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1-1 Biomedical I norganic Chemistry:

Metal ions are essential to life (plant and animihls has long been
recognized although their role is uncertain in mamages. The list of
essential" trace elements" has grown steadily theegears, as has the list
of biological functions in which metals are knownlie involved. Only
recently we have begun to understand the structhnehistry operating at
the biological sites where metal ions are fdindhese metals include
most the first row transition metals but only malgimum and perhaps
tungsten from the heavier transition metals areomgmt in mammalian
biochemistr{?.

Inorganic Compounds play crucial roles in biologicand
biomedical processes, and it is evident that maggroc compounds used
in medicine do not have a purely organic mode dfoac some are
activated or biotransformed by metal ions includngtalloenzymes, other
have director indirect effect on metal ion metasuf?.

Bioinorganic chemistry is a rapidly developing diehnd there is
enormous potential for applications in medicinet ooly for the 24
essential elements (H, C, N, O, F, Na, Mg, Si, FCISK, Ca, V, Mn, Fe,
Co, Ni, Cu, Zn, Se, Mo, Sn, and I) and also for essential and even
radioactive elemenrita

Biomedical inorganic chemistry (elemental medicine an
important new area of biochemistry. The elementmedlical importance
(Pd, Pt, Cu, and Au) offer the potential for thesida of novel therapeutic
and diagnosis agents and hence for the treatmehtuaderstanding of

diseases which are currently intract&tle
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The use of metals in drug design provides new dppities in the
development of new generation antitumor drugs. Trge number of
metals available, combined with access to a ranfjecomrdination
geometries and types of complexes, and the alnmbstite number of
organic ligands that may be coordinated to the metatre, provides
access to a huge number of metal complexes thddl d®uscreened for
activity®.

The important of metal ions to the vital functiafdiving organism,
hence their health and well being has become isurgly apparent. As a
result, the long — neglected field of “bioinorgarsbemistry” is now

developing at a rapid pdte

1-2 Chemotherapy:

Chemotherapy may be defined as the use of chemgailts in the
treatment of diseases. Chemicals, that employed referred to be
chemotherapeutic agents, the most essential featofe good
chemotherapeutic agents must show a high degreselettive toxicity
towards a microorganism, so that, it can be givesufficient doses to
inhibit or kill the microorganism throughout thedyowithout harming the
body cell§ .

Chemotherapy is an important method of anti-turherdpy, including
platinum compounds, in particular, cisplatin, is thrug of choice in the

treatment of the majority of solid tuni®r

1-3 New Metal Complexes as Potential Therapeutics:

The key areas in the design of active compoundshaeontrol of
toxicity (side-effect) and targeting of the metalgpecific tissues, organs,
or cells where activity is needed. The toxicityaof element will depend on
the element itself, its oxidation state, and theéumsa and number of

coordinated ligands, as well as on the dose, médaministration, and
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biochemical status of the host. Moreover the eftdcone element may
depend on the presence or availability of anéther

Designing ligands that will interact with free aiofein-bound metal

lons is also a recent focus of medicinal inorgaemgearch. For example,
chelating ligands for copper and zinc are beingstigated as a potential
treatment for Al-Zheimes diseas®.

Developing metal complexes as drugs, however, isnaasy task.
Accumulation of metal ions in the body can leadd&deterious effects.
Thus biodistribution and clearance of the metal glem as well as its
pharmacological specificity are to be considereakdrfable physiological
responses of the candidate drugs need to be demaasbyin vitro study
with targeted biomolecules and tissues as walh &s/0 investigation with
xenografts and animal models before they enteicelitrials®.

A mechanistic understanding of how metal compleagseve their

activities is crucial to their clinical success, wsll as to the rational

design of new compounds with improved potéficy

1-3-1 Platinum Complexes:

The many activities of metal ions in biology hauwansilated the
development of metal-based therapeutics. Cisplatin
[cisdiamminedichloroplatinum (I1)] Figure {1), as one of the leading
metal-based drugs, is widely used in treatmentater, being especially

effective against genitourinary tumors such asidelstr with 90% cure
rate®.

H3N\ /CI
Pt
/ "\
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H

Figure (1-1): Cisplatin [cis-diamminedichloroplatinum (I1)] ©
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Cisplatin enters cells by passive diffusion andoalas recently
discovered, by active transport mediated by thepeppransporter in yeast
and mammals. The cytotoxicity of Cisplatin origestfrom its binding to
DNA and the formation of covalent cross-links. Himgl of cisplatin to
DNA causes significant distortion of helical st and results in
inhibition of DNA replication and transcriptih

The clinical success of cisplatin is limited byrsfgcant side effects
and acquired or intrinsic resistance.

Drug Resistance:

The development of cellular resistance after pgéahtreatment with
cisplatin can be a problem in the clinic. The magsistance mechanisms
ard”:

()  reduced transport across the cell membrane (pt pdropt via

transmembrane p-glycoprotein),

(i)  formation of unreactive adducts with thiol liganad$ the

tripeptide glutathione and the protein metallotkeion and

(i)  repair of DNA damage by excision-repair enzymes.

Cisplatin is administered to cancer patients irgreously as a sterile
saline solution (that is, containing salt—specificasodium chloride).
Once cisplatin is in the bloodstream, it remainsah due the relatively
high concentration of chloride ions (~100 mM). Tineutral compound
then enters the cell by either passive diffusioaaiive uptake by the cell.
Inside the cell, the neutral cisplatin molecule emgydes hydrolysis, in
which a chloride ligand is replaced by a molecuiavater, generating a
positively charged species, as shown below andguar€ (1-2) Hydrolysis
occurs inside the cell due to a much lower conediotn of chloride ion

(~3-20 mM)—and therefore a higher concentratiowatef®.
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+
inside the cell: Pt"(NHz),Cl, + H,0 —»[Pt ”(NHs)ZCI(HZO)] +cl”

+ 2+
[Pt (NH)CIH0) | + g0 ——= [PUNHD(H,0); |

+ Cl

N

mitochondria

H3N NHg
Figure (1-2): The cellular uptake of cisplatin andits targets’®.

As seen in Figure (1-2), once inside the cell, letap has a number
of possible targets: DNA; RNA; sulfur-containing zgmes such as
metallothionein and glutathione; and mitochondfiae effects of DNA on
mitochondria are not well understood, but it is gble that damage to
mitochondrial DNA resulting from cisplatin treatnterontributes to cell
death. The interaction of cisplatin with sulfur-t@mning enzymes is better
understood and is believed to be involved in resse of cells to
cisplatin”.

Therefore, much attention has focused on designaw platinum
compounds with improved pharmacological properies a broader range
of antitumor activity. Several platinum complexegufe (£3) “© are
currently in clinical trials, but these new commexhave not yet

demonstrated significant advantages over cisptatin
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Oxaliplatin has been approved for clinical use urdpe, China and,
for colorectal cancer, the United States. Stratedoe developing new
platinum anticancer agents include the incorpomnatibcarrier groups that
can target tumor cells with high specificity. Alebinterest is to develop
platinum complexes that bind to DNA in a fundaméyntdifferent manner
than cisplatin in an attempt to overcome the rastst pathways that have
evolved to eliminate the drug. These complexes prayide a broader

spectrum of antitumor activif)).

H,
N\ /O H3N 0—-=cC HaN (o] ©
Pt N N
VRN SN &
"'///H2 o] H3N O_ﬁ 7N

oxaliplatin Carboplatin Nedaplatin

Figure (1-3): Platinum (Il) complexes in worldwideclinical use, oxaliplatin (left),

carboplatin (middle) and Nedaplatin (right)®?.

1-3-2 Palladium Complexes:

Pd (II) complexes are usually isostructural wittogh of Pt (ll).
However, substitution reactions are much more r#path those of Pt (lI)
(ca x 10 - 10 times) and so, with some exceptions, they tenahttergo
side reactions before reaching the DNA tdfyet

Following the discovery of Cisplatin, metal compexderived from
a range of metals, have been shown to have anéicautivity. Metal
complexes of gold, iron, ruthenium, rhodium, irichupalladium, and tin
have shown some promising antitumor activity buvehaot yet been
introduced into clinical trials. These metal conxgle, along with many
others, have been screened in eitirewitro studies orin vivo studies
Figure (14)*Y.
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Periodic Table of Elements
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Magenta: Complexes of these metals have entered nitial trials for their antitumor
activity
Red: Complexes of these metals show antitumor aciy in vitro or/and in

Vivo

Green: Metallocene complexes of these metals shopogadic antitumor activity in vivo
Blue: Metallocene complexes of these metals show aotitumor activity in vivo

* Cisplatin is widely used in chemotherapy treatmets

Figure (1-4): Periodic table of elements showing ne&s derived from active

antitumour complexes™™.

1-3-3 Gold Complexes:

Metallic gold is quite inert, not reacting with aygn or sulfur at any
temperature; for this reason, it is consideredetohle most noble of all the
metals. It has the lowest oxidation potential oy ametal; therefore, the
preparation of positive oxidation state gold compkerequires a relatively
strong oxidizing agente(@. Fe (lll) and a good ligand for gole.¢.Cl").
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Despite the low reactivity of metallic gold, a larqaumber of gold

complexes have been successfully prep&ted

1-3-3-1 History of Gold as a Therapeutic Agent:

The earliest recorded medicinal use of gold wasth®y Chinese
around 2500 BC.

In 1890, Robert Koch reported that potassium awaoice,
KAU(CN),, inhibited the growth ofTubercle bacilli, the organism
responsible for tuberculosis, which at that timesvedso known as the
‘white plague This gave a biological basis for gold treatmentd a
stimulated many studi€8.

Potassium aurocyanide was too toxic for clinicsd,uwhich is not
surprising for a compound of cyanide, but over trext thirty years,
several gold(l) thiolates were introduced for treatment of tuberculosis;
the period from 1925-1935 has been called the “gdé&tade” in
tuberculosis treatment. In the late 1920s, Dr.Kdeamand Dr.J.Forestier,
because of a belief that rheumatoid arthritis @h@onic infectious disease
like tuberculosis, independently introduced gold¢bmplexes for the
treatment of arthrit/&” .

Recently new gold containing drugs have been pegpand tested
as antineoplastic agents.

A series of square planer gold (lll) complexes hHa@en synthesized
by Calamaiet. al., all containing at least two gold chloride bondscis
position and tested their activityn vitro cytotoxicity on a panel of

established human tumor cell It
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1-3-3-2 Gold (I11):

This is a very common and relatively stable oxmatstate for gold.

Gold (1) complexes are diamagnetic and most h&veoordinate square
— planar stereo chemistry with a low spirf tectron configurations. The
most common example of a gold (IIl) complex, [AClis easily prepared
by dissolving gold metal in aqua regia, and isghecursor of most other
gold complexes.

Five coordinate gold (lll) complexes are rare butew they are
found, they have a square pyramidal or a distogdgdare pyramidal
geometry. The neutral Ayks rare examples of gold (lll) compound in
which the gold atoms are 6- coordinate in its @lystructuré'?. There are
two criteria which can be followed to stabilized Al) complexes these
are (i) the ligand should have more than one datmm (multidentate) and
(i) contain two nitrogen atoms. These two critefgere previously
reported to enhance the stability of Au (lll) coewes under physiological

condition®.

1-3-3-3 Overview of Gold Drugs.

The chemical formulae of a number of gold thiol pdexes, which
are presently being used or have been used forcmatiipurposes, are
shown in Figure (b). Each of these are gold (I) thiol complexeshwtite
exception of aurol sulfide, for which the commonhgpresented
stoichiometry indicates a +lIl oxidation state fmld, though, it is not well
characterized.
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Figure (1-5):Some representative gold (1) thiol coplexes of medicinal interest: (a)
gold sodium thiomalate (GST;Myochrysine; Marketed n Britain, the united states
(USA) and Canada) ; (b) gold B-D thioglucose (Solgal;marketed in the USA) ;
(C) gold sodium thiosulfate (Sanochrysine; marketedh Europe) ; (d) gold Sodium
3- thio —2- propanol —1-Sulfonate (Allochrysine; Maketed in Europe) ; (e) gold
Sodium 4- amino —-2- Mercapto benzoate (Krysolgan; at currently used in

medicine) ; (F) gold sulfide (Aurol Sulfide; not curently used in medicinef.

Messori et.al.™ and Buckleyet.al.*> used en,dien and damp as
multidentate nitrogen-containing ligands to prepgodd (llI) complex,
which were found to be active against human cacedrlines. Also a
recentin vitro cytotoxicity study demonstrated promising activitly two

gold(lll)  complexes with  bipyridyl ligands, (dihyokxy(2,2'-

Yo
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bipyridyl)gold(lll)ion)[Au(bipy)-(OH),JPFs and [Au(bipy-H)(OH)]Pk
Figure (1-6) and (1-7f.

7\ =\ |

N N
AN
HO OH

Figure (1-6): The structure of (dihydroxy(2,2'-bipyridyl) gold (I11) ion) [Au(bipy)
(OH)]PFe™®.
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Figure (1-7): The structure of [Au(bipy-H)(OH)]PF¢*®.

1-3-3-4 I n Vivo Chemistry of Gold Drugs

Metabolism of Gold Complexes

Most pharmacological gold studies have been coerduatith
Myochrysine (Fig 1.5-a); however, because all & gold drugs have
many common effects, common metabolites may medlee in vivo
chemistry*?.

Myochrysine is absorbed quickly after its intramulac injection
and maximal plasma gold levels are attained afteap@s. Peak plasma
concentrations of gold during long-term treatmeithwlyochrysine vary
greatly between patients but are approximately 8_nag) 50 mg/week of
the drug. Most of the circulating gold is boundgtasma proteins, with the
highest concentrations in the albumin fraction. Tegor plasma species is

AR
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thought to have the general formula aloumin —S4Aott where the thiol
iIs an endogenous compound such as glutathione steiog. Gold
accumulates in the liver, spleen and kidneys amditflamed joints of
arthritic patient contain more than twice as muold@s healthy joints. It
was assumed that vivo gold remains in the Au () state; however, recent
work provides evidence that oxidation to Au (llI$ &lso possible.
Elimination of gold from the body occurs mainly hyinary and faucal

excretion and elimination rates vary greatly betwpatients?.

