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CHAPTER |

INTRODUCTION

- Nowadays, there are endlessly efforts. on searching new knowledge éhd
understanding of the action of various therapeutioa_lly applied substances embrace with
new data on molecular mechanism of disease. |

Acyl pyridine and acyl aniline derivatives have been developed by Assistant
Professor Dr. Chamnan Patarapanich and his colleagues at the Department of
Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Chulalongkorn University
since 1998. Early studies using isolated rat liver mitochondria demonstrated that N-
acylaminopyridine derivatives, CU 763-16-04, CU 763-18-01, CU 763-18-02 and CU 763-
18-04 (Figure 1) acted as inhibitors of site | respiratory chain with NAD -linked substrates,
stimulated succinate respiration but did not stimulate ATPase activity {Unchittha, 2000). CU
763-16-04 inhibited calcium- stimulated respiration but not by CU 763-18-01, CU .763—1 8-04
and CU 763-18-02. All of these derivatives inhibited monoamine oxidase activity {Unchittha,
2000). Preliminary studies had shown that CU 18-07, CU 18-08, CU 18-09, CU 18-10, CU
18-11, CU 18-12 and CU 18-13 (Figure 2) inhibited both MAO-A and MAQO-B activities with
low potency (Tatiya, 2001), and acted as site | inhibitors of respifatory chain and
stimulated succinate oxidation. Aniline derivatives, CU 18-09 and CU 18-10 were more
potent than the others with equal concentration. These derivatives act as like uncoupler.
Calcium- and DNP- stimulatecC respiration were inhibited by C.U"18-12, CuU 18-09 and _CU
18-10, which showed stimu%étory effects on mitochondrial ATPase activity (Hatairat, 2003).

Subsequently, in 2002, Assistant Professor Dr. Chamnan Patarapanich and his
colleagues developed new N-heptanoy!, nitro-m-methoxy anilide derivatives, which were N-
heptanoyl-3-methoxy-4-nitro anilide (CU 18-14) and N-heptanoyl-2-nitro-5-methoxy anilide
(CU 18-15) (Figure 3). The purpose of this present study is to investigate effects of CU 18-

14 and CU 18-15 on isolated rat liver mitochondrial functions.
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CHAPTER i

LITERATURE REVIEWS

Mitochondria, critical organelle in .cytop.iasm, play a central role in energy-
generating processes within the cell. Apart from_ihis important function, mitochondria are
involved in such complex processes as apoptosié -an.d cardiop:rotection (Green and Reed,
1898; Mootha et al., 2001; Szewczyk and Wojtczak, 2002). Mitochondria are also targets for
drugs such as antidiabetic sulfonylureas, immunosuppressants, some antilipidemic agents,
etc. Medically applied substances that interact with mitochondria can be divided into two
groups: 1) those that are specifically designed to affect mitochondrial functions, and 2)
those for which primary targets are other cellular locations and their interactions witvh
mitochondria are secondary. In any case, identification of mitochondria as primary or
secondary targets of a drug may facilitate a better understanding of its méchanism. éf |
action and open new perspectives of its application. Recognition of drugs interaction with
mitochondria as secondary targets may help to understand the mechanis.m_s of séd_e- effebts
and to construct new drugs in which these side effects will be eliminated or minimized. :
Mitochondrial functions are aimed to point {o multiple pathways énterconh_e_cting
‘mitochondrial metabolic routes with those of the rest of the cell. Pharmacoiogical agents,
which affect either intramitochondrial metabolic processes or transport pathways
connecting mitochondria with the cytosol, may therefore have a considerable influence on
the total cell metabolism. The classes of pharmaceuticals, which specifically interact with
mitochondrial enzymes and metabolic pathways are as following (Szewczyx and Wojtczak,
2002):

1} Mitochondria in chemotherapy-induced apoptosis

2) Mitochond'ria and oxidative stress, aging, and degenerative diseases

3) Mitochondria ATP-regulated potassium channel: a— novel effector of

cardioprotection |

4) Sulfonylureas and mitochondria

- Functional effects of antidiabetic sutfonylureas on mitochondria

- Effect of antitumor sulfonylureas on mitcchondria



5) - The mitochondrial benzodiazepine receptor
6) Immunosuppressant drugs and mitcchondria
7) Disruption of mitochondrial functions by antiviral drugs
8) Nonsteroidal anti-inflammatory drugs and mitochondria
9) Local anesthetics and mitochondrial energy metabolism
10) Mitochondria as a pharmacological target of lipid metabolism
- Inhibition of the transfer of ‘activated’ fatty acids intc mitochondria and of
their B—oxidation
- L-carnitine supplementation
- Nonesteriﬁed fatty acids as ‘natural’ uncouplers: role in thermogenesis and
obesity control
- The PTP closing properties of N-acylethanolamines (NAEs) (Epps et al.,
1982)

Mitochondrion and mitochondrial structure

Mitochondria are organelles, found in the cytoplasm of all eukaryotic celis. Their
most immediate function is to convert energy found in nutrient molecules (substrates) and
. store it in the high-energy phosphate bonds of adenosine triphosphéte (ATP) which is then
-available to power cellular functions (Mayes, 2000, Alberts et al., 2002).

The shape and the number of mitochondria per cell differ widely from cell to cell. In
liver and muscle cells, mitochondria are approximate ellipsoids, about 2-3 4 long and
about 1 4 thick. In liver, these organelles constitute about 10-15% of total cell volume
(Erecinska and Wilson, 1981). '

The mitochondrion consists of four distinct subregions, shown in Figure 4, the outer
membrane, the inner membrane, the intermembrane space, and the matrix, located within
the inner membrane. The inner membrane is usually highly convoliuted, forming a series of
infoldings, known as cristae that project into the matrix (Lodish et al., 1999, Mathews et al.,
2000, Alberts et al., 2002). |

The outer membrane is lipid bilayer membrane, which is permeable to ions and
solutes up to 14 kDa. It is rich in cholesterol and contains embedded or attached enzymes
that interface the mitochondrion with the rest of the cellular metabolic network (Wallace and

Starkov, 2000). The outer membrane is characterized by the presence of monoamine



oxidase, acyl-CoA = synthetase, glycerclphosphate  acyltransferase, monoacyl
glyoerolphosp,hate acyltransferase, and phospholipase A, (Mayes, 2000).

The inher membrane consists of about 70 percent protein and 30 percent lipid,
making it perhaps the most protein rich of.aH biological membranes (Mathews et al., 2000),
which is not' freely permeable té jons and metabolites, but instead contains special
memb_rane proteins that transport selected metabolites across the membrane. The
permeability of the inner membrane is highly selecti\)e even towards uncharged molecular
weight (greater than approximately 100 daltons) and all ionic species (Erecinska and'
Wilson, 1981). This feature, the protein-mediated and regulated permeability of tﬁe inner
membrane, is of vital importance for the morphological and functional integrity of the
mitochondﬁon: It is also the most common target for mitochondrial toxicants. Many foreign B
chemicals damage mitochondria e_ither by increasing the permeability of the inner
membrane or by inhibiting transports proteins embedded within it. The iipid compasition of
the inner membrane is unique in that it contains large amounts of phospholipid cardiolipin
and virtually no cholesterol (Mayes, 2000; Wallace and Starkov, 2000). Wha_tever the
compartment in which biologicat oxidations occur, all of these processes generate reduced
electron carriers, primarily NADH. Most of this NADH is reoxidized, with concomitant ATP
production, by enzymes of the respiratory chain, firmly embedded in the inner membrane
{Mathews et ai., 2000).

Succinate dehydrogenase is found on the inner surface of the inner mitochondrial
membrahe, where it transports reducing equivalents to the respiratory chain enzymes,
major constituents of the inner membrane. 3-Hydroxybutyrate dehydrogenaée is also
bound to the matrix side of the inner mitochondrial membrane. Glycero|—3-phés"phate
dehydrogenase is found on the outer surface of the inner membrane, where it is suitably
located to participate in the glycerophosphate shuttle (Mayes, 2000).

The intermembrane space is @ much narrower space, which between the outer and
inner membranes ((Erecinska and Wilson, 1981; Lodish et al., 1999; Aiberts et al., 2002).
Adenylyl kinase and creatine kinase are found in the intermembrane space (Mayes, 2000).

Matrix is a water-containing compartment in the inner membrane, where

mitochondrial DNA and various soluble enzymes, such as those of the tricarboxylic acid

cycle and the B—oXidation pathway, are located. (Wallace and Starkov, 2000)



Matrix. This large internal space-contains a highly concantrated mixture of
hiundreds of enzymies, including thase required for the oxidation of pyruvate and
fatty acids and for tha citric acid cycle. The matrix also contains several identical
copies of the mitochondrlal DNA genoms, special mitochondrial ribosomes, tRNAs,
and various enzymes required-for expression of the mitochondrial genes. =
{nner membrane. The.inner membrane (red} is folded into numerous cristae, greatly
increasing its total surface area. {t-contains proteins with three types of

functions: {1}'those that cammy. out the oxidation reactions of the ei_actmn-!rar:spcgt
chain, {2) the ATP synthase that makes-ATP in the:matrix, and {3} transport proteins
that aliow the passagé.of metabolitesinto and out of the matrix. An electrochemical
gradisnt of H*, which drives the ATP Synthase, Is established across this membrane,
so the membrane must be impermeable to ions and most small charged molecuies. _|
Cuter membrane. Because it contains a farge channsl-forming protein {called porin).
the outér membrang:is permeable to all molscules of 5060 daltons or less. Other
proteins.in this membrans include enzymes involved in mitochondrial Hipid syathe-
sis and enzymies that convert lipid substrates info forms that are

subsequently metabolized in the matrix. -
intermembrang space. This space {white] contains several enzymes that use the ATP
passing out of the matrix to phosphorylate other nucfeotides.

Figure 4. The general organization of a mitochondrion. in the liver, an estimated 67

% of the total mitochondrial protein is located in the matrix, 21% is located in the

inner membrane, 6% in the outer membrane, and 6% in the intermembrane space.

As indicated below, each of these four regions contains a special sent of proteins

that mediate distinct functions {Alberts et al., 2002)



Oxidation of glucose and fatty acids to carbon dioxide

Respiration involves the oxidation of glucose and other combounds to produce
energy. The complete aerobic oxidation of glucose during respiration is coupled to the
synthesis of up to 36 molecules of ATP:

CeH ,,0, + 60, + 36 Pi + 36 ADP + 36 H" 5 6CO,+36ATP+42H,0

The first step in the Qxidation of glucose is calledvgiycolysis_, which takes piace in
the cell cytosol and does not involve oxidation by O,. During gl_ycolysis, glucose is broken
down into tWo molecules of pyruvate, with the concomitant conyersion of 2 ADP to 2 ATP.
The process of glycolysis can be regulated to meet the Cell’é need for ATP. One key
enzyme that is regulated in ATP levels is phosphofructokinase, which is stimulated by high
ADP levels and inhibited by high ATP and citrate. The next step in the oxidation of glucose
involves the transport of pyruvate into mitochondria and its subsequent oxidized by 0, to
CO,, generating 34 of the 36 ATP molecules produced during respiration (Lodish et al.,

1999, Alberts et al., 2002).

Kreb’s cycle/citric acid cycle

Immediately after pyruvate is transported into the mitochondrial matrix it reacts with
CcA (Coenzyme A) to form acetyl CoA. Fatty acids are also converted to acetyi CoA after
their conversion to fatty acyl CoA. After its synthesis, acetyl CoA is fed into a cyclic pathway
alternately cailed the citric acid cycle, the TCA (tricarboxylic acid) cycle, or the Krebs
cycle. In this cycle the acetyl group on acetyl CoA is oxidized to CO,. Four reactions in the
Krebs cycle involve the transfer of a pair of electrons from a substrate to an electron
accepting coenzyme. Three of the reactions reduce the coenzyme NAD" to NADH, and one
reduces the coenzyme FAD to FADH, . In addition, a GDP is converted to GTP. The
énzymes that carry out these reactions are located in the mitochondrial matrix and ét the
matrix surféce of the inner membrane. The reduced coenzymes (NADH and FADH,)
generated in the citric acid cycle store the energy released in glt]cose oxidation, and
synthesis of ATP is then coupled to the reoxidation of these compounds by O, in a process
that involves the electron transport chain (Figure 5) (Lodish et al., 1999, Alberts et al.,

2002).
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outer mitachandrial membrane
inner mitochondrial membrane

FOOD MOLECULES FROM CYTOSOL

Figure 5. A summary of energy-generating metabolism in mitochondria. Pyruvate and fatty
acids enter the mitochondrion (bottom) and are broken down to acetyl CoA. The acyl CoA
is then metabolized by the citric acid cycle, which reduces NAD' to NADH (and FAD to
FADH,, not shown). In the process of oxidative phosphorylation, high-energy electrons from
NADH (and FADH,) are then passed along the electron transport chain in the inner
membrane to oxygen (O,). This electron transport generates a proton gradient across the
inner membrane, which is used to drive the production of ATP by ATP synthase.

