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Abstract: Photodynamic therapy ( PDT) has garnered immense research interest. PDT can

directly Kkill the cells via a combination of photosensitizer, light, and molecular oxygen. It has
emerged as a promising therapeutic option for cancer treatment owing to its advantages such as
minimized systemic toxicity, minimal invasiveness, high therapeutic efficacy, and potential for
developing antitumor immunity. The novel photosensitizer 3*-( 4-methoxyphenyl )-15-aspartyl-
chlorin e6 (DYSP-C34) was synthesized by introducing a 3*-aryl substitution and amino acid
substituent of the Chenghai chlorin ( CHC). Briefly, 3°-(4-methoxyphenyl) substitution was
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achieved via olefin metathesis reactions. The aspartic acid side chain was introduced regioselec-
tively at C-15%, followed by hydrolysis to yield the target DYSP-C34. CHC with the same chemi-
cal structure as chlorin e6 was prepared from chlorophyll a, which was extracted from Spirulina
powders derived from Chenghai Lake in the Yunnan province of China. This strategy successfully
endowed the resultant photosensitizer with better cellular permeability and increased water sol-
ubility. In addition, the photodynamic antitumor effects of PDT largely depend on the dose of
photosensitizer used, time between photosensitizer administration and light exposure, and pos-
sibly other still poorly known variables. Determination of optimal conditions for PDT requires a
coordinated interdisciplinary effort. Therefore, the pharmacokinetics and tissue distribution of
DYSP-C34 in vivo are critical for the efficacy and safety of PDT. Herein, a high performance lig-
uid chromatography-ultraviolet (HPLC-UV) detection method was established for the determi-
nation of the new photosensitizer DYSP-C34 in rat plasma. The sample preparation involved a
protein-precipitation and liquid-liquid extraction method. Methanol was used to precipitate pro-
teins and chloroform was used to extract chlorins. Then, DYSP-C34 was separated on a Unitary
C,; column (250 mmx4. 6 mm, 5 pum) with a mobile phase comprising methanol and 5 mmol/L
tetrabutylammonium phosphate buffer solution (70 :30, v/v). The flow rate was 1.0 mL/min
with UV detection using a wavelength of 400 nm at 40 C. Results showed that DYSP-C34 and
chlorin e6 trimethyl ester (IS) were well separated under these conditions. The method was
sensitive and sufficiently precise with a good linear relationship ( determination coefficient (7*)
=0.994 1) over the range of 1-200 png/mL in rat plasma. At three spiked levels (8, 40, and 120
pg/mL) , the average recoveries were 74.39%, 69.71%, and 65. 89%, respectively. The intra-
day and inter-day relative standard deviations ( RSDs) were lower than 5%. The precision met
the requirements of biological sample determination. Furthermore, DYSP-C34 was stable in rat
plasma under various storage conditions at room temperature, three freeze-thaw cycles, and
long-term cryopreservation. The validated method was successfully applied to the pharmacoki-
netic study of DYSP-C34 after intravenous injection of a single dose in rat plasma. The pharma-
cokinetic parameters after intravenous injection of DYSP-C34 (16 mg/kg) were calculated. The
plasma half-life (¢, ) was 6.98 h, the area under the plasma concentration-time curve
AUC ., was 1 025. 01 h - mg/L and the mean retention time MRT ,_,, was 9. 19 h. In addition,
the results of DYSP-C34 distribution in tumor-bearing mice showed that DYSP-C34 could accu-
mulate in tumor tissues, with higher concentrations in liver and kidney tissues, and lower con-
centrations in heart, spleen, and lung tissues. In summary, a specific, simple, and accurate
HPLC-UV method was developed and validated for the determination of DYSP-C34 in rat plasma
and tumor-bearing mouse tissues. The pharmacokinetics of DYSP-C34 after intravenous admin-
istration in rats and the tissue distribution characteristics of tumor-bearing mice were clarified
for the first time. It is significant for clinical rational drug use and pharmacodynamic research.

Therefore, choosing an appropriate time for light treatment time can achieve the best photody-

namic effect. The results of pharmacokinetics and tissue distribution of DYSP-C34 provide vital
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guidance for subsequent pharmacodynamic research and further clinical trials in terms of dos-

age, light time, light toxicity and side effects.

