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CHAPTER |
INTRODUCTION

During the last few decades, oxidative stress caused by free radicals has
become one of the most significant health problem worldwide. Those radicals is
claimed to be a primary cause of many chronic diseases’. Normally, free radicals, also
referred to reactive oxygen species (ROS) and reactive nitrogen species (RNS), live in
balance with antioxidants in the body. The problem is occurs when this balance is
disturbed and free radicals level in the body is higher than that of antioxidant due to
poor nutrition or health problems, resulting in cell damage, DNA mutation, and
deficiency immune system?.

In order to prevent damage from those radicals, many antioxidants are
synthesized such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
propyl gallate (PG), and tert-butylhydroquinone (TBHQ). However, some of them may
involve in liver damage and carcinogenesis®. Thus, it is important to develop
biocompatible antioxidants so that they can protect the human body from free radicals
without being any cause of chronic diseases.

Nowadays, there have been numerous research studies on biomedical
applications of porphyrins due to their low toxicity to human cells, high thermal and
chemical stability. The structural modification of the porphyrins can be easily achieved
by coordination of various metal ions at the center of the macrocycles* or insertion of
substituents at the meso and beta positions of the porphyrin rings to adjust the
biological activity’. Thus, several porphyrin derivatives have been prepared and applied
as antioxidant compounds®.

One of the interesting compounds which can be modified on porphyrin to
enhance antioxidant activity is Lipoic acid (LA). LA is a naturally occurring compound

synthesized by plant and animal, including mitochondria in humans’. Generally, LA
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was found to be highly reactive against variety of radicals in vitro. Furthermore, it has

been suggested to reactivate other antioxidants such as glutathione and vitamin C°.
In this work, metal- free and metal lipoyl porphyrin compounds were

synthesized, characterized and their potential use were investigated as antioxidative

agents. The efficiency in reduction of radical of all target molecules were compared.

1.1 Objective of Research

The objective of this research is to synthesize free-base and manganese lipoy!l-
containing porphyrin derivatives. The cytotoxicity and antioxidant activity are studied

by mean of cell viability assay and ROS generation assay, respectively.

1.2 Scope of Research

The scope of this research covers the synthesis of porphyrin derivatives bearing
the lipoyl meso- substituents and manganese at center as shown in Figure 1.1. The
free-base porphyrin derivative also investigated to determine the antioxidant activity
and to study the effect of manganese at central on the antioxidant efficiency. All
compounds were fully characterized by spectroscopic techniques, i e., mass
spectrometry, and 'H-NMR and >C-NMR spectroscopy. Photophysical properties were
investigated by UV-Vis spectrophotometry and fluorescent spectrophotometry. The
cytotoxicity and antioxidant activity were determined by cell viability assay and ROS

generation assay, respectively.



M = H,H (P-4Lp) and Mn (Mn-P-4LP)

Figure 1.1: The structure of the target porphyrinic derivatives
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CHAPTER Il
THEORY AND LITERATURE REVIEWS

2.1 Free radical

Free radical can be defined as any molecular species containing an unpaired
electron in their orbital of an atom or molecule. Many radicals are unstable and highly
reactive. They always donate or accept an electron from other molecules resulting in
a new free radical’. Free radicals formation occurs generally in a cell as a consequence
of cell activities especially in mitochondria'®. In addition, free radicals can also be
generated by external sources such as UV light, radioactive compound, dust, pollution
and an infection from bacteria or virus''. A balance between free radical and
antioxidant in human cell is necessary. If there are more radicals than the human
body’s ability to destroy them, the oxidative stress will occur. Free radicals can damage
all kinds of molecules in the body. Among them, cell membranes, lipids, nucleic acids,
and proteins are the major targets which associated with changes in their structures
and functions. This can lead to many diseases for examples, all types of cancer, aging,
diabetes mellitus, Parkinson's, cardiovascular diseases, rheumatoid arthritis, and
Alzheimer's disease. Therefore, prevention of oxidative stress- caused radical has

benefits for inhibition of those diseases'?.

2.1.1 The Oxidation of Protein

Oxidative forms of proteins are occurred when a hydroxyl radical abstracts
alpha hydrogen atom of an amino acid residue to form a carbon-centered radical. The
carbon-centered radical then reacts rapidly with O, to form an alkylperoxyl radical
intermediate which is converted to a hydroxyl protein derivative. Finally, cleavage of
the peptide bond by both the diamide and alpha-amidation pathways was found as

shown in Figure 2.1'°. In addition, sulfur- containing amino acid residues such as
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methionine and cysteine are very sensitive to the oxidation'. This transformation of

proteins may affect the activity of enzymes, receptors, and membrane transport.
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Figure 2.1: Peptide bond cleavage by the (a) diamide and (b) alpha-amidation
pathways.

2.1.2  Oxidation of membrane lipids

Lipid peroxidation occurs when free radical takes one electron from a
polyunsaturated fatty acid on the cell membrane resulting in a free radical on lipid
membrane. This resulting radical can react with O, affording a peroxyl-fatty acid radical
as shown in Figure 2.2. In addition, radical chain reaction with another fatty acid can

lead to cell apoptosis™.
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Figure 2.2: Mechanism of lipid peroxidation.

2.1.3 Oxidation of DNA

The oxidative damage on DNA normally takes place at guanine which is the
base in DNA due to their high oxidation potential. Nowadays, there are many types of
DNA lesions occur in the body's cells'®, resulting in mutations of DNA by breaking in
DNA strands, faulty links and base gaps in sequences. This type of damage may be an
important effect in aging and numerous diseases such as cancer and Alzheimer's

disease!’.

2.2 Antioxidant

Antioxidant is enzyme or substance that greatly inhibits oxidation of other
molecules. Generally, antioxidant compounds can react with free radicals and make
them inactive resulting in less radical chain reaction. Therefore, antioxidant inhibits the
risk for many diseases'®. Some of antioxidants are exist in the human body such as

superoxide dismutase (SOD), glutathione reductase (GR), glutathione, lipoic acid. Others
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can be found in dietary such as Carotenoids, vitamin E and vitamin C. These
compounds exhibit potential antioxidant activity which can protect tissues and cells

from oxidative damage®’.

2.3 Glutathione (GSH)

Glutathione (GSH) is a tripeptide compound consisting of three amino acids
which are cysteine, glycine and glutamate as shown in Figure 2.3. Glutathione can be
found in plants, animals, fungi, and some bacteria. In human body, slutathione is an
essential compound in somatic defense system. Glutathione plays an importance role
in enhancing immune system, increasing ability to detoxify, repairing damaged DNA and
being an antioxidant agent®. Nowadays, Glutathione is used as drugs to treat or reduce
the symptoms of male infertility, Alzheimer's disease, heart disease, peripheral

neuropathies and many kinds of cancers®".

o o L0
N
HOWH JJ\OH

NH, 0

Figure 2.3: The chemical structure of glutathione

Two kinds of glutathione exist in the body. Most of glutathione found in the
body is reduced form (GSH) and less than 10 percent is oxidized form (GSSG). The
reversible process of GSH and GSSG are shown in Figure 2.4. The ratio of GSSG to GSH
is usually considered as indicator for oxidative stress. During oxidative stress, the

increase in GSSG to GSH ratio is observed.
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Figure 2.4: The reversible process of GSH and GSSG

In antioxidant defense system, GSH acts in association with glutathione
peroxidase to catalyze the conversion of H,0O, to water?. This conversion turn the GSH
into oxidized form. Then, ¢lutathione is reduced back to its reduced form by
glutathione reductase and nicotinamide adenine dinucleotide phosphate (NADPH) as

shown in Figure 2.5.

Glutathione Peroxidase

H,0, \‘ H,0

GSH GSSG

‘\ NADPH

Glutathione Reductase

NADP*

Figure 2.5: Antioxidant process of glutathione
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2.4 Literature review on glutathione derivatives

To improve the biological properties of glutathione, the structural modification
of the glutathione can be achieved by the insertion of substituents at the thiol, amino
or carboxyl groups of glutathione. In 2005, Procopio and co-workers?* successfully
synthesized the glutathione derivative with alkyl chains at thiol group via nucleophilic
substitution of alkyl halide and phenyl epoxide in the heterogeneous solvents as

shown in Figure 2.6.
[ oH
S

BrCH,CH,OH o 2 o9
renoLhg
N
o~y A,
NH, 0

SH R

OH
7 o 0 S o
o o) o
N, e 2 v
HO N OH HO N OH
NH, Ho § H,0/CH,Cl, NH, o)
o)
Ph
oo
Ph S

BrCHCOOH i 7 Ho
r
N
HOWN \)kOH
NH, Hoo

Figure 2.6: Nucleophilic substitution of a thiol group in glutathione

In 2005, Falck and co-workers® modified the structure of glutathione by the
esterification of methanol at the carboxyl groups of slutathione. This reaction was

achieved in low temperature using hydrochloric acid as acid catalyst.

HCI, MeOH
COOH 0 OC 80 h o) o N\/COZMe

HOOCN I ( MeOZCMH 37\2

NHBoc

Figure 2.7: Esterification of a carboxyl group of glutathione
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In 2005, Katritzky and co-workers?® designed and synthesized the glutathione
modified with 4-nitrobenzoyl at amino group of glutathione. The reaction started by
adding two 4-nitrobenzoyl at both carboxyl and amino group of glutathione. Then the
selective deacylation of the d4-nitrobenzoyl groups from these double acylated
glutathione derivatives was archived at carboxyl group of glutathione resulting in
N-acyl glutathiones as shown in Figure 2.8. This reaction is mild and gave high yield.

These mild reaction condition exhibited high yields of the corresponding glutathione.
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Figure 2.8: Acylation and selective deacylation of glutathione

2.5  Lipoic acid (LA)

LA is a sulfur-containing compound derived from octanoic acid. It is composed
of two sulfur atoms at C6 and C8 linked by a disulfide bond in dithiolane ring and it
also contains a terminal carboxylic acid at hydrocarbon chain that connected with

dithiolane ring?’. The chemical structure of LA is shown in the Figure 2.9.
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Figure 2.9: The chemical structure of LA

Because the C6 carbon is chiral, LA exists as two enantiomers which are R-(+)-
lipoic acid and S-(-)-lipoic acid as shown in Figure 2.10. Only R-(+)-lipoic acid is

naturally occurring®.

R-(+)-LA S-(-)-LA

Figure 2.10: The chemical structure of R and S lipoic acid

In cells, LA exists in two forms which are oxidized form of lipoic acid (LA) and
reduced form of dihydrolipoic acid (DHLA). This reversible process is working as an

intramolecular redox system? as shown in Figure 2.11.

o O

s—S 8 Sy
H
Oxidized Form Reduced Form

Figure 2.11: The reversible process of oxidized and reduced forms of LA

Normally, LA is an antioxidant which is synthesized by the body. Unlike the
other antioxidants which work only in water, such as vitamin C, Glutathione (GSH), or

work only in fatty tissues, such as vitamin E, LA is soluble both in water and lipid thus
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it can react with oxidants in the aqueous solution in cell and the blood plasma and
also protect cell membranes from lipid peroxidation.