1-3-3-5 Mechanism of Action?:

Since rheumatoid arthritis is an inflammatory desssasome of the
cells involved in the disease pathogenesis are hgeytes, macrophages,
plasma cells, leucocytes and platelets. Many ssuldaa’e shown that gold
complexes interact with these cells botlvitro andin vivo.

A proposed theory known as the “aurocyanide hymitiie
According to the aurocyanide hypothesis, the cafl@lffects of the gold
drugs is that cyanide, produced by activated polpmonuclear
leucocytes, reacts with the complexes to producecganide, [Au(CNy,
which has been shown to inhibit the oxidative bofgpbolymorphonuclear
leucocytes and thus may slow the progression afmagoid arthritis .

Aurocyanide has also been shown to be the probalglent
responsible for the uptake of gold by red bloodscahd this is consistent
with the significant increase of the level of gahdthe red blood cells of
smokers. That aurocyanide is a common metaboliteffeirent gold drugs
was confirmed and evidence for a “sulfhydryl sleittmechanism for
uptake of aurocyanide by red blood cells was réggmesented. A crystal
structure of an aurocyanide complex with human @aid anhydrase |
enzyme reported and it lends support to the pddgilmf aurocyanide

acting as an enzyme inhibitor.

VY
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1-3-4 Copper Complexes:
1-3-4-1 Biochemistry of Copper:

The most common complexes in the human body ateofl@pper,
its ratio is about 2.1-4mg/Kg of body weight. limgportant because all the
tissues need it in the ordinary metabolic proc€sgper is stored inside
the liver and released in the form of complex obtemns called
(ceruloplasmir}”.

Copper is the important key for the making of thetalloenzymes
that contribute to melanin formation and very intpat in the process of
hemopiosis and maintains the structure of the \&saeeries and muscles.
Copper plays an important role in the action of/nes systefm”.

Tranexamic acid (Trans-4-aminomethylcyclohexanerbaaylic
acid-GH1sNO,) is the drevitive of amino acid lysine. This dragibits the
proteolytic activity of plasmin and the conversioh plasminogen to
plasmin by plasminogen activators. It is used ftg antiplasminic,
hemostatic, antiallergic and anti-inflammatory wities™®.
1-3-4-2 Copper Anticancer Agents:

The literature which deal with the copper-contapnin
chemotherapeutic agents are very rare, later a euoflstudies have been
reported which show the potency of various coppemplexes as
antineoplastic agents. Arerghal. investigated the cytotoxicity of some
copper (Il) compounds against the mouse cancetice|lMurine, human
KB cells, and fibroblasts. All the studied coppH) §ystems tested were
shown to have pronounced toxicity against transéaintells and a
cytostatic effects against untransformed cells,hiteman fibroblasts, they
found also, thain vitro condition copper (ll) is essentially present asedix
complexes formed with the amino acids of the celtumedium, [cu
(glutamine)(histidine)] being the main species.wlias found that the
cytotoxic activity is related to the amount of cepfll) contained in the
tested compound$.

VY
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1-4 Schiff Bases:

During the past two decades, considerable attehtsrbeen paid to

the chemistry of the metal complexes of SB contgmitrogen and other
donors. This may be attributed to their stabilibyplogical activity and

potential application in many fields such as oxmiat catalysis,

electrochemistry, ef®.

The term "Schiff bases" (SB) was firstly |used téroethose organic
compounds which contain the functional group —CstNese Schiff bases
have several names: Anils, Imines, Azomethines, zBeis, and
benzylideneaniline. Schiff bases were firstly prepgaby Schiff in 1864,
from simple condensation reaction of aldehyde dokes with primary
amines and for this reason; these imines weredcc&lehiff bases".

In the first stage of the reaction the amine adutethe carbonyl
group to give a species known as carbinolamine.Ofwened the
carbinolamine undergoes dehydration to yield thedpct of the reaction,
an N-alkyl-or-N-aryl substituted Schiff base (imjres illustrated by the

following schemg®?")

(6] OH NR™
| | Addition | Elimination | | .
R—C—R’ + R"—NH, =———= R |C—R‘ ————————= R—C—R + H0
H—N—R"
aldehyde or primary carbinolamine Schiff base water
ketone amine

Scheme (1-1): General preparation steps for the pparation of Schiff bases??,

Later years have withessed a great deal of iriterélse synthesis
and characterization of transition metal complec@#aining SB as a
ligand, due to their important as catalysts for yn@actions. Staab
prepared SB by removing water which is formed bydsmsation of
aldehyde with the amine by refluxing it in benzanel then residual

solution is distilled under vacuti.

)¢
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Kuhn also prepared SB, which are derived from kescand primary
amines, through preparation of silver iodide comesefrom these bases
with a few changes. Also these bases can be pikdayereflux of
equimolar quantities of aldehyde or ketones witlnanor by slow melting
for 10 min and then isolation and purifying the qlwot by recristalization,
or sublimation under reduced presstite

Pokhariyal and Sharrffd prepared complexes of Rh (lIl) and Pt
(IV) with the SB, N-4-methylphenacylidene anthramdécid (MPAA) and
N-4-methylphenacylidene-o-amino-phenol (MPAP) hbgen isolated and
assigned octahedral structures on the basis ofytaoed) magnetic
susceptibility, electronic and ir spectral dataedionic spectral studies
indicated that the ligand field bands observed®br(lll) complexes were
analogous to those observed in Pt (IV) complexes.

The imino nitrogen atom in monodentate SB is cowthd to metal
ion. Also bidentate SB have been among those teagxdensively used in
preparing metal complexes; these ligands are destiaccording to their
donor set, e.g. N, N-donor Schiff bases and N, @ed&chiff bases.

Tridentate SB may be generally considered as dérivem the
bidentate analogues by adding another donor grdupse have been
utilized as anionic ligands having (N, N, 8% (N, O, 0% (N, N,
SY* and (N, S, 3 donor sets.

Tetradentate SB with a N, donor atom set is well known to
coordinate with various metal ions, and this hdasetted many authors.
Complexes of SB ligands have been studies for thiereygen uptake and
oxidative catalysis. Also complexes of transitioatats (1), which involve
derivatives of salicyldhyde and diamine, have gotteonsiderable
attentior?®>?)

\o
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1-4-1 Schiff bases as Ligandsin Biologically | mportant Complexes:

B and metal complexes have received a great deailtehtion
during the last years to prepare new sets of thases and their transition
metal complexes. These complexes have proven mtieimor and have
carcinostatic activity”. Many metal complexes have been prepared that
contain SB, in their structure because of theircefficy against cancer,
like leukemi&®.

The biological activity of SB is attributed to thermation of stable
chelates with transition metals presents in ckélytare known to exhibit a
wide variety of pharmacological properfé8®Such as anti-
inflammatory, antimalarial, antithelamentic, antalj antifungal, Table
(1-1)@Y,

1
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Table (1-1): Some types of schiff bases and theirdiogical activities"

No. Structure of Schiff base Donor atomg Donor type Biological
Activity
1
/ \ /CH3 N Monodentate Antifungal
N=C N
— \
N CHs
2 OH
B=N—R
=N— N . .
N O Bidentate Antifungal
R = ph y 2‘MeCGH4 , 3'C6H4
4-MeCgHy
HX
3 L
OH //c NH,
//N—N b Al
C\ ONS/ONN Tridentate Antibacteria
R
R=H,H, Me, Me
X=S,0,S,0
4 R OH ﬁ
N—NH-C—NHph
4 Antibacterial
C\ ONO Tridentate : '
R
R=H,H, OCH,
R'=H,CHj3,H
5 FWW
——N N=—
OH HO . .
ONNO Quadridentate Antifungal
R R
R=H, OMe
W= (CH2)2 , (CHMeCHz) , (CH2)4

\RY%
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1-5 Glutathione:

Living cells defend themselves from toxicants/xanbbs present in
the environment through biotransformation of thes@pounds to
relatively non-toxic metabolites and their subseq@dimination through

transport mechanisii.

Glutathione and its S-transferase enzyme (GSTg) ®leentral role
in the detoxification of exogenous as well as thdagienous electrophiles
which can alkylate cellular DNA and proteins leagiio cellular
dysfunction and toxicit§®.

1-5-1 Structure and Function of Glutathione:

Glutathione (GSH, y-glutamylcysteinylglycine) is the major
intracellular low-molecular weight sulfhydryl comyad in animals, plants
and in most microorganisfig.

Glutathione exists in the thiol-reduced (GSH) amlfideoxidized
(GSSG) forms Figure (8)“Y. Eukaryotic cells have three major reservoirs
of GSH. Almost 90% of cellular GSH are in the cytipsl0% in the
mitochondria, and a small percentage in the engaptareticulum. In the
endoplasmic reticulum, where GSH is implicated not@in disulfide bond
formation, the GSH to GSSG ratio is 3:1. In the opjaism and
mitochondria, ratios exceed 10:1. Cytosolic GSkhmrat liver turns over
rapidly with a half-life of 2—3 $i°.

YA
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Glutamate @NH3
i ©
ATP Cysteine OOC——CH
ADP + Pi C|3Hz TOO
Y-Glutaamylcysteine THZ C|:H2
. 0o—CcC NH
ATP Glycine | |
NH c—o0
ADP + Pi | |
CH——CH,—S——S——CH
s |
| o—cC NH
o} CH, O | |
| | W 7—°
C——NH—CH C NH——CH, | |
| o CH, CH,
CH, CoO | S, |
| COO0 CH,
CH, S
| HC——COO0
CH——NH;  Glutathione Glutathione disulfide (GSSG) |
NH;
C)
Cco0
Syntheis of glutathione GSH Structure of GSSG

Figure (1-8): Glutathione synthesis and form$™.

The y-glutamyl linkage promotes intracellular stabilignd the
sulfhydryl group is required for GSH’s functiongkre (19). The peptide
bond linking the amino-terminal glutamate and tlysteine residue of
GSH is through they-carboxyl group of glutamate rather than the
conventional a-carboxyl group. This wunusual arrangement resists
degradation by intracellular peptidases and isesaldp hydrolysis by only
one known enzymey-glutamyltranspeptidase (GGT), which is on the
external surfaces of certain cell types. Furtheemtre carboxyl-terminal
glycine moiety of GSH protects the molecule agaiocktavage by
intracellular y-glutamylcyclotransferase. As a consequence, GSitse

intracellular degradation and is only metabolizettazellulary*.

14
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o HoN

N

C——CH—CH,——CH,—C
Hoo

|
o]

Y-carboxyl
linkage

Y-glutamyl cysteinyl glycine

Figure (1-9): The structure of glutathione, g-glutanylcysteinylglycine. The amino-
terminal glutamate and cysteine are linked by they-carboxyl group of

glutamate“?.

The key functional element of the GSH moleculehis tysteinyl
moiety, which provides the reactive thiol group amdesponsibléor the
many functions of GS¥, including
1) Detoxifying electrophiles.

2) Maintaining the essential thiol status of proteibg preventing
oxidation of -SH groups or by reducing disulfidends induced by oxidant
stress.

3) Scavenging free radicals;

4) Providing a reservoir for cysteine.

5) Modulating critical cellular processes such &Asynthesis.

GSH bindsendogenous metals, such as copper, selenium, anrgrand
zinc, via nonenzymatic reactions. It also forms metal plexes via
nonenzymatic reactions .GSH is one of the mostatégsand pervasive
metal binding ligands and plays an important ralemetal transport,
storage, and metabolism“d5

(a) In the mobilization andelivery of metals between ligands,
(b) In the transport of metatross cell membranes,
(c) As a source of cysteine for metal binding,

(d) as a reductant or cofactor in redox reactionslhnrg metals.
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1-5-2 Examples of Detoxifying Functions of GSH:

GSH plays a major role in detoxifying many reactmetabolites by
either spontaneous conjugation or by a reactioalyzdby the GSH S-
transferasé$).GSH S-transferases have broad and overlapnibgtrate
specificities, which allow them to participate inetdetoxification of a
chemically diverse group of compounds. Thest common reactions
involve nucleophilic attack by GSH on alectrophilic carbon: saturated
carbon atoms (e.g., alkyl haliddactones and epoxides), unsaturated
carbon atoms (e.g., «f-unsaturatedcompounds, quinones and
guinonimines, and esters), or aromatcbon atoms (e.g., aryl halides and
aryl nitro compounds). The substrates have in comraodegree of
hydrophobicityand possess electrophilic centers that undergeaophbllic
substitutionnucleophilic addition ta, F-unsaturated ketones or epoxides
or, in the case of hydroperoxides, nucleophiliackton electrophilic
oxygen, resulting in reducti&f}.

Detoxification of xenobiotics or their metabolitesone of the major
functions of GSH. These compounds are electrophitelsform conjugates
with GSH either spontaneously or enzymaticallyaaations catalyzed by
GSH S-transferase. The conjugates formed are ysetireted from the
cell and, in the case of hepatocytes, into bilee Tiretabolism of GSH
conjugates begins with cleavage of fhglutamyl moiety by GGT, leaving
a cysteinyl-glycine conjugate. The cysteinyl- gheibond is cleaved by
dipeptidase, resulting in a cysteinyl conjugateisTis followed by N-
acetylation of the cysteine conjugate, forming aaapturic acid Figure
(1-10). The metabolism of GSH conjugates to mercaptadid begins
either in the biliary tree, intestine, or kidnewtlthe formation of the N-
acetylcysteine conjugate usually occurs in the éydnin addition to
exogenous compounds, many endogenously formed aompoalso
follow similar metabolic pathways. Some exampledude estradiol-17-b,

leukotrienes, and prostaglandins. Although the nitgjof the conjugation
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reactions to GSH result in detoxification of thenpmund, occasionally the
product itself is highly reactive. One such examgpline GSH conjugate of

dibromoethane. GSH conjugation irreversibly conssimetracellular
GSH*,

GSH S-transferase

X + Y-Glu—CySH-Gly > V=Glu—CyS —Gly
I
X
Y—glutamyltranspeptidase Dipenti
AL > Cys—Gly —peptdase _ o5
— Y-Glu | —Gly
X
N-acetylase

» N-acetyl —CyS——X (mercapturic acid)

Figure (1-10): The mercapturic pathway“°.