The NADH generated by glycolysis in the cytosol also passes electrons to the
respiratory chain (not shown). Since NADH cannot pass across th(; inner mitochondrial
membrane, the electron transfer from cyiosolic NADH must be accomplished indirectly by
means of one of several “shunttle” systems that transport another reduced compound into

the mitochondrion; after being oxidized, this compound is returned to the cytosol, where it

is reduced by NADH again (Alberts et al., 2002).
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Electron transport chain

The most important function of electron transpprt chain is the productioh of energy
for the cells. The components of the e_lect_ro.n'transport system are Complexe..s .l, i, 1, and
IV, plus two individual molecules, cdenzyme Q and cytochrome ¢. In the electron transport
éhain, electrons are moved from molecules with low reduction potential (low affinity for
. eléctrons) to molecules with successively higher reduction potential {higher electron
affinity) and finally to the oxygen. In respiration chain, electrons :’j\ré transferred through four
large protein complexes and two smaller proteins, each of which has an electron carrier
group calied a prosthetic group (these groups include flavins, heme, FeS, Cu, and
ubiquinone). A sumvmary of the electron transfer reactions is presented in Figure 6 and’
Figure 7 (Lodish et al., 1999, Alberts et al., 2002; Metzier, 2003).

The metabolic intermediates of the reacﬁoﬁs donated electrons to specialized
coenzymes, nicotinamide adenine dinuclectide (NAD") and flavin adenine dinucleotide
(FAD), to form the energy-rich reduced coenzymes, NADH and FADH,, respectively
(Champe et al., 1994). The first step in the electron transport chain is the transfer of
electrons from NADH to complex .i (NADH-CoQ reductase Complex)« As an alternative first
step, electrons can be transferred from FADH, to complex Il (succinate-CoQ reductase
complex). Complexes | and !l then transfer electrons to ubiquinone (CoQ) which then
transfers its electrons to carriers in complex |1l (CoQH,—cyt ¢ reductase complex). Electrons
are carried between complexes Il and IV (cytochrome ¢ oxidase complex) by cytochrome
¢, which plays a critical role in apoptosis. In the final step cytochrome ¢ oxidase donates its
electrons to oxygeh to create water. At various points in the electron transport chain (at
complex I, lif and 1V), the energy released during electron transfer is used to move H” ions
from the matrix to the intermembrane mitoohondriallspace, generating a gradient of protons
across the inner membrane. Because comp!ex Il (succinate-CoQ reductase complex) is the
only complex in the electron transport chain that does not move H' ions, oxidat_ioh of FADH,
does not result in the movement of as many protons across the mémbrane, and hence
proauces less ATP. In summary, the energy released from the electron transport chain is
used to move protons across the inner mitochondrial membrane_ and hence to create an
electrochemical gradient that stores potential energy. The energy derived from movement

of these protons back across the membrane (the proton motive fdfce) is used to synthesize
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Figure 6. Stepwise flow of electrons through the electron transport chain from
NADH, succinate, and FADH, to O,. Each of the four large fnultiprotein
complexes in the chain is located in the inner mitochondria membrane and
contains several specific electron carriers. Coenzyme Q (CoQ) and cytochrome
c transport electrons between the complexes. As shown by the redox scale,
electrons pass in sequence from carriers with a lower reduction potential to those
~with a higher (more positive) potential. The free-energy scaie. shows the
corresponding reduction in free energy as a pair of electron moves through the
chain. The energy released as electrons flow through three of the complexes is
sufficient to power the pumping of proton ions across the membrane,

establishing a proton-motive force ( Lodish et al., 1999).
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Figure 7. A current concept of the electron transport chain of mitochondria
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ATP (Lodish et al., 1999). The aerobic oxidation of NADH and FADH, by the mitochondrial
el'eotron—transport chain wae coupled to phosphorylation of ADP, a process called oxidative

phosphorylation (Horton et al., 1993, Lodish et al., 1999, Alberts et al., 2002).

Oxidative phosphorylation
The process by which the energy stored in NADH and FADH, is used to produce

ATP, called oxidative phosphorylation, can be divided into t_wo main steps. First, high
energy electrons from NADH and FADH, are passed through a series of electron carriers
that make up the electron transport chain, eventually being trahsferred to O,. This is the
oxidation step. The energy released during electron transport is used to move protons
outward from the matrix across the inner mitochondrial membrane. As a resuit, the energy
released during ‘electron transport is stored as a proton gradient across the membrane. In
the next step,:.the movement of protons back across the membrane through an ATP
vsynthe’sizing enzyme provides the energy used to convert ADP to ATP. This is the
phosphorylation step. The importance of the proton gradient in ATP productioh' was first
proposed by Peter Mitchell in 1961 and is calied the chemiosmotic hypothesis {Lodish et

al., 1999, Alberts et al., 2002).

Coupling the proton motive force to ATP synthesis

in 1961, Peter Mitchell first suggested that the energy stored in an electrochemical
gradient across the inner mitochondrial membrane could be coupled to ATP synthesis. The
enzyme that couples the proton motive force to ATP synthesis is the F, F, ATPase or
ATPase (Figure 8). Movement of protons down the electrochemical gradient through a
channel between the a and ¢ subunits of ATPase releases energy that is coupled to the
rotation of the ¢, ¥ and € subunits. This rotation causes a conformational change in the L
and B subunits that promotes synthesis of ATP from ADP and Pi (Lodish et al., 1998,

Alberts et al., 2002: Metzler, 2003).
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Inhibitors of Respiratory Chain

As mentioned above, there aré three sites of energy consumption associated'with the-
mitochondrial electron transport.chain. The site of oxidative phosphorylation can be
inhibited by various groups of substances, calléd the respiratory chain inhibitors. These
inhibitors can classify into different group according to their effector, as follows (Wallace ~
and Sarkov, 2000):

“1. Inhibitors of complex | (Figure SA)

Mitochondrial NADH: ubiquinone oxidoreductase (complex i) batalyzes the .oxidation of
NADH generated by NAD-linked dehydrogenase within the mitochondrial matrix. Compiex |
is the largest and most sophisticated enzyme of the respiration chain. it is composed of
several polypeptide subunits encoded both by mitochondrial and nuclear DNA, and it
contains FMN and severai. FeS centers. The list of inhibitors of complex | includes
pesticides; neuroleptics and natural neurotoxins; antihistamic, ahtianginai, and antiseptic
drugs; rodenticides; phenolic pollutants; fluorescent dyes; and m_yxbbacterial and other
antibiotics. All of the inhibitor can be classified into one of three categories based on their
specificity toward complex |.

Group | include compounds that inhibit at the level of the NADH-flavin interaction, such
as rhein. Such compounds are not specific to complex | because they also affect a variety
of other dehydrogenases.

Group Il is represented by guinole antagonists, which are inhibitory for both complex |
and the bc,-complex {e.g. myxothiazol and quinclone aurachins produced by
Pseudomonas aeruginosa and Stigmatella aurantiaca). These compounds interfere with
guinol binding and some are twice as potent as rotenone in inhibiting mammalian
mitochondrial NADH: ubiguinone oxidoreductase.

Group |l is specific and potent inhibitors of complex |, acting at concentrations low
enough to have no effect on other respiratory chain complexes. Among this group is the
classical inhibitor rotenone, which is a member of the rotenoid family —of naturally _éccurring
isoflavonoids produced by Legumihosae plants. “

2. Inhibitors of complex Iil (Figure 9B)

Complex [l (bc,-complex, ubiquinol: cytochrome ¢ oxidoreductase) oxidizes ubiguinol,

reduces cytochrome c, and generates electrochemical proton gradient (A‘LLH+). The
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sensitivity of various species to a particular inhibitor_of the bc,-complex also varies greatly,
‘which alléws relatively safe practical application of some of these Compodnds as
fungicides and as antimalari.al, antiprotozoan, and antican'éer drugs. The major inhibitors of
the bc,-complex can be classified in four groups according to the site of action and the
part of electron transfer within the bc,-complex that is blocked by a particular inhibitor.

Group | includes compounds of natural origin, such as myxothaizol, strobilurines, and

oudemansins. These quinol antagonists contain a B -methoxyacrylate group fhat
resembles part of the structure of ubiquinone. As a result, they block ubiquino! oxidation at
center Q.

Group Il inhibitors also resemble ubiquinone in that they contain a 6-hydroxyquinone
fragment as common structural element. They block electron transfer between the Rieske
Fe, S, center and cytochrome c1, thereby inhibiting the reduction of cytochrome b . This
group includes undercyihydroxydioxobenzothiazole (UHDBT),
undecylhydroxynaphtoquinone (UHNQ), and similar compounds.

Group Il includes inhibitors acting at center Q.. Inhibitors of center Q, such as the
antibiotics antimycin A, funiculosin, and quinolones such as heptylhydroxyquinoline-N
oxide (HHQNO) are specific for the bc, complex, whereas naturally occurring center Q,
inhibitors, which possess ubiguinone-iike structure, are less specific and inhibit complex i
as well.

3. Inhibitors of complex IV, Cytochrome ¢ Oxidase (Figure 9C) _

Complex 1V, Cytochrome ¢ Oxidase (C‘OX) is a heme/copper terminal oxidase that
uses cytochrome ¢ as electron donor. It catalyzes the four-electron reduction of O, to water,
coupled to the generation of AHH+ across the inner mitochondrial membrane in which it is
embedded. All of the inhibitor can be classified into one of four categories: (a) heme-
binding inhibitors that are n_oncompetitive with both O, and cytochrome ¢ (e.g. azide,
cyanide, and sulfide), (b) inhibitors competitive with oxygen, such as carbon monoxide
(CO) and nitric oxide (NO), (c) inhibitors competitive with cytochrome ¢ (polycations): and
(d) noncompetitive inhibitors not affecting the heme groups, such as phosphate ions and

alkaline pH.
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4. inhibitors of ATP—Synthetaée _(Figure D)

H'-ATPase (Complex V) uses the AMH+ to produce ATP from ADP and phosphate it is
major source of ATP in aerobic cells. The ehiyme is reversible. Under some conditions it
can hydrolyze ATP and generate A},LH%.. Antibiotic such as mycotoxins are the most
powerful inhibitors of mitochondrial ATPase, many other compounds and classes of
compounds share this same activity. Examples include naturally occurring flavonoids, a
vcommonly used beta-adrenergic receptor antagonist propranolol, local anesthetics, the
herbicide paraquat, and several pyrethroid insecticides and possible DDT and parathion,

diethyistitbestrol, several cationic dyes, and organotin compounds.

Uncouplers of Oxidative Phosphorylation

Electrons can pass through the electron transport chain without generate ATP that
called uncoupling of oxidative phosphorylation and a refated kind of uncoupling of efectron
transport from ATP synthesis is brought about by various lipophillic anions called
uncouplers (Erecinska and Wilson, 1981; Metzler, 2003). Additional types of uncouplers
and uncoupling mechanisms are list as follows (Wallace_ et al., 2000). |
| 1. Lipophillic Weak Acids: proton shuttling

The majority of compounds possessing protonophoric activity are lipophiliic weak
acids. Generally, structural requirements for uncoupling activity include the presence of an
acid-dissociable group, bulky lipophillic groups, and a strong electron-withdrawing moiety.
Proton—tranSporting tipophillic weak acids affect their uncoupling efficiency, such as-the
solubility in lipid membranes, the stability of the ionized for.rh in the membrane, and the
ability to release and bind a proton. The most representative uncouplers of this class are
2.4-Dinitrophenol (DNP) and other substituted phenols, trifluoromethyibenzimidazoles,
salicylanilides, and carbonyl cyanide phenylhydrazones.

2. Other Types of Uncouplers

1) Protein-Mediated Uncoupling by Free Fatty Acids

The protonophoric action requires that fatty acids (FAs) cross the membrane in both

the protonated and anionic forms. Studies over the past decade reveal that adenine

nucleotide translocase, an integral protein of the inner mitochondrial membrane, is

involved in the uncoupling action of tong chain FFAs.
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2} lonophores

lonophnres are compounds of various chemical structures that are .capaq_ié" of
transborting_ small ions acrosé a lipid membrane and can be divided_ihto two:general -
groups based on the mechanism of ion transport: a carrier type or a Ch_ahnel type.
Carrier-type ionophores are able to form neutral or charged Hpi.d—soiubllé complexes
with an io_n to facilitate its electrophoretic transport (uniport) or el_ectroﬁeutra!_egcharg-e'
with protons (antiport) across a hydrophobic membrane.-Channél—tpr xs typical of
short amphiphillic peptides that form Channevls. of \_/arious sizés in Hpi"d mer_nb}anes..,:.-*'
These channels can be selective toward smalil ions such as protons"or K, depen_d,ing
on the particular peptide, the membrane structure, and the experimental cé)nditi_c_)__ns..‘
3) Cationic Uncouplers | :

Several cationic compounds uncouple mitochondria by increasing‘mempré..ne
permeability to ions. ..
4) Membrane-Active Peptides

Membrane-active peptides can form channels, which are more or Ies__s. se!ectivfzef.to
alkaline cations and/or protons, or they can form large pores allowing permeé'iion of
high-molecular-weight (>100 Da) soiutes. |
5) Alternate Electron Acceptors

Alternate electron acceptors are capable of the being reduced by an electroﬁ;
carrier of the respiratory complex, thus competing with a natural acceptor of this caf.’%er.
These compounds intercept electron flow and divert it toward their own r_eduction.
Electron shunts.can be both reduced and oxidized by tﬁe resbiratory__chain, t%‘%ﬂs
allowing electrons to bypass a portion of a respiratory complex or a whole segment of

respiratory chain and excluding it from energy generation.