Recently, LA has been suggested as an essential mitochondrial co- factor.
Moreover, LA was found to have the capacity to regenerate the other endogenous
antioxidants vitamin E, vitamin C and glutathione®®. The thiolane ring of LA can be
reduced to dihydrolipoic acid (DHLA) at both extracellar and intracellular via NADH
and NADPH pathways. Then the DHLA is released into the extracellular and rapidly
converted cysteine to cysteine. After that, cysteine passed through the cell and

accelerated the GSH production in the cells as shown in Figure 2.12.

Extracellular Intracellular
o o)
LA M OH MOH LA
S—S8 sS—sS
NADPH, NADH
= NADP*, NAD"
0 0
DHLA (YMOH OH DHLA

SH SH SH SH

N

[ ine ——» 1 GSH
Cystine Cysteine 4§§—> Cysteine 4

Figure 2.12: Dynamic roles of LA in regeneration of glutathione
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2.6 Literature review on LA derivatives

In 2005, A. S. Gurkan and co-workers®" designed and synthesized novel indole-
lipoic acid derivatives (Figure 2.13). These compounds show good antioxidant activities
on rat liver microsomal, especially those containing amide linker at position 5 of indole

ring was proved to be highly effective in inhibiting lipid peroxidation as compared to

R
T
N
\ S
HNM

)

LA.

R= -H, -OCH3, -Br, -NOz, -CH3

Figure 2.13: The chemical structure of indole-lipoic acid derivatives

In 2009, G. Melagraki and co-workers® successfully synthesized 4- hydroxy-
coumarin- 3- carboxamides bearing with lipoic acid (Figure 2.14). Normally, the 4-
hydroxycoumarin moiety which is widely spread among coumarin natural products,
has been used as molecular template for the synthesis of important biological activity
compounds. After attachment with lipoic acid, those new compounds can exhibit good

in vitro antioxidant and in vivo anti-inflammatory activities in rat paw.

OH O o)
S—
o o S

R X

H (CHy),
H (CHy)s
H (CHy)s

CHj (CHy),
CHj3 (CHy)g

Figure 2.14: The structure of coumarin-lipoic acid conjugates.
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In 2004, M. Koufaki and co-workers®® investigated the effect of a novel hybrid
compound between lipoic acid and derivative of chroman moiety of vitamin E through
an amide bond on lipid hydroperoxide induced cell injuries. The result showed that
this compound exhibited strong inhibition of the microsomal lipid peroxidation.
Moreover, this compound also protects phospholipid components of the myocardium
together with maintaining selective permeability of cell membranes. The chemical

structure of this compound was shown in Figure 2.15.

OH
o) s-S
HNM
(e

Figure 2.15: The chemical structure of the hybrid compound between lipoic acid

and derivative of chroman moiety of vitamin E

Accordind to the literature reviews, most of LA are modified via amide linkage
at terminal carboxylic acid. LA can combine with other molecules without losing
antioxidation properties. On the other hand, the combination of LA and other
antioxidants biomolecules is more effective in improving antioxidant properties.

Therefore, this research focuses on synthesis of new antioxidant agent bearing LA.

2.7 Porphyrins

Porphyrins are macrocyclic compounds consisting of 4 pyrrole rings linked
together via methane bridges to give a highly conjugated macrocycle. Porphyrin
without any substituent is called porphine. The structure of porphine is shown in

Figure 2.16.
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Figure 2.16: The structure of porphyrin (porphine)

Normally, porphyrin molecule has highly thermal and chemical stability. There
are 22 Tt-electrons inside the porphyrin macrocycle, but only 18 electrons are found
to delocalize in their macrocycle®. Those electrons are consistent with Hiickel’s [4n+2]
rule for aromaticity, where n = 4. In addition, porphyrin and their derivatives exhibit
strong absorption in the visible region. The highest absorption band, known as the
Soret or B band appears around 400 nm with molar extinction coefficient about 10°
Mol ".L. The other small 4 bands or Q-band appear between 450-700 nm as shown in

Figure 2.17°,

Soret Band
Q Bands
I/V\
[11
I1 l
| |

400 600
A (nm)

Figure 2.17: Typical UV-Vis absorption spectrum of the porphyrin
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2.8 Structural Modifications of Porphyrins

To improve the physical or chemical properties of porphyrin, the structural
modification of the porphyrins can be achieved by the coordination of various metal

ions at the center of macrocycle®’ as shown in Figure 2.18.

M = Metal (i.e. Zn, Mn, Fe)

Figure 2.18: Structure of metalloporphine

Those porphyrins with metal in the center are called metalloporphyrins.
Several metalloporphyrins play significant role in biological systems (Figure 2.19). For
example, the complex of porphyrin derivatives with magnesium are the main part in
chlorophyll using to convert light energy into chemical energy in the form of adenosine
triphosphate (ATP)*. While Fe-protoporphyrin IX complex found in heme B which are

responsible for oxygen transport in human body™.

HOOC COOH
Chlorophyll

Heme B

Figure 2.19: The structure of natural metalloporphyrins
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Moreover, the insertion of substituents at the meso and beta positions of the
porphyrin ring, as shown in Figure 2.20, can also adjust the properties of porphyrin®.

R R R

R

meso-substituted porphyrin  beta-substituted porphyrin

Figure 2.20: Structures of meso- and beta-substituted porphyrins

29 Role of porphyrin derivertives as an antioxidant agent

Nowadays, numberous of porphyrin compounds are of great interest as an
antioxidant for biomedical applications due to their low toxicity, chemical stability,
rapid body clearance and easy to adjust the biological activity*’. In addition, many
previous papers demonstrated that the cationic porphyrin has ability to localize and
accumulate in mitochondria which is the main source that radical is generated in a
cell. As a result, oxidant compounds are effectively destroyed by the antioxidant

activity of those porphyrin derivatives*’.

2.10  Literature review on porphyrin derivatives

In 1967, Adler and Longo® developed a method for synthesis of meso
substituted porphyrin by a condensation of benzaldehyde and pyrrole in refluxing
propionic acid for 30 mins. This method have allowed a wider selection of substituted
benzaldehydes to be converted to the corresponding porphyrins in yields of up to
20%. The reaction can be used in a large-scale synthesis. The synthesis pathway was

shown in Figure 2.21.



37

Propionic acid

H reflux, 140 °C, 30 min

Figure 2.21: The synthesis pathway of meso-substituted porphyrin by Adler and

Longo method

For biological applications of porphyrins, water solubility is an important
characteristic in handling the porphyrins in aqueous solution. In 2003, A. Szurko and
co-workers*® synthesized the 5,10,15,20- tetra( N- methyl- 4- pyridyl) porphyrin iodide
(TMPyP). This pyridinium ring on porphyrin can enhance the solubility in water. The

structure of TMPyP was shown in Figure 2.22.

|
© 0

N

Figure 2.22: the molecular Structures of TMPyP
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In 2009, Cernay and co-workers** synthesized the cationic porphyrin with alkyl
chains at meso-position (P1). Fluorescence microscopy was used to support a specific
binding to mitochondria of living Hela cells. The results revealed that hydrophobicity
and cationic charges of the porphyrin are the main factors for transporting this

porphyrin to the mitochondria. The structure of P1 was shown in Figure 2.23.

R
R R
R —
R= \ /NéC1oH21
Br@

Figure 2.23: the molecular Structures of P1

In 2006, S. Asayama and co-workers®? designed and synthesized the Mn-
porphyrin modified with a mitochondrial signal peptide for a new class of antioxidant
(Figure 2.24A). The resulting Mn-porphyrin-oligopeptide conjugate exhibited significant
antioxidant activity via Mn-oxidation-reduction-cycle in the center of porphyrin ring
(Figure 2.24B). In the first half reaction, Mn(lll) was reduced by superoxide, affording
oxygen (O,) and a Mn(ll). The Mn(ll) was then returned to its former oxidation state
Mn(lll) by reducing a second superoxide molecule, affording hydrogen peroxide. The
result suggested that the Mn-porphyrin could protect mitochondria from oxidative

damage.
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Figure 2.24: (A) the molecular structure of Mn-porphyrin-oligopeptide compound

and (B) Scavenging ability of manganese superoxide dismutase

2.11  Detection of Biological Activities
2.11.1 Cytotoxicity test

The cytotoxicity test is one of the fundamental biological evaluation and
screening tests by observing the cell growth, reproduction and morphological effects.
With the continuous development of cytotoxicity tests, many assays have gradually
been developed, such as detection of cell damage by morphological changes,
determination of cell damage, measuring cell growth and metabolic properties. Among
of them, the cell viability assays is an outstanding methods that achieves faster results,

inexpensive and requires smaller sample volumes®.
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Cell viability assays generally measure an importance enzymes or substrates in
the cell such as protease, ATP content or assessment of cell membrane integrity.
These assays usually require a specific reagent which can be converted to a color or
fluorescent product in an alive or viable cells. Conversely, the dead cells cannot
convert this reagent to color or fluorescent product. This difference provides the basis
for many of the commonly used cell viability assays. While many cell viability methods
have been used for decades, there have been recent developments which offer
increased sensitivity, throughput, and specificity. The new redox- based assay is

detecting the reducing environment within alive or viable cell*®

. By using Prestoblue
reagent (resazurin dye), the reducing environment convert the weakly fluorescent

resazurin to highly red fluorescence resorufin as shown in Figure 2.25.

: Viable Cell
Reducing (alive cell)

Environment

N+a o) 0 0 N+a o) o) o
D Ty
'
(o]
Resazurin Resorufin

Emits fluorescence at 590 nm

Figure 2.25: Conversion of resazurin to resorufin by reducing environment within

viable cell.

2.11.2 ROS generation assay

ROS are generally produced during metabolic processes. These reactive
molecules are formed by many different mechanisms and can be detected by various
techniques. The detection of ROS depend on the analytic target. At the cellular level,

ROS can be assessed from cell or tissue culture. While at the whole-body level, the
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effects of oxidative stress are measured from blood product (e.g. serum or plasma) or
from urine samples. Initially, the detection of ROS was based on the measurement of
glutathione levels by absorption spectroscopy to assess oxidative stress at the tissue

or whole-body level”’

. Moreover, lipid peroxidation is also one of the most widely
used as indicators of ROS formation. The measurement of lipid peroxidation is based
on detection of reactive compounds generated from the decomposition of lipid
peroxidation such as malondialdehyde®. However, this method has low specificity for
those decomposition of lipid peroxidation®. Nowadays, the cell permeable fluorescent
probes, 2'-7'-dichlorodihydrofluorescein diacetate (H,DCFDA) is one of the most
popular used for ROS detection due to its easy to use, high sensitivity, inexpensive and
can be used to follow changes in ROS over time™. After diffusion in to the cell,
H,DCFDA is deacetylated by cellular esterases to a non-fluorescent 2'7'-
dichlorodihydrofluorescein (H,DCF). Then, the H,DCF is further oxidized by ROS
resulting in highly fluorescent 2’, 7’-dichlorofluorescein (DCF) as shown in Figure 2.26.

