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Degree of substitution of chlorin e6 on
charged poly- L-lysine chains affects their
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Abstract. Macromolecular photosensitizer conjugates are under investigation as improved delivery vehicles for dyes used in
photodynamic therapy. We have previously described the use of conjugates between photosensitizers such as chlorine6 (ce6 )
and poly-L-lysine (pL) chains which are versatile molecular species because the size of the chain can be varied, and the overall
charge can be altered from cationic through neutral to anionic. We now report on a series of pL-ce6 conjugates in their cationic
(native), neutral (acetylated) and anionic (succinylated) forms, where the number of ce6 molecules attached to each chain was
varied (pL: ce6 ratios, 1:4, 1:8, 1:12, and 1:16). The fluorescence emissions were measured in both saline and a disaggregating
solvent. We studied two cell lines (an epithelial ovarian cancer, OVCAR-5 and a mouse macrophage, J774) and measured
cellular uptake, subcellular localization (by confocal fluorescence microscopy) and phototoxicity. The cellular uptake of the
conjugates with four substitution ratios all delivered at 2 µM ce6 equivalent concentration showed a maximum at 12 ce6 per
chain for both cationic and anionic conjugates, but the uptake of the neutral conjugate was proportional to the substitution ratio.
The macrophages took up several times more ce6 than the ovarian cancer cells. Confocal fluorescence micrographs showed
more cellular fluorescence with the lower substitution ratios, and more lysosomal localization with the cationic conjugates. The
phototoxicity was much higher for the neutral conjugates. For the cationic and neutral conjugates the 12 ce6 per chain was the
most effective at killing cells, while for the anionic conjugate it was the 16 ce6 per chain. The anionic conjugate was better at
killing OVCAR-5 cells, while the cationic was better for J774 cells, and the neutral was approximately the same. These data
will help to optimize the parameters to be used in preparing polymeric-photosensitizer conjugates for photodynamic therapy.
Keywords: Photodynamic therapy, photosensitizer, polymeric drug conjugate, confocal fluorescence microscopy, macrophage,
cancer