Glutathione has been shown to form metal complex#s various
metal ions ,and, in particular, its thiolate sultom has a high affinity for
'soft’ and border-line metal ions resulting in tfeemation of GS-M
complexes; these metals include Cu(l), Au(l), Hg@b(lll) and Bi(l11Y**
*9). Perturbations to glutathione (GSH) metabolism iplay an important
role in neurodegenerative disorders such as Alz&esmParkinson's, and
prion diseases. A primary function of GSH is to ver® the toxic
interaction between free radicals and reactivesitemm metals such as

copper (CUy?.

Glutathione is an important neuronal antioxidard @u-detoxifying
agent. This tripeptide is critical for removal of®3 and prevention against
and repair of lipid and protein oxidation and isiemportant Cu transport

and detoxification molecule.
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The interaction between ,B, and Cu can potentially result in
generation of the highly toxic GH.

Cu(l) +H ,0, » Cu(ll) + OH + OH

1-5-3 Glutathione Depletion:

Glutathione depletion has been associated witmareased risk of
chemical toxicity. Because GSH can be depleted iffgrdnt agents,
combinations of compounds in chemical mixtures laeely to enhance
risk over that seen with individual chemid&fs Erythrocyte glutathione
(GSH) can be rapidly depleted by incubating thésaslth 1-chloro-2, 4-
dinitrobenzene (CDNB), which forms 2, 4-dinitropgkB-glutathione
with GSH through the reaction catalyzed by glutalei S-transferase.
GSH-CDNB conjugate thus formed stays undegradedhimwitthe
erythrocytes. This indicates that in the erythresytmercapturic pathway
Is inoperative. Depletion of GSH in the intact érgicytes by CDNB
results in rapid oxidation of large amounts of hghbin to
methemoglobin.When glutathione S-transferase-freemdiysate of
erythrocytes is incubated with CDNB, the depletmfnGSH as well as
methemoglobin formation a minimal. Glutathione p&dase and
glutathione reductase activities of the erythrogyéee not affected by
CDNB. These studies provide a specific enzymatic¢hoek for rapid
removal of erythrocyte GSH and also indicate th&HGis vital in

maintaining a reduced environment within the enytiytes'”.
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1-6 Glutathione S-Transferases:

The environmental pollutants are highly mutageniad a
carcinogeni€®. These xenobiotic pollutants induce, phase Il xiétation
enzymes, which protect animals and their cells reggathe toxic and
neoplastic effects of the carcinogens, electrophidend products of
oxidative stress. The most important phase Il détation pathway is
Glutathione S-transferases.

The Glutathione S-transferases (EC 2.5.1.18) (G&ire)a family of
enzymes that play an important role in detoxificatby catalyzing the
conjugation of many hydrophobic and electrophiliompounds with
reduced glutathior& >

The glutathione transferases are normally preselarge quantities,
representing about X0of the extractable protein of rat liver but can be
induced to greater than 20Most of the research has been carried out with
enzymes from rat and human liver. But human ergiytes and placenta,
as well as sheep and mouse liver have also beenesofor homogenous
preparations. The enzymes have been found in alimaian tissue tested

as well as in insects, protozoa, algae, fungi, zaaeri&®.
1-6-1 Role of GSTsin Enzymic Detoxification:

Biotransformation is an important biochemical pobiEn
mechanism against toxic chemical species. Cellsgsssan impressive
array of enzymes capable of biotransforming a wiege of different
chemical structures and functionalities. The eneymdetoxification of
xenobiotics has been classified into three distpieases which act in a
tightly integrated mann&f’.
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Phases | and Il involve the conversion of a lipbphinon-polar
xenobiotic into a more water-soluble and therefess toxic metabolite,
which can then be eliminated more easily from thié (phase Ill; Scheme
1-2). Phase | is catalysed mainly by the cytochrodorsysterfi”.

This family of microsomal proteins is responsibte & range of
reactions, of which oxidation appears to be thetnmportant. Phase Il
enzymes catalyse the conjugation of activated xetiob to an
endogenous water-soluble substrate, such as redjlotadhione (GSH),
UDP-glucuronic acid or glycirt&’.

Quantitatively, conjugation to GSH, which is catag by the GSTs,
iIs the major phase Il reaction in many species. $58d@n catalyse
nucleophilic aromatic substitutions, Michael aduh8 to a unsaturated
ketones and epoxide ring-opening reactions, allvbich result in the
formation of GSH conjugates and the reduction ofirbperoxides,

resulting in the formation of oxidized glutathiof@SSGY’>®)
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CELL

— %

P450 | O,

Epoxide |H ;0
hydrolysis

OH

HO

P450 | O,

\

OH

Phase | of
Detoxification

HO

GSl

G

HO

Phase Il of
Detoxification

940

OH

Phase Il of
Detoxification

Scheme (1-2): Overview of enzymic detoxificatiofi”.
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GSTs are dimeric, mainly cytosolic, enzymes thatehaxtensive
ligand binding properties in addition to their dgtia role in
detoxificatiod®®. They have also been implicated in a varietyesfstance
phenomena involving cancer chemotherapy a§&htsnsecticide$S”,
herbicide§” and microbial Antibiotids”. A separate microsomal class
of GSTs exists which is quite distinct from theasdlic enzymes, and is
designated as membrane-associated proteins ina@@msand glutathione'
metabolism (MAPEG5”.

1-6-2 Classification of GSTs.

The GSTs comprise a complex and widespread enzypesfamily
that has been subdivided further into an ever-asirgy number of classes
based on a variety of criteria, including aminodaciucleotide sequence,
and immunological, kinetic and tertiary quaternstryctural propertie¥’.

Most of the well characterized liver GSTs can beuged into five
classes of soluble proteins termed Alpha, Mu, Ret& and Sigma. Two
additional classes of soluble GSTs with unusuayemz activities, Omega
and Zeta, were described recently in a variety rgfanisms, including
mammalian§®?Table 12 summarized some useful classification of
GSTS",
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Table (1-2): Some useful classification criteria ioGSTs®",
Criteria Example
Primary structure comparisons Alpha/Mu/Pi classes
Theta class
Kappa class
Zeta class
Omega class
Immunoblotting Alpha/Mu
MIF
Insect classes | and Il
Fasciola hepatica
Kinetic properties
Substrate specificity/affinity Alpha/Mu/Pi
Mu
Theta
Inhibitor sensitivity Alpha/Mu/Pi
Tertiary structure: active site Alpha/Mu/Pi
Theta
Omega
Beta
Sigma
Quaternary structure
Ability to hybridize into dimers Mu/Alpha
Inter-subunit interface Hydrophobic lock and key in
Alpha/Mu/Pi/Theta classes
Polar interface in Beta class

All four glutathione transferases have a molecwulaight of 45,000
Dalton and are dissociable into subunits of appnaxely 25,000

Daltonsg®®,

1-6-3Crystal Structure of GSTs:
The cytosolic GSTs, in general contain two bindsigs-a GSH
binding site (G site) and a second substrate-bgndite (H site) (Figure-1

11). Each subunit comprises the following two dardaf:
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1. The smaller N-terminal/p helices, domain I, which includes residues 1-
78 of a and® class, 1-82 of clasg, 1-74 of classt andc. Most of the

amino acids form the G site;

2. The largen helix, domain Il, includes residues 86-222 Of slas90-217
of class 11,81-207 of class, 81-202 of class and 85-208 of clags Most
of these amino acids form the H site. The H-sitespecific for each
subunit, whereas the G-site may be common to all G&bunits. The
substrate specificity of GST isozymes was deterthibg a number of
residues in the H-site. The association betweensiunits will generate
an intrasubunit binding site for ligands, which leles a GSH-conjugate
formed by one subunit to be sequestered by thecaaljasubunit and
thereby limiting the product inhibitiéif **
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! "
b
d

Figure (1-11): Domain structures of GST subunits

Three-dimensional structures of individual GST subwits are shown. The N-

N-teminal
extension

r
i

terminal domain 1 is coloured blue, while the C-teminal domain 2 is red.
Catalytically essential residues (tyrosine ina and d; cysteine inb and c) are
coloured yellow and presented in space-filling modevhile ligands with which the

protein was co-crystallized are shown in green. Liker strands connecting the two
domains are shown in violet.
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Aim of the Work

Because of the importance of Schiff bases and thaivatives in

life, and to study the synergetic effect of meths on the biological
activity Schiff bases, the research goals are:

1. Preparing new metal complexes using three @iffeSchiff bases with
biologically important transition elements Pt(IVAu(lll), Pd(ll) and
Cu(ll).

2. Characterization of these new ligands and thew complexes using
standard techniques which include elemental arsmlybifrared and
Ultraviolet-Visible Spectrophotometery, Conductyvitand magnetic
measurements, also measuring their melting points.

3. Isolation and purification of Glutathione S-tségrase (GSTs) from rat
liver.

4. Studying the reactivity of the prepared compsexeward GSH to
estimate their efficiency as substrates to GSTyraazby studying the
interaction of GSH with the prepared complexesrespnce and absence

of the enzyme.

)
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Chapter three

Results and Discussion

3-1 Physical Properties of the Prepared Complexes:

The importance of preparing a new set of Schifesaarises from
their virility as starting materials for the syndiie of many complexes
especially with transition metal ions due to theemted biological
activity of these ligands and their complexes. €af8-1) shows the
physical data for ligands and their new compleXé® metal complexes

showed higher melting points than their respedtgends.
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Table (3-1):The physical data for the prepared ligads and complexes.

Comp Colour M.P./°C | Yield % Elemental analysis %
C H N
L, Yellow - 89.65 - - - -
L,Pt Orange 220 41 Cal 28.44 3.82 2.55
Found 28.51 4.56 3.00
L;Au Deep Red 150-152 42 Cal 33.26 3.41 2.98
Found 33.53 3.39 2.78
L,Pd Yellowish-Green 244-246 60 Cal 59.10 6.30 5.20
Found 59.60 5.69 5.04
L.Cu Reddish-Brown 160 54.5 Cal 66.66 7.15 7.47
Found 66.50 6.33 6.20
|_2 Yellow 125-127 83.54 Cal 75.48 7.08 11.00
Found 75.44 6.66 10.78
L,Pt Orange 205-207 70 Cal 41.03 5.98 491
Found 40.64 4.29 5.63
L Au Brown 163-165 31 Cal 63.10 5.91 9.18
Found 64.19 6.24 9.13
L,Pd Orange 215-217 31.44 Cal 53.30 554 7.75
Found 53.83 5.00 7.58
L,Cu Deep Brown >300 60 Cal 54.41 5.85 7.93
Found 54.85 4.59 9.28
|_3 Yellow 93-95 95.31 Cal 77.88 5.40 5.04
Found 78.15 5.21 4.92
LsPt Yellow-Orange 180-182 77.56 Cal 46.56 3.66 3.02
Found 46.37 3.66 3.49
L; Au Red 200-202 30 Cal 48.39 3.73 3.07
Found 48.00 3.28 2.97
LsPd Yellow 193-195 89.13 Cal 66.02 4.58 4.23
Found 65.75 4.45 2.32
LsCu Brown 230-232 52 Cal 69.93 4.53 4.53
Found 69.38 4.47 4.60
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Table (3-2): Descriptions of Symbols, Molecular fanula and Names of the

prepared ligands and complexes.

Symbol Molecular formula Name
L, CysH1/NO 2-[(cyclohexylimino)methyl] phenol.
L ,Pt [PtL,Cly] [Tetra chloro(2-[(cyclohexylimino)methyl] phenolate)
Platinum(IV)].
L.Au [AuL (Cl,] [Dichloro(2-[(cyclohexylimino)methyl] phenolate)
Gold(ln)].
L.Pd [Pd(Ly),].H,O [Bis(2-[(cyclohexylimino)methyl] phenolate)
Palladium(ll)]. Water(1).
L.Cu [Cuy(L1)s(ONO,)] [Bis-u-(2-[(cyclohexylimino)methyl]phenolate).Bignitratotri(2-
[(cyclohexylimino)methyl] phenol)] copper(11)].
L, C16H18N50 N-[4-(diethylamino)benzylidene]-N-(4-methoxyphenlamine.
L,Pt [Ptx(L2)4Clg].Cl,.10H,0 [Bis-u-Chloro.Bis[dichlorodi(N-[4-(diethylamino)benzylidene]-N-
(4-methoxyphenyl)amine)] platinum(lV)].chloride.water(10)
L,Au [Au(L ,)6lCl5 [Hexakis(N-[4-(diethylamino)benzylidene]-N-(4-
methoxyphenyl)amine)Gold(l11)].Chloride.
L,Pd [Bis-u-Chloro.Bis[chloro hydro
[Pd,(L5)4(H20),Cl4).2H,0 | di(N-[4-(diethylamino)benzylidene]-N-(4-methoxyphegl)amine)]
Palladium(ll)]. Water(2).
L.Cu [Nitratodihydrotri(N-[4-(diethylamino)benzylidene]- N-(4-
[Cu (L2)3(H20)2(ONO2)INO; | methoxyphenyl)amine)
Copper(ll)]. Nitrate
Ls CigH1sNO, 1-[(4-methoxyphenyl)imino)methyl]-2-naphthol.
L 5Pt [Pt(L 3),CI;]CI,.2H,0 [Dichlorobis(1-[(4-methoxyphenyl)imino)methyl]-2-naphthol)
Platinum(lV)]. Chloride. Water(2).
LsAu [Au(L 3);]Cl3.2H,0 [Bis(1-[(4-methoxyphenyl)imino)methyl]-2-naphtho)
Gold(ll)]. Chloride. Water(2).
LsPd [Pdy(L 3)6]Cl2.HO [Bis-p-(1-[(4-methoxyphenyl)imino)methyl]-2-naphthol).Bigdi(1-
[(4-methoxyphenyl)imino)methyl]-2-naphthol)Palladium(Il)].
Chloride. Water(1).
LsCu [Cu(L3), [Bis(1-[(4-methoxyphenyl)imino)methyl]-2-naphthol)Copper(Il)].
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3-2 Infrared Spectra of the Prepared New Ligands:

All the spectra were recorded in the solid stategiCsl disk in the
range (4000-200) cth

The ligands L, L, and Ly have an important group; this is
azomethine group (l—C=N—). In general azomethinetaiing absorption
frequency occurs in the region (1690-1570) aepending on nature of
groups linked to 1#*%2 The compounds containing azomethine group
show basic behavior toward metal ions coordinatiray |the nitrogen
atoms, this coordination shifts the stretching Gty of (-C=N-) group
either toward higher value in some compléX&% or toward lower
values in othef®%) The incTease in frequency may be due to the
simultaneous stretching of the (-C=N-) bond duearoincrease in both
sigma overlap and electrostatic attraction whicpdssible on account of
the coordination of the azomethine nitrogen to frieta®®. The decrease
inlfrequency indicates a decrease in the stretcliamge constant of
(-C=N-) group as a consequence of the coordindlioough azomethine
nitrogen. The double bond character between cadyah nitrogen is

reduceéf?,
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3-2-1 Spectra of Ligand (L,) and their Metal Complexes:

The FT.IR spectrum of (), figure (3-1), showed the azomethine
(—E=N—) stretching band at 1627 ¢ The ringv (C=C) appeared at
1496 cnt, 1454 crit®® %) Another set of bands were also observed at
1078 cnit for ring C-H in plane bending and at 758 tfor out of plane
C-H bending of disubstitued phenyl moiety. The pilien (C-O)
stretching vibration that appeared at 1309*dmthe Schiff basé¥®"
undergoes a shift towards higher frequencies by4@0cni' in the
complexes. This shift confirms the participationoadygen in the (C-O-
M) bond®®*?. Generally a broad band may appear in the regkf02
3100 cnt due to hydrogen bonded OH grfip® in the spectrum of 4.
Figure (3-1), the position of this band could netdssigned due to the
appearance of several strong bands in this regianedium sharp band
was observed at 663 crmassigned to the hydrogen bonded out-of the
plane O-H bending vibratiéi®'®Y The last band has no corresponding
bands in the metal chelates, except in the speatfuRt (IV) complex,
Figure (3-2). Thev C-H of the aromatic moiety appeared around 3058
cm? in the free ligand and its metal compléX®s Table (3-3) shows the
most characteristic bands of,jL
A- Spectrum of the Platinum (1) Complexe (L1Pt):

The most significant difference in the FT.IR spfacrbf the ligand
and its Platinum complex, Figure (3-2), was thdt sii(C=N) stretching
frequency of (L) to a higher value due to metal-ligand coordinaty
24 cm'®®) The phenolic (C-O) frequency shifts from 1309 cio
1352 cnt indicates the participation of the oxygen atom e t
coordination with Pt atoff?. We noticed that the band correspond to out
of plane O-H bending (663 ¢thin the free ligand have a correspond
band of similar intensity in the spectrum of th@\VPt complex, this lend

as to conclude that the hydrogen of the phenol gmd not ionized,
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which was more indicated by the appearance of shang at 3190 cih
due tov o.4. The proton of the O-H group is not expected toze during
the formation of the platinum (IV) complex, sindeetreaction mixture
was highly acidic due to the use of chloroplatiracid (HPtCL).
Furthermore, new bands have been observed around456 and 340
cm* which may be due to (Pt-N),v (Pt-O)andv (Pt-CIf*%® respectively.
Table (3-3) shows the most characteristic bands Bt

B- Spectrum of the Gold (I111) Complex (LiAu):

The most significant difference between the F.'llé.[ﬂéctrum of the
ligand and the complex, Figure (3-3), was the gfiff-C=N) stretching
frequency to lower frequency by 15¢rdue to metal-ligand coordination
(09D Thev (C-O) frequency shifts from 1309 €mo 1328 crifwhich
indicates the coordination of the oxygen with the (NI) ion. No bands
were observed at 663 and 3190 trwhich are due to out of plane O-H
bending and O-H stretching vibration. This indicatee displaced the
metal hydrogen. The new bands which have been wia&round 565,
461 and 370 cthwere attributed to (Au-N), v (Au-O) andv (Au-CI)*%®
respectively, as shown in Table (3-3).

C- Spectrum of the Palladium (I1) Complex (L,Pd):

In the spectrum ol ;Pd Figure (3-4), azomethine absorption
frequency was shifted to 1612 ¢mindicating the coordination through
azomethine nitrogé#i®®. Phenolicv (C-O) frequency was shifted to
1319 cn, this blue shift indicate the coordination throumtyger®®°”),
The two bands corresponding to O-H bending and Qtigtching
frequencies disappeared in the Pd (ll) spectrune Bdnds at 551 and
462 cm'can are attributed to (Pd-N), (Pd-0¥°, respectively. Table (3-

3) contains the most characteristic bandk #fd
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D- Spectrum of the Copper (I1) Complex (L;Cu):

In copper complex spectrum, Figure (3-5), the aztbme
absorption frequency shifts to lower frequency Bychi’, indicates the
complexation via azomethine nitrod&®. The phenolicv (C-O)
frequency was shifted from 1309 to 1323 “tmindicating the
coordination through oxyg€fi®”). New bands have been observed
around 570 cwhich is attributed to (Cu-NY3?, another one at 466¢m
! due tov (Cu-Of*”. The expected NO stretching bands of the nitrate
group for the monodentate symmetryvjccould not easily assigned,
since another bands absorb at the expected waveettfti Table (3-3)

contains the most characteristic bands W

3-2-2 Spectrum of Ligand (L,) and their Metal Complexes:

The ligand (L) , Figure (3-6), Table (3-3), showed the azomethin
stretching band at 1606 €M, thev,s (C-O-C) at 1238 cih vs (C-O-C)
at 1031 cnt®®, another band appeared at 1359 atue tov (Ar-N) band
characteristic of the tertiary aromatic amiffds

A- Spectrum of the Platinum (1) Complex (L,Pt):

In the spectrum ot ,Pt complex, Figure (3-7), two bands were
observed in thec-yregion, due to the splitting in this band, indiogtthe
coordination through azomethine nitro§&f®. Furthermore, new bands
have been observed around 526and 378 wiich can be attributed o
(Pt-N) and v (Pt-Cl) respectively. Table (3-3) contains the tnos

characteristic bands &fPt
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B- Spectrum of the Gold (111) Complex (L,Au):

In the spectrum oE,Au complex, Figure (3-8), two bands were
observed in thec-yregion, due to the splitting in this band, indiogtthe
coordination through azomethine nitro§&f®. Furthermore, new band
have been observed around 524*cdue tov (Au-N)*°® as shown in
Table (3-3).

C- Spectrum of the Palladium (I1) Complex (L,Pd):

In palladium complex spectrum, Figure (3-9), theoraethine
stretching frequency shifts from 1606 to 1585'cthis red shift indicates
complexation via azomethine nitrod&%®, which was more indicated by
the splitting in this band with reduced intensiyother group of bands
appeared at 524, 343 ¢nmay be attributed to (Pd-N),v (Pd-CIf*®¥

respectively, as shown in Table (3-3).

D- Spectrum of the Copper (I1) Complex (L,Cu):

In the spectrum ol ,Cu complex, Figure (3-10), The azomethine
stretching band was splitted and shifted with redudntensity, this
means that coordination may took place througlogén of azomethine
group.

New three bands were abserved at 1508, 1298, 829 cdua to the
expected NO stretching bands of the nitrato graurptie monodentate
symmetry (GV)®°¥, Furthermore, new bands have been observed around
518, 428 cnit which are due to (Cu-N),v (Cu-O)**® respectively, as
shown in Table (3-3), another broad band at 3452 due to HO.
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3-2-3 Spectrum of Ligand (L3) and their Metal Complexes:

The FT.IR of (lg), Figure (3-11), showed a weak band at 632 cm
assigned to hydrogen-bonded out-of-plane O-H bendiibratior.
This assignment is supported by disappearance eobimd when the
hydroxy hydrogen is replaced by a metal. The pher{@-O) stretching
vibrations, that appeared at 1294cim the Schiff basé¥°” underwent
a shift towards higher frequencies in the compleXéss shift confirms
the participation of oxygen in the C-O-M bofig *° thev,{C-O-C) at
1244 cn, v{C-O-C) at 1024 cit{**®, Also a strong band appeared at
about 1614 cm in the free ligand, underwent a shift towards kigbr
lower frequencies in the complexes. This band wabated to the
(-(|3=N) stretching vibratio®'°? Table (3-3) contains the most

characteristic bands in the FTIR spectrum gj.(L

A- Spectrum of the Platinum (1 V) Complex (L3Pt):

The FT.IR spectrum of JPt, Figure (3-12), Table (3-3) shows
some changes in which azomethine band, which apgerrl614 cihin
(Ls) underwent shift to 1625 chupon complexation, this means that
coordination may took place through nitrogen of methine. The
phenolic (C-O) frequency was shifted to 1298 '¢cnthis blue shift
indicate the participation of oxygen atom in theorcbnation with Pt
atom*®.We noticed that the band correspond to out ofeplarH bending
(632 cm') in the free ligand have a correspond band oflamimtensity
in the spectrum of the Pt(IV) complex, this lendtasonclude that the
hydrogen of the phenol group did not get ionizedhiclw was more
indicated by the appearance of strong sharp baBd38 cni for v ..
The proton of the O-H group is not expected to zenduring the
formation of the platinum (IV) complex, since theaction mixture was

highly acidic due to the use of chloroplatinic a@itjPtCl).

N



Chapter three Results and Discussion

No appreciable change took place in the(C-O-C) andv,{C-O-C)
modes, which excludes the possibility of the pgréition of the oxygen
atom of the methoxy group in coordination with Rima. Furthermore,
new weak bands have been observed around 520 edggw (Pt-N), v
(Pt-O) at443 cmt, andv (Pt-Cl) at 325 cm **®as strong band.

B- Spectrum of the Gold (I111) Complex (LsAu):

The FT.IR spectrum of4jAu, Figure (3-13), Table (3-3) shows the
blue shift ofv (C=N) by 13 cril, this indicates coordination through
nitrogen. The phenolic (C-O) frequency was shifteth lower intensity
to 1296 cril, this indicates the participation of oxygen atomthe
coordination with Au atom. We noticed that the bandespond to out of
plane O-H bending in the free ligand have a cooedand of similar
intensity in the spectrum of the Au (lll) complékis lend as to conclude
that the hydrogen of the phenol group did not gaized, The proton of
the O-H group is not expected to ionize during fimenation of the Au
(1l1) complex, since the reaction mixture was hightidic due to the use
of HAuCl, . Furthermore, new bands have been observed a#893%xm
! due tov (Au-N) ,v (Au-O), respectively .Table (3-3) contains the mos
characteristic bands otAu.

C- Spectrum of the Palladium (I1) Complex (LsPd):

The most significant difference in the FT.IR spewt of the ligand
and its palladium complex, Figure (3-14), was theft sof (C|:=N)
stretching frequencies of {l to lower value by 6 cthdue to metal-
ligand coordinatioi®. The phenolic (C-O) frequency was shifted to
1303cnt, this blue shift indicate the participation of theygen atom in
the coordination with Pd atdifi.

1y



Chapter three Results and Discussion

Since no band characteristic to free C=N group aygseared in the;Pd
spectrum, a bridged dig and structure can be stemjeNo appreciable
change took place in the, (C-O-C) andv,s (C-O-C) modes, which
exclude the possibility O atom of methoxy group tiggration in
coordination with Pd atom. Furthermore, new barageheen observed
at 525 and 435 cthdue tov (Pd-N) andv (Pd-O) respectively as shown
in Table (3-3).

D- Spectrum of the Copper (I1) complex (LsCu):

In the copper complex spectrum, Figure (3-15), amkemethine
stretching frequency shifts from 1614 to 1608 crhis shift indicates
complexation via azomethine nitrod&i®. The out of plane O-H
bending was disappeared upon complexation, thisates coordination
through oxygen, also this was more confirmed byappearance a new
bands at 530 and 450 ¢rdue tov (Cu-N) andv (Cu-Of*°>.The phenolic
C-O shifted from 1294 to 1304 ¢m which is more indicates the
coordination through phenolic oxygen. Table (3-Bpws the most
diagnostic bands dfs;Cu.

TA



Chapter three

Results and Discussion

Table (3-3): Number of the most bands of F.T.IR tgrepared ligands and their

complexes in (cri).

Comp. | vC=N | vC-H | Phenolic| yO-H |vAr-N | oM-N | vM-O | oM-CI
Arm. vC-O | Out-of-
plane
bending

L, 1627 3058 1309 663 - - - -
L,Pt 1651 3006 1352 659 - 560 455 340
L;Au 1612 3050 1328 - - 565 461 370
L.Pd 1612 3043 1319 - - 551 462 -
L,Cu 1612 3050 1323 - - 570 466 -

L, 1606 3000 - - 1359 - - -
L,Pt 1649 3000 - - 1367 526 - 378

1606
L,Au 1645 3100 - - 1390 524 - -
1606

L.Pd 1585 3124 - - 1373 524 - 343
L,Cu 1598 3080 - - 1382 518 428

Ls 1614 3057 1294 632 - - - -
L3Pt 1625 3072 1298 632 - 520 443 325
L3 Au 1627 3050 1296 640 - 543 449 -
LsPd 1608 3060 1303 - - 525 435 -
LsCu 1608 3018 1304 - - 530 450 -

14
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Chapter three Results and Discussion

3-3 Magnetic Susceptibility Measurements

Magnetic measurements are widely used in studyagsition
metal complexé¥®®. The magnetic properties are due to the presehce o
unpaired electrons in the partially field d-orbitakthe outer shell of these
elements. These magnetic measurements give aaled the electronic
state of the metal ion in the complex.

