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Abstract: Photodynamic therapy (PDT) has emerged as a more effective and promising treatment towards
cancer therapy. PDT is a minimally invasive and spatially selective medical technique to destroy cancer cells
without drug resistance, which has been increasingly applied in the clinical praxis alongside surgery, chemotherapy
and radiotherapy. However, traditional PDTs use a high energy one-photon laser beam, which is far from the
efficient optical window of mammalian tissue (650—950 nm). Moreover, it has great limitations in the depth of
penetration, and induces the undesired light toxicity. The development of photosensitizers has always been a
bottleneck to the effective application of PDT in clinical practice. From the first generation of hematoporphyrin
derivatives to the third-generation photosensitizers with tumor targeting ability, they meet the urgent clinical needs
to some extent, but they still can not satisfy the requirements of two-photon PDT. Therefore, the development
of photosensitizers, which are capable of two-photon activated PDT, has become a promising approach. Among
the various two-photon absorption photosensitizers, ruthenium (11) polypyridyl complexes have been recognized
as excellent candidates due to their attractive photophysical properties. This review is prepared to summarize
the recent achievements in the application of ruthenium (l1) polypyridyl complexes as photosensitizers for
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two-photon PDT, as well as to provide guidance for the design of two-photon activated photosensitizers in future

research.

Key words: ruthenium (I1) polypyridyl complex; two-photon excitation; photosensitizer; photodynamic

therapy
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Figure 2 Molecular structures of ruthenium (I1) polypyridyl
complex 1 (A). Phase contrast images of F98 cells before (B)
and after (C) a5 minirradiation (740 nm, 300 mW).  Reproduced
with permission!®.  Copyright 2009, Royal Society of Chemistry
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Figure 4 Schematic structures and photophysical properties of
complexes 4-7
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Figure3 Molecular structures of ruthenium(ll) polypyridyl complexes 2 and 3
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Figure5 Molecular structures of complexes 8-10
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right 2017, Royal Society of Chemistry
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Figure 7 Molecular structure of complex 13 (A).

cytomembrane (outside) and the mitochondria (inside) synergistically under two-photon laser irradiation (B).
Reproduced with permission 9.

of the mice under different treatments (C).

WE RFAZ 25 TR P S0, CHL RO e 31045 A B B
. PGB HIE SR, 14 X kifk B A B4,
I HAEXOE 7% (800 nm. ~8 mW, 10 min) T, fic
A1) 14 (5 pmol -L 7Y BES 2 BN HeLadi il A& 1)
SEREME, T AR T
2 IBMIEXRFREYSHKRBEARBLES

2014 4 Boeuf 5184 &4 1 A1 15 (& 9A) 4
MAET R HLE (PLGA) il gl K ks v F -
BOET PDT. 3T 2 mhne Bl & 90 i 99 KL F ks 12
29749 100 nm, FIfir e (~ —33 mV), BLE&H 6
WBEL N 1% (1 pgmg D). L& (B6) T,
Y0 KL 1) 45 1) 52 B R PR AT AR A6 i 45 4 A 499 K
B Sk 4% PDT 1ER. AWt mr e kB, Bl&
Y110 15 A 5 B K E M (photocytotoxicity without

tophown C 10009 Physiological saline
- —— Physiological saline+laser
£ 80013 only
= ——13+laser
2 600 [
E f
Z 4004
=
E £
=, = 2004
> —a
= Complex 13 0 T T T .. T
3 6 9 12 15

Time / day

Schematic illustration of the fluorinated ruthenium (I1) complex 13 ablating the

Tumor volumes with time
Copyright 2017, American Chemical Society
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Figure8 Molecular structures of complex 14

Figure 9 Molecular structures of complex 15 (A).
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Confocal contrast images of C6 glioma cells treated with 15@PLGA (15,

5 nmol-L™) before (B) and after (C) irradiation (740 nm, 0.025 mW-cm™2, 3 min), untreated cells before (D) and after (E) irradiation

were considered as control.

