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Abstract Objective: To develop an HPLC methodss for determining human plasma and ascites concentrations of
cisplatin ( DDP ) after hyperthermic intraperitoneal perfusion chemotherapy ( HIPEC ) . Methods: DDP was extracted
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from the human plasma and ascites DDP and reacted with sodium diethyldithioearbamate ( DDTC ). The product Pt

(DDTC ), extracted by acetonitrile ether was determined using high—performance liquid chromatography ( HPLC )
with the mobile phase of water and acetonitrile at the ratio of 30 : 70 and the flow rate of 1.0 mL * min™". The
separation was performed on a Hypersil-ODS, column ( 250 mm x 4.6 mm, 5 pm ) with column temperature at
25 °C . The derivatives of DDP were detected at the wavelength of 254 nm. Results: The linear ranges of DDP were
0.1-1.5 pug * mL™" for plasma ( ?=0.999 7 ) and 2-25 pg+ mL™" for ascites ( ?=0.998 8 ). The average recoveries
of DDP were 99.6% for plasma ( n=6 ) and 100.7% for ascites ( n=6 ). The minimum concentration detectable was
0.1 pg * mL™". Using the established methods, plasma and peritoneal fluid concentrations of cisplatin were detected
in 5 patients undergoing HIPEC. It was found that the average absorption rate of cisplatin was 98.38% after HIPEC.
Conclusion: The method is accurate and effective for determining plasma and ascites DDP levels after HIPEC and
it can be used in pharmacokinetic study and concentration monitoring of DDP. It provided a technical basis for the
subsequent design of clinical trials for monitoring the concentration of DDP.

Keywords: high—performance liquid chromatography; hyperthermic intraperitoneal perfusion chemotherapy;

cisplatin; plasma drug concentration; ascites drug concentration
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220 ARUEWR MERRFREC DDP X RE AL 10 me, A
FHER KB AR R 50 mL, Hil 5 200 pg - mL™" BARIE

R
222 SRR MERFRICE AL 0.06 g, il
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FRBKIF I Z AR REE 15 mL, H% 0.1 mol - L™
() S B AN
223 DDTC# W UEHIFREL DDTC 0.04 g, il A
0.1 mol * L™ Z 8 ALAMIA 4 mL, H18, 1% (vh ) DDTC %
W, FH T 5 3K 5 R R i B T AR AR RO
2.3 FEARALIE

FAE MM SIEERFEATG T -20 CARR VKA 1
TRAE, Bl & Ak .
230 IMEFRSY BU?E 500 uL, BT 10.0 mL H.2E
A, A 500 L HEEYTYE & 1, 15 000 1+ min”
250 10 min, PUIEHE H o B EE 500 pl 2 H 280
o, BB BE il 19% DDTC A9 0.1 mol - L™ & 481k 44
PR 100 L, JRFETR AT 1 min, J5 B T 40 CARIBRIR
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5 DDP Jz I B iR A2 B9 AN 7 T /K 1) DDP 7i1 A= 91,
15 000 r* min~' & .0> 20 min, 77 2% L& W, 08 B UUTE
Y, 40 CH KBRS T . JEIMAZNEEH 100 pL,
PRFEIRZ) 1 min, 15 000 r+ min™" Z.0> 10 min, WH F
THTR 20 L 0 3 K,
232 JEEEAEGAAEE BUERE 500 pl, BT 100 mL
BB, A 500 plL FESESE A, 15 000 1+ min”'
50 10 min, PITES . B EIE 500 pL 2 HIE A
e m ACETEC ] 1% (v/v ) DDTC 9 0.1 mol - L' &4
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VPR TR 30 min AT AB N . KA 25 AE BUHE A A,
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A, INZGIME (plasma with DDP ) B. JIZ4HE K (ascites with DDP)
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(blank ascites solution ) E. Z5 FH1fiL3¢ ( blank plasma )
B S
Fig.1 HPLC
Y=1.349 x 10°X-2.197 x 10*  »=0.999 7
Y=3.207 x 10°X+4.091 x 10°  *=0.998 8

IfiL 2% DDP #  #¢ B 35 Bl 7 0.1~1.5 pg - mL™,
Ji 1 T DDP A I ¥ 32 31 B 7 2~25 pg - mL™ Z N 4R
PEIEFR R4S, DDP 3K S s R it o 1 T BRI
0.1 ug*mL™",
2.6 KEE IR

