
807

0007 -4888/09/1485�0807  © 2009  Springer Science+Business Media, Inc.

Evaluation of Antitumor Effi ciency of Experimental 
Interstitial Photodynamic Therapy on the Model 
of M1 Sarcoma
O. A. Skugareva, M. A. Kaplan, A. I. Malygina, 
and A. A. Mikhailovskaya

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 148, No. 11, pp. 561-563, November, 2009
Original article submitted April 8, 2009

Antitumor effi ciency of interstitial photodynamic therapy was evaluated in experiments on 
outbred albino rats with implanted M-1 sarcoma. Interstitial photodynamic therapy was carried 
out using one diffusor at different output power and duration of exposure. The percentage of 
complete regression of the tumors increased with increasing exposure parameters.
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Photodynamic therapy is a method for local treat-
ment of the tumor involving the minimum injury to 
normal tissues. The photodynamic effect is realized 
at the expense of reaction of the photosensitizer (PS), 
selectively accumulating in tumor cells, and the light 
at a wavelength corresponding to the PS absorption 
spectrum. Photochemical reactions cause the forma-
tion of singlet oxygen and other biological oxidants 
with a direct cytotoxic effect promoting destruc-
tion of the tumor vascular network with subsequent 
activation of the immune response [3,5,6,8]. The 
efficiency of photodynamic therapy is determined 
by the PS characteristics (selective accumulation 
and photochemical activity), penetrating capacity, 
dose and power of laser, vascularization and oxy-
genation of tumor tissue [1,4,7]. One of the main 
factors limiting the use of photodynamic therapy in 
the treatment of cancer is the depth of photo radia-
tion penetration. For red laser (661-670 nm) it does 
not exceed 0.8-0.9 cm [5]. Therefore, the search for 
methods of interstitial photodynamic therapy (IPDT) 
with greater volume and depth of tumor exposure is 
an important task [9].

We evaluated the antitumor effi ciency of IPDT 
under experimental conditions on the model of M-1 
sarcoma.

MATERIALS AND METHODS

The study was carried out on 100 outbred female 
albino mice with subcutaneously implanted (into the 
hip) M-1 sarcoma. The animals were exposed after 
palpatory detection of the tumor node on days 10-12. 
The mean volume of the tumor was 0.25 cm3. Be-
fore the procedure, the animals were narcotized with 
0.25% sodium thiopental (0.1 ml/100 g). Photolone 
(chlorine PS) was injected intraperitoneally (5 mg/
kg; Latus 0.4 semiconductor laser with λ=662 nm 
served as the source of radiation. A lightguide with 
a cylindrical diffusor (1-cm active part) was used. A 
needle with a mandrel was injected into the thickness 
of the tumor; the mandrel was then removed and the 
lightguide was inserted through the needle canal. The 
diffusor was located along the greatest size of the 
tumor. The lightguide position was verifi ed by the 
light spot.

The tumor diameter was measured before agent 
injection (initial data) and on days 3, 7, 10, 14, and 21 
after therapy [2]. The dynamics of tumor growth was 
evaluated by the coeffi cient of the absolute tumor in-
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crement (C) [2]. The treatment effi ciency was evalua-
ted by the continuing growth coeffi cient and complete 
regression (CR) percentage in comparison with the 
control group. The absence of apparent palpated tu-
mor was taken as CR (C=-1.00). The control group 
consisted of animals receiving no treatment of any 
kind (no PS and no irradiation). The results were pro-
cessed by variation statistics methods, the signifi cance 
of differences was evaluated using Mann–Whitney 

test. Experimental data were compared with the data 
in the control for each experiment.