1. Introduction
The selective accumulation and/or retention of a photosensitizer (PS) in neoplastic tissues is essential
for the efficacy of photodynamic therapy (PDT) of tumors. It is determined, among other factors, by
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the hydrophobicity and aggregated state of the PS, decreased pH in tumors, tumor neovascular effects,
poorly developed tumor lymphatics, and differences in the stromal cells (particularly macrophages)
within the tumor [1]. Because most PS used in PDT have limited selectivity for tumor tissue [2]
several groups have aimed to increase the specificity of PS for tumors by conjugate and complex
formation with macromolecular carriers [3]. One method of targeting drugs, radioisotopes and recently
PS to tumors which is attracting interest, is the use of polymer-conjugates. These may be either
natural polymers such as dextran [4] and polyamino-acids [5], or synthetic polymers such as N-(2hydroxypropyl)methacrylamide [6]. There have been reports of PS being conjugated to polymeric
carries [7,8], but these have not focused on the role of the charge borne by the conjugate.
We originally designed poly-L-lysine chlorin (e6) (pL-ce6 ) conjugates as vehicles to attach a number
of PS molecules to monoclonal antibodies in a site-specific manner for photoimmunotherapy (antibodymediated PS delivery) [9]. Because the construct consisting of an antibody bound to a pL chain with a
relatively small number of ce6 molecules attached to the epsilon amino groups had a pronounced cationic
charge, we investigated the possibility of rendering the molecule anionic by treating the remaining epsilon
amino groups with succinic anhydride [10–12]. We subsequently studied the use of the pL-c e6 conjugates
themselves as PS delivery vehicles and compared the cationic and anionic species with a neutral molecule
obtained by treating the epsilon amino groups with acetic anhydride [13]. Cationic and anionic conjugates
formed from two sizes of pL chains were studied in a rat orthotopic cancer model [14], and the effect
of attaching polyethylene glycol (PEG) side chains to the acet pL-ce6 conjugates was investigated both
in vitro and in a mouse model of metastatic ovarian cancer [15]. Recently we have reported that the
cationic pL-ce6 species are highly effective for as delivery vehicles for PDT of bacteria both in vitro [16,
17] and in mouse models of wound infections [18].
In addition to the above-mentioned important variables in the molecular design (size of the pL chain
and overall charge), another variable that should be considered is the substitution ratio (SR), i.e., the
number of molecules of ce6 attached to each chain. This is expected to be important because of the
well-known tendency of tetrapyrrole molecules to undergo self-association both in intermolecular and
intramolecular fashions. If the ce6 molecules are bound close together on the pL chains, this might be
expected to affect their photophysical properties such as fluorescence and triplet yields, and the changes
to the overall molecular structure may impact their interaction with cells such as uptake, subcellular
localization and consequent phototoxicity. We now report on a series of pL-c e6 conjugates prepared
with four SRs (pL:ce6 , 1:4, 1:8, 1:12, and 1:16) and subsequently either left cationic or rendered neutral
or anionic as described above. The fluorescence emissions were meas both saline and a disaggregating
solvent. We studied two cell lines (an epithelial ovarian cancer, OVCAR-5 and a mouse macrophage,
J774) and measured cellular uptake, subcellular localization (by confocal fluorescence microscopy) and
phototoxicity.
2. Materials and methods
2.1. Preparation of polylysine c e6 conjugates of varying charges
The N-hydroxysuccinimide ester of c e6 (Porphyrin Products, Logan, UT) was prepared by reacting 1.5
equivalents of dicyclohexylcarbodiimide and 1.5 equivalents of N-hydroxysuccinimide with 1 equivalent
of ce6 in dry dimethyl sulfoxide (DMSO). Four portions each of 40 mg (2.1 µmol) poly-l-lysine hydrobromide (Sigma, St Louis, MO) (average M.Wt. 18,600, average degree of polymerization = 89) were
dissolved in dry DMSO (20 mL) containing N-ethylmorpholine (1 mL). To these four solutions were
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added 0.2 mL, 0.4 mL, 0.8 mL and 1.6 mL of a dry DMSO solution containing c e6 -N-hydroxysuccinimide
ester (25 mg/mL, containing 8.3, 16.7, 25 and 33.3 µmol of c e6 respectively) and the solutions were
kept in the dark at room temperature for 24 h. Each solution was then divided into three equal portions.
One set of four preparations of the different SRs was saved unmodified, while a second set of four was
treated with an excess of acetic anhydride (100 mg dissolved in 0.5 mL dry DMSO) to produce a set of
neutral charged conjugates, and the third set of four was treated with an excess of succinic anhydride
(100 mg dissolved in 0.5 mL dry DMSO) to produce an anionic charge. These twelve solutions were
dialyzed in DMSO-resistant dialysis membrane of 3500 MW cutoff (Spectrum Medical Industries, Los
Angeles, CA) for 24 h against three changes of 10 mM phosphate buffer (pH = 7). All experimental
manipulations of preparations containing c e6 were carried out in subdued lighting.
2.2. Absorbance and fluorescence spectroscopy
The degree of ce6 substitution on the polylysine chains was estimated by measuring the absorbance at
400 nm of conjugates dissolved in 0.1 M NaOH/0.1% SDS and calculating the amount of c e6 present