This oxidation can be detected by monitoring the increase in fluorescence which is

maximally excited at 495 nm and emits at 520 nm.
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H,DCFDA

Cell Membrane Cellular Esterase
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beF cl \ O cl

(Fluorescent)

Figure 2.26: Formation of fluorescent Compound DCF by ROS in cell.

2.11.3 Mitochondria targeting evaluation

During the past decades, mitochondria targeting compounds has been
extensively studied by several research groups because the mitochondria are the major
producers of intracellular ROS and also play an important role in controlling life and
death of a cell’’. Consequently, the mitochondria are attractive sites for effective
elimination of ROS*%. Normally, mitochondrial membrane potential has been used as
an indicator for detecting the mitochondria targeting ability. Permeability of various
compounds into the mitochondria can result in either increasing or decreasing of

mitochondrial membrane potential®>. Those changes can be observed from many
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kinds of fluorescent probes. 55’ ,6,6” - tetrachloro- 1,1’ |3,3” tetraethylbenzimi-
dazolylcarbocyanine iodide (JC-1 dye) is one of the fluorescent probe which is widely
used to detect the changes of mitochondrial membrane potential by high-resolution
imaging®. JC-1 dye is a novel cationic carbocyanine dye that can accumulates in
mitochondria. The loss of mitochondrial membrane potential make JC-1 dye less
accumulate within the mitochondria. In these case, JC-1 dye remains in the cytoplasm
in a green fluorescent monomeric form. Conversely, a subsequent increasing of
mitochondrial membrane potential will result in more JC-1 dye entering into
mitochondria, causing further J-aggregates and thus increasing in red fluorescent signal

as shown in Figure 2.27.

A Cl of
Cl ) LN Cl

(8)

©

Figure 2.27: (A) The structure of JC-1 dye, (B) Estimated formation of JC-1 J-aggregate
and (C) The color of JC-1 dye as a green-fluorescent monomer at cytoplasm and as a
red-fluorescent J-aggregate within the mitochondria in cultured human pre-adipocytes

cells.
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CHAPTER Il
EXPERIMENT

3.1 Chemicals

All chemicals are purchased from commercial sources and used as received

without further purification.
1. 4-Pyridine carboxzaldehyde
2. Pyrrole
3. Propionic acid
4. Sodium hydroxide (NaOH)
5. Di-tert-butyl dicarbonate (Boc,0)
6. 4-Dimethylaminopyridine (DMAP)
7. 2-Bromoethylamine hydrobromide
8. Lipoic acid
9. N,N’-Dicyclohexylcarbodiimide (DCC)
10. Dimethylformamide (DMF)

11. Manganese(ll) chloride tetradydrate

(MnCl2-4H20)
12. Methylene chloride (CH,Cl,)

13. Methanol (MeOH)
14. Ethanol (EtOH)

15. Triethylamine (Et;N)
16. Diethylether (Et,0)
17. Acetone

18. Sodium sulfate (Na,SO,)

:Sigma-Aldrich
:Sigma-Aldrich
:Merck
:Merck
:Merck
:Merck
:Merck
:Sigma-Aldrich
:Sigma-Aldrich

:Lab-scan

:Fluka

:Lab-scan
:Merck
:Merck
:Lab-scan
:Merck
:Lab-scan

:Merck



19. Silica gel

20. Deuterated chloroform (CDCls)

21. Deuterated dimethy sulfoxide
(DMSO-dy)

22. Deuterium oxide (D,0)

:Merck

:Merck

:Merck

:Merck

a5
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3.2 Instrumentation

AUl 'H-NMR spectra were determined on a Varian Mercury NMR spectrometer,
which operated at 400 MHz for 'H nuclei and C NMR spectra were determined on a

Bruker NMR spectrometer, which operated at 100 MHz for *>C nuclei. All chemical shifts

(O) were reported in parts per million (ppm) relative to the residual CHCls, D,O, DMSO-
ds peak at 7.26, 4.79, 2.50 ppm respectively for ‘H-NMR. The following abbreviations
are used for multiplicity: s=singlet, d=doublet, t=triplet, g= quartet, br=broad singlet
and m=multiplet. Coupling constants (J) are reported in Hertz (Hz).

Mass spectra were recorded on a Microflex MALDI-TOF mass spectrometer
(Bruker Daltonics) using a-cyano-4-hydroxycinnamic acid (CCA) as a matrix.

Absorption spectra were measured at room temperature by Cary 60 UV-vis
spectrophotometer. Emission spectra were recorded by Varian Cary Eclipse spectro-
fluorometer. The maximum absorption wavelength was used as the excitation
wavelength of each porphyrins. Absorption and emission were measured at room

temperature.

3.3 Chromatographic System

Analytical thin layer chromatography (TLC) was carried out on Merck Kieselgel
60, F254, 1 mm aluminium-backed silica plates (Merck KgaA, Darmstadt, Germany). The
chromatograms were visualized under 254 nm ultraviolet (UV) light.

Column chromatography was performed on glass column using Merck silica gel
60 (60-230 mesh). The size of the chromatographic column used depended on the
amount (weight) of the sample. The column was eluted with some suitable solvents
which best separated the sample and each fraction was monitored by Thin-Layer

Chromatography (TLQ).
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3.4 Synthesis of Porphyrin derivatives and Characterizations

3.4.1 Synthesis of 5-(4-hydroxyphenyl)-10,15,20-tris(4-pyridyUporphyrin (P1)

Propionic acid

NZ HO reflux, 140 °C, 50 min
Z/ \S + | + 0
N X o}
H 3%

Scheme 3.1: The synthesis of P1

The compound P1 was synthesized according to a previous report with a
slightly change in purification step™. Mixture of 4-pyridylcarboxaldehyde (3.80 ml, 40.3
mmol), 4-hydroxybenzaldehyde (1.225 ¢, 10.03 mmol) and freshly distilled pyrrole
(2.80 ml, 40.4 mmol) were refluxed in 200 ml of propionic acid for 50 min. The mixture
was cooled down to room temperature, diluted with distilled water (500 ml) and then
neutralized with 1 M aqueous solution of NaOH until pH was 6. The solution was
filtered and washed several times with water and methanol. The filtrate was dissolved
in 4% MeOH in CH,Cl,,  The crude product was purified by flash column
chromatography using 10% EtOH in CH,CL, as an eluent to yield P1 as purple solid (180
mg, 3%). MALDI-TOF-MS m/z obsd 633.503, calcd mass 633.715 ([M]*, M = C4;H,;N;0)
(Figure Al).



a8

3.4.2 Synthesis of 5-(4-(4-chlorobutoxy)phenyl)-10,15,20-tris(4-pyridylUporphyrin (P2)

CI\/\/\CI
K,CO3, DMF
80°C,6h

Scheme 3.2: The synthesis of P2

Mixture of compound P1 (52 mg, 0.084 mmol), 1,4-dichlorobutane (320 mg,

2.52 mmol) and potassium carbonate (K,COs, 15 mg, 0.11 mmol) were heated in 20 ml

of DMF at 80 °C for 6 h. The solution was allowed to stand for 1h at room temperature.
This solution was added with dichloromethane and subsequently extracted several
times with brine. The organic phase was dried over Na,SO,, filtered off and
concentrated in vacuo. The crude product was purified by flash column
chromatography using 5% EtOH in CH,Cl, as an eluent to yield P2 as purple solid (39
mg, 64%). MALDI-TOF-MS m/z obsd 723.540, calcd mass 723.251 (M]", M =
CasH34CIN;O) (Figure A2).
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3.4.3 Synthesis of P-Glul

Glutathione, BuyNOH, KI
.

H,0 / CH,Cly, 1t 72h

P-Glu1

Scheme 3.3: The synthesis of P-Glul

The solution of P2 (29 mg, 0.040 mmol) and BusNOH (1.008g, 3.885 mmol) in 3
mL of dichloromethane was added with a solution of glutathione (217 mg, 0.706 mmol)
and KI (6 mg, 0.04 mmol) in a 7 mL of water. The reaction mixture was stirred for 72 h
at room temperature. Then the organic phase was extracted with brine and dried over
Na,SOy, filtered off and concentrated in vacuo to obtain the purple solid (the desired

product was not found).
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3.4.4 Synthesis of P-Glu2

Glutathione, BuyNCI, HCI

OH
H,0 / CH,Cly, rt 72h

Scheme 3.4: The synthesis of P-Glu2

The solution of P1 (31 mg, 0.049 mmol) and BugNCl (0.982¢, 3.53 mmol) in 3
mL of dichloromethane was added with a solution of glutathione (197 mg, 0.641 mmol)
ina 7 mL of 1 mol/L hydrochloric acid. The reaction mixture was stirred for 72 h at
room temperature. Then the organic phase was extracted with brine and dried over
Na,SOy, filtered off and concentrated in vacuo to obtain the purple solid (the desired

product was not found).
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3.4.5 Synthesis of 5,10,15,20-Tetrakis(4-pyridyl)porphyrin (P3)

Propionic acid

NZ reflux, 120°C, 1.5 h
4N |
N X 0 0
N 1%

Scheme 3.5: The synthesis of P3

The compound P3 was synthesized according to a previous report with a
slightly change in purification step®®. Mixture of 4- pyridylcarboxaldehyde (3.80 ml,
40.34 mmol) and freshly distilled pyrrole (2.80 ml, 40.36 mmol) were refluxed in 150
ml of propionic acid for 1.5 h. The mixture was cooled down to room temperature,
diluted with distilled water (500 ml) and then neutralized with 1 M aqueous solution
of NaOH until pH was 7. The solution was filtered and washed several times with water
and methanol. The filtrate was dissolved in 4% MeOH in CH,Cl,. The crude product
was purified by flash column chromatography using 8% EtOH in CH,Cl, as an eluent to
yield P3 as purple solid (661 mg, 11%). 'H-NMR (CDCly/MeOD) 0: 8.18 (d, J = 4.0 Hz,
8H), 8.94-8.68 (br, 8H), 8.97 (d, J = 4.0 Hz, 8H) (Figure A3); MALDI-TOF-MS m/z obsd

620.027 [(M+H)*], calcd mass 618.704 ([M]*,M = Cy4oHoxNg) (Figure Ad); Moy 417, 513,