U1 mL 25 MR G WA LAy, 4l in A G
T DDP 5 v W EC % 20 pg - mL™" BR800 24 i
WM ORE L e 2.3 MBS, LR HERE 5 IR,
RSD=1.7% ( 1fiL3% ) (n=5), RSD=0.98% ( & I )
(n=5), 25 RRI], INAHRE 5 B R AT
27 HEEMAR

BT mL 28 LR JE RS 6 4y, 7 B A it
DDP F5 v BC ) A% 20 pg - mL BRI 24 1 2% | i
S WA i, % 2,37 TR iR IS SRR ST, DA
I 3% A & DDP V- 35 & 5 4 (20.08 £0.26 ) pg * mL™,
RSD=1.4% (n=6) ; & WAL & DDP V348 50
(20.03£0.19) pg-mL", RSD=1.1% ( n=6 ), FHXL
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AGE H DDP B R % 20 pg - mL AL 0 24
M3 8 s ORE i, 32 2,37 T T J7 Ak B 4350 43
R34 AL A FIRCE 1.2.4.6 h 5 iR GE RSy
Mrs 2 B: =20 CHRAT 24 h 5 bk EAT R Bl e S 40
Brs 4 C: 43 3 d SEREEAT RS PR . 1l 2 R
1R SRR R E T R AT

2.9 [t

g5 IR R, 1L 3% DDP - 34 (5] KR 99.6% (=6 ), DDP
HE I T2 [BDICR 100.7% (n=6 ), Ui W 5 325 i 3K
KNEIER DDP AR /0, SR
%1 DDP 3K REREHRIRE iR
Tab.1 The unified stability tests of DDP in

plasma and ascites

RSD/% ,(n=5)

U500 pl 2= MR AN FUBIR S O Oy, or 3 :Mi ) Bt B2 T8
0, 3% 0 14, BB AGE & DDP H5 7% Bie (DDP in simulated plasma )~ ( DDP in simulated ascites )
i0.2.0.8.1.5 pug - mL™" DDP IfiL3¢ 2 %1 TAEWF 2.5, A 23 18
10,25 pg - mL" DDP ISR RS TAER, “2.37 W1 F )y 7 2
RAbR, VR H P H A R SR B, IR 2, - >
&2 DDP MR RRENERIKE (n=3)
Tab.2 The precision and recoveries of DDP in plasma and ascites
BER MAE (added )/ DEdE (mesured )/ (pg - mL™") % (average recovery ) /% RSD/%
(‘sample ) (pg+mL™) HM (intra—day)  HI[i] Cinter—-day )  H 4 (intra—day)  HI[i] Cinter—day )  H N (intra—day )  HI[i (inter—day )
14 0.2 0.20 +0.01 0.20+0.01 101.0 101.2 2.6 6.2
(plasma) 0.8 0.78 +0.02 0.77 £0.02 97.8 96.8 2.6 2.4
1.5 1.51 £0.01 1.51 £0.01 100.4 100.6 0.5 0.60
e 2.5 2.41+0.02 2.40 £ 0.02 96.6 96.2 0.6 0.65
Cascites ) 10 10.43 £0.22 10.43 0.14 104.3 104.3 2.1 1.3
25 25.39+0.11 25.28+0.11 101.6 101.1 0.45 0.42

2.10  AEA A

FIH B S 1Y 7 ik, 3R B B AT HIPEC 19 5 37
BT 5395 ok B 595 IR s 5 A% R 3 TEA T I e R I TR
DDP 259 FEAG TN . DDP R AR PG AR i FL S IR
JkALTT F i, 1 R R F DDP 60 mg, $41by7 25 %
THA 1 500~4 000 ml. A FER K BT A TR A 1
PF PEATRE . VEVE S B 400 min - mL7, EVE IR E

(43+£0.5) °C, ¥EVERTE 60 min, HIPEC JF4A B K 45
HE DU B EA TR . PR DDP A A Py AT 20U
P, 2B 25~49 min FE7R 7B A Y IR T R R
HCAE HIPEC 50 min J5 BN J ki A ) JH: 24 4 e
JE 4% FIRREACRE BRI SRR S Hr , B8 2 PR OB B A
LRI 3,

(T

R3I BERARFMRENLER

Tab.3 Patients clinical data and test results

HEVEF G (at the beginning of

. WETEZE S (at the end of perfusion )
perfusion )

