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Fig. 1 Mechanism of feeling pain
2.2 TRPi&EHE
Bk i A2 1K PR 67 38 JE 2 — R A 4l I Y IR R A S 1R
AR H AT 22 B 2 A R G EYY . T TRP 3 5 1Y
— DA ——TRPV1 & A M LB AATE 5 T 2 0
SPEA T R B . TRPV I8 iH GE 98 9k 4 A&

A PR BB, b s R (43 °0) R R B
(pH<C5.9)"™", i W — 26 45 3l 8 1k B9 9 o 34036, L
WAL R AT AR L S Ah, — e Rk
R, angn i 7 TSI IR R RO A AR SR A
e A2 A KA A % TRPV L ™, fifi 14
PN ) 98 RE B B8 T LLBE ARG I 2 o B R R ) i A TR
B £F 2 RN AR B2 o0 AN CFf 5 A AL E R 4 L AR 2R
A T 400 P R Al 45 ) ¥4 TRPV B Rk,
Bt TRPV 138 38 X5 B2 ik rb %) 928 8 5 o A7 B G
FIE Y . TRPV 6 4 51k Rr 22 0 09 I8 5 i Ak
W S HL A G 0 28 k0 2 LA B A S B K
s R g RSz B

TRPAL & TRP# i 1) 5 — W, AE b2 PRk
I FUAIL AR P P B4 7= A o R v B AR 31— 2 PR
TRPALH WA RIEAE Y BT A - 97 R CF B0 53 7
FERNIRER) AR 50 (A BRI I RFRER) , 5y Ih— L3R
Bela Y% (HL AR E R AR YR Be =4 I %5 45 ) |
{8 TH EC 307 % [ A% BE 0% 3 2 300E TRP AL 38 T8 o 35 AR i
FF I 28 40 0 A 48 0, o BRI AN AR RE 1 R AR
A ERE MR, ROSAER G TRPAT#EE ", X &
PDT = AR i R R 22—

TE B2 R 7 3 pi 4 R A AT R R G  TRPVL M
TRPAL#E", PDT i/ 97 B Bk 7= A K s 5 L id
PN A AR K OC R o FSCIRATE e TRPVL i
A TRPALE S5 PDT P2 A KM I K &

3 PDT 5%

TEIG PRI IT o B2 v, SRR 0 45 25 7 =0 )Ry 3
R RN o S A Oy 2, AR AE VR T R
2 W Rl g5 25 7 AU B Y S AN TR R R Y K R
B KGR PDT P AE R IR 54525 - A E oG . Al
MPDT i Bl o 20 5% 228 46 5 508 7= 2B 19 BIL ) 7 A~
MR, ieiR T PDT i UKW B EMLE . 7 PDT iR
Jr R RN OR S & kA — RN AR R B T Ok
ORI 0% K 5 2 BB R AR ROS A IR N e R Gl
S IS M A REMEER AR A& b B
e A AL B B R B, (N R Z 29K R (1K 2) . —
BNk PDT 36 97 o B2 Hr B9 908 25 40 S A AN TR 1Y
B B, B 20 5 B B IS MK B B . E AUPEK
Ji B B, BB — A T R IR T S 0 JL R By 25 5T
TH A7 BP0 L JF BLZE 1 min P %0 8GR 3 00 |, 78
FE TR BY LA /NI Z N P50 1Y I D 25 12 W Uk 55 L O
B AR e PR R B B . HAET,PDT iR
J7 B O A L ORISR, — A PDT
rh R A A BRI B R IX 7 AR B ROS A & 19, ROS Bk
AT DLEL B O 2 RN T DL o R RE N B
WA, WE 2R, BTNy PDT 3% %7 4E
PR R R A - PDT 7= A4 ROS T8 31 38 b 48 41
PDT i 5 Jm) ¥ 2tk RAE , ARy R W) — &

0907206-2



®E50% F 9HI/2023 £ 5 B/HhE#N

5-hydroxytryptamine
Q

ROS
histamine
glutamate

prostaglandin

substance P
NGF
TNF-o
Q Q Q o
o o
° o o 009 , ©
. 5 & (e} o o © ROS and inflammatory factors

K2 PDTRIT i F PRia o Az i v e BL ]
Fig. 2 Potential mechanisms of pain production during PDT therapy
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Fig. 3 Clinical interventions to relieve pain during PDT treatment
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Table 1

Intervention means and effects of relieving pain during PDT treatment

Intervention Discase Drug or measure t(ftken for relieving ~ Pain-relieving Ref
means pain effect
Actinic keratosis, Bowens disease, superficial Paracetamol, aminophenol codeine, No obvious R
Oral drugs . . [74-75]
basal cell carcinoma ibuprofen effect
Port-wine stain Flurbiprofen Effective [76]
Intravenous No obvi
injection Actinic keratosis Piritramide o obvious [79]
effect
Subeutaneous Ringer’s solution, ropivacaine
infiltration Actinic keratosis §Er 550 » TOPIVE ’ Effective [77]
. prilocaine, epinephrine
anesthesia
Scal . . . . .
calp nerve Actinic keratosis Ropivacaine Effective [79]
block
. . . No obvious
Act keratosis Morph 1 80
ctinic keratosis orphine ge effect [80]
Facial coating Port-wine stain Lidocaine cream No obvious [81]
effect
Actinic keratosis, Bowens disease, superficial . No obvious .
. Tetracaine gel [82]
basal cell carcinoma effect
Drug/water L. . . . . .
spray Actinic keratosis Chamomile and menthol Effective [83]
Mixture of N,O (volume fraction of
Inhalation Lichen sclerosus 50% ) and O, (volume fraction of Effective [84-85]
50%)
Hypertrichosis, port-wine stains, hemangioma, .
. . . . . .. . . [45, 86-
Cold air essential telangiectasias, superficial skin cancers, - Effective 881
basal cell carcinomas, actinic keratosis
Adjusting
light Actinic keratosis Changing green light to red light Effective [89]
wavelength
Adjusting Actinic keratosis, . . . [91,
. . . R adia Eff
irradiance basal cell carcinomas educing irradiance ective 93, 94]
Sun-PDT Actinic keratosis - Effective [96]
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Abstract