547, 587, 642 nm (Figure A5); Aoy (Ao, = 417) 647, 712 nm (Figure A6).
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3.4.6 Synthesis of 5,10,15,20-Tetrakis(4-N-(4-chlorobutyl)-pyridyDporphyrin (P4)

C|\/\/\CI

DMF, 120 °C, 12 h

73%

P3

Scheme 3.6: The synthesis of P4

A mixture of P3 (32 mg, 0.052 mmol), 1,4-dichlorobutane (297 mg, 2.34 mmol)
was stirred in DMF at 120 °C for 12 h. After cooling the mixture to room temperature,
crude product was precipitated in acetone. Subsequently, crude product was washed
with dichloromethane and acetone in an ultrasonic bath. , affording green-brown solid
(43 mg, 73%). *H-NMR (DMSO) &: -3.09 (s, 2H), 2.11 (m, 8H), 2.44 (m, 8H), 3.91 (t, J =
6.0 Hz, 8H), 5.07 (t, J = 6.0 Hz, 8H), 9.06 (d, J = 4.0 Hz, 8H), 9.27 (s, 8H), 9.68 (d, J = 4.0
Hz, 8H) (Figure AT); HR-ESI-MS obsd 981.3102; calcd mass 982.3517 ([M]*, M =
CseHssCluNg) (Figure A8).
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3.4.7 Synthesis of P-Glu3

Glutathione, Kl
N-R ——————————> R-N
® ®
©) H,0, rt 72h o
| Cl

P4

o) o
H
R= A P-Glu3 N R= ,§/\/\/SWN%OH
S

Scheme 3.7: The synthesis of P-Glu3

A mixture of P4 (43 mg, 0.038 mmol), glutathione (207 mg, 0.674 mmol) and KI
(6 mg, 0.04 mmol) in a 10 mL of water was stirred for 72 h at room temperature. After
that, acetone was added to precipitate crude product. The crude product was purified
by reverse phase column chromatography using 20% H,O in MeOH as an eluent to

obtain dark green solid (the desired product was not found).
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3.4.8 Synthesis of tert-Butyl-N-(2-bromoethyl)carbamate (1)

Boc,0O
DCM, TEA, DMAP

RT, overnight
. ’ NHBoc
g~ NHz " HBr Br~

83%

Scheme 3.8: The synthesis of compound 1

This compound was prepared according to a literature procedure with some
modification’”. The suspension of 2-Bromoethylamine hydrobromide (8.077 g, 39.42
mmol) in 60 mL of dichloromethane was added dropwise with a solution of di- tert-
butyl dicarbonate (Boc,0) (9.465 g, 43.37 mmol) in a 30 mL of dichloromethane and 6
mL of triethylamine. The reaction mixture was stirred for 18 h at room temperature.
Then, 4-Dimethylaminopyridine (DMAP) (2.655 ¢, 21.73 mmol) was added. The solution
was allowed to stand for 1h at room temperature. This solution was subsequently

extracted with sat’d NH4Cl and brine. The organic phase was dried over Na,SOy, filtered

off and concentrated in vacuo to afford a yellow oil (7.356 g, 83%). 'H-NMR (CDCL) O:
1.44 (s, 9H), 3.45 (t, J = 4.0 Hz, 2H), 3.52 (m, 2H), 4.97 (br, 1H) (Figure A9).
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3.4.9 Synthesis of 5,10,15,20-tetrakis(4-N-(2-aminoethyl)-pyridyporphyrin bromide (P5)

NHBoc
Br

Reflux, overnight

56%

P3

Scheme 3.9: The synthesis of P5

A mixture of P3 (0.020 ¢, 0.032 mmol) and compound 1 (2.008 g, 8.960 mmol)
was stirred at 120 °C for 12 h. After cooling the mixture to room temperature, a brown
solid was washed with DMF, ethanol and then acetone in an ultrasonic bath.

Subsequently, crude product was precipitated in 6% H,O in acetone, affording purple-

brown solid (0.020 g, 56%). "H-NMR (D,0) O: 4.10 (t, J = 8.0 Hz, 8H), 5.43 (t, J = 8.0 Hz,
8H), 9.14 (d, J = 4.0 Hz, 8H), 8.95-9.44 (br, 8H), 9.53 (d, J = 4.0 Hz, 8H) (Figure A10);

BC-NMR (D,0) O: 39.6, 58.5, 115.8, 134.1, 143.8, 159.1 (Figure A11); MALDI-TOF-MS
obsd 794.782; calcd mass 795.010 ([M]*, M = CagHsoNy,) (Figure A12); A (H,0) 426,

521, 556, 586, 641 nm (Figure A13); Aun (H,0, Ay = 426 nm) 711 nm (Figure A14).
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3.4.10 Synthesis of Lipoic acid anhydride

DCC, CH3;CN
s-S RT, overnight S-S S-S
HOM - MOM
O (0] (0]
Lipoic Acid Lipoic anhydride

Scheme 3.10: The synthesis of Lipoic acid anhydride

This synthesis was performed, following a previous report with a modification
as the use of dichloromethane was replaced by acetonitrile *°. A mixture of lipoic acid
(200 mg, 0.969 mmol) and dicyclohexylcarbodiimide (DCC, 120 mg, 0.582 mmol) was
stirred in 8 mL of acetonitrile for 18 h at room temperature. The mixture was filtered
to remove the byproduct, dicyclohexylurea. The yellow solution was used without
further purification in the synthesis of 5, 10, 15, 20- tetrakis( 4- N- ( N- Lipoyl- 2-
aminoethylpyridyUporphyrin.
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3.4.11 Synthesis of 5, 10, 15, 20-tetrakis(4-N-(N-Lipoyl-2-aminoethyl)pyridyl)porphyrin
bromide (P-4Lp)

Lipoic anhydride
H,0, RT, overnight

74%

P-4Lp

Scheme 3.11: The synthesis of P-4Lp

A solution of P5 (20 mg, 0.018 mmol) in water (2 mL) was added to a solution
of lipoic acid anhydride at room temperature under N, atmosphere. After 18 h, the
resulting mixture was filtered to remove solid byproduct. The solution was poured into
acetone to precipitate. The solid was washed several times with acetone to afford
purple-brown solid (25 mg, 74%). "H-NMR (DMSO) O: -3.09 (s, 2H), 1.21-1.47 (m, 16H),
1.48-1.67 (m, 16H), 1.99-2.11 (m, 4H), 2.22 (t, J = 7.2 Hz, 8H), 2.65-2.75 (m, 4H), 2.79-
2.90 (m, 4H), 3.94 (br, 8H), 5.02 (br, 8H), 8.49 (t, J = 8.0 Hz, 4H), 9.00 (d, J = 4.0 Hz, 8H),
9.21 (s, 8H), 9.54 (d, J = 4.0 Hz, 8H) (Figure A15); *C-NMR (DMSO) O: 24.9, 28.4, 34.0,
35.1, 37.8,39.7, 55.8, 61.3, 115.8, 132.1, 143.9, 156.4, 173.5 (Figure A17); MALDI-TOF-
MS obsd 1548.650; calcd mass 1548.222 ([M]*, M = CgyHggN1,04Sg) (Figure A18); Moos
(H,0) 430, 525, 560, 593, 649 nm (Figure A19); Aur, (H,0, Aoy = 430 nm) 658, 721 nm
(Figure A20).
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3.4.12 Synthesis of Mn(ll)-5,10,15,20-tetrakis(4-N-(N-Lipoy!-2-
aminoethylpyridyUporphyrin bromide (Mn-P-4Lp)

MnClys4H,0 .
DMF, TEA 83%
RT, 2 h.

Mn-P-4Lp; M = Mn

Scheme 3.12: The synthesis of Mn-P-4Lp

Manganese(ll) chloride tetrahydrate (38 mg, 0.19 mmol) was added to a solution
of P-4Lp (10 mg, 0.0053 mmol) in DMF (2 mL) with one drop of triethylamine (TEA) at
room temperature under N, atmosphere. The reaction was monitored by fluorescence
spectroscopy until the emission band at 658 and 721 nm was completely disappeared
(approximately 2h). Then, the mixture was precipitated by adding diethylether. The
solid was washed with diethylether and ethanol to afford a dark-green solid (9 mg,
83%). MALDI-TOF-MS obsd 1601.134, 1789.296; calcd mass 1601.144 ([M]*, M =
CaoHogMNN1,04Sg), 1789.3059 ([M+CCAI*, M = CooH10,MNN130:Sg) ( (Figure A210); Ao,
(H,0) 331, 378, 400, 464, 563 nm (Figure A22).
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3.4.13 Synthesis of 5,10,15,20-tetrakis(4-N-methyl-pyridylporphyrin iodide (TMPyP)

Mel, DMF
50°C,5h

88%

P1 ' TMPyP
Scheme 3.13: The synthesis of TMPyP

Following a previous report >’

, a suspension of compound P1 (0.505 g, 0.817
mmol) in DMF (5 mL) was mixed with excess of iodomethane (2.306 ¢, 16.24 mmol)
and heated at 50 °C for 5 h. The resulting mixture was precipitated with diethyl ether.
The solid was washed several times with diethyl ether and acetone to afford purple-
brown solid (853 mg, 88%). H-NMR (DMSO) O: -3.11 (s, 2H), 4.73 (s, 12H), 9.00 (d, J =
4.0 Hz, 8H), 9.20 (s, 8H), 9.49 (d, J = 4.0 Hz, 8H) (Figure A23); MALDI-TOF-MS m/z obsd

679.158, calcd mass 678.842 (M = CyqH3gNg) (Figure A24).
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3.5 Biological studies of Porphyrin derivatives
3.5.1 Cell culture

Following a standard procedureéo, human dermal fibroblast, adult (HDFa) and
Human keratinocyte (HaCaT) cell lines were cultured in DMEM (Gibco, USA) containing
10%(v/v) fetal bovine serum (FBS) (Gibco, USA) and 1% (v/v) antibiotic antimycotic
(Gibco, USA) at 37 °Cin 5% CO,. Cells at early passages (below 30 passages) were used
in cell experiments to avoid complications of replicative senescence. After HFDa and
HaCaT cell lines reached 90% confluence, cells were sub- cultured using 0.25%

trypsin/EDTA (Gibco, USA).

3.5.2 Cytotoxicity test (cell viability assay)
The cellular cytotoxicity was studied by cell viability assay using PrestoBlue™

)*¢. HDFa and HaCaT cell lines were seeded into 96-well

as reagent (Invitrogen, USA
plates at density of 5x10° cells/well in 100 pL of complete medium and incubated at
37 °C under 5% CO, atmosphere for 12 h. Cells were washed by phosphate buffered
saline (PBS) twice and treated with various concentrations of Dulbecco's Modified Eagle
Medium (DMEM), LA, TMPyP, P-dLp and Mn-P-4Lp in 90 uL for 24 h. 10 uL of
PrestoBlue™ reagent was added into cell and incubated for 30 min. Fluorescence was
measured using a microplate reader with excitation at 560 and emission at 590 nm
(Thermo, Varioskan flash, England). The percentage of cell viability was calculated by

normalize the fluorescence intensity of analyte to fluorescence intensity of control

group (DMEM).

