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ABSTRACT

Photosensitive agents and light have been usedhddical purposes for a very long time. Photodynatmicapy
(PDT) involves the delivery of photosensitizersttonor tissues followed by irradiation with light ebrresponding
wavelength. The present study is focused on thienggattion of light dose which can effectively indutumor regression
by PDT using Symmmetrical diiodinated squaraines ohthe newly developed photosensitizers, on gkinor models.
Skin tumor was induced in Swiss albino mice byttigcal application of DMBA and croton oil. For seting the dose of
light for squaraine PDT which can effectively catiseor regression the parameters like the numbé&wrobrs per mouse
and mean tumor volume were analysed before and taé@tment. The optimum light dose was found talbe J/crf.
The hematological parameters were also analyseall ithe groups. Significant change was observethé levels of
haematological parameters after squaraine PDT. Adae, the dye selected for our study, Symmmadtaidadinated

squaraine, was found to be a promising agent foF Bfplications.
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INTRODUCTION

Photodynamic therapy (PDT) is gaining acceptanceaatechnique for cancer treatment in recent years
(Dougherty et al. 1998; Sharman et al. 1999; Bratral. 2004). Photodynamic therapy (PDT) has entki@ge an
alternative strategy for treating cancer. PDT cxtssbf three main components: a photosensitizght,liand oxygen.
PDT takes advantage of an appropriate wavelengtigluf that excites a photosensitizer to its sihgbecited state and a
subsequent intersystem crossing to reach thetteplergy state (Jurranz et al. 2008; Ortel et @092. In the presence of
molecular oxygen, energy is transferred to rel&xekcited state of the photosensitizer. This en@ragysfer in turn excites
molecular oxygen to form excited, singlet state gety. Singlet oxygen induces cell death via damagixigation or
redox-sensitive cellular signaling pathways, thusdiating the effects of PDT (Jurranz et al. 2008aky et al. 2008).
Intriguingly, PDT has also been shown to regulatecesses beyond tumor cell death including tumgicayenesis and
modulation of the immune system (Jurranz et al.82@blmans et al. 2003; Gollnick et al. 2010; Reddyal. 2006).
Each photosensitizer is activated by light of actfiewavelength (Dougherty et al. 1998). This wiavegyth determines
how far the light can travel into the body (Vrouaetes et al. 2003).

An ideal photosensitizer should meet the followanigeria that are clinically relevant; a commerlgiavailable pure
chemical, possessing low dark toxicity but strohgtpcytotoxicity, good selectivity towards targetls, long-wavelength
absorbing, rapid removal from the body and easslofinistration through various routes. These datprovide a general
guideline for comparison. Although some photoséresis satisfy all of or some of these criteriay¢hare currently only a

few photosensitizers that have received officialprapal around the world. However, PDT with the eutly
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FDA-approved photosensitizers is not without advesffects. For example, Photofrin®, the first systedrug approved,
is well known for causing an intense inflammatondanecrotic reaction at the treated site and pg#dnwidespread
photosensitivity for up to several weeks post-PDfereby imposing severe limitations on the pateerifestyle
(Dougherty et al. 1990, Moriwaki et al. 2001). Besa of this and other drawbacks of Photofrin®, madgitional
photosensitizers have been synthesized, and afféveim have developed into FDA-approved drugs erwder clinical

trial.

The aim of this study was to optimize the light @@nd to determine the tumor burden and therapefft@acy of
Symmetrical diiodinated squaraine on skin tumowgetl animal models. Skin tumor was induced in Swaibso mice
(Male, 20-25¢) using DMBA and croton seed oil.