Mitochondrial Ca”" transport

While the mitochondrial outer membrane is believed to be freély permeable to_i_ons
and molecules up to 14 kDa (Mayes, 2000), the inner membrane is tightly sea:i.ed to all ions,
but for the presence of specific transporters. The thake of ca*’ jnto the m'.atrix is_éétalyZeq_..
by an electrophoretfc uniporter that is driven by the membrane potential (:.5180__.__m\/‘,

negative insides) component of the proton-motive gradient set up through proton extrﬁsion
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by the respiratory chain (McCormaok_et al., 1990). When a proton gradient created by
coupled eleotron.tr—ansfer or AT hydrolysis, mitochondrial take up ca’* from the-extemél
medium. The Ca2+-uptake is catalyzed by ca”’ uniporter’ (presumably a gated channel) in
the inner membrane which exchanges ca’ for H (net electrogenicity, 1+ charge)
(Chakraborti et al., 1999).

When respiratory chain is inhibited, the membrane potential can.be maintained by a
reversal of the H" ATPase. Accordingly, to block mitochondrial ca’ uptake in living cells
endowed with an active glycolysis, both the respiratory chain and the H" ATPase must be
inhibited. If mitochondria accumulate of Ca”" (in the presence of phosphate) they store it in
the matrix as insoluble phosphate salts called ‘hydroxyapatite’, visible as dense granules in
electron micrographs, and the release occurs very slowly (Carofoli et al., 1974; Pozzan and
Rizzuto, 2000). When there is sufficient Ca’" and phosphate to formi this complex,
mitochondria behave as perfect buffers of extramitochondrial Caz+, accumulating the cation
whenever its concentration rises above the set point at which uptake and efflux balance
and releasing ca”’ betow. Lﬁis value (Nicholls and Budo, 2000).

Because of accumulation of Ca”" is limited, the release is fast and depends on two
pathways. The first, and more efficient, exchanges Ca’’ for Na* aslcalled ‘an electroneutral
Na'— Ca’" exchanger. This in turn is driven by the exchange of Na* for H™ and depends on
the pH component of the proton-motive gradient (McCormack et al., 1990). Thé second
exchanges direct ca”-oH" exchange (Bernardi, 1999). Under steady state conditions the
ca”" concentration in the matrix thus depends on a futile cycle of ca’’ uptake via the
uniporter and release via the antiporters, the mitochondrial ca” cycle as shown in Figure
10 (Carafoli, 1979).

Calcium accumulation by isolated mitochondria can lower mitochondrial membréne
potential (Alym) in one of three ways. First, in the absence of phosphate, the capaoity of
isolated mitochondiria to accumulate Ca’” is restricted, since the protons extruded by the
respiratory chain during Ca’" accumulation are no longer neutralized by phosphate uptake.
The second, phosphate is also present, a net uptake of calcium phosphate 'o_ccurs, which
precipitates inside the mitochondria as hydroxyapatite, visible as dense granules in

-'.'v'electron micrographs. The third mechanism is the condition of ca”" overload leading to

mitochondrial swelling, loss of respiratory control, collapse of qum, and release of matrix



ca” caused by a permeabilization of the mitochondrial inner membrane to sucrose and
" other molecules up to 1.5 kDa (Nichols and Budo, 20G3;. |

Maintenance of low cytosolic ca’ is necessary -for proper functioning of cells.
Mitochondria transport ca” (1) to regulate cytosolic Ca2+, (2) to serve as a store of ca”’ _
when its concentration in the Cytosol- is excessive, (3) to serve as a releasable source of
activator Ca2—, and (4) to regulate mftochondria! matrix Ca”" and thereby control the level of
activation of Ca’ —sensitive metabolic enzymes (Wallace et al., 2000). |

The uptake bathway for Ca’" can be inhibited by physioclogical concentration of
Mg2+, which acts competitively on the kinetics of o~ uptake. There are also two potent but
nonphysiological inhibitors of mitochondrial ca”’ uptake, namely the glycoprotefn stéin

ruthenium red and lanthanide ions.

Figure 10. ca”’ transport systems in mitochondria. The mitochondrial ca’ uniporter
(U) facilitates the transport of ca” in an inward direction down the electrochemical gradient
of this ion. The Na" independent efflux mechanism (1) is depicted here as an active Ca’ —
2H" exchanger, receiving energy from the electron-transport chain. The Na+—dependenf
efflux mechanism (D) is depicted here as a Ca*'—2 Na' exchanger. A ca® activated
permeability transition pore (PTP) also is shown {Gunter, K.K., and Gunter, T.E., 1994;

Chakraborti et al., 1999).
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Role of monoamine oxidases on mitochondrial function

The mitochondrial mnnoamine oxidase t.ha't is believed to be synthesized by the
endoplasmic reticulum under nuclear DNA control and later becomes attached to the outer
mitochondrial membréné (Chau and Hackenbrock, 1975; Murphy, 1978). Prolonged
sonication and/or detergent treatment could isolate enzyme in soluble form. The soluble
form of enzyme has been showed to d.iffer from membrane-bound enzyme in its sensitivity
towards inhibitofs and in the kinetic mechanism (Houslay and Tipton, 1975; 1976). It is now
generally accepted that the enzyme contain 1 mole of flavin cofactor, identified as flavin-
adenosine-dinucleotide (FAD), covalently bound as a prosthetic -group (Tipton, 1968;
Youdim and Sourkes, 1971) and consist of a mononuclear Cu (II) ion (McGuirl and Dooley,
1999).

Monoamine oxidase (MAOs, monoamine; oxygen oxidoreductase, deaminating)
converts biogenic amines in the brain and peripheral tissues to their corresponding
aldehydes (Shih, 1991; Thorpe et al., 1987). The enzymatic reaction requires molecular
oxygen and produces aldehyde and hydrogen peroxide according to the overall equation:

R-CH,-NH, + O, + H,0 » R-CHO + NH, + H,0,

Subsequently, the aldehyde intermediate is rapidly metabolized, usually by
oxidation via the enzyme aldehyde dehydrogenase to the corresponding acid, or in some
circumstances to the alcohol or glycol by the enzyme aldehyde reductase (Holschneider et

al., 2001).

Multiple forms of monoamine oxidase

Monoamine oxidase (MAQ) is now understood to exist for at least two types: MAO-A
and MAO-B, which differ in substrate specificity and inhibitor sensitivity. The specificity
must be reflected in the amino acid sequence and molecular structure of the active sites.
The different forms of MAO are the products of two related but diﬁeient genes. In human
and other mammals the two genes are closely linked on the X-chromosome (Kochersperger
et al., 1986; Caspi et al, 2002). MAO-A preferentially oxidizes the biogenic amine
serotonin {5-HT), norepinephrine (NE), dopamine (DA). And the selective inhibitor is
clorgyline. MAC-B structure preferentially oxidizes different neurotransmitters. MAO-B

oxidizes phenylethylamine (PEA), benzylamine. And the selective inhibitor is deprenyl. -
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(PoWeH, 1991; Shih et al,, 1999);' Comparison of the sequence of the different forms with
* other species showed that there is a degree of similarity beiween the Same forrﬁ from
different species. For example, rat and human MAO-B have approximately 90 percent of
amino acid sequences identical (Powell, 1991).

The effectiveness of each isoenzyme is different. MAO-B seems to have a limited
capacity to deaminate catechclamines.. individuals with a MAQ-B deficiency appear to be
mentally normal which has led many researchers to believé that MAO-A is 't'he more
important isoenZyme of the two. Deficiencies of MAQO-A results in disturbed systemic amine
metabolism, borderline mental retardation and possible cardiovascular and behavior

abnormalities (Finber, 1998).

Localization and development of monoamine Okidase v

The localization of MAO in rodent, cat, primate and human are varied. The
distribution of MAO-A and B in brain shows that MAO-A is predominantly found in
éa_techolaminergic neurons, and MAGC-B is the form most abundant in serotonergic and
histaminergic neurons and glia cells. The distribution of MAQO in the periphery varies within
the same organism. Some tissue (human platelet and bovine liver and kidney)} mainly
contains MAO-B and others (human placenta and bovine thyroid gland) predominantly
contain MAQO-A. In human and rodents, MAC-A is existing before MAO-B in most tissue.
MAO-A is almost at adult levels at birth whereas MAC-B activity increase éeveral—fold with
aging (Yang et al., 1972; McEntire et al., 1979; Shih et al., 1999).

The ratio of MAG-A / MAO-B activity for brain was 6/4 while the ganglion it was 9/1
and they conciuded that tyramine is deaminated by both MAO-A and MAO-B whereas
noradrenaline (NE) is deaminated only by MAG-A, the enzyme which is most active in the_
ganglion. These observations are consistent with the hypothesis that a specific
intraneuronal MAQ plays an important role in the catabolism of NE in sympathetic nerves. in
human blood platelet, only tﬁe B form of MAO is present (Goridis and Neff, 1371; McEntire
etal., 1979). '

Monocamine oxidases (MAC-A and MAQO-B) are well known targets for

antidepressant drugs and for drugs used to treat neurological disorders and diseases of

aging, such as Parkinson's disease and Alzheimers disease. The MAO-B inhibitor deprenyl!
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is administered to increase the effectiv,eness of L-dopa therapy in the treatment of
Parkinson's disease. Reccnt studiezz_have also demonstrated that MAG-B is inhibited by
compounds present in tobacco smoke, Which-.ma_y contribute to the addictive bréper‘[ies of
tobacco use {Shih et al., 1999). Recent trial's,'. have demonstrated the efficacy of MAO-A
inhibitor, brofaromine and mociobemide, in the treatment of symptoms of major depression,

panic and phobia (Holschneider et al., 2000). -

' _Hypothesis
N-heptanoyl-3-methoxy-4-nitro  anilide (CU 18-14) ahd N-heptanoyl-2-nitro-5-
methoxy anilide (CU 18-15) can affect the following mitochondrial functions

1. Oxidation and phosphoryiation

2. ATPase

3. Calcium stimulated respiration

4. Monoamine oxidase
Significance

Describe a benefit and harmful effect of N-heptanoyi-3-methoxy-4-nitro anilide (CU
18-14) and N-heptanoyi-2-nitro-5-methoxy anilide (CU 18-15) on mitochondria functions.
The results of this study may be using for further development of new high potential

compounds with fewer side effects such as monoamine oxidase inhibitors.



CHAPTER Ili

MATERIALS AND METHGODS

1. Experimental animais

Male albino Wistar rats weighing 180-200 g were used in this study. They were.
purchased from the National Experimental Animal Center, Mahidol University, Salaya,
Nakornprathom Province. T-.hé animals were acclimatized and fed ad libitum in anifnal care
unit, Faculty of Pharmaceutical Sciences, Chulalongkorn University for at least one week - |

before the experiment.

2. Chemicals

Most reagents were dissolved in ulirapure water and some were dis.solved in
absolute ethanol or dimethylsulfoxide (DMSO). When necessary, the pH of the solutioné
was adjusted with KOH and HCI.

1. Source of test compounds and reagents
1.1 Tested compounds are Kindly supplied by Assist. Prof. Dr. C. Patarapanich: N-
heptanoyl-3-methoxy-4-nitro anilide (CU 18-14) and N-heptanoyi-2-nitro-5-
methoxy.antlide (CU 18-15) (Figure 3).
1.2 Reagents
1) Reagents from Sigma Chemical Company were adenosine 5° diphosphate
(ADP), adenosine 5’ triphosphate (ATP), 1—améno—2-naphtho%—4—éu§fonic acid_,
ammonium molybdate, benzylamine hydrochloride, bovine serum albumin
(BSA), calcium chioride (CaCl,), cupric sulfate (CuSO,), cytochrome c,
dimethy! sulfoxide (DMSO), 2,4-dinitrophenol (DNP), Folin&Ciocalteu’s
phenol reagent, HEPES, 5-hydroxytryptamine (5-.Hj), L-glutamic acid,
magnesium chloride (MgCl,), malic acid, oligomycin, pota'ssium chioride
(KCl), potassium phosphate .monobasic anhydrous (KH,PO,), sodium
bisulfate, sodium hydroxide (NaOH), sodium phosphate dibasic anhydrous,

sodium phosphate monobasic, sodium potassium tartrate, sodium sulfite,
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succinic acid, sucrose, trichloroacetic acid .(T_CA), and tyramihe
hydrochleride.

2) Reagents from E. Merck, Darmstadt Company were absolute efhanol,
sodium barbonate anhydrous (Na,CO,), sulfuric acid (H,SO,), hydrochloric
acid (HCI), potassium hydroxide (KOH). |

2. Dissolution of tested Compouno’s and reagents B

2.1 Tested compounds (CU 18-14 and CU 18-15) at concentrations 1.01 X 10_6,
1.01X 10°,1.01% 10*, 2.02X 10, 3.04X 10*,4.05X 10 M were prepared by
dissolving the compounds in DMSO. .