FE R o Wikl . — —
(No.) (age) BMI/(m”- kg™ ) (perfusion )jml, BB DDP I (DDP JELE K DDP #eJE ( DDP 1f13% DDP #eJi ( DDP
concentration in ascites )/ concentration in ascites )/ concentration in plasma )/
(p.g'mlfl) (pg'mlfl) (pg'mlfl)
1 56 21.08 6 000 10.00 0.16 0.10
2 62 22.96 3500 17.14 0.28 0.28
3 58 23.65 4000 15.00 0.25 0.19
4 60 21.35 3500 17.14 0.36 0.24
5 64 22.14 5000 12.00 0.19 0.13
i Hd i
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HIPEC i [H] 8 3 A e AR AE T I S S, BT el
PRI R IR ANC A A IS . HIPEC J5 &2 A& AT
B DIREA & BB 55, — 44 FR A AL, XRE b
G G, VA B YR BUE BEI ] IETE DO
SN RN 5 249 TG s 0 P AR M s SR g
HEVE AR A T A
3 g

% [ B S W R B R I K SO & A0
20 P U s LA, e R s A ey s s 2 9 g 30
FRHE LT e o R I K RS B 30 O SR8 v B E R 1Y)
FE RN Z— L K IR R K I DR
EREWIE FBURFFET- I IR R 22—, G 42 il A bk
CNE R RO T2t B AR 0 T R

HIPEC J& 4 K28 5 & A A7 25 O Ve 4451
— MR AR T R R N, i — B[] 3
AT (R 3G O DL R A eV, A R
I B AR 1 A 9 20 M R B/ Nk, T 5 3 b IR i
e L s 435 TR T o7 S M R AR S B k. IR
DX 35 1 W A 24538 3 LY B0 i, R K g 4
VR AR L 285 1A B, B X 2 mm LR
(R /N R 5 TR 3RT7 HR Y 43 CHs iR, TT B3R K
T

DDP J& T 5 20 M 5 Pk 1 40 it 300 A s S vk 24
Wy, 35 400 L DINA S22 5 A1 450 4
SERARIR BN T IE RPN T HIPEC
T 2 AT A 25467 . DDP AR ST
12 55 45 Fh 2l U8R 1 O A B 25 6 2948 90% 1Y)
SANS ISR R 25 A, SR DDP AR B Sies, A
MHBACK AT ZJE X P AS5 S A RE 12
PEAT, RN R AN 2 fi7R . T DDP KAk a4t i
YRR (14565 W R LA B RE VR, DRI il o2 i 3¢
Hh R B K B A S

HyN
HsN\P /c1 0 3 \Pt /01 i
t e — +C1”
H3N/ \01 " H3N/ \HZO

A B

A. DDP  B. /KA %4 DDP ( DDP hydrate )
B2 £%HiE+ DDP KIFEZER K 5L
Fig. 2 Nucleophilic substitution of cisplatin in biological fluids
I R T A A D — PR 247 i, ERI I R
A GE— BRI FR R, B 405 [ NCCON 45 g &
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SR LA DDP Ky S At i) [] 25 il A6 97 510 A B S00988 1 A
HEIRYTY 7 %8, %) DDP [ FvE %A s —, 1
PR AR il R b BB R 3 42 1K
AR 1 IR 42 CFE 45
C YA WA, FE R E 30~120 min A%, DDP ] T
HIPEC i 7 54 50~80 m” - kg™, 247 F 7] & e 45 14
2.5 kg - mg ™ DUN, B BB G & 4 R 109%~20%, 24
FEAE3 kg mg” PLE, RAEFR40% 24 FE
WA 28 25 77 U A, H T IE B BRI 4518 . axX 8t
K Z AR DDP 7 AR N I 251X 80 327 e — e 1
AL

H A 254k 3 1 2 58 E 52, BT “RE AR - 1 2%
BB WAE R, T s 2 24 1 T s o8 245 e B P I
TAHMER 25k B, H IR AT 25 2 AR, LAJE
W ARTEIR . AH EE T4 B #R k1L T, HIPEC BE
REEAR AN Il 245 0k B, SCHE N JR i A 2R 25 e 4, DA
T BEAR T A6I7 259 1 4= B i i S 1, LA B R 24
R Bh F12F AL, B T b 4% 25 ) 1) Jed SR T e g AR
FHES 00 ol 0 T B R S T 1 e G — b e,
H DDP HZERE N 1z, S A 225 K, At
7% 38 3 X 5 1) R FE HIPEC [ 9P 598 28 34 047 F
5%, KB HIPEC 4550 125 (0 25 4k P e A1, HE s Tk
DDP - 34 1 W 98.38% ., A S 16 3 it 2 ST 5 A
FHETE I E DDP I8 S s T 25 vk BE A F AR
2 AR BN A AR T e I