METHODS

Skin Tumor-Induction in Mice and Photodynamic Treatment
Swiss albino mice-Male, 6-8 week old, weighing Bj2vere divided into four groups as:
Group | - Control
Group II- DMBA + Croton oil
Group IlI- DMBA + Croton oil + Squaraine dye (12vtg/kg body wt)
Group IV- DMBA + Croton oil + Squaraine dye (12.9fkg body wt) + Light treatment
[Animals Sacrificafter 2 Weeks of Light Treatment]

Skin tumor was induced in the animals of the Grolip#ll, and IV using DMBA and croton seed oil liie
method of Ewing et al(Ewing et al. 1998). The body weight of each anhimas noted, the animals were observed
regularly for any lesion and tumor development pagdillomas appearing on the shaved area of thevalie recorded at
weekly intervals. Tumor promoting activity of DMB#&nd croton oil was evaluated by determining bothptoportion of
tumor-bearing mice and the number of tumors (>2000in diameter) per mouse. After the completiothef study period
(20 weeks),the tumor bearing mice of Groups Il and IV werevggi an intraperitoneal injection with the dye
[dissolved in phosphate buffered saline (PBS), pH @t a concentration of 12.5mg/kg body weighte Thice were kept
in dark for 24 hours after injection to eliminateygpossible tissue damage due to the exposurentmists The animals in
group IV were divided into different groups for opization of light dose. In Group 1V, the treatmerith light was done
after 24 hours. The tumor area was then exposeisitile light from a 1000 W halogen lamp, kept aistance of 33cm

for different time intervals.
Selection of Optimal Light Dose forin Vivo PDT

For the optimastion of light dose, skin tumor-inddcSwiss albino mice (Male, 20-25g) were dividetb in
different groups and subjected to photodynamicabyerat different light doses after injecting 12.5afghe dye/kg body
weight dissolved in phosphate buffered saline. fitiee were kept in dark for 24 hours after injecttoneliminate any
possible tissue damage due to the exposure tagbtinindividual light treatment was given for eanbuse. The grouping

of animals is given as follows.
Group IVa: Tumor induced

Group IVb: Tumor induced+dye (12.5mg /kg body wéjghtotal light dose of 80 J/ém
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Group IVc: Tumor induced+dye (12.5mg /kg body wéjghtotal light dose of 100 J/ém
Group 1Vd: Tumor induced+dye (12.5mg /kg body wéjghtotal light dose of 120 J/ém
Group IVe: Tumor induced + total light dose of gen¥

Group IVf: Tumor induced + total light dose of 10@nt

Group IVg: Tumor induced + total light dose of 1.B6nt

The total light dose was adjusted by varying tmeetiduration of illumination. The total light dosard the

corresponding time required for illumination is givas:
80 J/cnd : 1000W halogen lamp kept at a distance of 33amfthe tumor; time of illumination-18 min*.
100 J/cm : 1000W halogen lamp kept at a distance of 33amfthe tumor; time of illumination-22 min*.
120 J/cr : 1000W halogen lamp kept at a distance of 33amfthe tumor; time of illumination-26 min*.

*The time of illumination for each total light doseas calculated based on the relationship betweales and

Watt (W = J/sec) as follows:
Distance between lamp (1000W) and the specimenenB3

Area illuminated by the lamp when placed at 33cnayaw 75cm x 175cm (calculated by measuring thetteng

and breadth of the illuminated rectangular regitremthe light source was kept at 33 cm) = 13125 cm
The dose of light incidenting per &m1000 W / 13125 cfr= 0.0762W/crh
Required light dose = ‘L’ J/ctnwhere L=80, 100 or 120 as the requisition may be
L J/enf = 76.2 x 10° Wicnt x ‘t’ sec, since W = J/sec; J = W x sec
Therefore, t = L/0.0762 sec, where L=80, 100 or 42@he requisition may be.

Skin of the mouse except the target tumor was @sveith aluminium foil and it was kept in a cooleahtainer
prior to PDT treatment. The tumor area was therosag to visible light from a 1000 W halogen lamgptkat a distance
of 33cm for different time intervals, correspondingthe different total light doses required inteaase. A stream of cool
air cooled the area under treatment continuouslyo Tveeks after the treatment, the animals in al ghoups were
monitored for tumor statistics. The effect of Sqiae PDT on hematological parameters were alsys@alin the mice of