2.2 Reagents
1) Reagents dissolved in ultrapure water were 2.5% w/v ammonium

molybdate, 2 [l of 0.3 M ADP + 0.6 M Pi, 150 Ll of 0.1 M ATP, 10 Ll of 0.1

M benzylamine hydrochloride, 0.05 - 0.30 mg/mi BSA, 10 Wi of 0.4 M CaCl,,

20% wiv C,HCI,0O,, 2 - 6 LUl of 50 mM DNP, 10 LU of 1 M glutamate + 1 M

malate (pH 7.4), 10 LUl of 0.1 M 5-HT, 40 mM HEPES buffer (pH 7.4), 92 mM

KCl, 0.1.— 3.0 mM KH,PO,, 2 mM MgCl,, 0.5 M NaOH, 15% wiv éodium

bisulfite, 20% w/v sodium sulfite, 10 mi of 1% w/v sodium potassium tartrate,

10 W of 1 M succinate (pH 7.4), 0.256 M sucrose and 10 LU of 0.1 M

tyramine hydrochloride.

2) Areagent dissolved in absolute ethanol was 2 Ll of 5 mg/m! oligomycin. '

3) Areagent dissolved in DMSO was 2 LUl of 5 mg/ml rotenone.

3. Instruments
3.1 Autopipets 20,100, 200, 1,000 and S,OOO LU (Gilson, France)
3.2 Clark’s oxygen eiectrode
3.3 Heidolph glass homogenizer (Type SO203 RZR_2)
3.4 Hitachi high speed refrigerated centrifuged Himac CR 20 B 3, Rotor model RP
18-3
3.5 Oxygen monitor (YS! .model 5300)

3.6 pH meter
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3.7 Spectrophotometer (Ultrospec 11)

3.8 Strip chart recorder (Gilson model N2)

3.9 UV-Visible recording spectrophotometer: Shimadzu (UV-160A)

3.10 Vortex mixer (Clay Adams, USA)

4. Experimental procedures ' ’ -

1. Isolation of mitochondria

Liver mitochondria were isolated from Wistar rats by the method of Hogeboom

(1955) modified by Myers and Slater {1957) and Hammond and Kubo (2000).

1.

Rat was cervicai dislocation humanely in accordance to the method approved
by the Animal Ethics Commitiee of the Faculty of Pharmaceutical Sciences,
Chulalongkorn University. |
An incision from groin to sternum, first separating the skin then the underline
muscle and. peritoneum, reveals a whole of the liver was immediately removed
and chilled in ice-cold homogenizing medium (0.25 M sucrose adjusted to pH
7.4). All subsequent isolation work was performed at 0-4 °Cinanice.

The liver was washed frequently with ice-cold isolation medium (0.25 M sucrose
adjusted to pH 7.4), cut into small pieces with surgical scissors and
homogenized with Heidolph glass homogenizer.

The homogenate was differential centrifuged (Figure 11) with Hitachi high
speed refrigerated centrifuged for 5 minutes at approximately 600 g (2,500
rpm) at 0-4 °C to precipitate nuclei, red blood cells, cell wall and unraptured
cells.

The mitochondria in the supernatant were decanted and centrifuged for 10
minutes at approximately 4,500 g (7,000 rpm).

The supernatant was poured off, the pellet was resuspended in 0.25 M sucroéé
with the aid of Heidolph glass homogenizer and centrifuged one more time for
10 minutes at 13,000 g {8,000 rpm).

The fluffy layer was removed from the firmly packed sediment of mitochondria
by gently shaking with small amounts of 0.25 M sucrose, and the residual

mitochondria were again resuspended in 0.25 M sucrose with the aid of
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Heidolph glass homogenizer, and kept in ice-cold for the experiments during
the-same day. - | |

8. This procedure was designed to isolate intact mitochondria rather than to
recover all of the mitochondria present in the liver, yie.l.ded about 20 mg of

mitochondrial protein /g of liver.

Rat liver homogenate

Pellets (unbroken celis, nuclei and

600 g, 5 min :
heavy particles) were discarded
Supernatant
4500g, 10min | .
R b | —®»  Supernatant was discarded
Pellets

(Primary mitochondrial fraction)

|

v

resuspended in 0.25 M sucrose

and gently manua! homogenization

13000 g, 10 min l —p Supernatant was discarded

Pellets -

{mitochondria, microsome)

Figure 11. Schematic description of procedure for mitochondrial preparation from liver

homogenate by differential centrifugation
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2. Polarographic measurements of oxygen consumption

Measurement of mitochondrial respiration. was a mezcure of the amount of oxygen
consumption. Oxygen consumption measurements were performed in a Gilsdh reaction
chamber (Figure 12) with a Clark Oxygen Electrode connected with  Oxygen monitor
(YSI model 5300) and Strip chart recorder. The reaction was maintained at 37°C. The
chamber was about 1.7 ml in volume and consisted of the water jacket encompassed
the chamber and a hollow glass stopper through which the substrates and reagents
were kept at 37°C by circulating water bath. Oxygen concentrations were measured
using a Clark-type polarographic electrode. A plathm cathode was set at constant
voltage relative to a silver/silver chloride anode in a low volume electrolyte chamber.
The electrolyte was separated from the solution to be tested by a gas-permeable Teflon
.membrane, which was impermeable to other components of the solutions. Oxygen
diffusing through the membrane was reduced at the cathode creating an electrical
current.

At the anode, silver Ag (0) was oxidized to Ag+, which precipitated as AgCl. All of
the oxygen in the small electrolyte solution bathing the electrodes was consumed by
the reaction, creating effectively zero oxygen concentration on the electrode side of the
membrane. Thus, current depends on the rate of diffusion of oxygen across the
membrane, which under these conditions was proportional to the oxygen concentration
on the outside of the membrane. The amount of oxygen passing through the membrane
was small enough that it did not, by itself, lead to a significant change in the oxygen
concentration in the measuring chamber. The current generated in the electrode was
passed through a resistor and the voltage drop across the resistor was electronically
amplified and the signal from the amplifier was recorded on a stripchart recorder
(Gilson model N2). The tracings obtained were calied “oxygraph” or “poiarographic;"

tracings. _
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1 = reaction chamber
2 = stopper
3 = magnetic stirrer

4 = water jacket
Figure 12. Gilson reaction chamber.

The incubation medium consisted of 40 mM HEPES buffer pH 7.4, 2 mM Mé_;cz_Q, 92
mM KCl which is isoosmotic with the mitochondria. About 1.7 ml incubation mediu"m and
50 L mitochondrial suspension was incubated in the chamber with the éubstrates and
other reagents. Mitochondria were preincubated with Continuous“' stirring. T.h"e"j_:reaction
was started by addition of 1M glutamate plus 1 M malate (pH 7.4v)._as substrate of
complex | and substrate of complex Il was 1M succinate (pH 7.4). Aftér a stow .ratg"".df
respiration had stabilized in the initiai resting state, State 3 respiration waé.':‘i:nitiated by
addition of ADP and inorganic phosphate (Pi). When all ADP and inorganic ph0$__p_hate
(Pi) has been consumed, respiration returns to a resting rate (State 4). Func.ti'c'mal
integrity of the mitochondria was measured in terms of respiratory contrdi':index (RCI)), /
defined as the ratio of the rate of State 3 ..

State 4.
RCl values were more than 4. Uncoupied respiration was measured .aif:t'er additioh of

the classic uncoupler of oxidative phosphorylation, DNP (Figure 13).
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Experimental protocol of Polarographic measurements of oxygen consumption
1. Effect of test compounds (Cu 18-14 and Cu 18- 15} vt complex | of resplratory
chain.

1) Substrate of complex | of respiratory chain was 1M glutamate plus 1 M
malate was added.

2) The tested compounds (Cu 18-14 and Cu 18-15) in various concentrations
were added.

3) Adding ADP and inorganic phosphate (Pi).

Incubation medium Mitochondria  Glutamate+Malate Testcompounds  ADP+Pi

=zl a1

Time

2. Effect of test compounds (Cu 18-14 and Cu 18-15) on compiex Il of respiratory.
chain.
1) Substrate of compiex Il of respiratory chain was 1M succinate was added.
2) The testéd compounds (Cu 18-14 and Cu 18-15) in various concentrations
were added. |

3) Adding ADP and inorganic phosphate (Pi).

Incubation medium Mitochondria Succinate Test compounds ADP + Pi

N O P I

Time

3. Effect of test compounds (Cu 18-14 and Cu 18-15) on DNP stimulated

respiration.

1) Substrate of complex | of respiratory chain was 1M glutamate plus 1 M
malate was added.

2) Adding the uncoupler, DNP.

3) The tested compounds (Cu 18-14 and Cu 18-15) in various concentrations

were added.



Incubation medium Mitochondria Glutamate + Malate DNP

we b L1

Test compounds

l

Time

Determination of the respiratory controf index (RC/)

The rate of respiration of mitochondria can be controlled by the concentration of

. ADP. This is because oxidation and phospho.ryiation are tightly coupled; i.e. oxidation

cannot proceed via the respiratory chain without concomitant phosphorylation of ADP.

Chance and Williams have proposed a convention following the typical order of

addition of agents during an experiment:
State 1: mitochondria alone (in the presence of Pi)

State. 2: substrate added, respiration low owing to lack of ADP

State 3: a limited amount of ADP added, allowing rapid respiration

State 3u: uncoupler added, allowing rapid respiration (Chance and William, 1956)

State 4: all ADP converted to ATP, respiration slows

State 5: anoxia (Mayes, 2000; Nicholls and Ferguson, 2002).
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The method used for calculating the respiratory contro! index (RCi) value was also

described by Chance and Williams (1956).

RCI = Rate of State 3 respiratio'n

Rate of State 4 respiration (after State 3)

Or = Slope of the tracing in State 3 respiration

Slope of the tracing in State 4 respiration

Thus from figure 13:
RCI = Y1/X = Y1

Y2IX Y2

~ Y1 and Y2 are the length of line Y1 and Y2 respectively.

The RCI value indicates the tightness of the coupling mechanism, that is, whether

the substrate oxidation is tightly coupled to ATP synthesis. The RC! value of good intact

mitochondria should be at least 4 at 37°¢ with glutamate plus malate as substrates.
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Figure 13. The oxygréph tracing for calculating the respiratory control

index (RCI) values

2=g State 4
02 \ 'é‘_DP +Pi
4 '\ state3
, [02] |
R
State 4
v 1 min
02=0 , -
0 Time (min) 5

Figure 14. The oxygraph tracing for calculating the rate of oxygen

consumption
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Calculation of rates of oxygen consumption
Rates i oxygen counsumption in various metabolic states can be calculated from

oxygraph tracing as shown in figure 14.

Method 1: rate of oxygen consumptioninstate 3= R XS n atom O/min

‘Method 2: rate of oxygen consumptioninstate 3= R X A n atom O/min

P
Where Rand P= the fength of oxygen line R and P respectively
S = n atom oxygen initially dissolved in the reaction mixture
A = n atom oxygen dissolved in 1 mi of water

S value depends on volume of reaction mixture and temperature. For exampte the
larger the volume and the lower the temperature, the more oxygen dissolved in the reéction
mixture. S value is calculated by multiplying the amount of oxygen dissolved in 1 ml water
(A) with total volume of the reaction mixture.

A value can be calculated from the following formular:

A = s><p><n><‘nO9 n atom O/ml

v X 100

Where A = n atom oxygen dissolved in 1 mi of water

s = absorption coefficient at 37°C (volume of oxygen reduced 1o 0°Cand 760 mm,
absorbed by one volume of water when the pressure of the gas itself amount to 760 mm) =
0.02373

v = volume of gas (at 0°C and 760 mm) corresponding to 1 gm mole = 22,400 mi

p = percentage of oxygen in atmostpheric air = 21%

n = number of atoms in a molecule of oxygen = 2

Substituting these values in the above equation, the amount of oxygen dissolved in

1 mi of water at 37 °C = 444.9 n atom O/m.
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The S value is calculated by multiplying the volume of reaction mixture (1.77 ml)

- with A value.

S = 177 XA ' n atoms Oxygen

Oxygen consumption rates can be divided by mitochondrial protein used in the

reaction, and the unit becomes n atom O/min/mg protein.

3. ATPase activity assay

ATPase activity can be determined by measuring the total amount of inorganic

phosphate (Pi) (Weinbach, 1956) or proton (Bertina et al., 1975) liberated by the

hydrolysis of ATP and ADP.

ATPase (F,-F;-ATPase)

ATP +H,0 p ADP +Pi+H’

In this research the former method was employed. The inorganic phosphate (Pi)

liberated was guantitated by the colorimetric method of Fiske and Subbarow (1925). The

mitochendrial ATPase activity was measured as described below.

1.

2.63 ml of incubation medium (40 mM HEPES buffer pH 7.4, 2 mM MgCL,, 92
mM KC! adjusted to pH 7.4 which is isotonic with the mitochondria) was added
to test tube which maintained at 37 “c.

