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What is Photodynamic Therapy?

New method for treating malignant cells by using light, oxygen, and a drug 
(photosensitizer) which preferentially accumulates in malignant cells

First the drug is administered, then after a period of incubation, the normal cells get rid 
of the drug, while malignant cells retain it. 

Light is then shown at the target tissue for several minutes, causing the porphyrin to 
form singlet oxygen which disrupts the normal functions of the cells causing cell death.

Advantage: selective toxicity, fewer side effects

Miller, Jennifer. Photodynamic Therapy: The Sensitization of Cancer Cells to Light. Journal of Chemical Education, 76, 5. (1999, 592-594)

Presenter
Presentation Notes
New method for treating malignant cells by using light, oxygen, and a drug (photosensitizer) which preferentially accumulates in malignant cells

First the drug is administered, then after a period of incubation, the healthy cells get rid of the drug, while malignant cells retain it. 

Light is then shown at the target tissue for several minutes, causing the porphyrin to form singlet oxygen which disrupts the normal functions of the cells causing cell death.




Photosensitizers- Porphyrins

PDT based on idea that photosensitizer will absorb 
certain photon of light

Photosensitizer: any molecule that uses radiant 
energy or light to elicit a specific response

Porphyrins: macrocyclic structures that differ in 
substituents and central metal atom

Michael R. Detty, Scott L. Gibson, Stephen J. Wagner. Current Clinical and Preclinical Photosensitizers for Use in Photodynamic Therapy. Journal of 
Medicinal Chemistry V. 47, 16. (July 2004, 3897-3911)

Presenter
Presentation Notes
A photosensitizer is any molecule that uses energy or light to elicit a response. 
The most common photosensitizers are porphyrins which are macrocyclic structures (the basic core is seen on the screen) that differ in substituents, added at those positions marked with stars, and in the central metal atom typically zinc or magnesium for PDT 
PDT based on idea that photosensitizer will absorb a certain photon of light. Altering the substituents and characteristics of the porphyrin alters the absorption.



Considerations for PDT in rural/medically 
underserved areas

• Cost effective 
• Quick treatment 

compared to 
traditional routes

• Noninvasive 

• Incubation time
• Minimal access to 

medical infrastructure 
• Electricity access 

limited
• Intraoperative light 

delivery may be 
impossible

• Portable, battery-
operated, LED device for 
PDT treatment. 

• Solves problem of 
electricity 

• Continuity of care locally 
or through telemedicine 
if applicable 

Advantages Disadvantages Portable PDT

Hui Liu, Liam Daly, Grant Rudd, et al. Development and Evaluation of a Low-Cost, Portable, LED-Based Device for PDT Treatment of Early-Stage Oral 
Cancer in Resource-Limited Settings. Lasers Surg Med, 51(4). (2019). Doi:10.1002/lsm.23019

Presenter
Presentation Notes
Access to cancer treatments may be limited in rural areas of the world due to lack of medical facilities and personnel, and lack of complex surgical procedures or availability of chemotherapy/radiation. PDT may be a useful strategy for patients who fall into that demographic
PDT is inherently cost effective as it does not require multiple doses of medication or complex medical equipment/procedures
It also is noninvasive compared to surgeries and other tumor-removal routes 
The problems with PDT in the field include the incubation time. Several days between drug administration and light exposure. In areas with minimal access to medical infrastructure, the wait time may pose an issue for patients who cannot remain at the facility. Restricted access to medical facilities and complex equipment may also pose an issue for intraoperative light delivery, limiting PDT use to cancers of the skin, mouth, eye, and other superficial surfaces. 
In rural areas, electricity access is also a concern. Light administration would be near impossible without a source of electricity 
A team at the Wellman Center for Photomedicine in Boston have come up with a potential solution. They have created a portable, battery-operated, LED device
This would allow the entirety of the PDT treatment to travel to the patient and it eliminates the need for electricity
This would mean that any continuity of care would be conducted locally around the patient or through telemedicine If applicable.




Project goals

To synthesize a novel porphyrin that is:
● Water s oluble
● Minimally toxic to cells  in the abs ence of light 

Presenter
Presentation Notes
Our goal at the moment is to target lung cancer 
For easy distribution through the body, the porphyrin needs to be water soluble 
The porphyrin needs to only be activated when exposed to light and not be toxic to healthy cells when nonactive 



Selection of Isoleucinol

Isoleucinol is a derivative of amino acid, isoleucine

Isoleucinol:

1. Thought to have low cytotoxicity in healthy cells 

2. High solubility in water due to alcohol and amine groups

Presenter
Presentation Notes
Isoleucinol, seen in the top corner there, is an alcohol derivative of the amino acid isoleucine.
Isoleucinol was selected as the substituent to add to the porphyrin core metalated with zinc.
Because isoleucine is naturally occurring in the body, it was thought that it would be minimally toxic to healthy cells 
The presence of the alcohol and amine groups also should contribute to higher solubility in water 



Synthesis of ZnTPP- IL
Reaction 1- reaction of pyrrole (1)  and 4- formylbenzoic acid (2) to 
create H2TPPC (3) 