using ε400 nm = 150000. The amount of pL was assumed to be the original quantity weighed out.
After exhaustive dialysis it was assumed that the remaining c e6 was covalently bound to the pL. The
fluorescence emission spectra of the pL-c e6 conjugates in 0.1 M NaOH and also in PBS were measured
as a function of the ce6 absorbance at 400 nm and were recorded from 580–720 nm after excitation at
400 nm using quartz cuvets with 1 cm path length on a spectrofluorimeter (Fluorolog 3, SPEX Industries,
Edison, NJ).
2.3. Cells and culture conditions.
NIH:OVCAR-5 (OVCAR-5) cells were obtained from Dr. T. Hamilton (Fox Chase Cancer Institute,
Philadelphia, PA) and J774.A1 (J774) mouse macrophage-like cells were from ATCC (Rockville, MD).
Cells were grown in RPMI-1640 media containing Hepes, glutamine, 10% heat-inactivated fetal calf
serum (FCS), 100 U/mL penicillin and 100 µg/mL streptomycin at 37 ◦ C in a humidified 5% CO2
atmosphere.
2.4. Cellular uptake
Cells were seeded into 24-well plates, allowed to resume exponential growth (70% confluent), at
which time medium was removed and replaced with growth medium with 10% FCS containing 2µM ce6 equivalent (final concentration in medium) in triplicate. After 6 h the conjugate solution was
aspirated from the wells, the cells were washed with PBS and incubated with 1mL trypsin-EDTA
(Gibco, Invitrogen Corp, Carlsbad, CA) for 10 min. The resulting cell suspension was then centrifuged,
the trypsin supernatant was aspirated and retained and the pellets (visibly fluorescent under long wave
UV) were dissolved in 1.5 mL 0.1 M NaOH/1% SDS for at least 24 h to give a homogenous solution. The
fluorescence of the cell extract was measured on a spectrofluorimeter as described above. The protein
content of the entire cell extract was then determined by a modified Lowry method [19] using bovine
serum albumin dissolved in 0.1M NaOH/1% SDS to construct calibration curves. The trypsin supernata
checked for the presence of fluorescence which was negligible. Results were expressed as mol of c e6 per
mg cell protein determined from fluorescence intensity calibration curves prepared separately for all 12
conjugates.
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2.5. Confocal microscopy.
Cells (2 × 105 ) were plated on a 20 × 20 mm microscope cover slip and incubated for at least 24
hours. The conjugates were dissolved in complete medium at a concentration of 2-µM c e6 equivalent,
added to the cells and incubated for 6 h. The cells were rinsed and mounted with PBS on a microscope
slide using 0.02-mm thick distance holders in order to prevent compression of the cells. A confocal
laser microscope (Leica Mikroskopie und System GmBH, Wetzlar, Germany) consisting of a Leica TCS
4D scanner attached to a Leitz DM IRD microscope was operated using the TCS-NT software package
(Leica Lasertechnik, Heidelberg, Germany). An argon laser at 488-nm was used for excitation. A 40 ×
air or 100 × oil immersion objective was used to image at a 1024 × 1024 pixels resolution. Two channels
collected fluorescence signals in either the green range (580 nm dichroic mirror plus 530-nm bandpass
filter) or the red range (580 nm dichroic mirror plus 590-nm longpass filter). The green and red ie color
output) were superimposed for the figures.
2.6. Phototoxicity
This was carried out essentially as previously described [13]. Briefly, cells were cultured in 96-well
plates for 24 h until 70% confluent. Conjugates were added in complete medium at a final concentration
of 2-µM ce6 equivalent and incubated for 6 h. Cells were washed twice and fresh medium was added.
An argon pumped dye laser (Innova 100: CR-599 Coherent, Inc., Palo Alto, CA) was tuned to 666 nm
and coupled into a 1 mm quartz fiber and objective lens to create a homogeneous spot which delivered
light from below to the wells with fluences delivered ranging from 0 to 10 J/cm 2 at a fluence rate of
50 mW/cm2 . After illumination cells were incubated with fresh medium for 24 h. Controls were: light
alone, conjugate and kept out of the incubator in the dark for the duration of the illumination, neither
light nor conjugate. Survival fraction was quantified with the MTT assay [20] and read in an automatic
microplate reader at 560 nm. Survival fraction was calculated as the mean formance from PDT treated
cells divided by the mean absorbances from dark controls incubated with conjugate.
3. Results
3.1. Conjugates
Figure 1 shows the synthetic scheme for the conjugates. The four substitution ratios (referred to as
4, 8, 12, and 16 SR) were calculated to be 3.85 ± 0.7, 7.9 ± 0.4, 12.29 ± 0.8, and 16.23 ± 0.9 c e6 per
chain of 89 lysine residues respectively. Since there were three independent determinations of each SR
derived from measurements of the cationic, neutral and anionic conjugates, the numbers given are the
mean ± SD of 3 measurements.
3.2. Fluorescence
Figures 2a, b, and c show the relationship between the fluorescence emission and the absorbance at
400 nm for the conjugates dissolved in both 0.1 M NaOH and also in PBS. For the cationic conjugates
Fig. 2a shows that the four SRs have similar fluorescence yields when dissolved in NaOH, but in PBS
the overall fluorescence was dramatically lower (from one quarter to one twenty-fifth of the magnitude
measured in NaOH), and in addition the fluorescence of the individual conjugates was proportional to the
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Fig. 1. Synthetic scheme for the preparation of cationic, neutral and anionic conjugates.