200 Qi of mitochondrial suspension and test compounds were preincubated
with continuous stirring for 1 minute.

Add test compounds (Cu 18-14 and Cu 18-15), DNP (uncoupler), oligomycin
(ATPase inhibitor), DMSO (the blank). |

Mitochondrial suspensions were incubated with 150 Lli-of 0.1 ATP that was

added to the test tube and allowed to sit 10 minutes.
After 10 minutes incubation at 37°c, 1 ml of reaction mixture was added by 1 mi
an equal volume of 20 %w/v trichloroacetic acid solution to stop the reaction.

Denatured proteins are removed by centrifugation at 4000 rpm for 10 minutes.
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7. 1 ml of the supernatant fluid, which had the inorganic phosphate, was pipetted
to 5 mi of 5.2 M sulfulic acid (H,SO,) solution. |
8. The standard curve plots of Pi obtained from the various concgntrétions of
potassium phosphate monobasic anhydrous (K,HPO,) 'concentfation_si:" 0.1, §
0.25, 0.50, 1.0, 1.5, 2.0, 3.0 mM/mi and ultrapure water was u_séé as the blank."t
9. 0.8 ml of 2.5 % w/iv ammonium molybdate and 0.4 m| of Fiske subbarrow
reducing agent were added, mixed on a Vortex mixer and allo_wéd to stand for
10 minutes at room temperature.
10. After 10 minutes, the sample was measured the optical density at 650 T}m with
a Spectrophotometer (Uitrospec ) at room temperature. v_Liberated"-énorg__ah.i.c
phosphate was calculated from a standard curve of potassium p_hoééhate_
monobasic anhydrous (K,HPO,). ;
Annotation: In the preparation of Fiske Subbarow reducing agent, some of the’ﬁndisﬁ»so&ed
1-amino-2-napthol-4-sulfonic acid was discarded by ﬂitraﬁon and filtrate was k:e_ot, no

longer than one month, in the bottle protected from light.

Experimental protocol of ATPase activity assay
1. Effect of test compounds (Cu 18-14 and Cu 18-15) on ATPase act__ivity.
1) The tested compounds (Cu 18-14 and Cu 18-15) v__jn various
concentrations were added.

2) Adding ATP and allowed to stand 10 minutes.

Incubation medium  Mitochondria Test Compour_\d'. AT_P
Event 4 l l _ l 1 min l 10 min -
Time

2. Effect of DNP stimulated ATPase activity. .
1) Adding the uncoupler, 50 mM DNP 10 LUl and allowed sitting 1 minuté.

2) Adding ATP and allowed to stand 10 minutes.
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incubation medium Mitochondria DNP ATP

Event 5 l ' l l1 min i 10 min

Time

3. Effect of test compounds (Cu 18-14 and Cu 18-15) on DNP stimulated ATPase |

activity of mitochondri.a in the presence or absence of ATPase inhibitor. h |
1) Adding the uncoupler, DNP.

2) The tested compounds (Cu 18-14 and Cu 18-15) in varioué

concentrations were added and allowed sitting 1 minute.

3) Adding the ATPase inhibitor, cligomycin concentration was 10 Hg/2

30
Incubation medium  Mitochondria DNP  Testcompound  ATP
|
Event & l l l 1 min l 1 min l’ 10 min
Time
Incubation medium Mitochondria DNP Oligomycin ATP ' .
Event7 i i 1 min 1T min 10 min’
Time

4. Effect of test compounds (Cu 18-14 and Cu 18-15) on mitochondria ih the'
presence ATPase inhibitor. |
1) The tested compounds (Cu 18-14 and Cu 18-15) in various concentra_tioh‘sv_
- were added.
2) Adding the ATPase inhibitor, oligomycin concentration was 10 ].ig/é L. )

Incubation medium Mitochondria Test compound Oligomycin ~ ATP

Event 8 v l l 1min l1m'n i

Time
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4. Calcium stimulated respiration -

Calcium stimulatcd respiration was determined by polarography at 37 ‘cina Gilsdn
oxygraph equips with a Clark type oxygen electrode. The reaction system consisted of
incubation medium (40 mM HEPES, 2 mM MgCl,, 92 mM KCI, and 1 mM KHZPOL‘.
adjusted to pH 7.4) and 1 M glutamate plus 1 M malate. Mitochondria were
preincubated in incubation medium with continuous stircing. One minute after the
addition of glutamate, 2 LUl of 0.4 M CaCl, was added in order to stimulated the
respiration. The increase in oxygen uptake-rate was calculated n atom O/ min. |

Experimental protocol of calcium stimulated respiration |
Effect of test compounds (Cu 18-14 and Cu 18-15) on mitochondria with calcium
- stimulated respiration.
1) Substrate of complex | of respiratory chain was 1M glutamate plus 1 M
malate was added.
2) The tested compounds (Cu 18-14 and Cu ?8—15) in various concentrations
were added.

3) Adding CaCl,.

incubation medium Mitochondria ~ Glutamate + Malate Test compound CaCl,

0% N S S B

Time

5. MAO activity

MAQO activity was determined by measurements of oxygen consumption with the
method of Tipton and Singer (1993). Oxygen consumption by mitochondria was
measured polarographically with a Clark Oxygen Electrode connected with YS! model
5300 Biological Oxygen Monitor. Initial velocity of MAO catalyzes tﬁe oxidative of
substrate was showed by oxygen consumption rate. The assay mixture consisted of

potassium phosphate buffer, adjusted to pH 7.4 and mitochondria. The reaction was

started by addition of MAO substrate: 100 LLM tyramine HC| as a substrate for MAG-A
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and B, 100 UM benzylamfne HCl as a substrate for MAO-B and 100 UM 5-
hydroxytryptamine as a substrate for MAG-A. ' | |
Calculation of rates of oxygen consumption
Initial velocity of MAO catalyzes the oxidative of substrate was showed by oxygen
consumption rate that can be calculated from oxygraph tracing as shown in Figure 15

Rate of oxygen consumption before the addition of substrate (X} = Q X S n atoms O/min

P

Rate of oxygen consumption after the addition of substrate (Y) = R X S n atoms O/min

p
Oxygen consumption rate in the reaction = Y-X n atoms O/min
‘Where Q, R and P = the length of oxygen line Q, R and P respectively
S = n atoms oxygen initially dissolved in the reaction mixture
A = n atoms oxygen dissolved in 1 ml of water

02‘:‘: S
~..
QL)
A,
1 min \
o211 R 1’%
PO ¥ N
1 min
v
02=0 - 1
g . Time (min) - 5

Figure 15. The oxygraph tracing illustrating the measurement of oxygen consumption for
MAQO activity
Experimental protocol of MAO activity

1. Effect of test compounds {(Cu 18-14 and Cu 18-15) on MAO-A activity.

1) Substrate of MAO-A was 100 LM 5-hydroxytryptamine was added.
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2) The tested compounds (Cu 18-14 and Cu 18-15) in various concentrations

were added.
Incubation medium Mitochondria 5-HT Test compound
Event 10 i l i i

Time

Effect of test compounds {Cu 18-14 and Cu 18-15) on MAO-B activity.

1) Substrate of MAO-B was 100 LM benzylamine HCl was added.

2) The tested compounds {(Cu 18-14 and Cu 18-15) in various concentrations

were added.
Incubation medium Mitochondria ~ Benzylamine HCl =~ Test compound
l l | _ l
1
Event 11 v $

Time

Effect of test compounds (Cu 18-14 and Cu 18-15) on MAQO-A&B activity.
1) Substrate of MAO-A was 100 UM tyramine HCl was added.
2) The tested compounds (Cu 18-14 and Cu 18-15) in various corcentrations

were added.

incubation medium Mitochondria ~ Tyramine HCI Test compound.

o ABUUINEN NS |

6. Protein determination

Time

The mitochondrial protein was determined by the method of Lowry et al. {1951) as-

modified by Miller (1959) as following

1. Diluted of 10 Ul mitochondrial suspension with 3 mi of ultrapure water (1: 300)

as solution A.



Annotation:

1)

2)
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1 ml of alkaline copper reagent (consist of one part of 0.5% copper sulfate in 1
% potassium tartrate and 10 parts o1 10% sodium carbonate in 0.5 N sodium
hydroxide and discard after 1 day) was added into 1 m{ aliquot of the so.lution v
A

The standard protein solution was prepared from Bovine Serum Albumin (BSA)
at various concentrations: 0.05, 0.10, 0.15, 0.20,-0.25 and 0.30 mg/ml and
ultrapure water was used as the blank. '

Mixed well and allowed to stand for 10 minutes or longer at room temperature '
as solution B.

3 ml of diluted Foiin & Ciocaiteu’s phenol reagent (1: 10) were added to solution
B, mixed on a Vortex mixer and incubated in water bath at 50° for 10 minutes.
The mixtures were cooled to room temperature.

After 30 minutes or longer, the sample was measured the optical density at 540
Tm with an UV-Visible recording spectrophotometer at room temperature and

was calculated from a standard curve of BSA.

Alkaline copper reagent composed of 1 part of 0.5% CuSo, in 1% w/v of-
potassium tartrate and 10 parts of 10% Na,CO, in 0.5 M NaOH.
1:10 diluted Folin-phenol reagent was freshly prepared by diluting 1 part of

concentrated Fotin-Ciocalteu’s Phenol reagent with 10 parts of ultrapure water

7. Data analysis

1.

ANOVA test was used fo evaluate statistical significance of mean 'diﬁeré'nces
between control and tested compound-treated group. |
A p value of 0.05 or less was considered statistically significant.

The value of each condition was obtained from at least 3 experiments andﬁgjvenv' :

as mean * standard error.



CHAPTER IV
RESULTS

Part i Effects of CU 18-14 and CU 18-15 on oxidative phosphorylation of isolated rat liver

mitochondria. -

In this study, rat liver mitochondria preparation was suspended in an incubation

medium pH 7.4 and the temperature was maintained at 37°C.

1. Effects of CU 18-14 and CU 18-15 on mitochondrial respiration with glutamate plus
malate as substrates. ' '

Figure 16 illustrated the control respiratory response of the isolated rat.liver
mitochondria and shown value of rate of oxygen consumption with giutamate plus malate
as substrates ovn every state was n atom O/min/mg protein. In the initial rate of oxygen
consumption was 0.36 n atoms O/min/mg protein. Addition of ADP causes a sudden burst
of oxygen uptake as the ADP is converted into ATP. The activity respiring state is referred
to as “State 3" respiration that the value of rate of oxygen consumption was 2.78 n atoms
O/min/mg protein. While the slower rate after all the ADP has been phosphorylated to form
ATP is referred to as “State 4" respiration that value of rate of oxygen consumption was
-0.38 n atoms O/min/mg protein. The addition of an uncoupling agent, which DNP leads to a
permanently high rate of respiration in the absence of ADP, until all the oxygen has been
Cons_umed whicﬁ value of rate of oxygen consumption was 4.97 n atoms O/min/mg proteih.
Functional integrity of the mitochondria was measured in terrﬁs of respiratory control index
(RCI), defined as the ratio of the rate of State 3/State 4. In Figure 16, RCi was 13.2/1.8 =
7.33 indicating the mitochondria used were the good intact ones.

The tracings demonstrating the effect of CU 18-14 on mitochondrial oxygen

“consumption with glutamate plus malate as substrates are shown in _Fig,urej?, which was
determined by the addition of glutamate plus malate as substrates into the reaction mixture
(containing incubation medium and mitochondrial suspension) then followed by the
addition of tested compounds and ADVP plus Pi, respectively. vThe values of the rate of

oxygen consumption of State 3 and State 4 were calculated from the slope of oxygraph
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tracing (Table 1). In Figure 18 shown the tracings of CU 18-15 at each of concentrations
with similar to determined in study of CU 18-10. The effecis of state 4 respiration by CU 18-
14 and CU 18-15 are presented in Figure 19.

The rate of oxygen consumption of State 3 respiration with glutamate plus malate as
substrates by CU 18-14 at concentrations of 1.01x10° M and 1.01 X 10° M were 1.96 +
0.20 and 1.93 & 0.16 n atoms O/min/mg protein, respectively, but not found the rate of
oxygen consumption at concentration 1.01 X 10™ M, 2.02 X10* M, 3.04 X 10” M and 4.05
X 10" M (Table 1).

The rate of oxygen Cohsumption of State 3 respiration with glutamate plus malate as
substrates by CU 18-15 at concentrations of 1.01 X 10° M'and 1.01 X 10° M were 1.54 *
0.05 and 1.29 & 0.05 n atoms O/min/mg protein, respectively, but not found the rate of
oxygen consumption at concentration 1.01 X 10 M, 2.02 x10” M, 3.04 X 10" M and 4.05
X 10" M (Table 1).

The rate of oxygen consumption of State 4 respiration with gluta.mate plus malate as
substrates by CU 18-14 at concentrations of 1.01x10°M, 1.01 X 10°M, 1.01 X 10 M, 2.02
X10"M, 3.04 X 10" M and 4.05 X 10" M were 0.40 & 0.03, 0.65 & 0.06, 1.80 T 0.32, 1.52
1 0.09, 1.38 == 0.09 and 0.72 = 0.09 n atoms O/min/mg protein, respectively (Table 1).