all the groups.
RESULTS AND DISCUSSIONS

Skin tumor was induced in Swiss albino mice (M&e;25g) using DMBA and croton seed oil. In the tum
induced groups, lesions were observed in the skithe 3" week of the experiment. The lesions observed \ates
developed into tumors. The appearance of tumotHerfirst time was noted at thd 8veek after DMBA application.
In the tumor bearing animals treated with DMBA, rthevas a sharp drop in body weight. This may be tdueancer
cachexia. Cancer cachexia results in progressae db body weight, which is mainly accounted by timagsof host body
compartments such as skeletal muscle and adipsmeeti Weight loss and tissue wasting are observedricer patients
(Khan and Tisdale. 1999). The increase in body teogpmpared to the cancer induced group at two svadier PDT

treatment indicates the counteractive propertheftteatment on tumor progression.
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Selection of Optimal Light Dose and Tumor Regressiofor Squaraine PDT

For selecting the dose of light for squaraine POfictv can effectively cause tumor regression, thaupaters
like the number of tumors per mouse and mean twolrme were analysed before and after treatmeng. timor

statistics of different groups of animals were gsatl and shown in the following table (Table 1).

Table 1: Effect of PDT on Tumor Statistics

Group Group Group IV

PRI | Grouell Ty Va [ Wb | V¢ | IVd | Ve | If | IVg
Number of Nil | 5.1:0.4G | 5:0-44| 5.05:0| 45:0. [ 4.1:0.| 4302 | 4.98%. | 4.88% | 491«
tumors per mouse T @ 413 45° 30 7° 32% | 0.41° | 0.53%
Percentage Nil 00422 | 8952 | 91+ | 85+4P | 8242° | 8142° | 89+1% | 90+2? | 89+22
Tumor incidence
Mean tumor Nil 24.42+ | 23.50+ | 24.11+ | 15.32+ | 9.24* | 9.01+ | 22.23%| 23.45 | 23.15
volume 2.12% | 1.19* | 0.14* | 3.21° | 1.01° | 2.12° | 4.12® | +1.1% | +3.10°

Values are Mean of Seven Estimations. Compaisbetween Groups.
Different Alphabets Indicate Significant Differee at p<0.05

The tumor statistics of different groups of mice ahown in the table. Tumor incidence was foundeéo
decreased significantly in the groups that receitred PDT treatment. These results clearly indithéepotency of the
symmetrical diiodinated squaraine dye as a nowhibeutic agent against skin cancer models. Thmalptlose selected

is 100 J/crhito minimize the thermal effects.
Effects of PDT on Haematological Parameters
The effect of Squaraine PDT on hematological pataraewere analysed in all the groups and the =gk

shown in the Table 2.

Table 2: Effects of PDT on Haematological Parameters

Groups Hb Total WBC/mm® | RBC X 10° PCV/dI ESR
[ 12.1+0.13 4600+34.02 7.74+0.04 | 40.6+0.28 | 5+0.07
I 9.740.17 5160+34.77 6.34+0.03 | 36.8+0.07 | 2+0.0%
1T 9.840.1P 5220+35.52 6.51+0.08 | 37.0+0.07 | 2+0.08
Ve 10.9+0.1% 4790+34.02 6.871+0.03 | 38.7+0.08 | 3+0.06

Values are mean of six estimations. gamson is between groups.
Different alphabets indicate signifitdifference at p<0.05
In the tumor induced mice, the hematological patamseshowed significant alterations from the noren@hals.
The values reverted to the near normal levels tveeks after PDT. In cancer chemotherapy the majoblem are
myelosuppression and anemia. The anemia encounieremmor bearing mice is mainly due to reductionRBC or
hemoglobin percentage and this may occur eithertdumn deficiency or due to hemolytic or myeldgatconditions.
The PDT treatment induced significant changes @ ldvels of the parameters compared to mice witli@atment.

This indicates the therapeutic action of Squaraiméhe heamato-poietic system.
CONCLUSIONS

From the present study, it can be concluded thatdye selected for our study, Symmetrical diiodidat

squaraine, possesses photodynamic therapeutia@ffand the optimum light dose fiorvivo applications is 100 J/émn
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