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We have synthesized two water soluble dendritic
orphyrins, termed DP1 and DP2 and have success-
ully radiolabeled them with 99mTc. These 99mTc-labeled
orphyrins were administered to C6-glioma tumor
earing Wistar rats and scintiimaging and biodistri-
ution studies were carried out. Tumor to muscle ra-
ios of DP1 and DP2 were 8.0 and 9.7, respectively.
hese molecules may have potential for tumor imag-

ng and diagnosis and may even prove useful as pho-
osensitizers in photodynamic therapy applications.
2001 Academic Press

Key Words: 99mTc-labeled dendritic porphyrin; scinti-
maging; photodynamic therapy; photodynamic
iagnosis.

Photodynamic therapy (PDT), a new treatment mo-
ality, uses a combination of photosensitizing drug and
isible/near infrared light for the management of a
ariety of solid malignancies and many nonmalignant
isorders (1, 2). Most of the studies carried out on PDT
ave employed Photofrin as a photosensitizer. The flu-
rescence of porphyrins is also used for the diagnostic
etection of tumor cells, such as early stage cancer of
he skin, bladder, lung, and brain. This procedure,
ermed photodynamic diagnosis (PDD), helps to define
oorly defined tumor borders before the use of invasive
DT treatment (1, 2). The fluorescence of d-amino-

evulinic acid biotransformed protoporphyrin IX is a
ommonly used PDD procedure for cutaneous lesions
2). Photofrin, despite of its proven efficacy, has many
imitations limiting its widespread use in PDT proto-
ols. The development of the effective second genera-
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ion photosensitizers suitable for PDD and PDT is a
ontinuing area of investigation (1, 2).
Over the last decade, there has been remarkable

dvances in the synthesis of dendrimers (3–8). This
evelopment has provided a new methodology for den-
ritic architecture to build up globular shaped hyper-
ranched macromolecules of nanoscopic size. Much of
he earlier work in this area concentrated in the syn-
hesis of dendrimers with few skeletons in high gener-
tion. In recent years there has been greater emphasis
n the development of dendritic architectures incorpo-
ating specific functional moieties either on the surface
r in the interior of dendrimers. The shape and struc-
ures of these dendrimers with three distinct environ-
ents, namely, core, branched shell and external sur-

ace, have been elegantly utilized to replicate or
odulate processes known from biological system (4, 7,

). The research activities on these lines have led to the
ost spectacular applications of dendrimers in mag-

etic resonance imaging as a contrast agent to visual-
se the blood-stream in the body for diagnostic pur-
oses (9–13). Dendrimers have also shown promise as
herapeutic agents in boron neutron capture therapy
14–16) as well as in gene therapy (17–19).

Dendrimers with multiple identical ligands are very
ttractive agents because these structures can exhibit
mplified substrate binding (8, 20). We considered that
t should be possible to synthesize dendrimers with
orphyrin core which may have superior tumor accu-
ulation than porphyrins. We have earlier reported

he preparation of 99mTc-labeled 5,10,15,20-tetrakis[4-
carboxymethyleneoxy) phenyl] porphyrin (T4CPP)
hich accumulated preferentially in mammary tumor-
earing rats (21). The present study reports the syn-
hesis of two dendrimers with T4CPP core, termed as
P1 and DP2 molecules. These two 99mTc-labeled den-
rimers were found to be preferentially localized in
umors than in surrounding muscle in C6-glioma
umor-bearing Wistar rats.
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ATERIALS AND METHODS

eneral

4-Hydroxybenzaldehyde (Fluka), pyrrole (Alrich) ethyl chloroac-
tate (Aldrich), iminediactic acid (Alrich) were used. Other chemicals
sed were of analytical grade. The solvents were purified and dried
efore use by the standard methods (22). 99mTcO4

2 used in this study
as obtained from 99Mo and further processed by solvent extraction
rocedures (32).

ynthesis

The methyl esters of the first generation dendritic porphyrin DP1
nd the second generation dendritic porphyrin DP2 have been pre-
ared as described recently (23).

irst Generation Dendritic Porphyrin (DP1)

To prepare the water soluble dendritic porphyrin (DP1), the
ethyl ester of 1 (500 mg) was hydrolyzed with NaOH in methanol-
ater ratio (24). The hydrolyzed product was neutralized by 2 N
ydrochloric acid, and kept overnight at 10°C. The solid mass thus
btained was filtered, washed with small portions of ice-cold water,
nd methanol and finally dried (yield: 85%) IR(K Br):1610, 1640
((CAO)} cm21 1H NMR (500 MHz, D2O, DSS); 4.16 (s, 8H-NCH2-
rotons), 4.21 (s, 8H-NCH2-protons), 5.29 (s, 8H,-OCH2-protons),
.45–7.65 (m, 16 H, benzenoid protons), 8.90 (sb, 8H, pyrrole (H
rotons) ppm. UV/vis (H2O): (max) 421 (5,00,000), 483 (3260), 519
21,000), 546 (6050), 589 (5620), 651 (4830) nm. Analytically calcu-
ated for C68 H58 N8 O24: C, 59.56, H, 4.26; N, 8.17. Found C, 59.92;
, 4.32; N, 8.25. The structure of DP1 is shown in Scheme 1.