The rate of oxygen consumption of State 4 respiration with glutamate plus malate as
substrates by CU 18-15 at concentrations of 1.01 X 10° M, 1.01 X 10° M, 1.01 X 10" M,
2.02 X 10 M, 3.04 X 10" M and 4.05 X 10" M were 0.61 & 0.04, 0.89 & 0.05, 1.44 1 0.39,
1.13 £ 0.34, 1.12 £ C.1C anc 1.11 & 0.07 n atoms O/min/mg protein, respectively (Table
1).

2. Effects of CU 18-14 and CU 18-15 on mitochondrial respiration with succinate as
substrate.

It is well know that glutamate plus mala{e donate electrons to mitochondrial
respiratory chain via compiex 1. in the present study, succinate which donates electrons to
CoQ via complex Il was used as substrate. Figure 20 illustrates the control respiratory-
response of the isclated rat liver mitochondria and shown value of rate of oxygen.
consumption with succinate as substrates on every state was n atom O/min/mg protein. in

the initial rate of oxygen consumption was 0.673 n atom O/min/mg protein and was faster
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than the initial rate of mitochondrial respiratign with glutamate plus malate as substrates.
Addition of ADP causes a sudden burst of'oxygen uptake as the ADP is converted intb
ATP. The activity respiring state is referred to as “State 3" respiration'.that the value of rate
of oxygen consumption was 3.447 n atoms O/min/mg protein. While the slower rate after all
the ADP has been phosphorylated to form ATP is referred to as “State 4" respiration that
valué.of rate of oxygen consumption was 0.652 n atoms O/min/mg protein. The addition of
an uncoupling agent, which DNP leads to a permanently high rate of respiration in the
absence of ADP, until all _the oxygen has been consumed which value of rate of oxygen
consumption was 4.540 n atoms O/min/mg protein. Functional integrity of the mitochondria
was measured in terms of respiratory control index (RCI}, defined as the ratid of the rate of
State 3/State 4. In Figure 16, RCI was 16.4/3.1 = 5.29 indicating the mitochondria used
were the good intact ones.

Figure 21 and 22 are presents the tracings demonstrating the effect of CU 18-14
and CU 18-15 on mitochondrial respiration with succinate as substrate, respectively, which
was determined by the addition of succinate into reaction mixture (containing incubation
medium and mitochondrial suspension) then followed by the addition of tested compounds
and ADP plus Pi, respectively. The value of the rate of oxygen consumption of State 3 and
State 4 respiration was calculated from the slope of oxygraph tracing (Table 2).

The rate of oxygen consumption of State 3 respiration with succinate as substrate
by CU 18-14 at concentrations of 1.01x10°M and 1.01x10°M were 0.49 + 0.11 and 0.50 +
0.07 n atoms O/min/mg protein, respectively, but not found the rate of oxygen consumption
at concentration 1.01 X <0 M, 2.02 X10*M, 3.04 X 10“M and 4.05 X 10*M (Table 2).

The rate of oxygen consumption of State 3 respiration with succinaie as. substrate
by CU 18-15 at concentrations of 1.01x10° M and 1.01x10° M were 0.82 & 0.05 and 0.82 +
0.13 n atoms O/min/mg protein, respectively, but not found the rate of oxygen consumption
at concentration 1.01 X 10™M, 2.02 X10*M, 3.04 X 10*M and 4.05 X 10° M (Table 2).

T_he rate of oxygen consumption of State 4 respiration with-succinate as substrate
by CU 18-14 at concentrations of 1.01x10° M, 1.01x10° M, 1.01x10* M, 2.02x10™ M,

3.04x10™ M and 4.05x10™ M were 1.66 = 0.57, 1.50 +0.29, 1.79 = 0.48, 1.18 £ 0.52, 0.76

+ 0.34 and 0.69 = 0.26 n atoms O/min/mg protein, respectively (Table 2).
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The rate of oxygen consumption of State 4 respiration with succinate as substrate
by CU 18-15 at concentrations of 1.01x10° M, 1.01x10° M, 1.01x10" M, 2.02x10" M,
3.04x10™ M and 4.05x10* M were 3.18 +0.18, 3.16 2 0.01, 1.20 = 0.34, 1.08 + 0.54, 0.83
+0.39 and 0.60 % 0.21 .n atoms O/min/mg protein, respectively (Table 2).

3. Effects of CU 18-14 and CU 18-15 on DNP stimulated mitochondrial respiration with

glutamate plus malate as substrates.

The rate of oxygen consumption of DNP stimulated mitochondrial respiration with
glutamate plus malate as substrate was studied by the addition of DNP and then followed
by the addition of tested compounds. The effect of tested compounds on DNP stimulated
respirétion was referred to as State 3u respiration which was calculated frofn the siope of
the oxygraph tracing (Figure 24 and 25) and expressed as percent inhibition (see Table 3
and Figure 26). In this result was the percent inhibition of State 3u respiration by CU 18-14
at concentrations of 1.01x10° M, 1.01x10° M, 1.01x10™ M, 2.02x10™ M, 3.04x10" M and
4.05x10" M were 7.16 £ 3.15,22.14 = 3.19, 78.14 £ 7.90, 91.81 * 2.24, 93.84 + 1.35 and
94.15 £ 1.46, respectively as shown in Table 3.

The percent inhibition of DNP stimulated mitochondrial respiration with glutamate
plus malate as substrates by CU 18-15 at concentrations of 1.01x10° M, 1.01x10° M,
1.01x10™ M, 3.04x10* M and 4.05x10™ M respectively, were 12.76 T 9.66, 44.46 *+ 5.76,
78.01 £ 1.07, 88.95 & 1.39, 94.27 I 1.23 and 94.89 & 0.24, respectively as shown in
Table 3. |

The I1C,, values in the DNP stimulated respiration of CU 18-14 and CU 18-15 were

215 X 10°M and 1.32 X 10° M respectively (Table 4).

" Part li. Effects of CU 18-14 and CU 18-15 on ATPase activity of isolated rat liver
mitochondria.

The ATPase reaction is generally believed to represent the rey.ersed process of the
ATPase reaction. Agents which inhibit ATP synthesis, for example oligomycin, depress the
uncoupler induced ATPase activity. The ATPase activity was expressed in according to
inorganic phosphate (Pi) liberated concentration from ATP hydrolysis at 10 minutes. The -
effect of tested compounds on mitochondrial ATPase activity of isolated rat liver

mitochondria is shown in Table 5.
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In Figure 27 the present of DMSQ, the control ATPase activity was very low, which
Pi liberated was 4_99 +0.19 Lmoles/mg protein/10 min. When O..1 mM DNP was -added the
ATPase activity greatly increased significantly which Pi liberated was 52.08 & 8.60 |98
moles/mg protein/10 mjn. In this study the concentration of tested compounds was studied
at 1.01x10™ M and 3.04x10° M. |

The Pi liberated concentration in the addition of CU 18-14. at concentrations of
1.01x10% M and 3.04x10™ M were 14.44 £ 2.93 and 44.13 + 3.13, respectively. When i.n
addition of 3.04x10" M CU 18-14 and then followed by the addition of oligomycin was found_
_ that the Pi liberated concentration was 6.33 + 0.10 (Table 5).

As a result of the Pi liberated concentration in the addition of CU 18-15 at-
concentrations of 1.01x10" M and 3.04x10° M were 8.36 * 1.34 and .16.12 T 1.50,
respectively. When in addition of 3.04x10" M CU 18-15 after Tminute then followed by the
addition of oligomycin was found that the Pi liberated concentration was 4.89 1 0.11 (Table

5).

Part |li; Effects of CU 18-14 and CU 18-15 on caicium stimulated respiration by isolated
rat liver mitachondria.

Another the function of mitochondria is the ability in accumulating calcium ions.
When electron from oxidation substrate transfer and moving ailong electron fransport chain
or ATP hydrolysis generates a proton gradient, mitochondrial take up Ca'® from the external
medium. As a consequence in addition of Ca”toa suspension of energized mitochondria
results in the stimulation of respiration, the extrusion of protons and the uptake of ca”into
the mitochondria (Chakraborti et al., 1999). The Effect of CU 18-14 and CU 18-15 on
calcium stimuiated respiration with glutamate plus malate as substrates are shown in Figure
28, which were determined by the addition of tested compounds into the reaction mixture
(containing incubation medium and mitochondrial suspension) then followed by the
addition of CaCl,. The result was showed in oxygraph tracing and expressed as the rate of
~ oxygen consumption. The rate of oxygen consumption of mitochondria after the addition of
CU 18-14 at concentrations of 1.01x10° M, 1.01x10° M, 1.01x10* M, 3.04x10* M and
4.05x10™ M respectively, were 2.78 & 0.37, 2.32 £ 0.37, 2.34 £ 0.27, 0.98 = 0.22, 0.32 +

0.08 and 0.31 1 0.08 n atoms O/min/mg protein, respectively as shown in Table 6.
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The rate of oxygen consumption of CU 18-15 at concentrations of 1.01x10° M,
- 1.01x10° M, 1.01x10" M, 3.04x10" M and 4.05x10“ M respectively, were 2.80 1 0.22, 2.39
+0.24,1.18 £ 0.19, 0.67 £ 0.15, 0.43 £ 0.06 and 0.39 % 0.05 n atoms O/min/mg protein,

respeétively as shown in Table 6.

Part IV: Effects of CU 18-14 and CU 18-15 on monoamine oxidase.activity of isolated rat
liver mitochondria.

The inhibitory- effect of tested compounds on MAO activity toWards_ different MAO
substrate were studied by using 100 UM of tyramine (as a non-selective MAO_ substrate),
100 UM of 5-HT (as a selective MAO-A substrate) and 100 UM of benzylamine (as a
selective MAO-B substrate). The concentrations of tested compounds were varied from
1.01x10° M to 4.05x10™ M. MAO inhibitory effect of tested compounds were determined by
the additicn of tested compounds into reaction mixture (containing phosphate buffer and
mitochondrial suspension) then foliowed by the addition of MAO substrate. The degree of
inhibition of MAQO substrate oxidation deamination was expressed as percent MAQ activity
inhibition (see Table 7). As shown in Figure 29 and 30, both of CU 18-14 and CU 18-15
inhibited the oxidative deamination of tyramine, benzylamine and 5-HT and were
concentration-dependent.

_ The percent MAO activity inhibition on tyramine as substrate of CU 18-14 at
concentrations of 1.01x10° M, 1.01x10° M, 1.01x10* M, 3.04x10™ M and 4.05x10" M
respectively, were 31.67 T 0.14, 42.39 £ 6.38, 56.13 = 9.71, 74.17 = 5.83, 95.56 + 4.44
and 95.83 = 4.17, respectively (Table 7).

The percent MAQ activity inhibition on 5-HT as substrate of CU 18-14 at
concentrations of 1.01x10° M, 1.01x10° M, 1.01x10* M, 3.04x10™* M and 4.05x10™ M
respectively, were 74.09 = 5.64, 74.28 +6.38, 90.89 + 2.37, 89.62 & 3.37, 98.78 * 3.61

and 99.07 T 0.93, respectively (Table 7). -

The percent MAQO activity inhibition on benzylamine as substrate of CU 18-14 at

concentrations of 1.01x10° M, 1.01x10° M, 1.01x10™ M, 3.04x10* M and 4.05x10™ M
respectively, were 57.12 £ 5.88,59.74 £ 7.11, 73.07 1 4.99, 99.04 + 0.96, 100 = 0.00 and

100 T 0.00, respectively (Table 7).
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The percent MAC activity inhibition on tyramine as substrate of CU 18-15 at
concentrations of 1.01x10° M, 1.01x10° M, 1.01x10" M, 3.04x10" M and 4.05x10" M
respectively, were 30.52 & 1.77, 40.43 + 2.20, 70.45 & 7.64, 72.15 + 0.36, 78.89  9.53
and 90.48 * 1.66, respectively (Table 7).

The percent MAQO activity inhibition on 5-HT as substrate of CU 18-15 at
concentrations of 1.01x10° M, 1.01x10° M, 1.01x10° M, 3.04x10" M and 4.05x10" M -
respectively, were 68.01 & 8.11, 68.27 = 7.11, 82.95 = 7.64, 90.36 + 6.74, 96.88 + 3.13
and 99.38 _i 4.61, respectix)eiy (Table 7). ..

The percent MAO activity inhibition on benzylamine as substrate of CU 18-15 at
concentrations of 1.01x10° M, 1.01x10° M, 1.01x10° M, 3.04x10* M and 4.05x10™ M
respectively, were 66.97 T 5.82, 68.37 & 7.56, 88.70 £ 7.19, 100 £ 0.00, 100 % 0.00 and
100 £ 0.00, respectively (Table 7).

in this study, it was found that the IC,, on tyramine, 5-HT and benzylamine as
substrates of CU 18-14 were 9.66x10° M, 6.30x10” M and 1.44x10” M, respectively and of
CU 18-15 were 1.18x10° M, 2.60x10™ M and 7.96x10° M, respectively (Table 8).
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Control respiratory response with glutamate plus malate on isolated rat liver.

mitochondria.