3.5.3 Antioxidant Activity (ROS generation assay)

Antioxidant activity was studied by ROS generation assay using 2’7’ -
dichlorofluoreceine- diacetate (H,DCF-DA) as reagent (Molecular probes™, USA)¢!.
Briefly, HFDa and HaCaT cell lines were seeded into 96-black well plates at density of
5x10° cells/well in 100 uL of complete medium and incubated at 37 °C under 5% CO,
atmosphere for 12 h. Cells were washed by PBS twice. After that, 100 uL of various
concentrations of DMEM, LA, TMPyP, P-4Lp and Mn-P-4Lp were added into cells for
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pre-treatment and incubated for 24 h. After that, the solution was discarded and cells
were added with H,DCFDA then incubated for 30 min at 37 °C in dark place. Cells were
washed by PBS twice and treated with 100 uL of 10% H,0,. Fluorescence was
measured using a microplate reader with excitation at 485 nm and emission at 528 nm

(Thermo, Varioskan flash, England) every 10 min until 1 h.

3.5.4 Mitochondria targeting evaluation

The evidence for mitochondria targeting was confirmed by cell imaging by LSM
800 confocal microscope. From previous paper®, HaCaT cells were seeded in 24 wells
(Corning) plate at density 10° cells per well, then cells were incubated at 37 °C under
5% CO, for 12 hours. Next, cells were treated with 50 mg/L of DMEM, LA, P-4Lp and
Mn-P-4Lp and incubated at 37°C under 5% CO, for 6 hours. Protocol of JC-1 staining
was applied from Chazotte B ¢*, briefly, Cells were washed by PBS. JC-1 dye and
Hoechst 33342 (10 ug/ml) (MERK, Calbiochem) were loaded in each wells and
incubated for 15 min, then cells were washed with PBS and imaged by LSM 800
confocal microscope (Carl Zeiss, Jena, Germany) using lens 40 x, with excitation at 488
and 561 nm and using emission filters of 505-550 nm for the green channel, and 575-
630 nm for the red channel. The pictures were collected and analysed by ZEN software

version 2.1.

3.5.5 Statistical analysis

Statistical analysis of the data was determined with a one-way randomized
ANOVA design by GraphPad Prism 5.0 software. When the overall test of significance
(p < 0.05, p-value is probability of the randomness in sampling) led to a rejection of

the null hypothesis, post-hoc comparison (Tukey) were performed.
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CHAPTER IV
RESULTS AND DISCUSSION

The concept of this work covers the synthesis of porphyrin derivatives bearing
the glutathione-/lipoic acid- substituents with or without manganese at the center of
porphyrin ring. The structures of these compounds are shown in Figure 4.1. The studies
for their biological activities were performed in HDFa and HaCaT cell lines. The
cytotoxicity was investigated by cell viability assay. The antioxidant activity was

evaluated by ROS generation assay.

P-4Lp; M=H,H
Mn-P-4Lp; M = Mn

Figure 4.1: Structure of glutathione-/lipoic acid-porphyrin derivatives
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4.1 Synthesis of Porphyrin derivatives and Characterizations

4.1.1 Synthesis of glutathione-porphyrin derivatives P-Glul and P-Glu2

The synthetic route of P-Glul and P-Glu2 are described in Scheme 4.1.

Glutathione, BuyNCI, HCI

OH
H,0 / CH,Cly, rt 72h

Cl
\/\/\Cl
64% K,CO3;, DMF
80°C,6h

Glutathione, Buy;NOH, KI

H,0 / CH,Cl, rt 72h

Scheme 4.1: The synthetic route of P-Glul and P-Glu2
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The synthesis of the target P-Glul and P-Glu2 started with a condensation of
4-hydroxybenzaldehyde, pyrrole and 4-pyridinecarboxaldehyde in propionic acid to
give compound P1 in 3% yield. The low yield of compound P1 was attributed to the
formation of other statistically possible porphyrinic byproducts and the polymerization
of pyrrole upon heating. MALDI-TOF mass spectrum of compound P1 exhibited its
molecular ion peak at m/z 633.503 which was consistant with the previous report *.
Subsequently, compound P1 was alkylated with an excess amount of 1,4-
dichlorobutane in the presence of K,CO5 in DMF at 80 °C for 6 h, resulting in compound
P2 in 64% vyield. Lower than this temperature resulted in slow reaction rate, while
higher than this temperatures caused more additional alkylation at pyridyl ring of
porphyrin. Formation of the compound P2 was confirmed by the presence of a
molecular ion peak in its MALDI-TOF mass spectrum at m/z 723.540 which was
consistant with the calculated value (m/z 723.251). After that, slutathione was
alkylated with compound P2 in heterogeneous reaction to obtain P-Glul. Solution of
compound P2 and BusNOH in dichloromethane was added with a solution of
glutathione and Kl in water. BusNOH is a phase transfer agent assisting the migration of
the glutathione from aqueous phase into organic phase (dichloromethane, in this case)
where reaction take place. The substitution of chloroalkanes in compound P2 with Kl
leaded to the iodoalkane products which increase the reactivity toward glutathione.
After several days, monitoring a reaction by TLC and MALDI-TOF mass spectrometry
indicated that no desired product was observed. This dues to the fact that
heterogeneous reaction occur mostly at an interface of solution resulting in lower
effectiveness of the reaction. In similar manner, the attempt to do the esterification of
compound P1 with glutathione in heterogeneous reaction to afford P-Glu2 was also
failed related to the reasons described above.

In order to enhance the effectiveness of the reaction, the water soluble

porphyrin was used as shown in the next experiment.



4.1.2 Synthesis of glutathione-porphyrin derivative P-Glu3

The synthetic route of P-Glu3 is described in Scheme 4.2.

CI\/\/\CI

DMF, 120°C, 12 h

Glutathione, Kl

H,0, rt 72h

Scheme 4.2: The synthetic route of P-Glu3

65
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Compound P3 was successfully synthesized from condensation of pyrrole and

4-pyridylcarboxaldehyde in propionic acid at 120 °C for 1.5 h affording compound P3
in 11% vyield by following the previously reported procedure®®. The competitive
reaction in the porphyrin formation step, e.¢. a polymerization of pyrrole and the
formation of other possible N- confused isomers of porphyrin were detected.
Therefore, the yield of P3 was significantly suppressed. According to its 'H-NMR
spectrum, the compound P3 show three signals for aromatic protons around d8to9
ppm. A singlet signal of two inner protons of P3 was absented due to hydrogen-
deuterium exchange. This hydrogen—deuterium exchange also makes pyrrole protons
¢ broader than usual. In addition, Mass spectra of compound P3 exhibited molecular
ion peaks at m/z 620.027, which was consistent with the calculated value of m/z
618.704. This indicated successful formation of compound P3. 'H-NMR spectrum of

compound P3 was shown in Figure 4.2,

CDCl;/Methanol-d,

\.c ‘

" N )

14 13 12 1 10 9 8 7 L 3 2 1 0 -1 2 -3 -4

Figure 4.2: 'H-NMR spectrum of compound P3

Compound P3 was then alkylated with an excess amount of 1,4-
dichlorobutane in DMF at 120 °C for 12 h, resulting in compound P4 in 73% vyield.
Formation of the compound P4 was confirmed by the presence of a molecular ion
peak inits HR-ESI mass spectrum at m/z 981.310. Although compound P4 has four
positives charge on its molecule, this positive charges was subtracted by the counter
anion, resulting in the zero total charge of compound P4. Thus, m/z value of

compound P4 was equivalent to its molecular weight. According to its "H-NMR
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spectrum, compound P4 exhibited a characteristic singlet signal of inner proton of

porphyrin at O -3.09 ppm. Multiplet protons signals of the pyrrole and pyridine rings
slightly shifted from 8.18-8.97 ppm to 9.06-9.68 ppm, compared with compound P3,

because of inductive effect from the pyridinium group. Moreover, the addition peak of

akyl-protons in P4 appear around O 2.11 to 5.07 ppm as shown in Figure 4.3.

0
CDCl;/Methanol-d, D P3
\/\“7/ \”\’:‘\?
Nﬁ}ﬁ {/\r-—NH N—-{; :‘N
=/ i\‘N e 7
a b b a Q’i\ ’//‘\/\
| ¢ I
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/IL’)‘E_u__J )
14 13 12 l‘l 10 ; ; 7 5 3 ; 1 8 R 1 2 3
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| Rj‘l_@—&\ h /N _,,N@R
b Cebalt
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Figure 4.3: 'H-NMR spectrum of compound P3 and P4

After that, glutathione was alkylated with compound P4 in water in the
presence of Kl. After several days, no desired product was observed when monitoring
with MALDI-TOF mass spectrometry. The attempt to separate porphyrin from starting
material glutathione (GSH) and byproduct glutathione dimer (GSSG), using reverse
phase column chromatography with 20% H,O in MeOH as an eluent, failed due to their

similar in polarity. Thus, no evident was indicated that the desired product was really

existed.
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4.1.3 Synthesis of lipoic acid-porphyrin derivatives P-4Lp and Mn-P-4Lp

The synthetic route of P-4Lp and Mn-P-4Lp are described in Scheme 4.3.

Mel, DMF
50°C,5h

88%

Boc,O

N

DCM, TEA

RT, overnight l Reflux, overnight
R

NHBoc
. [E—— N
Br/\/NH2 HBr Br 56%
83%

DCC, CH;CN

N
)
R
RT, overnight H,0
Lipoic acid —— Lipoic acid anhydride RT, overnight
74%
R
N

MnCl*4H,0
DMF, TEA
RT, 2h

83%
Mn-P-4Lp; M= Mn

Scheme 4.3: The synthetic route of lipoyl porphyrin derivatives
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Firstly, 2- bromoethylamine hydrobromide was reacted with Boc,O in the
present of triethylamine in order to reduce the activity of the amine group. The
reaction mixture was stirred for 18 h at room temperature then the excess of Boc,0O
was removed by adding 0.5 equivalent of DMAP. After several extraction with sat’d
NH,;Cl and brine, yellow oil of compound 1 was archived in 83% yield. The structure

of compound 1 was verified by comparing the 'H-NMR data with the literature report>’.

Alkylation of compound P3 with compound 1 provided compound P5 in 56%
yield. The compound P5 was obtained as a purple-brown solid after washing with DMF,
ethanol and then acetone in an ultrasonic bath to remove excess of compound 1.
During the reaction, the decarboxylation of tert-butyl carbamate moiety was occurred
due to high temperature presented, resulting in the direct formation of P5. Based on
MALDI- TOF-MS, some byproducts from polymerization of the aminoethyl side chains

were detected. Therefore, the yield of P5 was significantly suppressed.