SR with the 16 SR conjugate having about 7 times as much fluorescence as the 4 SR conjugate. Figure 2b
shows the corresponding relationship for the neutral conjugates. Here, as before, all 4 conjugates had
similar fluorescence yields when dissolved in NaOH, but in PBS the reduction in fluorescence was not
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Fig. 2. Relationship between the fluorescence emission intensity at 668 nm and the absorbance at 400 nm measured in either
0.1 M NaOH or PBS for 4 SR conjugates with varying charges, a) cationic pL-ce6 ; b) neutral pL-ce6 -ac; c) anionic pL-ce6 -succ.

as pronounced (from 8–50% of the values found in NaOH). The relationship between the fluorescence
and SR was opposite to that found with the cationic conjugates, being inversely proportional to the SR,
with the 4 SR conjugate having almost 10 times as much fluorescence as the 16 SR conjugate. Figure 2c
shows the same experiment performed for the 4 anionic conjugates. Here there is yet another pattern
displayed, with all four SR conjugates having similar fluorescence yields, and the values in NaOH being
approximately 10 times bigger than those in PBS.
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Fig. 3. Uptake of the 12 conjugates all delivered to the cells at a concentration of 2 µM ce6 equivalent and incubated for
6 h in complete medium by a) J774 mouse macrophages and b) OVCAR-5 cancer cells. Values are means of three separate
experiments and bars are SEM.

3.3. Uptake
Figure 3a shows the uptakes of the 12 conjugates representing the four SRs and three charges by J774
mouse macrophages. For the SRs of 4 and 8 c e6 per chain the order of uptake was cationic > neutral
> anionic. At 12 SR the uptake of the cationic conjugate was highest whilst that of the neutral and
anionic conjugates was similar. At 16 SR the neutral conjugate had a higher uptake than both the cationic
and anionic conjugates. The overall result was that both the cationic and anionic conjugates showed
maximum uptakes at a SR of 12, while the uptake of the neutral conjugate increased with increasing SR.
Figure 3b shows the equivalent cellular uptake of the 12 conjugates by OVCAR-5 ovarian cancer cells.
The general pattern of variation in uptakes is similar to that seen in J774 cells, except that the uptakes
are mostly substantially smaller (down to 15% of the uptake seen with J774 cells). In Table 1 we show
the ratio of the uptakes between J774 and OVCAR-5 cells. The cationic conjugates show a trend for a
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Table 1
Ratio of cellular uptakes of ce6 between J774 cells and OVCAR-5
cells. Numbers were derived from
data in Figs 3a and 3b
SR
4
8
12
16

cationic
4.2
3.9
2.7
1.0

neutral
1.6
1.3
1.2
1.1

anionic
4.0
4.2
5.2
5.3

comparatively higher uptake by J774 cells to decrease with increasing SR until the uptake is equal for
both cell lines with the 16 SR. The neutral conjugates show a similar but less pronounced reduction in
preferential uptake by macrophages with increasing SR. By contrast the anionic series all have a higher
uptake by macrophages, which increases even further with increasing SR.
3.4. Confocal fluorescence microscopy
Figure 4 illustrates the fluorescence emissions of c e6 taken up from the conjugates into J774 and
OVCAR-5 cells. The red ce6 fluorescence is superimposed on the green autofluorescence which is
emitted from intracellular organelles including mitochondria and lysosomes. Although it is not generally
possible to use the intensity of fluorescence from confocal micrographs as a quantitative measure to
compare levels of uptake, the large variations in fluorescence intensity observed in these images deserve
mention. The cationic conjugates give punctate intracellular red fluorescence that becomes more confined
with increasing SR. The fluorescence from the neutral conjugates in both cell lines decreases as the SR
increases, while the fluorescence from the anionic conjugates increases with increasing SR in both cell
lines.
4. Phototoxicity
The survival fractions as determined by the MTT assay for mitochondrial dehydrogenase activity were
measured as a function of increasing fluences of 666 nm light delivered. Figures 5a and 5b show the
phototoxicity of the cationic conjugates against J774 and OVCAR-5 cells. In both cases the 12 SR gave
the highest phototoxicity, while for the OVAR-5 cells the 16 SR was second in effectiveness, and for
J774 cells it was the 8 SR. There was significantly more killing observed for all SRs against J774 cells
compared to that found for OVCAR-5 cells.
Figures 5c and 5d show the phototoxicity curves for J774 and OVCAR-5 cell lines using the 4 SRs
and neutral conjugates. There was much more killing of both cell lines compared to the 4 cationic
conjugates. In both cell lines the 12 SR conjugate was by far the most effective, leading to >99%
toxicity after 10 J/cm2 light, followed by the conjugate with 8 SR. There did not appear to be any major
differences between the amounts of killing observed with OVCAR-5 and J774 cells.
Figures 5e and 5f show the corresponding killing curves for the 4 SRs and anionic conjugates. In the
case of OVCAR-5 cells the order of the effectiveness in killing is the increasing SR, with the 16 SR
conjugate producing 85% toxicity at 10 J/cm 2 . With J774 cells the 4 and 8 SR conjugates produced an
increase in MTT activity compared to dark controls at light doses of 2 and 5 J/cm 2 compared to dark
controls, but this effect disappeared at 10 J/cm 2 . The 12 and 16 SR conjugates produced killing at all
fluences, but the SR 16 particularly gave more killing of OVCAR-5 cells compared to J774.
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Fig. 4. Confocal fluorescence micrographs of J774 cells (upper rows) and OVCAR-5 cells (lower rows) incubated for 6 h with
2 µM ce6 equivalent of 4 SRs (columns) of conjugates of different charges. Red ce6 fluorescence is superimposed on green
autofluorescence. Bar = 10 µm.