econd Generation Dendritic Porphyrin (DP2)

The water soluble second generation dendritic porphyrin (DP2)
as prepared by following the procedure as given for 1 except the
ethyl ester of 2 (500 mg) was used in place of the methyl ester of 1.
inal dried product was obtained in 30% yield. IR (KBr):1615, 1640

v (CAO)} cm21. 1H NMR (500 MHz, D2), DSS): (3.60–3.80 (sb, 32 H
nd generation -NCH2-protons), 3.90 (s, 8H, 1st generation -NCH2-
rotons), 4.85 (s, 8H -OCH2-protons), 7.65–8.10 (dd, 16H, benznoid
rotons), 8.50 (s, 8H, pyrrole (-H protons) ppm. UV/Vis (H2O): (max)
22 (5,00,000), 482 (3800), 519 (21000) 546 (6050), 589 (5,200), 651
4200) nm. Analytically calculated for C100 H98 N16 O48: C, 52.41;
, 4.31; N, 9.78 Found: C, 51.27; H, 4.82; N, 9.92. Its structure is

hown in Scheme 1.

SCHEME 1
33
adiolabeling

Radiolabeling of these photosensitisers was carried out with 99mTc
sing Sn21 ion as a reducing agent. Two milligrams of these ligands
as dissolved in 0.4 ml of physiological saline. This was treated with
0 ml (20 mg) of a solution of stannous chloride (2.0 mg of SnCl2 z
H2O in 0.1 N HCl and made it to 2.0 ml with physiological saline)
ollowed by the addition of 0.2 ml of 99mTcO4

2 (74 MBq). The reaction
ixture was incubated of room temperature for 15 min. The reaction

roduct was then passed through 0.22 mm membrane filter to obtain
he product free from colloidal particulates. The radiochemical pu-
ity was greater than 95% as determined by ascending paper chro-
atography using physiological saline as development solvent (Rf of

abeled compound 5 0.0; while for free TcO4
2 5 0.7–0.8).

nimal Tumor Model
C6-glioma tumor model. C6-glioma cell line was obtained from
ational Institute of Tissue Culture Centre (Pune, India) and
.0 3 106 cells were injected into newborn Wistar rat pups. Tumor
ize was monitored daily and was excised when it attained diam-
ter between 10 –12 mm. The tumors were fresh and nonnecrotic
nd were collected in sterile petri dishes. The tumor tissues were
ut into fine pieces with sterile scissors in approximately 4.0 ml
terile phosphate buffer solution and filtered through a sterile
iremesh. The cell suspension (0.1 ml) was then injected into the
ewborn pups through subcutaneous injection on the back. These
ups were periodically monitored for palpable tumors twice a
eek. When the tumor size reached a diameter 20 –24 mm, these
nimals were subjected to scintigraphic imaging using gamma
amera computer systems.

cintiimaging

C6-glioma tumor-bearing rats were anaesthetised by ether and 0.4
l of 99mTc-dendritic porphyrins was injected intravenously through

ail vein. In vivo scintiimaging studies were performed at 5.0 h post
njection by acquiring 400 kilocounts on a 256 3 256 matrix using
amma camera with low energy all purpose collimator with a energy
etting centered at 140 KeV and a 20% window. The accumulated
racer activity in tumor and other organs was determined by draw-
ng regions of interest and counts obtained from these areas were
ormalised to same pixel counts to thigh muscle region of interest.
hen tumor to muscle ratios were then determined.

ESULTS AND DISCUSSION

The strategy used for the synthesis of DP1 and DP2
s given in Scheme 1. The starting material for synthe-
is of DP1 is a tetraacid chloride of T4CPP. The latter
ompound was prepared by reaction of T4CPP with
OCl2. Next the tetraacid chloride of T4CPP was cou-
led with N,N-di(carbomethoxymethylene)amine. The
ethyl ester of 1 thus obtained was hydrolyzed by
aOH in methanol-water (24) which resulted in the

ormation of DP1 (Scheme 1a). A repeat of this reac-
ion sequence resulted in the generation of the
ethyl ester which on hydrolysis with NaOH in
ethanol-water gave DP2 (Scheme 1b). The com-

ounds DP1 and DP2 show two CAO stretching fre-
uencies suggesting two types of CAO groups. The