Compound P5 was characterized by 'H-NMR. After attachment of ethylamine
at pyridyl group in P3, the addition peak, compairing with P3, of akyl-protons in P5
appear at 0 4.10 and 5.43 ppm. Moreover the peak of aromatic protons a and b is
slightly shifted to downfield because of the inductive effect of cation on the pyridyl
ring. A singlet signal of two inner protons and amine protons of P5 are absented due
to hydrogen- deuterium exchange. This hydrogen— deuterium exchange also make
pyrrole protons c broader than usual. In addition, Mass spectra of compound P5
exhibited molecular ion peaks at 794. 782, which was consistent with the calculated
value of 795.010. This indicated successful formation of compound P5. 'H-NMR

spectrum of compound P3 and P5 was shown in Figure 4.4.
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Figure 4.4: 'H-NMR spectrum of compound P3 and P5

Subsequent amidation of P5 with lipoic acid anhydride was achieved in a mixed
solvent system of H,O and acetonitrile, affording compound P-4Lp as purple- brown
solid in 749% vyield. It should be noted that the reaction have to be done under N,

atmosphere because the lipoyl moiety is very sensitive to air®®.

The 'H-NMR spectrum of P-4Lp in D,O was shown in Figure 4.3. By comparing
with "H-NMR spectrum of compound P5, the formation of P-4Lp was confirmed by the
appearance of a triplet signal of the amide protons of P-4Lp at 0 8.49 ppm and the
lipoyl protons around 0 1-3 ppm in its 'H-NMR spectrum as shown in Figure 4.5,
Moreover, the MALDI-TOF mass spectrum of P-4Lp show the molecular ion peak [M]*

at m/z 1548.650, which was consistent with a calculated value of m/z 1548.222.
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Figure 4.5: '"H-NMR spectrum of compound P-4Lp

To obtain the desired Mn-P-4Lp, P-4Lp was metallated by manganese(ll)
chloride tetrahydrate in the presence of triethylamine in DMF at room temperature for
2 h leading to compound Mn-P-4Lp in 80% vyield as dark-green solid. Triethylamine
act as a base to deprotonate two inner protons of porphyrin resulting in rate
acceleration in the metalation. The formation of Mn-P-4Lp was confirmed by UV-
Visible. The maximum absorption band was shifted from 430 to 464 nm due to metal-
o-ligand charge transfer (MLCT) that lower the HOMO-LUMO energy gap. In addition,
disappearance of emission band of P-4Lp at 658 and 721 nm indicated complete

formation of Mn-P-4Lp in the metalation step as shown in Figure 4.6. This quenching

of fluorescence of Mn-P-4Lp was caused by the exchange interaction between TT-

electronic systems of Mn-P-4Lp with the unpaired d-electron of manganese ion.
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Figure 4.6: (A) Normalized UV-Vis absorption spectra of Mn-P-4Lp and P-4Lp, (B)
emission spectra of Mn-P-4Lp and P-4Lp.

In order to evaluate the effect of lipoyl group in P-4Lp on biological activities,
the cationic TMPyP without lipoyl group was used as benchmark compound to
compare biological activities with P-4Lp, following a literature reported previously>’.

TMPyP was accomplished by treatment compound P1 with iodomethane at 50 °C for
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5 h. The product was washed several times with diethyl ether and acetone, affording
purple-brown solid TMPyP in 88% yield.

TMPyP was characterized by *H-NMR and MALDI- TOF-MS which were in good
agreement with the literature reports. By comparing with 'H- NMR spectrum of
compound P1, the formation of TMPyP was confirmed by the appearance of a methyl
proton of TMPyP at 0 4.73 ppm as shown in Figure 4.7. The 'H-NMR spectrum of
TMPyP also showed characteristic peaks of the two inner protons of porphyrin ring at
0-3.11 ppm. Moreover, the MALDI-TOF mass spectrum of TMPyP show the molecular
ion peak [M]* at m/z 679.158, which was consistent with a calculated value of m/z

678.842.

DMSO-d,

5
f1 (ppm)

Figure 4.7: '"H-NMR spectrum of TMPyP
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4.2 Biological studies of Porphyrin derivatives
4.2.1 Cytotoxicity

The cellular cytotoxicity of lipoic acid and the porphyrin compounds TMPyP,
P-4Lp and Mn-P-4Lp was investigated by cell viability assay on HDFa and HaCaT cells.
This assay is detecting the reducing environment within viable or alive cell. By using
PrestoBlue reagent, the reducing environment can convert the PrestoBlue reagent to
red fluorescence dye which exhibit emission spectra at 590 nm. The experiment
started by treating HDFa and HaCaT cell lines with DMEM (as a control reagent), LA,
TMPyP, P-4Lp and Mn-P-4Lp at concentration of 25, 50, 100 and 150 mg/L for 24 h in
96-well plates. Then, PrestoBlue reagent was added into cell and incubated for 30
min. Finally, the fluorescence emission spectra was measured at room temperature at
an excitation wavelength of 560 nm and emission wavelength at 590 nm. The
percentage of cell viability was calculated by normalizing the fluorescence intensity of
analyte to the intensity of control. In case of the HDFa cells, the cell viability of LA,
TMPyP, P-4Lp and Mn-P-4Lp was shown in Figure 4.8.
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Figure 4.8: Cell viability upon the treatment of HDFa cell with (A) LA, (B) TMPyP, (C)
P-4Lp, (D) Mn-P-4Lp at 25, 50, 100, 150 mg/L. (“***” indicates p < 0.001, “*”

indicates p < 0.05, significant differences between control and each treatment group).
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The cell viability of the HDFa cell treated with LA from 25 mg/L to 100 meg/L
did not significantly change as compared to controls (Figure 4.8 (A)). While treatment
of HDFa cell with 150 mg/L of LA showed significantly increase (p<0.05) in cell viability.
Moreover, LA was found to have ICsy more than 150 me/L against HDFa cells. This
result indicated that LA exhibited low cytotoxicity and may slightly increase enzymatic

activity that caused cell to proliferate more than control®.

Figure 4.8 (B) shows that the cell viability of the HDFa cells did not significantly
change after being treated with TMPyP at 25 and 50 mg/L, compared with the control
group. While at the concentration of 100 and 150 mg/L of TMPyP, decreasing of the
cell viability became significant (p < 0.001). This results indicated that TMPyP exhibited
cytotoxicity at high concentration. In addition, ICs, of TMPyP against HDFa cells was in

the range of 100—150 mg/L.

In a similar manner as TMPyP, the cell viability of the HDFa cells did not
significantly change when being treated with P-4Lp at the concentration of 25 and 50
mg/L (Figure 4.8 (C)). However, at the concentrations of 100 and 150 mg/L of P-4Lp,
dramatically decrease in the cell viability of the HDFa cells was observed. This results

indicated that P-4Lp at high concentration exhibited cytotoxicity. Moreover, P-4Lp was

found to have ICs, value in the range of 50—100 mg/L against HDFa cells.

Furthermore, treatment of HDFa cells with 25 to 100 mg/L of Mn-P-4Lp did
not affect cell viability (Figure 4.8 (D)). While HDFa cells treated with 150 mg/L of Mn-
P-4Lp showed significantly decrease in cell viability (p<0.05) as compared to controls.
This results indicated that Mn-P-4Lp exhibited cytotoxicity to the HDFa cells at high
concentration. In addition, Mn-P-4Lp was found to have ICsq more than 150 mg/L

against HDFa cells.

The effect of the introduction of the porphyrin unit on the cell viability of the
HDFa cells can be determined by the comparison of the results of LA and those of P-
4Lp. LA had the ICso value more than 150 mg/L, while P-4Lp exhibited the ICs, around
50-100 mg/L. This results indicated that the introduction of the porphyrin unit induced
the cytotoxicity against HDFa cells.
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In addition, the effect of lipoyl group on cell viability of the HDFa cells can be
determine by the comparison between ICs, value of TMPyP and P-4Lp. TMPyP
exhibited the ICs of 100-150 mg/L, while P-4Lp showed the ICsq of 50-100 mg/L. This
informed that the attachment of lipoyl group to porphyrin increased the cytotoxicity
against HDFa cells.

Moreover, the effect of the introduction of the Mn-chelation of the porphyrin
unit on the cell viability of the HDFa cells can be determined by the comparison of
the results of P-4Lp and those of Mn-P-4Lp. P-4Lp exhibited the ICs5, around 50-100
mg/L, while Mn-P-4Lp had the ICs, value more than 150 mg/L. This indicated that the
introduction of the Mn-chelation of the porphyrin unit can decrease cytotoxicity against
HDFa cells. According to previous report, this decreasing in cytotoxicity possibly related
to their essential role in development, activation of certain metalloenzymes, energy

metabolism, immunological system function®®.

In case of the HaCaT cells, the cell viability of LA, TMPyP, P-4Lp and Mn-P-

4Lp was shown in Figure 4.9.
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Figure 4.9: Cell viability upon the treatment of HaCaT cell with (A) LA, (B) TMPyP, (C)

P-4Lp, (D) Mn-P-4Lp at 25, 50, 100, 150 mg/L. (“***” indicates p < 0.001, “*”

indicates p < 0.05, significant differences between control and each treatment group).
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The cell viability of the HaCaT cell treated with LA from 25 mg/L to 100 mg/L
did not significantly change as compared to controls (Figure 4.9 (A)). While treatment
of HaCaT cell with 150 mg/L of LA showed significantly increase (p<0.001) in cell
viability. Moreover, LA was found to have ICs, more than 150 mg/L against HaCaT cells.
This result indicated that LA exhibited low cytotoxicity and proliferation of the HaCaT

cells at high concentration.

Figure 4.9 (B) shows that the cell viability of the HaCaT cells did not
significantly change after being treated with TMPyP at 25 mg/L, compared with the
control group. While at the concentration of 50 to 150 mg/L of TMPyP, decreasing of
the cell viability became significant (p < 0.001). There results indicated that TMPyP
exhibited cytotoxicity at higsh concentration. In addition, ICs, of TMPyP against HaCaT

cells was in the range of 100—150 mg/L.

As shown in Figure 4.9 (C), the cell viability of the HaCaT cells dramatically
decreased when being treated with P-4Lp at the concentration of 25 to 150 meg/L
(p<0.001). This results indicated that P-4Lp exhibited cytotoxicity. Moreover, P-4Lp

was found to have ICs, value in the range of 50—100 mg/L against HaCaT cells.

Furthermore, treatment of HaCaT cells with 25 and 50 mg/L of Mn-P-4Lp did
not affect cell viability (Figure 4.9 (D)). While HaCaT cells treated with 100 and 150
mg/L of Mn-P-4Lp showed significantly decrease in cell viability (p<0.001) as compared
to controls. This results indicated that Mn-P-4Lp exhibited cytotoxicity to the HaCaT
cells at high concentration. In addition, Mn-P-4Lp was found to have ICsq more than

150 mg/L against HaCaT cells.