H AT 2GR BE RGN O ik 32 2 oL Bk
DT TC KA SR T RSO | R SO 2357 K
DL T R MR B ek o 40 66 B B B 1
i AR ph I PR P Il 24 v BRI, e AN B e, BLR
BROREBEAIR 5 TG KR T W WA 1 3 Ao R 00 6 28 1
FEASF T 28R AR 3 £k 1 Wb A7 E T R Ay
Mr, BATE SN 3 2 (H PR3 5, A b A B B
(SR TR P R AL 5 KR F 2L 32 1 145
A= IR AR BARGEIN , (EL R 300 22 ik BB S AN A 58 v )
JER A, R R o ARSI R FH v BSCRE Eai
7E DDP (W25 B, B 5 5 40, T 5 T St e vk
JEEAE St L 35 FH I R DR A 24 e B S 254080 )
2D E

ARSI AN TR) T LA AR S 56 1) SR S T 1M 2K R
PR TIAL B . T2 TG S AN, 25
B4 25 HRL P DA T 35 P AN R PE TR A R i b S A
AT Y AT A 0, e v R R AT A= 43057 DDTC,

S

(T




| T T

(ﬁm HY NN RE

——

Chin J Pharm Anal 2020,40(3)

- 475 -

se— MR EEAH, B LS HE Y B e AR R T
VAR E B G, G WIME 254 nm KA e R
W, R B S5 U e S 17 308 [ A, S 1o i 2
K 3 i

S™Na*

HaN. Cl

Ny LN\ N\, %fS\Pt/S\%N/_

H:’;N/ \01 _/ 5 SYARRNY A
® ® ©

A. DDP B. DDTC C. Pt(DDTC),
E 3 DDP 5 DDTC HWES KM
Fig. 3 Chelation of DDP with DDTC

ARSI 1) 75— B S AE T2 SR, 42
B R 3 5 T AR 9 A S K B B | LU ER
BEPEEILA ML % JE . T DDTC 255 Yl %
F=AR bt CEEAPER, TAE T OB A L
VTP AR A MR IBGRI R B A DA . Augey K
WA R B e R S s e ok G
PERC Ty LA, T A DUZAL T8 T2 By
WRIXE S 2Tk 61 O et AR (i v v A AR BB
{EAEFRAT IS S & B, FH CRRBEEEGR, o3 2, i
TAAIEG: A k5 LB, B DDTC 459
) LB RGIERE , H 2 HBLA R AT T B4 . JF
HAEATE AT, 22 G E R S 7 s v o 2
G, A RE SR S g A — e RE N, 2R L
CIEM LT ClEE & B8, H BB DDTC 4554,
ARV % DDTC, 76 35 73 it AN 2 Hh 3 e
AL L I AR S AL IOGA] , 38 5 A S
M i A ok Ak o U DDP YRS & T
13K DDP WREE , AEARSLE T, 2.5~25 pg - mL™ KR
100 pl. & $EICAEAE S IOAS 58 4= B[R] L, 503 A
400 pL.

[, A s H B AR o e s e i i S i, 5
EL R AR S AT AR AL AL B S SR FH S AR A b
f P AR E AR I 0 AT T A . BRI AR E
S TE GG AT I AT DL i R R v (R B R
25 AVE I AR AR 5 2R TR P S 45 5 fig D)t
AR5, SEPR_E a3 b s i A LB S DDTC Al R AT
AN, T AT A A SO 7™ 4 1) i 2 PR S e
VR AR b i) Z2 TP DR 2 e AT ], a2 AR
() AN BB IR FEASUE , BN T R R 22, A 5
TSR SNPRIEEAE L B RE L AT AR A A 38 S R A
PRk i, G T I3 P IR 2 o R A IR AR ) T
Yo, TR AL BRI E AL IR AR T A AL B TE]

FHRT 8 R A SR BECE DAy i PARRS I o e % I Ik
DDP 254k BESR L T 7 kA

A S 56 5 ST R OO 3 1, X AT
HIPEC 1 8 2 & A it S 1 I o i 125 B e 2 047 A
I, ASI AL BRTFTE B A 7 , TR AT &, Dl R IR 725 X5
J12 AR BT 177 124K s . (H DDP 72 ¥ JIE T
IR e e ZHL R S5 R A A oA AR, 22 Uk
TE LA W25 15T 250 22 a4 A 254080 ) 2 2
il , AR AN TR IR AN RIS AN [R] 203 285 7 4 AN [R] E
LE S ()X 245 AR 30 g 25 Wi 24 [RDA it — AP Bl IR
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