Figure 16.

The oxygraph tracing demonstrating the control respiratory response with
glutamate plus malate as substrates on isolated rat fiver mitochondria. The reaction
composed of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCI;, 86.25 mM KCi, 5.21 mM
glutamate + 5.21 mM malate, 0.31 mM ADP + 0.62 mM Pj, 0.0S_mM DNP, 13.02 mM
subrose and 50 LLI of mitochondrial suspension, and maintained at 37°%. The total volume
was 1.77 mi and the average .protein concentration of the reaction was 13.30 - mg/ml. Every

State was calculated as n atom O/min/mg protein.
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Effect of mitochondrial respiration with glutamate plus malate as substrates

by CU 18-14

Figure 17.

The oxygraph tracings demonstrating the effect of CU 18-14 at concentration 1.07

X 10° M to 4.05 X 10" M on mitochondrial oxygen consumption with glutamate plus malate
as substrates. Every State was calculated as n atom O/min/mg protein. The reaction

composed of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM
glutamate + 5.21 mM malate, 0.31 mM ADP + 0.62 mM Pi, 13.02 mM sucrose and 50 U of
mitochondrial suspension, and maintained at 37%. The total volume was 1.77 ml and the
average protein concentration of the reaction was 13.30 mg/ml.
Annotation: A was oxygraph tracing of CU 18-14 at concentration 1.01 X 10° M

B was oxygraph tracing of CU 18-14 at concentration 1.01 X 10° M

C was oxygraph tracing of CU 18-14 at concentration 1.01 X 10" M

D was oxygraph tracing of CU 18-14 at concentration 2.02 X 107 M

E was oxygraph tracing of CU 18-14 at concentration 3.04 X 10" M

F was oxygraph tracing of CU 18-14 at concentration 4.05 X 10" M
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Effect of mitochondrial respiration with glutamate plus malate as substrates

by CU 18-15

Figure 18.

The oxygraph tracings demonstrating -the effect of CU 18-15 at concentration
1.01x1O"G_M to 4.05x10™ M on mitochondrial oxygen consumption with glutamate plus’
malate as substrates. Every State was calculated as n atom O/n;in/mg protein. The reaction
composed of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM

glutamate + 5.21 mM malate, 0.31 mM ADP + 0.62 mM Pi, 13.02 mM sucrose and 50 [ of

mitochondrial suspensicn, and maintained at 37°c. The total volume was 1.77 ml and the
average protein concentration of the reaction was 13.87 mg/ml.
Annotation: A was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

B was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

C was oxygraph tracing of CU 18-15 at concentration 1.01 X 10°mM

D was oxygraph tracing of CU 18-15 at concentration 2.02 X 10" ™

E was oxygraph tracing of CU 18-15 at concentration 3.04 X 10" M

F was oxygraph tracing of CU 18-15 at concentration 4.05 X 10" M
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Figure 19.

The rate of oxygen consumption of State 4 respiration by CU 18—14 and CU 18-15
with glutamate plus malate as substrates on isolated rat liver mitochondria. The reaction
composed of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI,'5.21 mM
g.lutamate +5.21 mM malate, 0.31 mM ADP + 0.62 mM Pi, 13.02 mM sucrose and 50 Lii of
mitochondrial suspension, and maintained at 37%. Control group using 10 LI of DMSO.
The total reaction was 1.7/ ml and the average protein concentration of the reaction by CU

18-14'and CU 18-15 was 13.30 and 13.87 mg/mi, respectively. Each point was the mean &

S.E. of n = 4.

Effect of State 4 respiration with gitamate plus malate
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The rate of oxygen consumption
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Table 1.

The rate of oxygen consumption of State 3 and State 4 respiration with glutamate

plus malate as substrates on isolated rat liver mitochondria by CU 18-14 and CU 18-15.

Fach value was mean = S.E. of n'= 4.

Concentration The rate of Oxygen Consumptior: (n atom O/min/mg protein)
of com pounds State 3 respiration tate 4 respiration
(Molar) CuU 18-14 CU 18-15 CU 18-14 Cu18-15

1.01x10° 1.96+0.20 1.54+0.05 0.40 +0.03 0.61 1 0.04
1.01x10° 1.93+0.16 1.29+0.05 0.65 1 0.06 0.89 = 0.05
1.01x10" Not found Not found 1.80+0.32 1444039
2.02x10™ Not found Not found 152 +0.09 . 113+034
3.04x10" Not found Not found 1.38 £0.09 1.12+0.10
4.05x10" Not found Not found 0.72 X 0.09 111 F0.07
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Control respiratory response with succinate on isolated rat liver mitochondria.

Figure .20.

The oxygraph tracing demonstrating the control respiratory response with s_ucoinate
as substrates on isolated rat liver mitochondria. The reaction. composed of 37.50 mM
HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 521 mM succinate, 0.31 mM ADP +
0.62 mM Pi, 13.02 mM sucrose and 50 [l of mitochondrial suspension, and maintained at
37°%. The total volume was 1.77 ml and the average protein concentration of the reaction

was 20.45 mg/ml. Every State was calculated as n atom O/min/mg protein.
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Effect of mitochondrial respiration with succinate as substrate by CU 18-14

Figure 21.
The oxygraph tracings demonstrating the effect of CU 18-14 at concentration

1.01x10° M to 4.05x10" M on mitochondrial oxygen consumption with succinate as
substrate. Every State was lcalculated asn atorﬁ O/min/mg protein. The reaction composed
of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM succinate,
0.31 mM ADP + 0.62 mM Pi, 13.02 mM sucrose and 50 LU of mitochondrial suspension,
and maintained at 37°c. The total volume was 1.77 mi and t.hev average protein
concentration of the reaction was 20.45 mg/ml. '
Annotation: A was oxygraph tracing of CU 18-14 at concentration 1.01 X 10° M

B was oxygraph tracing of CU 18-14 at concentration 1.01 X 10°M -

C was oxygraph tracing of CU 18-14 at concentration 1.01 X 10% M

D was oxygraph tracing of CU 18-14 at concentration 2.02 X 10° M

E was oxygraph tracing of CU 18-14 at concentration 3.04 X 10° M

F was oxygraph tracing of CU 18-14 at concentration 4.05 X 10" M
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Effect of mitochondrial respiration with succinate as substrate by CU 18-15

Figure 22.

The oxygraph tracings demonstrating the effect of CU 18-15 at concentration
1.01x10° M to 4.05x10" M on mitochondrial oxygen consumption with succinate as
substrate. Every State was calculated as n atom O/min/mg protein. The reaction composed

of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM succinate,

0.31 mM ADP + 0.62 mM Pi, 13.02 mM sucrose and 50 },U of mitochondrial suspension,

and maintained at 37_0.(3. The total volume was 1.77 ml and the average protein
concentration of the reaction was 15.40 mg/ml.
Annotation: A was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

B was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

C was oxygraph tracing of CU 18-15 at concentration 1.01 X 10" M

D was oxygraph tracing of CU 18-15 at concentration 2.02 X 10° M

E was oxygraph tracing of CU 18-15 at concentration 3.04 X 10" M

F was oxygraph tracing of CU 18-15 at concentration 4.05 X 10* M
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Effect of mitochondrial respiration with succinate as substrate

by CU 18-14 and CU 18-15

Figure 23.
The rate of oxygen consumption of State 4 respiration by CU 18-14 and CU 18-15

with succinate as substrate on isolated rat liver mitochondria. The reaction composed of
- 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM succinate, 0.31
mM ADP + 0.62 mM Pi, 13.02 mM sucrose and 50 M of mitochondrial suspension, and
maintained at 37°C. Control group using 10 Ll of DMSO. The total volume was 1.77 ml and

the average protein concentration of the reaction by CU 18-14 and CU 18-15 was 20.45

and 15.40 mg/ml, respectively. Each point was the mean = S.E. of n = 4.
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Table 2.
The rate of.oxygen consumption of State 3 and State 4 respiration with succinate as - -

substrate on isolated rat liver mitochondria by CU 18-14 and CU 18-15 (range 1.01x10° M

t0 4.05x10™ M). Each value was the mean = S.E. of n = 4.

Concentration The rate of Oxygen Consumption (n atom O/min/mg protein)
of compounds State 3 respiration - State 4 respiration E
(Molar) CU 18-14 CU 18-15 CU 18-14 CU18-15
1.01x10° 0.49 +0.11 0.82 £0.05 1.66 £ 0.57 3184018
1.01x10° 0.50 £ 0.07 0.82£0.13 1.50 +0.29 3.16 i._oof
1.01x10" Not found Not found 1.79+0.48 1.00+0.34
2.02x10" Not found Not found 118 +0.52 1.08 1054 :
3.04x10° Not found Not found 0.76 +0.34 0.83 +0.39
4.05x10" Not found Not found 0.69 + 0.26 0.60 £ 0.21
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Effect of DNP_stimulated respiration by CU 18-14

Figure 24.
The oxygraph tracings demonstrating the effect of CU 18-14 at concentration

1.01x10° M to 4.05x10° M on mitochondrial oxygen consumption with glutamate pluS
malate as substrates. Every State was calculated as n atom O/min/mg protein. The reaction
composed of 37.50 mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM

glutamate + 5.21 mM malate, 0.05 mM DNP, 13.02 mM sucrose and 50 LU of mitochondrial -

suspension, and maintained at 37°C. The total volume was 1.77 mi and the average protein
concentration of the reaction was 15.93 mg/mil.
Annctation: A was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

B was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

C was oxygraph tracing of CU 18-15 at concentration 1.01 X 107 M

D was oxygraph tracing of CU 18-15 at concentration 2.02 X 10" M

E was oxygraph tracing of CU 18-15 at concentration 3.04 X 10" M

F was oxygraph tracing of CU 18-15 at concentration 4.05 X 10° M
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Effect of DNP stimulated respiration by CU 18-15

Figure 25.
The oxygraph tracings demonstrating the effect of CU 18-15 at concentration

1.01x10° M to 4.05x10° M on mitochondrial oxygen consumption with glutamate plus
malate as substrates. Every State was calculated as n atom O/min/mg pfotein. The reaction
composed of 37.50 mM HEPES pbuffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCJ, 5.21 mM

glutamate + 5.217 mM malate, 0.05 mM DNP, 13.02 mM sucrose and 50 LI of mitochondrial |

suspension, and maintained at 37°c. The total volume chamber was 1.77 ‘ml and the
average protein concentration of the reaction was 16.34 mg/ml.
Annotation: A was oxygraph tracing of CU 18-15 at concentration 1.01 X 10° M

B was oxygraph tracing of CU 18-15 at concentration 1.0t X 10° M

C was oxygraph tracing of CU 18-15 at concentration 1.01 X 107 M

D was oxygraph tracing of CU 18-15 at concentration 2.02 X 10" M

E was oxygraph tracing of CU 18-15 at concentration 3.04 X 10’4 M

F was oxygraph tracing of CU 18-15 at concentration 4.05 X 10" M
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Figure 26.
The inhibition of State 3u respiration by Cu 18-14 and CU 18-15 with glutamate plus ~

malate as substrates on isolated rat liver mitochondria. The reaction composed of 37.50
mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM glutamafe + 521 mM
malate, 0.05 mM DNP, 13.02 mM sucrose and 50 M| of ‘mitochondrial suspension, and.
maintained at 37°C. Control group using 10 Ul of DMSO. The total volume was 1.77 ml and

the average protein concentration of the reaction was 16.34 mg/ml. Each point was the

mean £ S.E. ofn=4.
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Table 3.

The inhibition of State 3u respiration by Cu 18-14 and CU 18-15 with glutamate plus

malate as substrates on isolated rat liver mitochondria (n=4).

Concentration % Inhibition of State 3u respiration
" of compounds (mean * S.E)

(Motar) CU 18-14 CU 18-15
1.01x10° 7.16 +3.15 12.76 £ 9.66
1.01x10° 22.14+3.19 44.46 £ 5.76
1.01x10" 78.14 1 7.90 78.01 1 1.07
2.02x10" 91.81 £ 2.24 88.95+ 1.39
3.04x10" 93.84 +1.35 94.27 £ 1.23
4.05x10™ 94.15 % 1.46 94.89 & 0.24
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Table 4.

Concentrations causing 50% inhibition (ICy) in the rate of DNP stimulated

respiration with glutamate plus malate as substrate by CU 18-14 and CU 18-15 (n=4).

Tested Compounds ICq (M'ofar)

CU 18-14 215 X 10°

cU 18-15 132 X 10°
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Effects of CU 18-14 and CU 18-15 on ATPase activity.

Figure 27. _
Effects of CU 18-14 and CU 18-15 on ATPase activity of isolated rat liver

mitochondria. Composition of reaction system: 37.70 mM buffer pH 7.4, 1.88 mM MgCl,,
0.1 mM DNP, 10lg oligomycin, 13.02 mM sucrose and 150 [il of mitochondrial

suspension, and maintained at 37°C. Control group using 10 LI of DMSO. The total
reaction was 2.98 ml. The average mitochondrial protein was 17.31 mg/ml. In the present
studies the mitochondria were preincubated with tested compounds for 1 minute before

ATP were added. The reaction mixtures were further incubated for 10 minutes after ATP

addition. Each point represente'd a mean T S.E. of n = 4.