RESULTS

The animals were divided at random into 8 groups (Ta-
ble 1). Intense growth of M-1 sarcoma was observed 
in the control group. In none controls spontaneous 
regression of the tumor was observed. Directly after 

TABLE 1. Coefficient of Absolute Increment of M-1 Sarcoma after IPDT

Parameter

Day of observation

3 7 10 14 21

Control (n=17)

C 1.73±0.32 7.53±1.39 17.70±3.35 29.85±5.58 69.83±13.90

Power 100 mW, exposure 20 min (n=11)

C 0 0 0.53±0.53 0.84±0.41 9.13±3.29

p=0.008 p=0.001 p=0.002

CR, % 91 91 73 45.5 45.5

Power 100 mW, exposure 25 min (n=11)

C 1.95 4.31 7.44 3.68±2.76 9.77±1.64

p=0.03 p=0.03

CR, % 91 91 91 82 82

Power 200 mW, exposure 15 min (n=13)

C -1.0 -1.0 -1.0 2.90±1.98 5.32±2.92

p=0.03 p=0.004

CR, % 100 100 100 67 54

Power 200 mW, exposure 20 min (n=14)

C -1.0 0.11 1.07 4.93 7.92±3.87

p=0.04

CR, % 100 93 93 93 79

Power 200 mW, exposure 25 min (n=11)

C -1.0 -1.0 -1.0 -1.0 0

CR, % 100 100 100 100 91

Power 300 mW, exposure 10 min (n=12)

C -1.0 0 0.16±0.16 0.55±0.16 8.15±5.05

p=0.06 p=0.002 p=0.006

CR, % 100 92 83.3 58.3 58.3

Power 300 mW, exposure 15 min (n=11)

C -1.0 -1.0 0 6.02 3.95±3.95

p=0.03

CR, % 100 100 91 91 82

Note. C: coefficient of absolute tumor increment. Significant differences from the control according to Mann–Whitney test.
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the IPDT session, all experimental animals developed 
cyanosis of the skin, which augmented with time. Af-
ter 3-4 h the tumor was poorly discernible because of 
edema. The crust formed by days 3-5, its size varying 
from 0.7-1.0 to 1.5-1.8 cm. Edema of the adjacent tis-
sues persisted until days 7-10.

In groups exposed to radiation of 100 mW, the 
tumor resolved under the crust and by day 21 was 
gradually replaced with the connective tissue; a fi ne 
cicatrix formed at the site of exposure. In groups ex-
posed to 200 and 300 mW, the adjacent normal tis-
sues were damaged, and by the end of the observation 
period ulcerative defects or a coarse cicatrix formed 
at the site of exposure, so that the animals spared the 
limb. The most pronounced changes were observed 
after 25-min exposure to radiation of 200 mW and to 
10-min or 15-min exposure to 300 mW.

Analysis of experimental data demonstrated the 
increase of tumor CR percentage after exposure to 
higher output power. The increase of the power from 
100 to 200 mW (20-min exposure) resulted in an in-
crease of CR from 45.5 to 79%, the coeffi cient of 
absolute tumor increment in animals with continuing 
growth being 9.12 and 7.92, respectively. At a power 
of 200 and 300 mW (15-min exposure) the CR was 54 
and 82%, respectively, the tumor increment coeffi cient 
being 5.32 and 3.95, respectively.

The most signifi cant parameter was the duration 
of exposure. At the output power of 100 mW prolonga-
tion of exposure from 20 to 25 min led to CR increase 
from 46 to 82%. In the groups exposed to 200 mW the 

percentage of animals with tumor CR also increased 
with prolongation of exposure: 54% after 15 min, 79% 
after 20 min, and 91% after 25 min. At a power of 300 
mW and exposure of 10 and 15 min the CR by the end 
of observation was 58.3 and 82%, respectively.

Hence, the use of IPDT for the treatment of M-1 
sarcoma is suffi ciently effective, but it is noteworthy 
that the optimal mode is low output power and long 
exposure of the tumor, because the increase in expo-
sure parameters leads to enlargement of the damaged 
zone and hence, normal tissues are involved, which 
inhibits complete healing.
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