The resultant magnetic moment of an ion is duaotb orbital and
spin motion§°”. Chemically useful information can be obtained by
proper interpretation of measured values of magmatiments.

The magnetic moment is given by the following ecrat

Hs+L =\/4s(s+1) +L(L+1) B.M.
K= magnetic moment
S= spin quantum number
L= orbital quantum number

Although detailed determination of the electrastizicture requires
consideration of the orbital moment, for most cammpk of the first
transition series the spin-only moment is sufficieas any orbital

contribution is smaft®®.

ls = \/4s(s+1) B.M.
Is = \/n(n+2) B.M.

S=n*1/2, n= number of unpaired electrons

The value of magnetic susceptibility of the preghcomplexes at
room temperature is calculated using the folloneggation:
Where:

Heff= 2.88V X\ . T B.M.
Xa=Xm+D

Ao
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Xm=Xg.M.wt

Xg=mass susceptibility

D=Pascals constant

Xm= molar susceptibility

Xa=atomic susceptibility which it's corrected fronadliagnetic

LLeff =effective magnetic moment

The values of Xg, Xm, D, and pXobtained for the present

complexes are given in Table (3-4).

Table (3-4): Magnetic properties of the prepared caplexes in 298 K.

Complexes| Xg X10°® | Xm X10° | D X10° | X X10° Leff Conductivity
ms/cm

L,Pt - - - - Diamag | 19.2 (nonconducting)
L1Au - - - - Diamag | 17.9 (nonconducting)
L,Pd - - - - Diamag | 15.4 (nonconducting)
L.Cu 0.265 148.22 236.88 385.10 0.95 5.0 (nonconducting)

L,Pt - - - - Diamag | 67.4 (conducting 2:1)
L,Au 2.040 3730.14 431.84 4161.98 3.149 | 62.3 (conducting 3:1)
L,Pd 0.1979 285.3 348.8 634.1 1.229 | 17.2 (non conducting)
L.Cu 1.146 953.0 306.32 1259.0 1.732 | 47.8 (conducting 1:1)
L 5Pt - - - - Diamag | 66.3 (conducting 2:1)
LsAu - - - - Diamag | 93.8 (conducting 3:1)
LsPd - - - - Diamag | 72.8 (conducting 2:1)
LsCu 2.571 1819.0 160.36 1979.0 2.17 11.4 (nonconducting)

The molar conductance values of all the complexage hbeen

measured in DMSO as a solvent at concentratior0dkland at room

temperature (2&), for determination electrolytic or non-electroty

nature of the complexé%’.

AT
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3-4 Study of the Electronic Spectra of the Prepared Compounds:
3-4-1 Electronic Spectra of theLigand L4, L, and L3:

Electronic spectra of Schiff bases in (UV-Vis) ikeg have been
studied by a number of auth8f§'") The spectra of the ligands
generally exhibit three main peaks: at about 26%8n735cn), 300nm
(33333cml) and 400nm (25000c¢h). The first and the second peaks are
attributed to benzenen* and iminest-n* transition, respectively. These
bands were not significantly affected by chelatifige third band in the
spectra of the ligand is assigned ta*rtransitiort'*?. This band is shifted
to a longer wavelength. This shift may be attrildutethe donation of the
lone pairs of the nitrogen atoms of the Schiff b&sehe metal ion
(N—>M)(113).

Figures (3-16), (3-17) and (3-18) show the UV-\Bpectra of the
new ligands L, L, and L;. Table (3-5) contains the position and
assignment of the absorption bands.

3-4-2 Electronic Spectra of the Complexes:-
A- Platinum (1) Complexes of L4, Lo, and L3 (L1Pt, LoPt, L3Pt):

The three complexes of Pt (IV) were diamagnetic as
expectef*'¥ the ground state suggesting spin paired octahedra
stereochemistry.

The atomic ground state ™. The low spin ground state in an
octahedral field iSAg referring to 4g° configuration, which give rise to
two principle spin allowed transitions whose bamyetopes are very
sensitive towards certain types of distortion.

Excitation of an electron to the eg orbital yietdse configuration
t,g° eg which spans’T,g+T,g+T,g+T,g with the spin-triplet states
lying at lower energy than the singfét

AY
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Two principles spin allowed absorption bands arédoexpected
corresponding to transitions from th&;g ground state to th#,g and
T,g excited states. In addition, two bands assigoeti@ spin forbidden
singlet-triplet transition may be observed at loweergies than the spin
allowed transition'$'®.

The spectra of the prepared orange platinum corapleikigures
(3-19, 3-23, and 3-27), were shows two bands asdigmthe transitions:

'Ag— 'Tig
L - M CT

At 464, 293 for LLPt, at 436, 333 forJPt, and at 465, 350 for;Pt.

Table (3-5) shows the positions and assignmentBeo&bsorption
bands of ILPt, L,Pt and I5Pt.

According to these data obtained from C.H.N analyand those of
the conductivity measurements which shoytLto be non-conductive,
L,Pt and Pt to be conductive, an octahedral geometry ardugy/)
can be suggested as illustrated below:

N——=C

L,Pt

AA
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OCH3 OCH;,
|
HN=—=CHR, HN=—=CHR,

> Pt\ Cl,.10H,0

CHs

OCH,4 OCH;z /

L | Re= N_
CH

3

!
CO g
O~ | —N==c
e /T\ Cl,:2H,0

OCHg

L3Pt

B- Gold (I11) Complexesof L,, L, and L3 (L;Au, L,Au, L;Au):

The deep red JAu and LAu complexes were found to be
diamagnetic. The diamagnetism of these complexppats the square
planar arrangement of the ligand molecules arouhd tentral
metal iort**>.

Three spin allowed d-d transitions are anticipatedresponding to
transitions from the three lower lying d levelsthe empty ¢ ,*orbital;
two —electron transitions would be very weak ane aeglected. The
ground state iS’A;g and the excited states, corresponding to these

transitions aréA,g, 'B.g and'Eg in order of increasing enefgy’.

A4



Chapter three Results and Discussion

The electronic spectra of thgAu and LtAu complexes, Figures
(3-20,3-28), showed absorption bands at about 44@aw27cr) and
490nm (20408ci), respectively, which may be attributed 18.g
—'A,g transitions in a square planar geont&ty The charge transfer
bands were appeared around 356nm (28089c852nm (28409cH) in

L;Au and L,Au complexes, respectively.
According to these results and those obtained ffomIR study,
elemental analysis and those of the conductivitasneements, which

showed the lAu to be non conductive andAu to be conductive, the

following structures can be suggested:

L.l/\ll

OCH,

H H
CO O\ / N—=C
M Cl3.2H,0
ﬁ:N 8 ‘O

D
-
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The brown LAu complex, Figure (3-24), showed a weak band &n&Y
(17361crt) which may assigned to*A,g — °T.g] transition in
octahedral geometry as illustrated in Scheme((3°1)

°p i 3=T*IE )
1}3
. T.g )
gy
*F = £ 3T29
“‘—-,ﬁ '-U]
T 3“-29

Scheme(3-1): Crystal field splitting of the’F term of a o ion in Oh field.

The band at 318nm (¢th may be due to charge transfer, the
paramagnetic (3.149 B.M.) behavior of this complsupport the
proposed octahedral geometry around gold (I11) &According to
these results and those obtained from FT.IR Steldynental analysis and
those of conductivity measurements, which showesl lifAu to be

conductive, the following structure can be suggeste

1)
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HSC\ /CH3
N
CH
HsC, [ CH
3
_ NR;
AN e
H3C CHg
Au C|3
H3C N/ CHs
R A S
/ NR; \
HaC g CHs
H
~ N\ Ry = OCH
H3C CH3 1 3

L2AU

In the electronic spectra of the gold (lll) commex the bands
obtained together with their probable assignmergggaven in Table (3-
5).

C- Palladium (1) Complexesof L4, L, and L 3(Lpd, Lopd, Lspd):

Square complexes of palladium (lI) exhibit a brdshd in the
visible region resolvable into at least two compuseWeaker bands are
observed on the low energy side of this absorptmnlst several intense
bands are observed on the high energy side in ¢he wltraviolet and
ultraviolet region. These last bands are undouptethrge transfer in
naturé"¥. The ground state for the low spifhaystem igA.g. The ligand
field excited state artA,g, 'B,g and'Eg. Therefore, one should expect
three spin allowed transitions in these cases.

In the electronic spectra ofjhd, Lypd and Lpd complexes, two

bands were obtained. The first band was a combmaif all the three

ay
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spin-allowed transitions and may be assigned tasttians'A.g, 'A.g,
'B,g, 'Eg. The second band was a charge transfer8and
The bands obtained for the pd(ll) complexgetber with their
probable assignment are given in Table (3-5).
According to these data, and those of the conducti
measurements, this showed thd?dl and LPd to be non conductive,
while L;Pd complex to be conductive; the following struatuiormula

can be suggested:

H
O\ /N:C
Pd H,O
- w2
c=n" o
H
L,Pd
[ OCH, OCH;4 ]
HN==CHR, HII\I=CHR1

\Pd 2H,0
P N 2

CH,
OCHj OCHg /
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Pd Cl,.H,0

LsPd

D- Copper (I1) Complexesof L, L, and L3 (L1Cu, L,Cu, L3Cu):

All the prepared complexes were brown in color,ckhsuggest a
strong field case in all complexes.

L,Cu, L,Cu and LCu were all paramagnetic corresponding to one
unpaired electrof®® °®. The observed magnetic moment values of the
L:Cu and LCu were 2.17 and 1.73 B.M., respectively, this ¢en
attributed to spin free (monomeric) copper compi8x

The relatively lower values of the magnetic monfent.;Cu (0.95
B.M.) suggest dimeric structure of the complex gdieag to spin-spin
coupling™?.

The free ion groundD term is expected to split in crystal field acdord

to the following scheme:
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ZEg
2 A
T29
2
B2g
A
D
2
Alg 4
2E 9 x
2
B9
Free ion Octahedral Tetragonal
Crystal field Crystaliéld

Scheme (3-2): Crystal field splitting of the’D term of a of ion™*").

Generally the electronic spectra of copper (lI) pteres are
difficult to interpret because of the great oveplayy of the bands*"*'®
When all the prepared complexes are dissolvedhanal, the color of
the solutions became yellow, which suggest the dination of the
solvent to the vacant axial positions on the copg@®ms forming a
tetragonally distorted octahedral struct{irés

The spectra of {Cu, LL,Cu and LCu show broad band in the
visible region in the range 450-500nm (22222-20089") which can be
assigned as a combination of the transitiéBsg—°A.g and °B;g—
“Eg(B.0).

According to the previous elemental analysis, n&taspectra,
magnetic measurements, UV-Vis spectra and the tesesaf the
conductivity measurement which showAQu and LCu to be non
conductive, while kCu to be conductive, the following structures can b

suggested:

q0
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CHR,
. R
| Rall Re ONO, |
S Iy g T
H
RzHc:N/‘ \O C:ll\l/l \N_—CHRZ
| ONO, Rq NRy |
1 | ®
CHR,
7=
R, = @OH
L,Cu
_cho
CHR,
H, i
| 0
RHCéNH\ / OCH,
/Cu\H NO3;
4CHR1
O,NO N

OCH;

L.Cu
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OCH,
o Ne—.
c=—n—" \o
H
| OCHs ]
LsCu
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Table (3-5): The data of electronic spectra of thprepared compounds.

Compound Band position, nm Assignment
Ly 389 n—m*
274 a—n* (imino)
241 a—r*(aromatic)
L, 433 n—ma*
357 a—x* (imino)
262 a—m*(aromatic)
Ls 427 n—m*
343 a—x* (imino)
261 n—m*(aromatic)
L,Pt 464 "Aig— 'Tig
293 L —-M CT
L,Pt 436 "Aig— 'Tig
333 L —>M CT
L 4Pt 465 'Aig— 'Tag
350 L —-M CT
L,Au 440 'Aig— ‘A
356 L —»M CT
L,Au 576 *Ag— °Tg
318 L -M CT
LsAu 490 'Ag— 'Ag
352 L —»M CT
L,Pd 403 'Ag— 'Asg, 'Aig— 'EQ, "Ag— 'Bog
325 CT
L,Pd 385 'A1g— ‘A, 'Aig— 'Eg, 'Aig— B.g
377 CT
LsPd 439 "Aig— 'Ag, 'Aig— 'EQ, 'Ag— 'Bg
220 CT
L,Cu 470 ’B1g— “Au0, °B1g— ’Eg (‘B.0)
L.Cu 500 ?B1g— “A1g, ‘Big— °Eg (B.g)
L:Cu 450 ?B1g— °A10,’B1g— *EQ (B.g)

aA
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Fig (3-16): Electronic Spectrum of Ly
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Fig (3-19): Electronic Spectrum of L;Pt
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Fig (3-21): Electronic Spectrum of L;Pd
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Fig (3-25): Electronic Spectrum of L,Pd
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3-5 Glutathione S-transferase Purification:

In order to fully purity to the GSTs, a sequendeporification
steps have been conducted, these steps includeextdrange
chromatography by DEAE-Cellulose, CM-cellulose, amel filtration
chromatography by Sephacryl S-#60 GSTs activity, Protein
Concentration and Specific Activity were determirfed the enzyme in
each step™).

3-5-1 Determination of Enzyme Volume for Enzyme Activity
Assay.

GSTs activity (2-5-1-2-B) was determined for thgeunatant of
the crude sample, it has been noticed that 3heidest volume of crude
enzyme which gave the highest absorption at 340nshawn in Figure
(3-31), and this volume was used to measure thgnamactivity in the

next steps of purification.