Each bar represented (A) DMSO

(B) DNP

(C) DNP +Qligomycin

(D) CU 18-14 at concentration 1.01 X 10 M

(E) CU 18-14 at concentration 3.04 X 10™ M

(F) CU 18-14 at concentration 3.04 X 10™ M + Oligomycin
(G) CU 18-15 at concentration 1.01 I>< 107 M

(H) CU 18-15 at concentration 3.04 X 10" M

(I) CU 18-15 at concentration 3.04 X 10™ M + Oligomycin

* p value(< 0.05 compared with DMSO

Piliberated from ATP (u moles/mg protein/10 mi
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Table 5.
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Effects of CU 18-14 and CU 18-15 on ATPase activity of_. isolated rat liver

mitochondria. Pi liberated concentration from ATP by CU 18-14 and CU 18-15. Each value

represented a mean = S.E. (n = 4).

* p value < 0.05 compared with DMSO

Compounds Pi liberate
(lmoles/mg protein/ 10 min)
DMSO 498 1£0.19
DNP 52.0773 £ 8.60 *

DNP + Oligomycin 6.04 +0.69

CU 18-14 (1.01x10°* M) 14,44 + 2.93

CU 18-14 (3.04x10™ M) 4413+3.13~
|cU 18-14 (3.04x10™ M) + Oligomyein 6.33+0.10
CU 18-15 (1.01x10" M) 8.36 1 1.34

CU 18-15 (3.04x10™* M) 16.12 £ 1.50
CU 18-15 (3.04x10™ M) + Oligomycin 4.89+0.11
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Effects of CU 18-14 on calcium stimulated respiration.

Figure 28.

Effects of CU 18-14 on calcium stimulated respiration by isolated rat liver
mitochondria with glutamate plus malate as substrates. The reaction composed of 37.50

mM HEPES buffer pH 7.4, 1.88 mM MgCl,, 86.25 mM KCI, 5.21 mM glutamate + 5.21 mM

malate, 0.42 mM CaCl,, 13.02 mM sucrose and 50 Ul of mitochondrial suspension,.and

maintained at 37°C. The total volume chamber was 1.77 ml and the average protein

concentration of the reaction was 18.17 mg/ml. Each point was the mean = S.E. of n =4.
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Table 6.

The rate of Oxygen Consumption of CU 18-14 and CU 18-15 on caicium stimulated

76

respiration by isolated rat liver mitochondria with glutamate plus malate as substrates. Each

value represented a mean £ S.E. of n = 4.

Concentratioﬂ Rate of Oxygen Consumption
{mM) (n atoms O/min/mg protein)
CU 18-14 | CU 18-15
CaCl, 280%0.15
1.01x10° 2.78 £0.37 2.80 £ 0.22
1.01x10° 2324037 2.39 +0.24
1.01x10" 2341027 1.18 £0.19
2.02x10" 0.98 £0.22 0.67 £ 0.15
3.04x10” 0.32+0.08 0.43 £ 0.06
4.05x10" 0.31 £0.08 0.39 £ 0.05
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Effect of CU 18-14 on monoamine oxidase activity.

Figure 29,
The inhibition of rat liver mitochondria MAO by CU 18-14 towards 100 LM tyramine,

100 UM 5-HTand 100 UM benzylamine as substrate. The reaction composed of 1.77 mf of

phosphate buffer pH 7.4 and 50 Al of mitochondrial suspension, and maintained at 37°C.

The average protein concentration of the reaction using tyramine, 5-HTand benzylamine

was 24.89, 27.69 and 31.81 mg/ml respectively. Each point was the mean £ S.E. of n = 4.
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Effect of CU 18-15 on monoamine oxidase activity.

Figure 30.
The inhibition of rat liver mitochondria MAO by CU 18-15 towards 100 UM tyramine,

100 UM 5-HTand 100 UM benzylamine as substrate. The reaction composed of 1.77 mf of

phosphate buffer pH 7.4 and 50 Ll of mitochondrial suspension, and maintained at 37°C.

The average protein concentration of the reaction using tyramine, 5-HTand benzylamine

was 16.44, 27.49 and 35.31 mg/ml respectively. Each point was the mean +SE ofn=4.
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Table 7.
The percent inhibition of MAO activity by CU 18-14 and CU 18-15. Each vaiue -

represented a mean £ S.E. of n = 4.

Concen % Inhibition (mean * S.E)

tration. "cu 18-14 cu 15_3'—15 B

(Molar) Tyramine 5—HT Benzylamine| Tyramine 5-HT Benzylamine
1.01x10° |31.67+10.14/74.09 + 5.64| 57.12 % 5.88 {30.52 £ 1.77[68.01 = 8.11] 66.97 + 5.82
1.01x10”° [42.39 +6.38|74.28 £ 4.73| 59.74 + 7.11 |40.43 £ 2.2068.27 + 7.11| 68.37 + 7.56
1.01x10™ [56.13 1 9.71(90.89 & 2.37| 73.07 £ 4.99 {70.45 + 7.64[82.95 + 7.64 88.70 £ 7.19
2.02x7 0" [74.17 + 5.83/89.62 £ 3.37| 99.04 +0.96 |72.15 F 0.36/90.36 + 6.74 100.00 + 0.00
3.04x10™ 95 56 + 4.44/98.78 + 3.61/100.00 + 0.00(78.89 + 9.53/96 88 * 3.13| 100,00 + 0.00
4.05x10™ |95.83 % 4.17/99.07 £ 0.93] 100.00 £ 0.00 [90.48111.66/99.38 + 4.61] 100.00 £ 0.00

Table 8.

Concentrations causing 50% inhibition (IC,,) in the rate of MAO activity by CU 18-14

and CU 18-15 (n=4).

Tested Tyramine 5-HT Benzylamine Ratio
compounds | as substrate as substrate as substrate MAO-A (IC,,)
And MAOQOls ICyy (M) [Cqpy (M) ICqp (M) MAO-8 (ICg)
CU18-14 | 966 X10° 6.30 X10” 1.44 X10? 4.38 X10°
CU 18-15 1.18 X10° 260 X10° 7.96 x10° 3.27 X10°




CHAPTER V

DISCUSSION

The purpose of this study was to identify the effects of new N-heptanoyl, nitro-m- '

methoxy anilide derivatives, which are N-heptanoyl-3-methoxy-4-nitro anilide (CU 18-14)
and N-heptanoyl-2-nitro-5-methoxy anilide (CU 18-15), on isolated rat fiver mitochondrial

functions. The findings were divided into four major parts.

Part I: Effects of CU 18-14 and CU 18-15 on oxidative phosphorylation of isolated rat liver

mitochondria.

The effect of CU 18-14 and CU 18-15 on isolated rat liver mitochondrial respiration
were investigated with glutamate plus malate as substrates. Both CU 18-14 and CU 18-15
showed the uncoupling effect by stimulating State 4 respiration, but th higher concentration
(more than 3.04 X 10 M), the compounds inhibited both State 3 and State 4 respiration
(Figure 19 and Table1). |

When using succinate as subsirate similar result was obtained as shown in Figure
23 and Table 4. These results suggested that CU 18-14 and CU 18-15 acted as uncoupling
agents like DNP, which is the classical uncoupler (Wallace et al., 2000).

CU 18-14 and CU 18-15 were found to inhibit DNP stimulated respiration in a
concentration manner (Figure 25), and the IC,, by CU 18-14 (2.15 X 10° M) was close to
Cu 18-15 (1.32 X 10° M) (Table 6). The detail of mechanism of uncoupling effects and the

interaction with DNP need further investigation.

Part Il. Effects of CU 18-14 and CU 18-15 on ATPase activity of isolated rat liver

mitochondria.

In the present study the effect of CU 18-‘:4 and CU 18-15 on ATPase activity of
isofated rat liver mitochondria was expressed in according to inorganic phosphate liberated
.from ATP hydrolysis. The classical uncoupler, DNP, stimufated mitochondrial ATPase
activity that produced Pi from ATP hydrolysis (Cambell, 1995; Lehninger et al., 2000;
Garrett and Grisham, 2002). CU 18-14 and CU 18-15 showed stimulation effect on ATPase
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activity with different potency. CU 18-14 had stronger effect on ATPase stimulation than CU
18-15, however, both compounds might have a weak stimulation-on mitochondrial ATPase,
especialty CU 18-15 (Figure 27 and Table 7).

Furthermore, both stimulation effect of DNP were inhibited by oligomycin, which
inhibited mitochondrial ATPase induced by uncoupler or detergents (Lardy, 1981). Effect of |
activated ATPase activity by high concentration of CU 18-14 and CU 18-15 were also
inhibited by oligomycin, which were similar to DNP. These showed that DNP and tested

compounds might have similar mechanism on stimulation of ATPase activity.

Part lll: Effects of CU 18-14 and CU 18-15 on calcium stimulated respiration of isolated rat

liver mitochondria.

The result of the present study that both of CU 18-14 and CU 18-15 could slow the
calcium stimulated respiration of isolated rat liver mitochondria (Figure 28 and Table 8).
Mitochondria calcium transport is driven by membrane potential (McCormack et al 1930).
This may be partly explained by the uncoupling effect and stimulation of mitochondrial.
ATPase to collapse membrane potential of the inner membrane. The inhibition of calcium
transport into mitochondria may cause increasing the calcium in cytoplasm. The

consequence effect may lead to changes in the cellular activity.

Part 1V: Effects of CU 18-14 and CU 18-15 on monoamine oxidase activity of isoiated rat

liver mitochondria.

The inhibitory potencies of these derivatives on MAQO activity using different kinds of
substrate were studied. There are at least two types of MAO iscenzyme, MAO-A and MAO-
B (Johnston, 1968). MAO-A and MAO-B oxidized tyramine whereas 5-HT and benzylamine.
are selectively oxidized by MAO-A énd MAO-B, respectively {(Neff and Yang, 1974). Both
CU 18-14 and CU 18-15 showed the inhibitory effect on MAQO activity in Table 9. However,
the comparison of the concentration Causing 50% inhibitory ratio of substrate for MAO-A
and MAO-B, the ratio of IC,, for 5-HT/ IC,, for benzylamine of CU 18-14 is 4.38 X 10° and
CU 18-15 is 3.27 X 107 (Table 10). This indicated that CU 18-14 is preferred to inhibit

MAQO-A more than MAO-B.
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Regarding to structure-activity relationship, the molecular structures of N-heptanoyl-
3-methoxy-4-nitro anilide (CU 18-14) was simifar to N-heptanoyl-2-nitro-5-methoxy anilide’
(CU 18-15), but were different in the position of nitfo group (-NO,) substitution on aniline
ring,-which link to meta-methoxy group (m-OCH,). CU 18-14 has para-nitro group (p-NO,)
and CU 18-15 has orthro-nitro group (0-NO,). Hence the effect on mitochondria function of
CU 18-14 and CU 18-15 were different regarding to the MAQC inhibitory effect. CU 18-14 is
preferred to inhibit MAO-A more than MAO-B.

From the results of N-heptanoyl, nitro-m-methoxy anilide derivatives, CU 18-14 and
CU 18-15 showed that both compounds are mitochondrial uncoupler. However; CU 18-14
showed more selective MAO-A than MAO-B and the IC,, for MAO-A is low coﬁcentration
(6.30 X 10”7 M). This result is particular interesting for further investigation on its
antidepressant effect. The chemical modification and other detail information of these

compounds regarding toxicity and other pharmacological action are needed for further

investigation.



CHAPTER Vi

CONCLUSIONS

N-heptanoyl-3-methoxy-4-nitro  anilide (CU 18-14) and N-heptanoyl-2-nitro-5-

methoxy anilide (CU 18-15) affected the following mitochondrial functions

1.

CU 18-14 and CU 18-15 acted as the uncoupling agents on oxidative phosphorylation
of isclated rat liver mitochondria and CU 18-14 stimulated State 4 respiration more than
Cu 18-15.

CU 18-14 and CU 18-15 inhibited DNP stimulated respiration of isolated rat liver
mitochondria with a similar potency.

CU 18-14 and CU .18-15 stimulated ATPase activity of isoiatéd rat liver mitochondria

similar to DNP and the effect was inhibited by oligomycin. CU 18-14 had stronger

_ stimulation effects on ATPase than CU 18-15.

CU 18-14 and CU 18-15 slowed the calcium stimulated respiration of isolated rat liver
mitochondria
CU 18-14 and CU 18-15 inhibited both MAC-A and MAO-B activity. CU 18-14 more

preferentially inhibited MAO-A than did CU 18-15.
Results from this study demonstrated that CU 18-14 and CU 18-15 affected

mitochondrial function, especially oxidative phophorylation via the uncoupling effects. This

may be accounted as on adverse effect of these compounds on cellular activity and

integrity due to the deprivation of ATP. However, the selective inhibitory effects of CU 18-14

on monoamine oxidase t A was an advantageous characteristic which was potentiall
Y

developed to be a new antidepressant.
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