Reproduced with permission ¥, Copyright 2014, Wiley
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Figure 10 Molecular structures of complex 16 (A). Schematic illustration for the construction of pSiINPs-Ru-PEG-Man (B) .
Reproduced with permission™™.  Copyright 2016, Royal Society of Chemistry
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Figure 11 Molecular structures of complexes 17 and 18 (A).
Schematic illustration of RU@SWCNTSs for photothermal therapy
(PTT) and two-photon photodynamic therapy (TPPDT) with
808 nm irradiation (B). Tumor growth curves for different
mice groups after irradiation (808 nm, 0.25 W-cm 2, 5 min) (C).
Reproduced with permission’®”.  Copyright 2015, American
Chemical Society
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Figure 12 Molecular structures of ruthenium polypyridyl

complexes Ru(bpy)s>*, 19 and 20
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Table 2 Molecular structures and photophysical properties of
ruthenium (1) polypyridyl-porphyrin conjugates (Dn-Ln-An)

Compound Dn Ln An D% Dy/%  o/GM
21 n=1 n=1 n=1 12 55 178
22 n=3 n=4 n=1 - 93 1104
23 n=4 n=4 n=1 76 555
24 n=5 n=4 n=1 66 485
25 n=2 n=1 n=1 5.30 43 177
26 n=2 n=2 n=1 4.90 58 168
27 n=2 n=3 n=2 1.93 38 144
28 n=3 n=1 n=1 0.58 52 172
29 n=3 n=2 n=1 0.30 73 228
30 n=3 n=3 n=2 0.16 45 106
31 n=4 n=>5 n=1 34 64 391
32 n=1 n=1 n=3 - 52 152
33 n=1 n=1 n=4 - 47 172
34 n=1 n=1 n=5 - 41 135
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Tablel The fragment structures of ruthenium (I1) polypyridyl-porphyrin conjugates (Dn-Ln-An)
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FAE S 25 8L R BRI SR 5, K P o R e 4
PPN, AR v i o I JC VR AT R 0w AR AL, TR
I T B 2 H B DR g K o SR T ) AR R AR, R e A
FUE) MO 72 A RE 7o DR I e 51 4 5% 1 B 4% 4 24 AR
B 72 R0 R, 3 i ARG R e 4T
22 M FIC A5 90 10 6 ) B 25 M B0 B 2% B A I A 5
PRI R S R —, IR ET Z e A E & i\
T A AL 2L, 7 O A4 A 0 Ik R H A T RE 2 H R ST A S
P AT ) R, A A AR I D BT o AL EE, A fe
A AR 6 ROR) Y o S AR T RUR

HW, fmsr 2ne i Ay, i =
AT BB AN ZE SRS BOR B A R 1 e
SRR, BRI O, AR S, B A R R R T
fit. O, 7 fE 10~320 ns, YEHIEEES Y 10~55 nm,
DA b A P B [ F0 25 R0 A IR, 4 v o ) ) 4 o
REM A R e BGR 1 PDT B3, n ) ¥ 1) it
i (TPP) ¥E[aI 40 s, I I B2 3Rk (1 By B A A

(GSH, ALP) v fif 8 2t it =l 5 4HL 23 R P e g o Ak
IEREE (pH BIURIEH, EPRAN) HE R4 4%
BEAL, KB AR 1R JE AR RIS T 2
ML BE FL A 7EXOE 7 PDT H N o R 9 K44 )
CRC B, &RBANMELR. NI A, gk
BAE) WOGBON BT FA B AR M B I, AT E
DA CHON DI R, B AR R, B
R EEE, 17 HLIE R Y 25 B i e BT R 3 1) 1
R AT, B8 56 A BRI 48 K R 5 2 4
WA WHIRN, B EN 2 ke K0 & PEXOLT
PDT A FH 4 A 58 7 i (1 1 T R B AN e ok 7 2
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