5. Discussion
Polymer-PS conjugates may be useful agents for delivering PS to cells in vitro and to tumors and other
pathological lesions in vivo, and pL is likely to be the polymeric scaffold of choice due to its inherent
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Fig. 5. Survival curves for PDT of cells loaded with the conjugates delivered at 2 µM ce6 equivalent concentration, incubated
for 6 h and exposed to increasing fluences of 666‘nm light in complete medium. MTT activity was measured 24 hours later.
Points are means of 3 independent experiments and bars are SEM. a) J774 cells and cationic conjugates, b) OVCAR-5 cells and
cationic conjugates, c) J774 cells and neutral conjugates, d) OVCAR-5 cells and neutral conjugates, e) J774 cells and anionic
conjugates, f) OVCAR-5 cells and anionic conjugates.

versatility. This versatility lies in the ability to rationally vary parameters such as the size of the pL chain,
the overall charge and hydrophobicity by attaching side chains such as acetyl, succinyl or PEG, and the
density of PS molecules attached along the chain. The present study has investigated the effect of varying
the number of ce6 molecules attached to each pL chain. Because of the synthesis strategy whereby the
acetyl or succinyl groups are attached after the c e6 molecules, the SRs are directly comparable between
chains of varying charges. We studied two cell lines, ovarian cancer cells and a mouse macrophage cell
line. It has been shown that PDT of tumors can proceed by three distinct mechanisms [21], a) direct killing
of tumor cells that hashutdown of the tumor vasculature after PDT mediated thrombosis and vascular
damage, and c) activation of the host immune system leading to a long lasting anti-tumor response.
Tumor-associated macrophages have been reported to accumulate large amounts of PS in vivo [22] and
this is also likely to apply to macromolecular-PS conjugates. The preservation of macrophage function
in tumors after PDT may be desirable to encourage the acute inflammatory response and the long-term
anti-tumor immune response [23]; both of which have been proposed to be important in the therapeutic
outcome [24].
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The structure of the conjugates in the present study inherently involves the possibility of molecular
interaction of the tetrapyrrole moieties that are attached along the pL chain. As the SR is increased the
chances of this interaction leading to aggregation and quenching of excited states after photon absorption
increases. Because of the number and variety of differently charged groups in these conjugates (both
on the pL chain and on the c e6 molecule), it is difficult to predict the effects of intermolecular and
intramolecular attraction and repulsion with increasing SRs, and in addition it is likely to be highly pH
dependent. Measurements of fluorescence will give some idea of how the tetrapyrrole molecules interact,
as it is known that when two planar fluorophores are situated near to each other the absorbed energy can
be transferred between them increasing the proportion of non-radiative energy loss. The relationship
between the fluorescence and absorption depicted a-c illustrate this point. In all cases (cationic, neutral
and anionic) the fluorescence is much higher in NaOH than in PBS presumably because the ionization of
the two remaining carboxyl groups on each c e6 moiety increase the steric repulsion between neighboring
ce6 molecules on either the same pL chain or neighboring pL chains. Four the cationic conjugates in
PBS the tendency for the highest SR to have greater fluorescence presumably reflects the higher number
of carboxyl groups and the greater likelihood of their being ionized and repelling each other. For the
neutral conjugates where the opposite is true, the explanation is less obvious but may involve the absence
of positively charged amino groups on the chain influencing the ionization of the c e6 carboxyl groups.
In the case of the anionic conjugates the effect of the large number of carboxyl groups on the chain
presumably outweighs the effect of the 2 carboxyl groups on the c e6 and thus allows all SRs to behave
similarly.
The data from the cell uptake experiments show interesting variations depending on all three variables, cell type, conjugate charge and SR. As we have reported previously [15], a neutral pL-c e6 -ac
conjugate showed significantly higher uptake by J774 cells compared to OVCAR-5 cells, and the present
results extend this selectivity to the lower SRs of cationic conjugate and all SRs of anionic conjugates.
Macrophages are well known to be likely to take up macromolecules by various phagocytic and endocytic
processes and the tendency of these conjugates to aggregate at neutral pH values may only accentuate
this tendency. In a previous publication [13] we showed that the order of cell uptake (by two cell lines)