Key words: high performance liquid chromatography-ultraviolet ( HPLC-UV) detection; phar-

macokinetics; tissue distribution; photosensitizer; chlorins; tumor-bearing mice
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Fig. 1 Structures of 32-(4-methoxyphenyl)-152-
aspartyl-chlorin e6 (DYSP-C34)
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min JFH )2 103, T - 80 C kA % W ARAE, /0 BT
i, FER TR,

BO.1 mL EFER IS, BT 2 mL &.048
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221 %&MXF
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Fig. 2 Chromatograms of (a) blank rat plasma, (b) blank spiked rat plasma (120 pg/mL) and (c) a rat plasma
sample obtained 2 h after intravenous administration of 16 mg/kg DYSP-C34
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LU LR R D5 R, 25 S LI 1, R IE 4
ZU ) DYSP-C34 7 1 ~200 pg/mL 78 [ N & B 4
IZPERZR r” ¥IRT0.99,
222 EREERHEE

PEIESCR Fy 25 I A 2 282 U5 1
2450 W55 4 1 I 2 A B I AR ] 2 25 4 0 1
EA LR, BOK A [ 0.1 mL, A 0. 1 mL
AN B & (1) DYSP-C34., i 24 1) 1) Joi 2 Vi 52 40 1) Ay
8.40,120 pg/mL; FH 25 1 I 35 45 B 43 i e il 8
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1. 5.1 Tk B i 9 64T HPLC e, Al —K
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Table 1 Extraction recoveries of DYSP-C34 in rat plasma
samples at three spiked levels (n=3)

Analyte Added/ ( pg/mL) Recovery/% RSD/%
DYSP-C34 120 65.89 3.61
40 69.71 0.32
8 74.39 1.52

FEITE 5% LA, £5 & 2015 R e AR S [ 25
BT A YRR AT B ER N AR ZE SRR
Tk EE M R A, v TR RS o DYSP-C34
AR A
223 REM

BORRAE AMSF 0.1 mL, il A 0.1 mL A [F ¥
FE 1% DYSP-C34, i 2454 1) 5t £ ¥k £ 43 1 24 8 .40,
120 pg/mL KEFEM = IRBCE (2 h) R E VAl 3
SE A - 80 T VKAH % RIRAF 30 d J5, #& bR
1.5 1 99 TR Jr A B o O 32847 HPLC Wl 2 , %
%< DYSP-C34 75 K BUMIE AR E M, g R 1T
AN =1 R (iR IR O O S (14 = ST d ol g ol |
SE A 2% B P78 10% LAY, % B DYSP-C34 Il 3% Ff
i TEA A B s o R v R E 1
2.3 DYSP-C34 ERRENMARBI N1

K S B A DAS 2.0 3 B AR
FERAFATIE IR AR 28, R
PAYR B # DK 1 5 DYSP-C34 (16 mg/kg) )7, DYSP-
C34 P-4 1l 24 v 5 e o) [ AR £k ol 2 an &1 3 o,
FE I FSHOLME 2, DYSP-C34 JE# ik
TG ¢, N 6.984 h, 25-InF fi £ T i FL
AUC ., N 1025.01 h - mg/L, *F ¥ 5 & i} i)

%2 DYSP-CHEXRRMEFHWEANKBAEEEZE (n=6)

Table 2 Inter-day and Intra-day precisions of DYSP-C34
in rat plasma samples (n=6)

Inter-day Intra-day
Added/
Analyte ( we/mL) Found/ RSD/ Found/ RSD/
i (pg/mL) %  (pg/mL) %
DYSP-C34 120 124.04 3.57 127.28 2.43
40 40.19 3.49 40.16 4.40
8 8.68 1.20 7.90 1.11
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Fig. 3 Mean plasma concentration-time profiles after
a single intravenous administration of DYSP-
C34 with the dose of 16 mg/kg (n=6)

MRT .., 7 9. 19 h, 25975 K B 1~ 3 10145
1K, RAYAE MK HIs bR, vl DL dReisoe iy I
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T it DA S g 22 A A Bt I ] A3
I, DYSP-C34 76 JiF Wk 41 23 v i v 15 1 v F A 4

2 PR FL A T A G K, B kR DYSP-
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30% W
] T

= —®— Heart

Content / (ug/mL)
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Fig. 4 Concentration-time profiles of DYSP-C34 in tumor-
bearing mice tissues after a single intravenous
administration with the dose of 16 mg/kg (n=5)
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