Significance

Photodynamic therapy (PDT) is a new method that uses cytotoxic reactive oxygen species (ROS), which are

generated through the interaction of oxygen in tissues and photosensitizers excited by the light of a specific wavelength, to erode the

nidus. Currently, PDT has been approved by the Food and Drug Administration (FDA) for the clinical treatment of skin diseases

(such as superficial skin cancer, actinic keratosis, squamous cell carcinoma, basal cell carcinoma, port-wine stains, and malignant

tumors) and malignant tumors (such as esophageal, gastric, and lung cancers). Compared with traditional treatment methods, PDT

has the following advantages: it results in highly selective tissue destruction, is non-invasive, has low side effects, is with no obvious

drug resistance, and is easy to combine with other treatment methods.

In the clinical practice of treating skin diseases, patients experience burning, tingling, or pain during treatment with PDT. In

contrast, in the treatment of malignant tumors, patients rarely report pain because they are treated with PDT under general

anesthesia. The discomfort experienced during PDT often influences the treatment, greatly reducing the efficacy of PDT; some
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patients even cease the treatment because of the excruciating pain. Figuring out the mechanism of pain during PDT is of great
importance because researchers and clinicians can develop targeted drugs and design interventions according to the mechanism.

Progress At present, the underlying mechanism of pain during PDT has not been fully elucidated even though the mechanism of
pain and changes in the microenvironment caused by PDT have been well studied. In short, the mechanism of pain is explained as
follows (Fig. 1). After the tissue is subjected to a specific physical or chemical stimulus, the primary afferent nociceptor converts the
painful stimulus into an electrical signal by opening ion channels such as the transient receptor potential vanilloid 1 (TRPV 1) and
transient receptor potential ankyrin 1 (TRPA 1). Subsequently, a large influx of calcium ions occurs, the cumulative voltage change
results in an action potential in the damaging fibers, and the electrical signals travel from these fibers to the cerebral cortex, where
they are perceived as pain. The TRPV 1 and TRPA 1 ion channels are expressed abundantly on the skin surface. When PDT is
performed, the light and ROS can stimulate the TRP channels and cause the original potential change and subsequently produce a
sense of pain. As for the changes in the microenvironment, an acute inflammation occurs after PDT, and cytokines such as histamine,
glutamate, prostaglandin, 5-hydroxytryptamine, substance P, nerve growth factor, and tumor necrosis factor- « are generated,
binding to receptors such as a -amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor (AMPA), N-methyl-D-aspartic acid
receptor (NMDA), y-aminobutyric acid (GABA), neurokinin 1 receptor (NKIR), nerve growth factor receptor (NGFR), and tumor
necrosis factor receptor (TNFR), which then cause a nerve impulse (Fig. 2).

Various clinical interventions have been applied to manage pain during PDT (Fig. 3), such as drug coating, intravenous
injection, inhalation, scalp nerve blocks, treatment site cooling with cold air or water spray, treatment parameter optimization, and
sunlight PDT. However, the efficacies of these interventions differ (Table 1): some drug interventions, such as oral drug and facial
coating, cause no obvious pain-relieving effect during PDT, while the pain-relieving effect of some other drug interventions, such as
intravenous drugs, depends on the treated disease and analgesic type. Unexpectedly, physical interventions (mainly referring to water
spray) have a great pain-relieving effect during PDT. This intervention is now chosen by most clinicians because it does not require
additional drugs, has minor side effects, and does not influence the therapeutic effect. A reasonable explanation is that by decreasing
the temperature of the surface of the skin, the activation threshold of the TRPV 1 channel is lowered, and the original nerve impulses
are not easily produced. Therefore, the interventions for targeting the TRP channels are effective to reduce the pain of patients during
PDT treatment. Nevertheless, this intervention requires additional instruments, which are not allowed in most hospitals. Therefore,
it 1s promising for researchers or clinicians to develop more targeted drugs or interventions for TRP channels to relieve pain generated
during PDT.

Conclusions and Prospects In clinical practice, PDT has been widely applied to cure various skin diseases; however, patients
always experience excruciating pain and often discontinue the treatment. The main reason for the pain is that PDT has a direct effect
on nerve endings by directly stimulating TRP channels. The laser used in PDT directly activates the TRPV1 and TRPA1 channels,
causing nerve impulses that eventually send signals to the brain and result in pain. In addition, large amounts of ROS produced locally
during PDT can irritate the TRPV1 and TRPAT channels, causing acute pain. However, at present, there are no clinical intervention
measures or drugs targeting the TRPV1 and TRPA1 channels, which are very valuable directions of research on relieving pain

generated during PDT.

Key words medical optics; photodynamic therapy; pain; acute inflammation; nociceptor; transient receptor potential channels
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