1H NMR spectrum of DP1 shows peaks to both por-
hyrin moiety and N,N-di(carboxymethylene)amine
roups. The peaks of porphyrin moiety was observed
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etween 7.45 and 7.65 ppm (benzenoid protons) and
t 8.90 ppm (pyrrole B-H protons). The peaks of side
hains were observed at 4.16 (-NCH2-protons) 4.21
-NCH2-protons) and 5.29 ppm (-OCH2-protons).
imilarly the 1H NMR spectrum of DP2 showed
eaks of porphyrin moiety at 7.65– 8.10 ppm (benze-
oid protons) and at 8.50 ppm (pyrrole (-H protons).
ther peaks present due to side chains at 3.60 –3.80
pm (2nd generation-NCH2-protons) 3.90, 4.00
pm (1st generation-NCH2-protons) and 4.85 ppm
-OCH2-protons). The UV-Vis spectra of DP1 and
P2 exhibited typical porphyrin type with a Soret at
21– 422 nm and four visible bands between 519 –
15 nm (23). The above spectral data on DP1 and
P2 support their structures as given in Fig. 1.
With a view to ascertain the efficacy of these den-

ritic porphyrins for detection of tumors, these mole-
ules were labeled with 99mTc. Chromatography of
hese labeled complex showed a radiochemical purity
f greater than 95% and the labeled product was found
o be stable (in vitro) for more than 4 h at room tem-
erature. Scintigraphic imaging studies were per-
ormed 5 h postinjection of the complex into the C6-
lioma tumor bearing rats using gamma camera
omputer system. The accumulation of the agent in the
umor is shown in Fig. 2. Tumor to muscle (T/M) ratio

FIGURE 1
34
as calculated and the results obtained are shown in
able 1.
Wong earlier labeled hematoporphyrin derivative

HpD), the earliest employed photodynamic therapy
hotosensitizer, with 99mTc but was unsuccessful (28).
he reason could be that the HpD/Photofrin II is a
ixture of many oligomers and monomers with no

helating moieties. The dendritic porphyrins were de-
igned to synthesis as a single molecule with iminodi-
cetic acid groups as chelating moieties for successful
abeling with 99mTc. The labeling of these dendritic
orphyrins is therefore unique and the results ob-
ained were compared with published data with 14C/3H
abeled HpD (Table 2). The T/M ratio obtained in the
resent study was significantly higher (DP1, 8; DP2,
.7) as compared to that of 14C/3H labeled HpD (3.37;
.43) validating the significance of these ligands for

FIG. 2. Scintiimage of 99mTc-dendritic porphyrins of (A) DP1
n C6-glioma tumor Wistar rat (B) DP1 in C6-glioma tumor

istar rat.

TABLE 1

In Vivo Distribution of 99mTc Dendritic Porphyrins
in C6 Glioma Tumor-Bearing Wistar Rats

Organs

99mTc-1st generation
dendritic porphyrin

(DP1) n 5 8

99mTc-2nd generation
dendritic porphyrin

(DP2) n 5 8

umor 29.72 6 1.95 30.22 6 1.21
iver 10.21 6 1.02 9.58 6 0.95
idneys 29.02 6 1.75 31.77 6 2.01
uscle 3.71 6 0.35 3.12 6 0.25
/M ratioa 8.0 9.7

Note. n, number of rats used for each study.
a Normalized with pixel counts.
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ossible tumor localizing agents. The difference in T/M
atio could be due to species-specificity. An ideal agent,
or tumor imaging and diagnosis, should accumulate in
he target tissue with a target to nontarget ratio
reater than 3.0 (29). The sufficiently high T/M ratio
btained in this study indicates that both radiolabeled
endritic porphyrins DP1 and DP2 have potentials for
se in tumor imaging and diagnosis. Non-invasive de-
ection of tumors using these radiolabeled photosensi-
isers could be a simple, viable and a practical method
f tumor detection. Under optimized conditions, the
easurement of accumulation of the porphyrins in dif-

erent tissues/organs using this technique could even
upersede the optical methods based on flurometry (26)
r reflectance spectrophotometry (27). In addition to
se of radiolabeled DP1 and DP2 for detection of tu-
ors, these agents could be employed to monitor the

rogression or regression of tumors following many
reatment protocol before, during and after chemother-
py or PDT. If these dendritic porphyrins DP1 and DP2
n light illumination are effective generators of singlet
xygen, then these could even be used as photosensi-
izers in PDT protocols. If these applications are pos-
ible then these DP1 and DP2 could have dual appli-
ations in detection (PDD) and treatment of cancer
PDT).
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