25

Absorbance at 340 nm

0 [ [ [ [ [ [ [ [ [ (]

0 5 10 15 20 25 30 35 40 45 50
Volume of Enzyme (uL)

Figure (3-31): Standard curve of enzyme activity atifferent volumes after 300

seconds.
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3-5-2 Crude Extract:

After determining GSTs activity (2-5-1-2-B) and opin
concentration (2-5-3-2-6) for the supernatant ef ¢thude sample, it had
been found that the crude sample had demonstragpdaific activity of

2.977 X 10° U/mg protein with fold (1) and 100% over all yields
shown in Table (3-6).

3-5-3 Purification by Ion Exchange Chromatography:
A- DEAE-Cdllulose:

The first step in Purification of GSTs was done uming ion
exchange chromatography using DEAE-Cellulose coftffirafter being
dialyzed. Figure (3-32) shows the protein peaksaiokd from ion
exchang chromatography using DEAE-Cellulose andeftects the
presence of three proteins by reading the absoeban@80nm).

Estimation of GSTs activity (2-5-1-2-B) in all ehat protein peaks
showed that the first peak contain GSTs activithil@/the second and
third peaks, which appeared after addition of O.REICI in the same
buffer, contain no GSTs activity. Thus DEAE-Cellsdocolumn retained
about 80% of the applied protein whereas enzymeiggctas assayed by
1-chloro-2, 4-dinitrobenzene, was not adsoffedrhe fractions of the
first peak were then all collected and after detemmy GSTs activity (2-
5-1-2-B) and protein concentration (2-5-3-2-6)wias found that the

partially purified enzyme had demonstrated a speaiftivity of 4.45X
10% U/mg protein with 2.219 purification folds and 856% over all

yields, as shown in Table (3-6).
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Figure(3-32): Purification of crude GSTs on DEAE-C#Hulose column
(30X2.5cm). the column was eluted by using 10mM 8ibuffer (pH 8.0), then

eluted by using gradient of 10mM tris buffer (pH8.Q containing 0.2M NacCl, at

flow rate of (50ml/hour).

B- CM-Cdllulose:

The second step in the purification of GSTs wasedby ion
exchange chromatography using CM-Cellulose coluffihe results
shown in Figure (3-33), indicate that after washwigh (150 ml) of

phosphate buffer (10mM) (pH 6.7) (buffer C), twmiain peaks were
observed by reading the absorbance at (280 nmijtirfjjo(260ml)

gradient of phosphate buffer (400mM) (pH 6.7) {buD), two further
protein peaks were obtained. Estimation of the GElwity (2-5-1-2-B)

in all protein peaks showed that the first coupbsinng peaks contains
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no GSTs activity, while GSTs activity for the sedarouple was found to
be concentrated in the second peak fractions. Tdrer¢he fractions of
the second peak of couple two were collected ated détermining GSTs
activity (2-5-1-2-B) and protein concentration (B£-6), it had been
found that the partially purified enzyme had dentated a specific

activity of (74X10° U/mg protein) with (30.142) purification folds and
yield of GSTs of (64.59%)., as shown in Table (3-6)

2 T 05
—s— Absorbance
-
18+ [ ] ACtIVIty <+ 0.45
164 104
14+ <+ 0.35

Wash Elution

Al
J

o
w

T 0.25

Activity (unit /ml

Absorbance at 280 nm

o
[
a

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82
Fraction NO.

Figure (3-33): Purification of GSTs on CM-Cellulose column (30X2.6m). The
column was eluted by using 10mM phosphate buffer ¢ 6.7), then eluted by
using gradient of 400mM phosphate buffer (pH 6.7)at flow rate of (50ml/hour).
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3-5-4 Purification by Gel Filtration Chromatography:

Partially purified GSTs represented by the co#dddractions from
step B above were subjected to further purificatusimg gel filtration
columrt*?Y. By reading the absorbance at (280nm), two majotefn
peaks were observed as shown in Figure (3-34).

Estimation of the GSTs activity in the two peakswbd that the
first one contains no GSTs activity, and it wasfoto be concentrated in
the second one. The fractions of the second pe&k then collected and
after determining GSTs activity (2-5-1-2-B) and tefo concentration (2-
5-3-2-6) it had been found that the purified enzymd demonstrated a

specific activity of 125810° U/mg protein with purification folds
512.295 and 56.43% over all yields, as shown in& é&6).

—— Absorbance
0.25 —e— Activity T 04

+ 0.35

0.2+
+ 03

Al
J

+ 0.25
0.15 ¢+

y
o
N

0.1+

Activity (unit/ ml

Absorbance at 280 nm

0.05 +

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Fraction No.

Figure (3-34): Purification of GSTs on Sephacryl 00 column (63X2cm).
Eluent: 0.1M phosphate buffer (pH 6.7), at a flow ate of (30ml/hour).
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Table (3-6): Purification steps of Glutathione S-tansferase.

Purification Vol. | Activity Protein Specific Total Purifi | Yield
Step (ml) (U/ml) Conc. Activity Activity | cation | (%)
X107 (mg/ml) | (U/mg)x10? | (U)X10° | fold
Crude 50 1.329 0.446 2.977 66.45 1 100
Extract
lon exchange 34 1.885 0.346 5.45 64.09 2.219 | 96.45
Chromatography
(DEAE- Cellulose)
lon exchange 20 2.146 0.029 74 42.92 30.142] 64.59
Chromatography
(CM-Cellulose)
Gel Filtration 10 3.75 0.003 1250 37.5 512.29| 56.43

(Sephacryl S-200)

3.5.5 Test of GSTs Purity and its Molecular Weight Determination

The purity of the purified GSTs was determinedoblyacrylamide

gel electrophoresis under denatured conditions. pimefied enzyme

preparation showed only single protein band orgeafter staining with

commassie brilliant blue R-250, indicating the @bitity of reaching the

apparent homogeneity of purification process Fig@r85). The location

of the protein band on the gel could be as a reduhe low molecular

weight of the protein, since the electrophoresi®ititg of protein in the

gel essentially depends on the molecular weigth@®frotein in addition

to its net chard®?, this low molecular weight was determined by

comparison with standard protein of known moleculaight.
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Phosphorelase (94000)

GSTs—» : Albumin (67000)

«—Trypsin Inhibitof20000)

«— -lactoalbumin(14400)

Figure (3-35): Shows the electrophoresis of GSTs Byme taking from
mouse liver in acrylamide gel in presence of SDS dnmercapto ethanol and

determining the molecular weight of purified enzyme

The standard curve Figure (3-36) of standard pmetein
acrylamide gel in presence of SDS, was used tailzdc the molecular
weight of the enzyme by electrophoresis method. b&cular weight
obtained was 50000 Dalton.

WYY
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Figure (3-36): Molecular weight determination for purified GSTs extracted from
rat liver, using gel filtration chromatography on Sephacryl S-200 column
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3-6 Study of the Conjugation Process.
3-6-1Determination of L. for the Glutathione Conjugate:

The Amax Which was chosen to follow the interaction process
between GSH and CDNB, was that characteristic Herdonjugate and
not found in the spectra of CDNB or GSH alone, asnsin Figures
(3-46, 3-47). The value of this maximum wavelengts found to be at
340 nm for the conjugate. Which was compatible viliht reported
earlief®®,

The selectedmay for studying the conjugation between GSH and
the metal complexes was that characteristic fomtle&al complex itself,

which depend on the type of the complex.

3-6-2 Kinetic Studies:

Accurate absorbance measurements of known contentraf
starting compound and of the resulting productvedid the absorbance
changeAA to be obtained for each compound. This value mex®ssary
for each compound. It is converted to the rateeattion AA.min™).

The following bimolecular rate equation for thengaation
reaction was established:

r =k, [compd.] [GSH]

Where r is the initial rate of reaction, ks second order rate
constant, [compd.] is the initial concentratiortlod tested compound and
[GSH] is the initial concentration of GSH.

In this study, initial rates of reaction were ab&al in phosphate
buffer (as mentioned in chapter 2) at@G0The concentration of the tested
compounds was [1.0mM] and that of GSH [1.0mM], eslwf k in
mol*.L.min" were calculated for each complex using the rateagon

above.
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3-6-3 Study of the I nteraction between GSH and the Substrates:
3-6-3-1 CDNB-substrate

CDNB was chosen as a standard substrate since ag w
reporte?*°¥ to be good general one for spectroscopic assagSifs
activity, and found to conjugate by the enzyme t&HGthrough
electrophilic-neocleophilic reaction.

The rate and rate constant of the conjugationtiadetween
CDNB and GSH, under the previously established tmms, in the
absence and presence of the enzyme, are showli& (Ba7) and Figure
(3-37).

Abs.

0.500 —q . . 0.500

0.400 F B 0.400 H

0.300 - = 0,300 -

Abs.

0200 - = 0.200

0.100 = = 0.100

0.000 1 1 0.000
300.00 400.00 500.00 £00.00 300.00 400.00 500.00 £00.00
nm.

Figure (3-37): Change of absorbance for the conjugi@n reaction between GSH

and CDNB with time in the absence (a) and presengb) of enzyme.

The results show that the rate constant for thgraatic reaction

was 10 times than of the nonenzymatic rate.
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3-6-3-2 Metal complexes as substrates:

A study of the new pt(1V), Au(lll), Pd(Il) and Cllif complexes of
aromatic Schiff bases of expected anti-tumor agtiwias undertaken to
establish whether a particular complex could remth GSH under
physiological conditions, and therefore whethes &’ potential substrate
for GSTs. Figures (3-38)-(3-45) show the absorbam@mnges with times
for the conjugation reactions.
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Figure (3-38): Change of absorbance for the conjugi@n reaction between GSH

and L,Pt with time in the absence (a) and presence (b) ehzyme
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Figure (3-39): Change of absorbance for the conjugi@n reaction between GSH

and L,Au with time in the absence (a) and presence (b) ehzyme.

2.000

1.500

0.500

0000
300.00 400.00
nm.

S00.00

G00.00

2.000

0500

o.ooo
300.00

400.00 S00.00
nm.

S00.00

a

b

Figure (3-40): Change of absorbance for the conjugi@n reaction between GSH

and L,Pd with time in the absence (a) and presence (b) ehzyme.
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Figure (3-41): Change of absorbance for the conjudg@n reaction between GSH
and L,Cu with time in the absence (a) and presence (b) ehzyme.
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Figure (3-42): Change of absorbance for the conjug@n reaction between

GSH and L3Pt with time in the absence (a) and presence (b) ehzyme.
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Figure (3-43): Change of absorbance for the conjug@n reaction between
GSH and LzAu with time in the absence (a) and presence (b) ehzyme.
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Figure (3-44): Change of absorbance for the conjug@n reaction between

GSH and L3zPd with time in the absence (a) and presence (b) ehzyme.
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Figure (3-45): Change of absorbance for the conjugi@n reaction between

GSH and L3Cu with time in the absence (a) and presence (b) ehzyme.

For the present work the slow nonenzymatic raterezction

(measured as the absorbance change per minutepébr complex was

converted into a bimolecular rate constant & shown in table (3-7). It

also records the corresponding data for the rapiyreatic reactions

under the same conditions.

AR B




Chapter three Results and Discussion

Z.000

1.500

1.000

Abs.

.500

[w i luln]
200.00 200,00 <0000 S00.00 GO0.00
nm.

Figure (3-46): Electronic Spectm of CDNB
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Figure (3-47): Elgonic Spectrum of GSH
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Table (3-7): The kinetic data for the enzymatic andhon-enzymatic reactions

Compound Non-enzymatic reaction Enzymatic reaction Fold
Rate constant K, | Fold A | Rate constant K Fold A

CDNB 666 1 6666.6 1 10
L3Cu 211.80 0.317 1500 0.225 7.08
L2Cu 204.86 0.307 5066 0.759 24.72
L2Pt 250.41 0.376 8000 1.200 31.94
L3Pt 261.11 0.391 8300 1.245 31.78
L3Pd 23541 0.353 8733.3 1.310 37.09
L2Pd 604.86 0.901 9900 1.485 16.36
L3Au 645.83 0.968 10866 1.629 16.82
L2Au 727.08 1.909 20400 3.060 28.05

Fold A=K of compound /K of CONB

Fold B=K of enzymatic reaction / K of non-enzymatic reaction

Reactivity of these complexes can be arrangedrdicap to the

decrease in theirnkralue for enzymatic reaction as follows:

L,Au > L;Au > L,Pd > LsPd > LsPt > LLPt > CDNB> LCu > L;Cu

Taking these data in consideration, the followatgervations can

be concluded:

1) Gold complexes were of highes} Bnzymatic values, i.e. of highest

reactivity toward GSH.

2) Copper complexes were of lowest &zymatic values, i.e. of lowest

reactivity toward GSH.
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3) All the studied complexes accepted copper coxagleshow higher
reactivity than the standard CDNB substrate.

4) The charged complexes, i.e. ofAu, L3Au, , LsPd, LPt L,Pt and

L.Cu were of higher reactivity than the neutral caempb, i.e. LkPd and
LsCu, this finding reflects the type of the postutateechanism of
reaction between the nucleophilic glutathione fGiSolate io***?*and

the electrophilic substrate.

So by this work a number of new substrates careberded for
GSTs.
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Suggestions for further work:

1) Complete characterization of the prepared coxgsleising GC-Mass,
NMR and Thermal analysis.

2) Study of the side effects of the new complexss the determination
of Minimum Inhibitory Concentration (MIC).

3) Study of the antitumor activity, using Cell-libechnique, of the new
complexes.

4) Study of the conjugation reaction products, rdeo to investigate

conjugation mechanism.
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Chapter two
Materials and Methods
2-1 Instrumentation:
1. Infrared Spectrophotometer: The infra-red spectra of the prepared
compounds were recorded using:

FT.IR 8300 Fourier Transform Infrared Spectrophctten of
SHIMADZU, in the range at wave number (4000-200) cosing Csl as
disk.