of a single SR set of pL-ce6 conjugates with cationic, neutral and anionic charges was cationic > anionic
> neutral, while in the present study the order of the last two is reversed with cationic > neutral >
anionic. It should be noted that the SR in the prer than 16 (being about 20) and the order of uptake
for SR 16 and J774 cells in the present study was cationic > anionic > neutral, so it is possible that
higher SRs encourage the uptake of anionic conjugate at the expense of neutral conjugate. The observed
increase in uptake with increasing SR (up to 12 for cationic and neutral conjugates, and up to 16 for
anionic conjugates) therefore suggests that the binding to the cells is mediated more by the c e6 than the
pL chain (of whatever charge). Since the different SR conjugates were delivered to the cells at equal
concentrations of ce6 , this means that the lower SRs had significantly higher concentrations of pL chains
delivered to the cells than the higher SRs. If the affinity of the conjugates of varying SRs for the cells
was equal then one might expect equal uptakes [25], i.e., the SR16 was present in one quarter of the
concentration compared to the SR4 conjugate, but each molecule taken up by the ce ll delivered fou
herefore the affinity of the conjugate for the cell must increase with increasing SR until a maximum is
reached in the case of the cationic and neutral conjugates around SR12.
The confocal micrographs show variations in both intensity and subcellular localization of the red
ce6 fluorescence. It is clear that the level of fluorescence in the confocal images does not necessarily
correlate with the level of cell uptake (compare neutral SR 16 in both cell lines that has the largest uptake
and lowest fluorescence, while SR16 anionic conjugate has highest uptake and highest fluorescence).
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The phototoxicity experiments showed that the neutral conjugates were much more phototoxic than
either cationic or anionic conjugates in both cell lines especially for the SR 3. This finding is in agreement
with our previous reports [13,15] studying acetylated pL-c e6 conjugates with a single SR. We showed
that a neutral acetylated pL-ce6 conjugate was more than 200 times as phototoxic for each dye molecule
taken up by A431 tumor cells and endothelial cells compared to cationic and anionic conjugates [13]. The
cationic conjugates showed higher phototoxicity towards J774 macrophages compared to OVCAR cells,
which correlates with the higher uptake by the J774 cell line. The anionic conjugates showed a tendency
to be more phototoxic towards the OVCAR cancer cells compared to the J774 cells. The explanation
for these findings probably lies in the different cellular localizations in the 2 cell lines. Macrophages
are more likely to accumulate these conjugates (espgates) in lysosomes due to their macromolecular
nature and phagocytic nature of the cells, and many reports suggest that PS are proportionately less
phototoxic in lysosomes [26] than in intracellular membrane locations including mitochondria [27,28].
The relative lack of phototoxicity of the neutral SR16 conjugate towards both cell lines despite its high
uptake must presumably reflect loss of photoactivity due to quenching and aggregation as evidenced by
the relative loss of fluorescence seen in solution Fig. 2a, and low levels of red fluorescence in the confocal
micrographs. Conversely the SR 16 of the anionic conjugates gives high uptake, bright fluorescence in the
confocal micrographs and shows the highest phototoxicity. It may be possible to use the maintenance of
fluorescence levels in cells with rising levels of uptake, as a predictor of subsequent phototoxic efficiency
for particular PS or conjugates.

6. Conclusions
The chief conclusions from the study can be summarized as follows.
a) In PBS the fluorescence of all the conjugates is less than in NaOH, while in the cationic series the
fluorescence is proportional to SR, in the neutral series the fluorescence is inversely proportional to
SR, and in the anionic series there is no difference.
b) The cellular uptake is higher by J774 macrophages compared to OVCAR-5 cancer cells for all
conjugates, the cationic and anionic series show a maximum uptake at a SR of 12, while the neutral
series have the highest uptake at a SR of 16.
c) The cationic and neutral series show proportionately less fluorescence in confocal micrographs
at higher SRs where they appear to be aggregated, while the anionic series show much higher
fluorescence at high SRs.
d) The neutral series shows the highest phototoxicity, the cationic series preferably kills J774 cells
and the anionic series preferably kills OVCAR-5 cells. For the cationic and neutral series the SR
12 is the most phototoxic, while for the anionic series it is the SR 16.
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