2.88
18 2.39 1.89 2.22
19 3.31 2.08 2.54
20 441 3.36 4.43
21 3.58 3.38 4.06
22 4.93 4.01 4.62
23 2.05 3.31 3.79
24 2.84 2.15 2.69
25 343 2.76 3.52
26 3.99 2.94 3.52
27 4.20 3.07 4.03
28 1.76 343 1.96
29 2.04 2.42 2.95
30 2.19 1.37 1.82
31 2.08 1.90 2.82
32 4.06 3.05 3.59
33 2.94 2.19 3.02
34 3.16 2.61 3.81
35 2.60 2.10 243
36 2.38 1.79 2.01
37 2.35 1.90 2.13
38 2.59 1.64 2.21
39 2.30 1.78 2.34
40 2.21 1.37 1.83
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Fig.2 ROC curve of effect of factors on degree of clotting
of filter

F4 ROC i 2 B & FE = X a7 5 M A2 E A R0
Table 4 Effect of factors in ROC curve on degree of
clotting of filter

SN AUC  REUE/%  FRRE%
JEAS TR IRIR L 0.443 56.0 533
VRS M MEIRIREE 0.579 72.0 53.3
JEI WML MR T 0.513 52.0 66.7
MR IR 4 i 0.412 96.0 13.3
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