The effect of the introduction of the porphyrin unit on the cell viability of the
HaCaT cells can be determined by the comparison of the results of LA and those of
P-4Lp. LA had the ICsy value more than 150 mg/L, while P-4Lp exhibited the ICs
around 50-100 mg/L. This results indicated that the introduction of the porphyrin unit
induced the cytotoxicity against HaCaT cells.
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In addition, the effect of lipoyl group on cell viability of the HaCaT cells can
be determine by the comparison between ICs, value of TMPyP and P-4Lp. TMPyP
exhibited the ICs of 100-150 mg/L, while P-4Lp showed the ICsq of 50-100 mg/L. This
informed that the attachment of lipoyl group to porphyrin increased the cytotoxicity

against HaCaT cells.

Moreover, the effect of the introduction of the Mn-chelation of the porphyrin
unit on the cell viability of the HaCaT cells can be determined by the comparison of
the results of P-4Lp and those of Mn-P-4Lp. P-4Lp exhibited the ICs5, around 50-100
mg/L, while Mn-P-4Lp had the ICs, value more than 150 mg/L. This indicated that the
introduction of the Mn-chelation of the porphyrin unit can decrease cytotoxicity against
HaCaT cells due to their essential role in development, activation of certain

metalloenzymes, energy metabolism, immunological system function®.

According to above-mentioned ICs, results, the concentration of 25 and 50
me/ L of all compounds of interest was chosen for the ROS generation assay in both

types of cells.
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4.2.2 Antioxidant Activity

Antioxidant activity of lipoic acid and the porphyrin compounds TMPyP, P-4Lp
and Mn-P-4Lp was investigated by ROS generation assay on HDFa and HaCaT cells.
The assay used to measure ROS within cell using H,DCFDA reagent. The non-
fluorescent H,DCFDA diffuses through cells membrane then H,DCFDA is converted to
the highly fluorescent 2',7'-dichlorofluorescein (DCF) by ROS. The experiment started
by treating HDFa and HaCaT cell lines with DMEM (as a control reagent), LA, TMPyP,
P-4Lp and Mn-P-4Lp at concentration of 25 and 50 mg/L for 24 h in 96-well plates.
Then, H,DCFDA reagent was added into plates and incubated for 30 min at 37°C in the
dark. Finally, the cells were treated with H,O, to induce ROS generation and the
fluorescence was measured using a microplate reader with excitation at 485 nm and
emission at 528 nm every 10 min until 1 h. The percentage of ROS generation was
calculated by normalizing the fluorescence intensity of analyte to the intensity of

control. The formation of DCF by H,O, was shown in Figure 4.10.
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Figure 4.10: Formation of fluorescent Compound DCF by H,O, in cell.
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4.2.2.1 ROS generation in the HDFa cells

In case of treating HDFa cells with H,O, (for 0 min to 60 min), treatment of cells
with LA at the concentration of 25 mg/L did not change the ROS generation. While
treatment of cells with LA at the concentration of 50 mg/L seemed to decrease ROS
generation with no significant comparing to the control (DMEM) as shown in Figure
4.11. This indicated that LA seemed to exhibit antioxidant activity toward HDFa
cells.Since the ROS generations of cells when treating with LA at the concentration of
25 mg/ L were always higher than that of 50 mg/L, LA was considered to have dose-

dependent effect in the ROS generation.
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Figure 4.11: ROS generation observed in the HDFa cells upon the treatment of DMEM
and LA at the concentration of 25 and 50 mg/L for 24 h then HDFa cells was treated
with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.

The treatment of HDFa cells with TMPyP at the concentration of 25 and 50
mg/ L did not affect the ROS generation both before and after treatment with H,0,
comparing to the control (Figure 4.12). This implied that TMPyP did not have dose
dependent effect on ROS generation and exhibited no antioxidant activity toward

HaCaT cells.
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Figure 4.12: ROS generation observed in the HDFa cells upon the treatment of DMEM
and TMPyP at the concentration of 25 and 50 mg/L for 24 h then HDFa cells was
treated with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.

In the similar manner as TMPyP, the treatment of HDFa cells with P-4Lp at the
concentration of 25 and 50 mg/L did not affect the ROS generation both before and
after treatment with H,0O, comparing to the control (Figure 4.13). This indicated that
that P-4Lp did not have dose dependent effect on ROS generation and exhibited no

antioxidant activity toward HaCaT cells.
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Figure 4.13: ROS generation observed in the HDFa cells upon the treatment of
DMEM and P-4Lp at the concentration of 25 and 50 mg/L for 24 h then HDFa cells
was treated with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.
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The ROS generation observed for the HDFa cells treated with Mn-P-4Lp at the

concentration of 25 and 50 mg/L, and then treated with H,O, for 10 to 60 min is shown

in Figure 4.14.
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Figure 4.14: ROS generation observed in the HDFa cells upon the treatment of DMEM
and Mn-P-4Lp at the concentration of 25 and 50 mg/L for 24 h then HDFa cells was
treated with H,O, for 0, 10, 20, 30, 40, 50 and 60 min (“***” indicates p < 0.001, “**”
indicates p < 0.01 and “*” indicates p < 0.05).

In the absence of H,O, (at 0 min), the treatment of HDFa cells with Mn-P-4Lp
at the concentration of 25 mg/L significantly increased ROS generation. After the cells
were treated with H,O, for 10 to 30 min, the ROS generation was slightly increased.
Then, the ROS generation gradually decreased at 40 to 60 min of the H,O, exposure.
However, at 60 min of the H,O, exposure, the ROS generation observed in the cells
was still higher than the control batch. This indicated that Mn-P-4Lp induced ROS
generation instead of scavenging ROS toward HDFa cells, but seemed to be able to
scavenge ROS from external source like H,O, addition. Similar results were obtained
when 50 mg/L of Mn-P-4Lp was used. The similar ROS generation between 25 and 50
mg/L of Mn-P-4Lp indicated that Mn-P-4Lp has no dose-dependent effect in the ROS

generation.
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The effect of the introduction of the porphyrin unit on the ROS generation of
the HDFa cells can be determined by the comparison of the ROS generation between
LA and P-4Lp (Figure 4.15). At the concentration of 25 mg/L, the treatment of the
cells with both LA and P-4Lp did not show significant difference in the ROS generation.
However, at the concentration of 50 mg/L, the treatment of the cells with P-4Lp
exhibited significant increase in the ROS generation (at 0 to 20 min of the H,0O,
exposure), compared with those of LA. This results indicated that the introduction of

the porphyrin unit slightly affect the ROS generation of the HDFa cells.
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Figure 4.15: The ROS generation observed in the HDFa cells upon the treatment with
LA and P-Lp at the concentration of (A) 25 mg/L and (B) 50 mg/L for 24 h, followed
by the treatment with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.
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The effect of the introduction of lipoyl unit on the ROS generation of the HDFa
cells can be determined by the comparison of the ROS generation between TMPyP
and P-4Lp (Figure 4.16). The treatment of the HDFa cells with both TMPyP and P-4Lp
at the concentration of 25 and 50 mg/L did not show significant difference in the ROS
generation both before and after the exposure to H,O,. This results indicated that the
introduction of lipoyl unit on the porphyrin did not significantly affect the ROS

generation in the HDFa cells.
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Figure 4.16: The ROS generation observed in the HDFa cells upon the treatment with
TMPyP and P-Lp at the concentration of (A) 25 mg/L and (B) 50 mg/L for 24 h, followed
by the treatment with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.
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The effect of the introduction of the Mn-chelation in the porphyrin unit on the
ROS generation of the HDFa cells can be determined by the comparison of the ROS
generation between P-4Lp and those of Mn-P-4Lp as shown in Figure 4.17.
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Figure 4.17: ROS generation observed in the HDFa cells upon the treatment of P-4Lp
and Mn-P-4Lp at the concentration of 25 mg/L (A) and 50 mg/L (B) for 24 h then HDFa
cells was treated with H,0, for 0, 10, 20, 30, 40, 50 and 60 min (“**” indicates p < 0.01
and “*” indicates p < 0.05).

In the absence of H,O, (at 0 min), the treatment of HaCaT cells with P-4Lp and
Mn-P-4Lp at the concentration of 25 and 50 mg/L showed significantly different in ROS

generation. After the cells were treated with H,O, for 10 to 30 min, the difference in



88

ROS generation was significantly increased. After that, the difference in ROS generation
gradually decreased at 40 to 60 min of the H,0O, exposure. Following a previous report®’
where Mn(Il)-porphyrin unit was conjugated with catalase to form a catalyst that could
reduce superoxide anion radicals to H,O, by the function of Mn?* and could reduce
H,O, further to water under the catalysis of catalase. In a similar manner, the Mn(ll)-
porphyrin unit in Mn-P-4Lp is expected to reduce the superoxide anion radicals and its
lipoyl group is expected to convert the resulting H,O, to water. Lipoic acid has an

1?® that involves

importance role in inducing elevation of glutathione level in the cel
the conversion of H,0, to water®. However, our results in this section indicated that
the Mn-chelation of Mn-P-4Lp caused the increase in the ROS generation in the HDFa
cells. This is likely to be because the rate of the H,0, production from the reduction
of the superoxide anion radicals by the Mn?" in Mn-P-4Lp is higher than the conversion
rate of the resulting H,0, to water by dual function of lipoyl moiety in Mn-P-4Lp and

glutathione in the cell. Therefore, the accumulation of H,O, in the HDFa cells occurred,

resulting in the increase of the ROS generation.
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4.2.2.2 ROS generation in the HaCaT cells

The ROS generation observed for the HaCaT cells treated with LA at the
concentration of 25 and 50 mg/L, and then with H,0O, for 10-60 min is shown in Figure

4.18.
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Figure 4.18: ROS generation observed in the HaCaT cells upon the treatment of DMEM
and LA at the concentration of 25 and 50 mg/L for 24 h then HaCaT cells was treated
with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.

In case of treating HaCaT cells with H,O, (for 0 min to 60 min), treatment of
cells with LA at the concentration of 25 mg/L decrease the ROS generation with no
significant (P > 0:05) comparing to the control (DMEM). This indicated that LA seemed
to exhibit antioxidant activity toward HaCaT cells. Similar results were obtained when
50 mg/L of LA was used. The similar ROS generation between 25 and 50 mg/L of LA
indicated that LA have no dose-dependent effect in the ROS generation.
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The ROS generation observed for the HaCaT cells treated with TMPyP at the

concentration of 25 and 50 mg/L, and then with H,O, for 10-60 min is shown in Figure

4.19.
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Figure 4.19: ROS generation observed in the HaCaT cells upon the treatment of DMEM
and TMPyP at the concentration of 25 and 50 mg/L for 24 h then HaCaT cells was
treated with H,0O, for 0, 10, 20, 30, 40, 50 and 60 min.