2. Ultraviolet-Visible Spectrophotometer: The electronic spectra of the
prepared compounds were obtained ustaigi MADZU UV-Vis-160A
ultraviolet spectrophotometer and using 1 cm queetzin the range at
wavelength (200-1100) nm.

3. Mélting Points. The melting points of the prepared compounds were
obtained usingsallenkamp M. F. B. 600 F Melting Point Apparatus.

4. Magnetic Susceptibility Measurements: The magnetic susceptibility
values of the prepared complexes were obtaineda@n rtemperature
usingMagnetic Susceptibility Balance Bfruke Magnet B.M.6, England.

5. pH Meter 3305/Jenway/Germany.

6. Refrigerated High Speed Centrifuge/Sanyo/U K.

7. Vacuum Oven / GallenKamp / Germany.

8. Sensitive Electric Balance, Sartorius, Germany.

9. Magnetic Stirrer/Jlassco/l ndia.

10. Electrophoresis/Bio-Rad/U.S.A.

11. Vacuum Pump/Charles Austen/England.

12. Vortex/Kunkel Gmbhucokg/England.

13. Pump /Mcro Tube Pump /England.

14. Ultrafiltration Cell Model 8200 / nmicon / U.S.A.

15. Conductometer WTW/Germany.

16. C.H.N analyzer of College of Science/Cairo University/Egypt
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2-2 Chemicals. The chemica used in this work were of highest
available purity and used as supplied without feirtpurification, other
chemicals were prepared as described below; cycybdmmine was
purified by distillation under normal pressure (B1IR5C).

2-2-1 Chemicals Supplied:

Table (2-1): Specification supplied chemicals

Chemicals Purity % Company
Absolute ethanol 99.99 BDH
Acetic acid 99 BDH
Acetone 99 BDH
Acrylamide 99 BDH
Ammonium persulfate 98 LKB
Bis-acrylamide 97 BDH
Bovine Serum Albumin 99.9 Sigma
Bromo Phenol Blue 90 BDH
Chloroauric acid 51 (Au) BDH
1-Chloro-2,4-dinitrobenzene 98 Fluka
Chloroform 98 BDH
Chloroplatinic acid mono-hydrate 40 (Pt) GPR
CM-Cellulose 98 BDH
Coomassie Brilliant Blue G-250 90 BDH
Coomassie Brilliant Blue R-250 90 BDH
Copper nitrate 99 Fluka
Cyclohexylamine 99 BDH
DEAE-Cellulose 99 Merk
Diethyl ether 90 Fluka
4-Diethylamino benzaldehyde 99 Readel-Dehean
Dimethyl sulfoxide 99 Fluka
Dipotassium hydrogen 99 BDH
orthophosphate
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2-2-2 Preparation of the Starting Materials:
A- Preparation of Chloroauric Acid Mono-hydrate:

A 0.1g piece of gold (5.10% 10* mol) is dissolved in a mixture of
0.5 ml of concentrated (12M) hydrochloric acid a@dl3 ml of
concentrated nitric acid (16M). The mixture wasthdao 96C hasten
the process somewhat, aqua regia was added ocaklgitmmaintain a
constant volume. The mixture was allowed to stanwam temperature
until all the gold has been dissolved. The resgltsolution was
evaporated to about 0.1 ml, 0.3 ml of concentragattochloric acid was

added, and the evaporation was repé&ted

B- Preparation of trans- [Pd(DM SO),Cl,]:

The neutral palladium sulfoxide complex was prefdarby
dissolving 0.25g of Pdgin 5 ml of dimethyl sulfoxide (DMSO) at 80.
The DMSO complex was precipitated upon additiorafiydrous ether

with stirring. The complex was dried in vacuum Sonr®®.,
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Chapter two Materials and Methods

2-3 Preparation of Ligands:
The new ligands were prepared by a modificatiothef reported

method®’ "%, Scheme (2-1) shows the reaction steps.

Scheme (2-1): Shows the reaction pathway usecdefoape the ligand 4.

L, and L and their respective metal complexes.

H @]
NH, +
OH
diethyl
ether ¢atalyst
H
(L] N C
HO
Abs. EtOH | + Pt(IV)
reflux Au(ll
Pd(ll)
Cu(ll)

Mg (Ln (L) m]X
for Pt(lV) k=1,n=1, L'= Cl, m=4, X=0
for Au(lll) k=1,n=1, L'= Cl, m=2, X=0
for Pd(ll) k=1,n=2, L'= 0, m=0, X=0

for Cu(ll) k=2,n=8, L'= ONO,, m=2, X=0
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H 0]

N~

HyCO NH, + ¢

N
PN
AbS. H3C CHs

EtOH | catalyst

HaC
L] \N CH——N OCH,
/

H,C
Abs. EtOH | + Pt(IV)
reflux Au(llr)
Pd(Il)
Cu(ll)

[Mi(L2)n(L)m(L")]X

for Pt(IV) k=2,n=4,L'=Cl,m=6, L"=0, t=0, X = Cl

for Au(lll) k=1,n=6,L'=0, m=0, L"=0, t=0, X =ClI

for Pd(I) k=2,n=4, L'=Cl, m=4, L"=H,0,t=2,X=0

for Cu(l k=1,n=3, L'=ONG, m=1, L"=H,0, t=2, X=NO;s
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H (@)
\C/
H;CO NH, +
OH

Abs,
EtOH | catalyst

CH=—=N OCH;

OH
[Ls]

Abs.EtQH Pt(1V)
reflux Au(lln)
Pd(Il)
Cu(l
Mk (La)n(L) mIX
for Pt(IV) k=1,n= 2, L'=Cl, m=2, X=Cl
for Au(lll) k=1,n= 2, L'=0, m=0, X=ClI
for Pd(ll) k=2,n= 6, L'=0, m=0, X=ClI

forCu(ll) k=1,n= 2, L'=0, m=0, X=0

YA
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2-3-1 Preparation of 2-[(cyclohexylimino)methyl]phenol(L,):

A solution of 0.01 mole (1.15 ml) of cyclohexylaraiwas slowly
added to a solution of 0.01 mole (1.06 ml) of sddldehyde, to it
p-toluene sulfonic acid was added in small portiaasataly$t*’? .The
mixture was diluted with 20 ml of dry diethyl eth&rhe solution was
refluxed for 2 h at 30-4C, and then the solvent was removed under

vacuum. A yellow viscous liquid was obtained with@&% yield®"?,

2-3-2 Preparation of N[4(dimethylamino)benzylidene]-N-(4-
methoxyphenyl)amine(L,):

The Schiff base (1) was prepared by dissolving 0.01 mole
(1.2329g) of the p-methoxy aniline in 40 ml of ahgel ethanol, to the
resulting solution 0.01 mole (1.77g) of 4-dimgthmino benzaldehyde,
dissolved in 50 ml of absolute ethanol, was add&d.resulting solution
was mixed with the addition of few drops (2-3) ¢d@al acetic acid as
catalyst®- After stirring, the reaction mixture was heated tfiwo hours
at 50C, the solution was cooled and the precipitate o@kected by
filtration. The precipitate was washed several §msing diethyl ether,
then with ethanol, followed by recrystallization @ther and drying at

50°C in vacuum oven for 1 hod?.

2-3-3 Preparation of 1-[(4-methoxyphenyl)imino)methyl]-2-
naphthol (L3):

L; was prepared by dissolving 0.01mole (1.72g) ofy@rbxy
naphthaldehyde in absolute ethanol, 3 drops ofiglacetic acid was
added as cataly&?, followed by slow addition of 0.01mole (1.2329) of
p-methoxy aniline dissolved in absolute ethanok Thxture was stirring

for 30 min at 56C and agitated for 24 hour at room temperature; the

A



Chapter two Materials and Methods

solution was cooled and the resulting precipitatas weollected by
filtration. The precipitate was washed several §wéh ethanol followed
by recrystallization in diethyl ether and drying °C overnight in

vacuum ovefi%.

2-4 Preparation of the Complexes:
2-4-1 Metal Complexesof L,
A) The Platinum (1) Complex (L,Pt):

A solution of HPtCk.H,O 2mmole (0.8569g) was added drop wise
to the original ligand 4mmole (0.8129) in absolateanol, the addition
took 5min. The mixture was refluxed for 2 hour$@&iC. After cooling to
room temperature the precipitate was filtered amchystallized from

ethanol, orange bright crystals were formed.

B) The Gold Complex (LiAu):

A solution of HAuC} 2mmole (0.71g) was added drop wise to the
original ligand 4mmole (0.8119) in absolute ethatiod red solution was
formed, the mixture was placed in ice bath for 20 umtil the precipitate
was formed, then it was filtered off, washed selveénaes with absolute
ethanol and recrystallized by ethanol and driedeundicuum at 5.

The yield was deep red powder.

C) The Palladium Complex (L 1Pd):

A solution of [Pd(DMSO)CI,] 2mmole (0.6669), dissolved in 5 ml
absolute ethanol was added drop wise to the ofiggend (L;), 4mmole
(0.8079) dissolved in absolute ethanol. The mixtwes refluxed for 1

hour at 60C. After cooling the solution the precipitate witefed off,
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washed several times with absolute ethanol thenystdlized by diethyl

ether. A yellowish-green fine crystalline powderswabtained.

D) Copper (I11) Complex (L,Cu):

4 mmole (0.812g) of L was dissolved in minimum amount of
absolute ethanol (15 ml), to which drops of aquesmlgtion of potassium
hydroxide (1%) was added, followed by the additddr2mmole (0.465Q)
of the copper nitrate dissolved in minimum amouhglosolute ethanol
(10 ml).The mixture was refluxed for 2 hours af@0After cooling to
room temperature, the precipitate was filtered affd washed several
times with diethyl ether and recrystallized fromt ltbethyl ether and
dried under vacuum at 8D. A bright deep reddish-brown powder was

obtained.

2-4-2 Complexes of (L,) and (L3) (LoPt-L3Cu):

A general method was followed for the preparatmnmetal
complexes of (L) and (L), which can be described below:

To a solution of 4 mmole of L/or L; in appropriate amount of
absolute ethanol, a 2 mmole of the metal salt fdz=t in table 22)
dissolved in minimum amount of absolute ethanols vealded. The
mixture was warmed for 5 min. then refluxed fordurs to complete the
reaction. The products were washed several tim#s atisolute ethanol
and recrystallized from hot ethanol. Fine crystalipowders were
obtained with different colors depending on theety the metal salt as
described in Table (2-2).
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Table (2-2): Schiff base, metal salt and purificabn solvent of prepared

complexes.
Complex Schiff base Metal salt Purification
solvent
L.Pt L, H,PtClg.H,O ethanol
L1Au L1 HAuUCl 4 ethanol
L,Pd Ly [Pd(DMSO),CIy] diethyl ether
L.Cu L1 Cu(NO3)2.3H.0 diethyl ether
L,Pt L, H,PtClg.H,O ethanol
LoAu Lo HAuUCl 4 ethanol
L.Pd Lo [Pd(DMSO),CI,] ethanol
L.Cu L, Cu(NO3)2.3H.0 ethanol
L3Pt Ls H,PtClg.H,O ethanol
LsAu Ls HAuUCl 4 ethanol
LsPd L3 [Pd(DMSO),CI,] ethanol
LsCu L3 Cu(NO3)2.3H.0 ethanol
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Chapter two Materials and Methods

2-5 Isolation and Purification of Glutathione S-transferase from
Rat Liver
2-5-1 Assay Method

Principlee Enzyme activity during purification was determined
spectrophotometrically at 340nm by measuring them&bion of the
conjugate of glutathione (GSH) and 1-chloro-2,44dnbenzene
(CDNB)®?.

2-5-1-1 Solutions:
1) Buffer A- potassium phosphate buffer (0.1M) ([&-5).

This solution was prepared by mixing 42ml of (0.KMHPQO,)
with 91ml of (0.1M KHP(Q,). The pH of the final solution was 6.5.

2) Glutathione (GSH) (20mM):

It was prepared by dissolving 0.03g GSH in Snibwafifer A above.
3) 1-Chloro 2,4-dinitrobenzene (CDNB) (20mM):

It was prepared by dissolving 0.02g CDNB in 5metfanol 95%.
2-5-1-2 Procedure:

A) Determination of enzyme volume:

To a one ml cuvette was added 8504898f buffer A, 5Qul of
20mM GSH and 5@ of 20mM CDNB. The reaction, which was carried
out at 30C, was started by addition of a suitable amourgrafyme (5-
50ul); the final volume was 1ml. The reaction was ntorad
spectrophotometrically by the increase in absorbatc340nmg = 9.6
mM™cm?) Figure (3-31). Correction for the spontaneousvigtwas
made by subtracting the rate in the absence ofre@?

B) Determination of enzyme activity:

The same steps above (2-5-1-2-A) were done usirlg |H60f

buffer A and 35ul of enzyme.
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2-5-2 Definition of Unit and Specific Activity:

A unit of enzyme activity was defined as the antooihenzyme
that catalyzes the formation ofirhol of S-2, 4-dinitrophenylglutathione
per minute at 3 using 1mM concentration of GSH and CDRB A
specific activity was defined as enzyme activitpi{s) per milligram of

proteirt>®.

2-5-3 Determination of Protein concentration:
2-5-3-1 Solutions:
a) Bovine Serum Albumin Stock Solution:

Bovine Serum Albumin (BSA) stock solution was pnegh by
dissolving 10mg of BSA in 10ml of phosphate buff@i05M) (pH 74"

b) Sodium hydroxide(1M):

It was prepared by dissolving 4g of NaOH in 50mstitled water,
and then diluted to 100ml with distilled water.
c) Commassie Brilliant Blue G-250"%:

This dye was prepared by dissolving 100mg of Coswiea
Brilliant Blue G-250 in 50ml of ethanol 95%, andeth 100ml of
orthophosphoric acid 85% was added. The volumetineascompleted in
volumetric flask to 1000ml with distilled waster.
2-5-3-2 Procedure:

Protein concentration determination wagquered as follows™:

1) Several dilutions of standard protein (BSA) (&57.5, 10, 12.5, 15,
20 pg/ml) were prepared from BSA stock solutiom@.1 a) in the same
buffer using 20ul of each concentration for eadttidin.

