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The Development of  a 
New Porphyrin, ZnTPP-5AP, 
for Photodynamic Therapy 

S enior Thes is  by Ka ylee Johns on
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W h a t a r e P or ph y r i n s ?

Standard Porphyrin Core

• Tetrapyrrolic molecules that contain four pyrrolic subunits linked 
through methine (CH) bridges

• The conjugated structure allows the porphyrin to absorb specific 
wavelengths

• This research specifically utilizes and analyzes the light sensitivity 
of the porphyrins and how they respond by resulting in cell death of 
lung cancer cells. 

• Porphyrins have been used for several processes in the body 
including gene regulation, drug and iron metabolism, oxygen 
transport, electron transport medium, and solar cell. 



• New cancer treatment that uses light, oxygen, and a photosensitizer to kill 
malignant cells

• In PDT the photosensitizing agent, the porphyrin, is administered first to the 
patient

• The porphyrin will then concentrate at the site of the tumor
• The photosensitizing agent is then exposed to light and cell death occurs

W h a t i s  P h otody n a m i c  
T h er a py  ( P D T ) ?

Presenter
Presentation Notes
-porphyrin is selective to tumor cells
- Porphyrin reacts with light to release a single oxygen that is toxic to the cell, resulting in cell death
- how does the porphyrin concentrate at the site and how it is administered 
- explain how this actually works 



Presenter
Presentation Notes
Red light was chosen because of its deeper penetration 
Used a laser of 632 nm, 632 nm lasers are already being used
The white light we had been doing was higher in energy
Red light is lower in energy
Calculations were done to ensure that the cells exposure to both light sources had the same equivalent energy



W h y  A 5 4 9  N S L C  C el l s ?
• Non-small lung cancer accounts for about 85% 

of  all lung cancers, with lung cancer being the 
leading cause of  cancer-related deaths in the 
world

• Around 2 million people each year worldwide 
will be diagnosed with lung cancer, effecting 
male and female equally 

• 5-year survival rate is between 10-20%

Presenter
Presentation Notes
Specifically looked at lung cancer but this can apply to all cancers and dermatological diseases
Lung cancer typically requires surgery; this is a noninvasive way to treat cancer



W h a t i s  H y pox i a ?  
Definit ion: an absense of enough oxygen to sustain normal bodily functions

In proliferating tumors , the oxygen 
demand is  higher than the oxygen 

supply . This  leads  to cells  having low 
oxygen levels  that are further from the 

vascularization. C hanges  in oxygen 
level can alter  the tumor’s  metabolism  
and contribute to therapy res istance.

Presenter
Presentation Notes
- Hypoxia was mimicked in the testing with A549 NSLC 



• Synthesize, purify, characterize, and test a novel porphyrin on A549 
NSLC cells

• The porphyrin should be water soluble, have a low lethal dosage (LD 50 ) 
when exposed to light, and minimal toxicity on cells when kept in the 
dark

P r oj ec t  G oa l s
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F or m a ti on  of  H 2 T P P C

Presenter
Presentation Notes
4-formylbenzoic acid (2) reacted with pyrrole (1) in a propionic acid solution to form H2TPPC (3).




F or m a ti on  of  Z n T P P C

Presenter
Presentation Notes
H2TPPC (3) reacts with ZnCl2 in DMF, forming a metallated porphyrin, ZnTPPC (4).




F or m a ti on  of  A c i d C h l or i de 
I n ter m edi a te

Presenter
Presentation Notes
The ZnTPPC (4) reacts with SOCl2 in DMF to form the acid chloride porphyrin intermediate (5).




F or m a ti on  of  Z n T P P - 5 A P

Presenter
Presentation Notes
The acid chloride porphyrin intermediate (5) reacts with 5-amino-1-pentanol in MeOH to form ZnTPP-5AP (6).
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P u r i f i c a ti on
The final product, ZnTPP -5AP  was  purif ied with 0 .45-mic ron nylon 

syringe, S ephadex LH-20 , and S ephadex G-50 .  

0 .4 5-mic ron N y lon S y r inge: Filters impurities out based on size
S ephadex L H -20 : Filters  impurities  our based-on lipophilic ity
S ephadex G-50 : Filters  impurities  out based on molec ular  s ize



H i gh - P er for m a n c e L i qu i d 
C h r om a togr a ph y  ( H P L C )

•Hamilton PRP -1 5µm c olumn 4 x 150  mm
•S olvent: 10 0 % ac etonitr ile 
•Flow R ate: 1.0 0  mL per minute
•S ample dissolved in MQ H2O
•9 9 % P ure 



Peaks (nm)

Molar
Absorptivity 

Coefficient, ε
(mM- 1cm- 1)

423 497

557 15.5

597 8.67

U l tr a v i ol et- V i s i bl e S pec tr os c opy  
( U V - V i s )

• The peak at 423 nm confirms that the porphyrin was 
successfully metallated with Zn to synthesize ZnTPP -5AP.

• The two peaks in the fingerprint region, 557 and 597, are 
the attached substituents to the porphyrin.  

Beer’s law was used to 
calculate molar absorptivity



I n f r a r ed S pec tr os c opy  ( I R )

ZnTPP-5AP

5-amino-1-pentanol

IR  uses  infrared radiation to analyze 
molec ules  s truc tures



N u c l ea r  M a gn eti c  R es on a n c e 
( N M R )  S pec tr os c opy

5-amino-1-pentanol

ZnTP P -5AP

P eak at 0 .0  ppm is  TMS  an internal referenc e
P eak at 7.1 ppm is  C DC l3 that was  used as  a solvent

The large peak at 4 .2 ppm is  D 2O

Aromatic 
protons

Presenter
Presentation Notes
Large peak around 1.5 is the aliphatic carbon peaks, two downfield peaks are the NH2 and OH
Peak around 7.2 is the aromatic. 
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M T T  A s s a y
• The purple -colored wells indicates 

viable cells, while the clear wells 
indicates cell death

• The ZnTPP-5AP was added in 
increasing concentrations across 
the 96 -well plates

• The compounds efficacy was 
determined using LD 50

Dark (no light exposure)

Red Light White Light
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C on c l u s i on
• ZnTPP-5AP was able to be synthesized with a 99% purity and the 

structure was characterized using UV -Vis, IR, and NMR.
• Cells exposed to red light had an LD 50 of 50 µM.
• Cells exposed to white light had an LD 50 of 5 µM and hypoxic white light 

had an LD 50 of 6 µM.
• There was no toxicity when the A549 cells were kept in the dark with the 

porphyrin.
• ZnTPP-5AP is an effective photosensitizer for A549 NSLC at low dosages 

of around 5 µM with white light 



F u tu r e W or k

• Test the cytotoxicity of ZnTPP -5AP with other cancer cell 
lines 

• Perform in vivo testing us ing ZnTP P -5AP  to see the effec t 
on the tumor 

• S ynthesize an unmetalated porphyrin, H 2TP P -5AP , to see if  
the unmetalated vers ion is  more c ytotoxic . 

Presenter
Presentation Notes
- Mice testing



A c k n ow l edgem en ts
Dr. J. D. Patterson Summer Research Program

Dr. Joe Bradshaw
Dr. Timothy E. Hayes

Dr. Nathan Reyna
Kennedy Johnson
Keren Fernandez

Kaitlyn Montgomery 
Ouachita Baptist University



Q u es ti on s ?
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