In the similar manner as LA, the treatment of HaCaT cells with TMPyP at the
concentration of 25 and 50 mg/L decreased ROS generation both before and after
treatment of H,O, with no significant (P > 0:05) comparing to the control. This implied
that TMPyP seem to exhibit antioxidant activity toward HaCaT cells. With the similar
ROS generation between 25 and 50 mg/L of TMPyP, TMPyP was found to have no

dose-dependent effect in the ROS generation.
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The ROS generation observed for the HaCaT cells treated with P-4Lp at the

concentration of 25 and 50 mg/L, and then with H,O, for 10-60 min is shown in Figure

4.20.
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Figure 4.20: ROS generation observed in the HaCaT cells upon the treatment of DMEM

and P-4Lp at the concentration of 25 and 50 mg/L for 24 h then HaCaT cells was

treated with H,0O, for 0, 10, 20, 30, 40, 50 and 60 min.

For the case where the HaCaT cells were treated only with P-4Lp at

concentration of 25 mg/L (at 0 to 60 min of the H,O, exposure), the decrease in the

ROS generation, compared with the control experiment, was observed. The same

results were obtained when the concentration of 50 mg/L of P-4Lp was used. This

indicated that P-4Lp seemed to exhibit antioxidant activity toward HaCaT cells. Since

the ROS generation of cell when treating with P-4Lp at the concentration of 25 mg/L

is always higher than that of 50 meg/L, P-4Lp was considered to have dose-dependent

effect in the ROS generation.
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The ROS generation observed for the HaCaT cells treated with Mn-P-4Lp at the

concentration of 25 and 50 mg/L, and then with H,O, for 10-60 min is shown in Figure

4.21.
4 E3 DMEM
Mn-P-4Lp E3 25 ppm
BE 50 ppm
2501
p o ok
5200_ EE T ** * T «
= — — ] = —
(5 um | — e — —3 — —
— HE = == = = i —
S 1500 HE =12 =IE =1E IN= = =
= £ 1 B = =1 B £ =
S HEH HEEH (BE THE tHEH 1RE ThE
w 100{mEEH mEE AaFE AaEHE aHE aEHE aEE
@) ZlxI=S =i = A B B e = ZlRl= e bl 5 AN =
x ZIZIER I IEREIZIEREISIER EI=IEREICIEmEEIE
4 EA I .@EH: Q:Q:ﬂ:l...= = Sl = m“: ml.ll=
< S01EEEH EEIHE E H BB ZiIni=ElSl= B B 5
o =i = a = o= = EZilnl= = e =
Zl=I= E B B ZI=IENEI=EIENEISIE ZlnlE EA B B
olEAEIHN EEHE EIFH EIEIE EIRIE EIRIH BEIEIE
0 10 20 30 40 50 60

Time of H,0, exposure (min)

Figure 4.21: ROS generation observed in the HaCaT cells upon the treatment of DMEM
and Mn-P-4Lp at the concentration of 25 and 50 mg/L for 24 h then HaCaT cells was
treated with H,O, for 0, 10, 20, 30, 40, 50 and 60 min (“**” indicates p < 0.01 and “*”
indicates p < 0.05).

In the absence of H,0, (at 0 min), the treatment of HaCaT cells with Mn-P-4Lp
at the concentration of 25 mg/L significantly increased the ROS generation. After the
cells were treated with H,0, for 10 to 30 min, no change in the ROS generation was
observed. Then, the ROS generation gradually decreased at 40 to 60 min of the H,0O,
exposure. However, at 60 min of the H,0, exposure, the ROS generation observed in
the cells was still higher than the control batch. This indicated that Mn-P-4Lp induced
ROS generation instead of scavenging ROS toward the HDFa cells, but seemed to be
able to scavenge ROS from external source like H,O, addition. Similar results were
obtained when 50 mg/L of Mn-P-4Lp was used. Since the ROS generation of cells
when treating with Mn-P-4Lp at the concentration of 50 mg/L is always higher than
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that of 25 mg/L, Mn-P-4Lp was considered to have dose-dependent effect in the ROS
generation of HaCaT cells.

The effect of the introduction of the porphyrin unit on the ROS generation of
the HaCaT cells can be determined by the comparison of the ROS generation between
LA and P-4Lp (Figure 4.22). The treatment of the HaCaT cells with both LA and P-4Lp
at the concentration of 25 and 50 mg/L did not show significant difference in the ROS
generation both before and after the exposure to H,0O,. This results indicated that the

introduction of the porphyrin unit slightly affect the ROS generation of the HaCaT cells.
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Figure 4.22: The ROS generation observed in the HaCaT cells upon the treatment with
LA and P-Lp at the concentration of (A) 25 mg/L and (B) 50 mg/L for 24 h, followed
by the treatment with H,O, for 0, 10, 20, 30, 40, 50 and 60 min.
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The effect of the introduction of lipoyl unit on the ROS generation of the
HaCaT cells can be determined by the comparison of the ROS generation between
TMPyP and P-4Lp (Figure 4.23). The treatment of the HaCaT cells with both TMPyP
and P-4Lp at the concentration of 25 and 50 mg/L did not show significant difference
in the ROS generation both before and after the exposure to H,O,. This results
indicated that the introduction of lipoyl unit on porphyrin did not significantly affect

the ROS generation of the HaCaT cells.
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Figure 4.23: ROS generation observed in the HaCaT cells upon the treatment of TMPyP
and P-4Lp at the concentration of 25 mg/L (A) and 50 mg/L (B) for 24 h then HaCaT
cells was treated with H,O, for 0, 10, 20, 30, 40, 50 and 60 min (“*” indicates p < 0.05).
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The effect of the introduction of the Mn-chelation in the porphyrin unit on the
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Figure 4.24: ROS generation observed in the HaCaT cells upon the treatment of P-4Lp
and Mn-P-4Lp at the concentration of 25 mg/L (A) and 50 mg/L (B) for 24 h then HaCaT

cells was treated with H,O, for 0, 10, 20, 30, 40, 50 and 60 min (“***” indicates p <

0.001, “**” indicates p < 0.01 and “*” indicates p < 0.05).
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In the absence of H,O, (at 0 min), the treatment of HaCaT cells with P-4Lp and
Mn-P-4Lp at the concentration of 25 and 50 mg/L showed significantly different in
ROS generation. After the cells were treated with H,O, for 10 to 30 min, no change in
the different in ROS generation was observed. Then, the different in ROS generation
gradually decreased at 40 to 60 min of the H,O, exposure. This results indicated that
the Mn-chelation of the porphyrin unit dramatically increased ROS generation in HaCaT

cells in the similar manner as mentioned for the HDFa cells in Section 4.2.2.1.
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4.2.3 Mitochondria targeting evaluation

In this studies, the evidence for mitochondria targeting was confirmed by cell
imaging by LSM 800 confocal microscope. In order to indicate position of cells, nucleus
of the HaCaT cells were stained with Hoechst 33342 dye as seen in the blue region in

Figure 4.25.

(A) (B)

DMEM

(@)

P-4Lp Mn-P-4Lp

Figure 4.25: Images of the HaCaT cells treated by (A) DMEM, (B) LA, (C) P-4Lp, (D) Mn-
P-4Lp.

After JC-1 dye was loaded into HaCaT cells, JC-1 exists as a monomer which
exhibits green fluorescence in the aqueous component of the cytoplasm of a cell. In
the other hand, some JC-1 dye can enter the mitochondrial matrix where it
accumulates. When the critical concentration of JC-1 dye is exceeded, JC-1 dye
spontaneously forms the J-aggregates which exhibits intense red fluorescence. Figure
4.25 (A) shows that the images of the HaCaT cells treated with only DMEM (control)
mainly exhibited green fluorescence with red fluorescence at some parts. Indicating
that JC-1 is slightly accumulated in mitochondria. When treated cells with LA, the

images also mainly exhibited green (Figure 4.25 (B)). The fluorescence color from cells
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treated with LA is quite similar with the result when treated cells with DMEM. This
indicated that LA does not affect mitochondrial membrane potential or it cannot be
accumulated in mitochondria. On the contrary, Figure 4.25 (C) shows that the images
of the cells treated with P-4Lp exhibits higher intensity of red fluorescence comparing
to the cells treated with LA. This results suggested that P-4Lp can be highly
accumulated in the mitochondria than LA because of the appearance of the porphyrin
unit in P-4Lp. This is likely to be an effect of positive charges on the porphyrin ring
which attach to negative charges of mitochondrial inner membrane which is consistent

with the previous report®®

. Moreover, when treated cells with Mn-P-4Lp, the images
exhibited green and red color in the same extent to that observed in the cells treated
with P-4Lp. (Figure 4.25 (D)). This result showed that Mn-P-4Lp can be accumulated
in the mitochondria in similar manner as P-4Lp. Thus, Mn-chelation in the porphyrin

unit did not significantly affect the mitochondria-targeting ability of P-4Lp.



99

CHAPTER V
CONCLUSION

The new water- soluble porphyrin derivatives bearing the lipoyl meso-
substituents with and without manganese at the center of porphyrin ring were
successfully synthesized. Synthesis these compounds proceeded from amidation
reaction between porphyrin unit and lipoic anhydride, followed by Mn-metallation
with MnCl,-4H,0. This synthesis was accomplished in an overall yield of 5% and 4%
for P-4Lp and Mn-P-4Lp, respectively. The resulting compounds were characterized
by 'H-NMR and "C- NMR spectroscopy, mass spectrometry, and UV- visible and
fluorescence spectrophotometry.  Absorption maxima of these compounds were
observed at 430 nm for P-4Lp and 464 nm for Mn-P-4Lp. Upon excitation at the
maximum absorption, two emission peaks of P-4Lp was found at 658 and 721nm
whereas no emission band of Mn-P-4Lp was observed. The biological studies of the
compounds of interest (LA, TMPyP, P-4Lp and Mn-P-4Lp) were performed in HDFa
and HaCaT cell lines. The effects of the introduction of the porphyrin unit, the
presence of lipoyl and Mn- chelation on the porphyrin unit on cytotoxicity and
antioxidant activity in HaCaT and HDFa cells were determined by cell viability assay
and the ROS generation assay. The results showed that the introduction of the
porphyrin unit and the presence of lipoyl on the porphyrin unit increased cell
cytotoxicity, but did not affect antioxidant activity in the both kinds of cells. While the
Mn- chelation on the porphyrin unit decreased cell cytotoxicity, but no significant
change in the antioxidant activity in those cells were observed. In mitochondria-
targeting evaluation, the target porphyrin derivative exhibited accumulation specifically
in the mitochondria. This result indicated that the introduction of the porphyrin unit

increase mitochondria-targeted activity.
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