Synthesis of ZnTPP- IL
Reaction 2- reaction of H2TPPC (3) and zinc chloride in DMF 
solution to create ZnTPPC (4) 

Presenter
Presentation Notes
Zinc added to the core



Synthesis of ZnTPP- IL
Reaction 3- reaction of ZnTPPC (4) and SOCl2 in DMF solution to 
create acid chloride intermediate (5) 

Presenter
Presentation Notes
Thionyl chloride 



Synthesis of ZnTPP- IL
Reaction 4- reaction of acid chloride intermediate (5) and 
isoleucinol in DMF solution to create ZnTPP- IL (6) 



Sephadex LH- 20

Purif ication

To remove large impurities in solution Size exclusion 

Based on lipophilicity, polarity
Excess amine eluted first

Syringe Filtration Sephadex G-50

Presenter
Presentation Notes
Purified three ways, first through syringe filtration just to remove those large impurities in the solution
Then column chromatography was done two separate ways. First with Sephadex LH 20 then with G50.  The goal with both was to remove the excess amine.
The LH 20 which you can see on the left, separated according to lipophilicity while the G50 on the right was based on size. In either case, the amine was removed first, best seen in that brown color of the LH20 column



HPLC- 96% purity

Solvent: 100% acetonitrile
Flow rate: 1.00 mL/min
Column: Hamilton PRP-1
5 µM 4x150 mm
Sample dissolved in H2O



ZnTPP-IL (dilute)

λ(nm)
Molar Absorptivity 
Coefficient, ε (mM-1cm-1)

423 470.491
226 45.509
311 15.921
557 13.373
598 5.594

UV-Vis 

Presenter
Presentation Notes
With UV-vis, we were looking for a soret band at 423 which is characteristic of metalated porphyrins, and 2 Q bands shown with those arrows to indicate the presence of a metal. Unmetalated, we would expect to see 4 Q bands



NMR

Presenter
Presentation Notes
NMR of isoleucinol, top, done in deuterated chloroform
NMR of ZnTPPIL done in water with WEFT, so large peak in bottom is the suppressed water peak, small peak (purple arrow) is indicative of aromatic groups, peak (green arrow) shows the addition of aliphatic groups



IR

Presenter
Presentation Notes
In isleucinol IR, can clearly see the amine and alcohol peaks
Broad OH on ZnTPPIL IR as well as the three amide peaks indicated by the red arrow



Fluorescence Spectroscopy

Presenter
Presentation Notes
Can see excited state of porphyrin close to 423, as expected from UV vis. Once in this excited state, the electrons begin to relax and return to ground state, which emits a photon. For ZnTPP-IL, the wavelength of this photon emission was expected to be in the range of 570-710 nm. The emission peak showed up at 606 nm. Which is close to the red light region so when exposed to UV light, it appears pink




Methods

ROS Assay

W hy?
Photosenstizer will 
absorb a photon of 
energy and transfer that 
energy to oxygen. The 
photosensitizer 
becomes excited and 
reacts with ground state 
oxygen to produce 
singlet oxygen.

• NIH 3T3 fibroblast cells were plated and 
porphyrin was added to cells in concentrations 
of 1, 3, 10, 30, and 100 µM

• After incubation, plates exposed to white light 
for 22 minutes or kept in the dark

• 10 µM CDCHF-DA in HBS was added before 
using microplate reader



ROS Assay Results

Presenter
Presentation Notes
We were looking for a significant difference in ROS production between light and dark conditions to ensure that the photosensitizer wasn’t active when it wasn’t supposed to be. The darker purple line= the light exposed plate. Grey line is plate kept in the dark. 



Methods

MTT Assay

Goal:
Determine LD50 in 
both red and white 
light conditions

• A549 lung cancer cells plated in 96 
well plate. Porphyrin added in 
concentrations of 1, 3, 10, 30, 100 µM.

• Plates exposed to red or white light 
for 22 minutes or kept in dark

Presenter
Presentation Notes
Lethal dose



MTT Assay Results

Presenter
Presentation Notes
Under red light conditions, LD50 was 1 mM
White light conditions, LD50 was 30 mM



Conclusions

● ZnTPP-IL was successfully synthesized, purified, and retained internal 
structure

● Minimal toxicity when kept in the dark at low concentrations
● LD50 of 1.0 µM for red and 30.0 µM for white light conditions



Future Work

● Further cytotoxicity testing with a wider concentration range and/or 
light exposure times and/or hypoxic conditions

● In-vivo tes ting to examine tumor recurrence

● Cyanine porphyrin s ynthes is  and tes ting



Cyanine Porphyrin

Synthesized according to same 4 reactions
Purified with G-50 and LH-20
Cyanine compound is dark green dye

 Increas ed tumor penetrating depth

Presenter
Presentation Notes
Add wavelength -> depth
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Questions?

Presenter
Presentation Notes
Red light because current PDT treatment uses red light lasers of wavelength 632 nm (same wavelength we used)

Purple porhyrin (wavelength 423 nm ish) has penetrating depths of 1-2mm, while green porphyrin in the 470-550 nm range would have penetrating depth of 3-4mm.
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