2) 5Qul from 1M NaOH (2.5.3.1 b) was added to each dluti

3) Then 1ml of Commassie Brilliant Blue G-250 (3.%.c) was added to

each dilution and left to stand for 2min at roomperature.
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4) The absorbance at 595nm was measured: the Wiaslprepared from
0.1ml of the buffer and 1ml of the dye reagent.

5) A standard curve was plotted between the amowhtprotein

corresponding absorbance of the standard proteine TPprotein

concentration of unknown samples was calculatedh ftbe standard
curve Figure (2-1).

6) The same steps were done using 20ul of the sampl

e e i
o o ~N
)

sorbance at 595 nm
(@)
S

o o o
R NN W
)

Ab

0 5 10 15 20

Protein Concentration (ug/ml)

o
L

Figure (2-1): Standard protein curve.
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2-5-4 | solation and Purification Procedure:
The purification steps were performed 8€C%he procedure was

dimensioned for two rat liver (14-20 g) as showisoheme (2-2).

Scheme (2-2): The isolation and purification of GS3 from Rat liver.

Isolation of Enzyme by 10 mM tris buffer pH 8.0
Centrifugation at 5000 rpm for 30 minutes 4C

l l

The supernatant precipitate was discarded

'

Crude GSTs was dialyzed

against (10 mM) Tris buffer

(pH 8.0), GSTs activity and

protein concentration was determined

l

lon exchange chromatography
using DEAE-Cellulose Column

l

lon exchange chromatography
using CM-Cellulose Column

'

Gel filtration chromatography
using Sephacryl S-200 column

l

Glutathione S-transferase purified
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2-5-4-1 Preparation of Cytosol Fractions:
2-5-4-1-1 Solutions:
a) Tris-solution (10mM):

It was prepared from dissolving 0.15g of Tris-¢lde in 100ml
distilled water.
b) HCI (10mM):

It was prepared from dilution of 1ml of concenthtHCl to 100ml
by distilled water.
c) Buffer B- Tris buffer (10mM) (pH=8.0):

It was prepared by mixing 93.2ml of Tris-chloridg (vith 50ml of
HCI solution (b), the pH of the prepared buffengimn was 8.0.
2-5-4-1-2 Procedure:

Rat liver (17g) was cut into small pieces and hoemized in
10 mM ice-cold buffer B (3ml/g liver) in a blend@ihe homogenate
was filtrated through 2 layers of gauze to remowenective tissue.
The homogenate was centrifuged at 5,000 rpm foroar.hThe
resulting supernatant was then centrifuged for 3@uta. The

cytosol fraction was obtained, and stored afG®®.
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2-5-5 Purification Procedures:

The purification was made through the followingeth steps:

2-5-5-1 lon Exchange Chromatography by DEAE-Cellulose:
2-5-5-1-1 Solutions:

a) Sodium chloride (0.25M).

b) Hydrochloric acid (0.25M).

¢) Sodium hydroxide (0.25M).

d) Buffer B- Tris buffer (10mM) (pH 8.0).

2-5-5-1-2 Preparation of the lon Exchanger DEAE-Cdllulose:

The ion exchanger diethylaminoethyl cellulose (DEédHulose)
was prepared according to the manufacturing comgsviyatman) as
described bello{{”.

DEAE-Cellulose (25g) was suspended in (100 ml)dditilled
water and left for 2 hours to get swelled. The tilug flakes were
removed away from the solution until the upper tayas cleared, then
filtered through buchnner funnel with Whatman Ndilter paper under
vacuum. The precipitate was suspended in (500 1{().25 M) NaCl (2-
5-5-1-1 a) under vacuum, then washed several tiithsdistilled water.
A (500 ml) of (0.25 M) HCI (2-5-5-1-1 b) was pass#ddough the
precipitated exchanger under vacuum and washedaetmmes with
distilled water. The exchanger was suspended aifgp(@.25 M) NaOH
solution (2-5-5-1-1 c) and washed several time# wistilled water. The
DEAE-Cellulose was suspended in (10 mM) Tris-HCiféuB (pH 8.0)
(2-5-5-1-1 d) until the pH of the exchanger wascheal (8.0). The
DEAE-Cellulose was packed into the column (30X2.5camd then the
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column was equilibrated with the same buffer owginhiwith a flow rate
(50ml/ hour).
2-5-5-1-3 Procedure®®:

Crude GSTs was dialyzed against (10mM) Tris-HClfdruB (pH
8.0) then 34ml of this sample was loaded onto tilenon carefully until
passed the exchanger. Then (150ml) of (10mM) Td-buffer B was
added, then (150 ml) of a gradient from (10mM) -HiGI buffer to
(10mM) Tris buffer containing 0.2M NaCl was adddetactions of
(5ml) were collected in test tubes. The absorbanasach fraction was
measured spectrophotometrically at 280nm, fractadriee protein peaks
were assayed for GSTs activity (2-5-1-2-B) and &rmotoncentration (2-
5-3-2-6). Fractions containing enzymatic activityere collected, and

stored at &C for further purification.

2-5-5-2 lon Exchange Chromatography by CM-Cellulose:
2-5-5-2-1 Solution’:

a) Sodium chloride 0.25M.

b) Sodium hydroxide 0.25M.

¢) Hydrochloric acid 0.25M.

d) Buffer C- phosphate buffer (10mM) (pH 6.7).

e) Buffer D- Phosphate buffer (400mM) (pH 6.7).

2-5-5-2-2 Preparation of the lon Exchanger CM-Cellulose:
The ion exchanger was prepared according to theufaeuring
company (whatman) as described foll§Ws
CM-Cellulose (25g) was suspended in (100 ml) ofiltksl water
and left for 2 hours to precipitate. The floatitakes were removed away

from the solution until the upper layer was clearthén filtered through
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buchnner funnel with whatman No. 1 filter paper emdsacuum.

The precipitate was suspended in (500 ml) of (M23NaCl (2-5-
5-2-1 a) under vacuum, then washed several timgsdistilled water. A
(500 ml) of (0.25 M) NaOH (2-5-5-2-1 b) was pasdhdough the
precipitated exchanger under vacuum and washedradetimes with
distilled water. The exchanger was suspended aito (@.25 M) HCI
solution (2-5-5-2-1 ¢) and washed several times wistilled water. The
CM-Cellulose was suspended in (10 mM) buffer C WA (2-5-5-2-1 d)
until the pH of the exchanger was reached (6.7 CTM-Cellulose was
packed into the column (30X2.5cm), and then theumaol was
equilibrated with the same buffer overnight.
2-5-5-2-3 Procedure:

The sample (20ml) was loaded onto the column chyefuntil
passed the exchanger. Then (150 ml) of phosphdferl{10mM) (pH
6.7) Buffer C (2-5-5-2-1 d) was added, protein whged by using (260
ml) of a gradient from (10 mM) to (400 mM) phosphaiuffer (pH 6.7)
buffer D (2-5-5-2-1 e). Fractions of (5 ml) waallected in test tubes.
The absorbance in each fraction was monitored sp@wbtometrically at
280nm, fractions of the protein peaks were asséye@STs activity (2-
5-1-2-B) and protein concentration (2-5-3-2-6). dii@ens containing

enzymatic activity were collected, and concentrémgdiltrafiltratiort’®.
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2-5-5-3 Gd Filtration Chromatography on Sephacryl S-200
Column:

2-5-5-3-1 Materials and Solutions:

a) Buffer E- phosphate buffer (0.1 M) (pH 6.7).

b) Sephacryl S-200.

2-5-5-3-2 Preparation of Gel Filtration Column:

Sephacryl S-200 column (63X2 cm) was preparedpaatted
according to the instruction of the manufacturingmpany
(Pharmacia Fine Chemicgl). The column was equilibrated with
(0.1 M) phosphate buffer (pH 6.7) buffer E (2-5-8-3&), at a flow
rate of (60mli/hour).
2.5.5.3.3 Procedure'® "

A sample (10 ml) of partially purified GSTs wasdad to the
Sephacryl S-200 column, carefully using pastureethg Elution of
protein was done with the application of (200mipgphate buffer (0.1M)
(pH 6.7). Fractions of (5 ml) were collected intteedes. The absorbance
in each fraction was monitored spectrophotometgicat 280nm,
fractions of the protein peaks were assayed forsE&fivity (2-5-1-2-B)
and Protein concentration (2-5-3-2-6). Fractionastaming enzymatic

activity were collected.
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2-5-6 Polyacrylamide Gel Electrophoresis under Denatured
Conditions:

In order to test the purity and to determined th@etular weight
of the GSTs obtained from the gel filtration stpptein polyacrylamide
gel electrophoresis was performed for the puriadymé&’ %%

2-5-6-1 Solutions:
a) Resolving Gel Buffer Solution (1.5 M Tris-HCI):

This solution was prepared by dissolving 18.2g as-HCI in
80ml of distilled water. The pH was adjusted to 88 1M of HCI
solution and the volume was then completed to 100ml
b) Stacking Gel Buffer Solution (0.5M):

This solution was prepared by dissolving 6g of -Ba&se in
distilled water and the pH was then adjusted touidg 1M HCI. The
volume was then completed to 100ml in volumetask.

c) Sodium Dedocyl Sulfate Solution (10%)

This solution was prepared by dissolving 10g of SbSlistilled
water, and the volume was then completed to 100ml.
d) Reservoir Buffer Solution:

This solution was prepared by dissolving 3g of -Base with
14.4qg of glycine in 800ml of distilled water. pH svadjusted to 8.3 by
1M HCI solution, 10 ml of (10%) SDS solution wathadded and the
volume was then completed to 1000ml by distilledena
e) Acrylamide Bisacrylamide Solution (30%):

This solution was prepared by dissolving 30g afylamide and
0.8g bisacrylamide in 80ml of distilled water théme volume was
completed to 100ml and kept in dark bottle.
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f) Bromophenol Blue (0. 5%}

This dye was prepared by dissolving 0. 5g of bromeol blue in
100ml of distilled water. Mixed until completelysdiolved.
g) Stock Sample Buffer:

It was prepared by mixing 4.3ml of distilled water,2ml of
stacking gel buffer, 2ml of 10% SDS solution, 2gsatrose and 0.5 ml
of 0.5% bromophenol blue solution.

h) Ammonium Persulfate Solution (10%):

This solution was prepared freshly by dissolvingogfgmmonium
persulfate in 20ml of distilled water.

1) N,N,N,N Tetra methyl ethylene diamine (TEMED)
]) Fixing Solution:

This solution composed of 40% methanol and 10%hlaro acetic
acid (TCA). It was prepared by dissolving 100g oA in 500ml
distilled water, 400ml of ethanol was added and ubkime was then
completed to 1000ml by distilled water.

k) Enzyme Solution:

It was prepared by mixing 250 pl of (0.2mg/ml)@$ETs solution
with 250 pl of stock sample solution in test tu@é, ul of mercapto
ethanol was added, and it heated to boiling paind iwater path for 5
min, then it was cooled to room temperature.
|) Standard Proteins Solution:

They were prepared by dissolving the followingnsi@d proteins
Table (2-3) in the concentration of (10ug/100us$toick sample buffer).
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Table (2-3): Molecular weight of standard proteins

Standard protein Molecular weight (Dalton)
Phosphorylase 94000
Albumin 67000
Ovalbumin 43000
Carbonic anhydrase 30000
Trypsin inhibitor 20000
a-Lactalbumin 14400

m) Coomassie Brilliant Blue R-250:

10ml of 70% of PCA was diluted to 200ml by distillevater, then
0.8g of dye dissolved in it, the solution was mixied 1 hour, then
filtered and kept in dark bottle.

n) Distaining Solution:

This solution composed of 40% methanol and 10%i@eetd. It
was prepared by mixing acetic acid, methanol amtilled water in a
ratio 1:4:5, respectively.
2-5-6-2 Procedure;

A) Resolving Gel:

Resolving gel (7.5%) was prepared by mixing 2.5frd@ylamide
bisacrylamide (2-5-6-1 e), 4.85ml of distilled wat8.5ml of resolving
gel buffer(2-5-6-1 a), and 0.1 ml of 10% SDS (2-%-8) the solution
was degassed for 10 min. using a vacuum pump, Soghof 10%
ammonium persulphate solution (2-5-6-1 h) apdl & TEMED were
added to the degassed solution and mixed gentinglURasteur pipette,
the separating gel was transferred to Polyacrylangel electrophoresis
slab gel, using another pipette, the top of the \yat covered with
isobutyl alcohol. The gel was then allowed to padyire for 1 hour at

room temperature.
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B) Stacking Gel:

Stacking gel was prepared by mixing 1.3ml of acryte-
bisacrylamide solution (2-5-6-1 e), 2.5 ml of siagkgel buffer (2-5-6-1
b), 6.1ml of distilled water and 0.1ml of 10% SDSusion (2-5-6-1 c).
The solution was then degassed for 10 min. usimgcaum pump. 5d
of 10% ammonium persulfate solution (2-5-6-1 h) GadTEMED were
then added and mixed gently. The stacking gel viaes ttransferred
slowly over the separating gel, the top of the gels covered with
isobutyl alcohol. The gel was then allowed to padyire for about 1
hour at 25°C.

C) Electrophoresis:

The slab gel was submerged in the reservoir b(#é-6-1 d) and
50ul of 40 pg/ml enzyme solution (2-5-6-1 k) was loadden the gel
surface.

The power supply was connected and run at 2 mA/dloenstant
current until the tracking dye enter the separagjelg and then the current
was increased to 5 mA.

The total run time for the gel was about 4 hourder
polyacrylamide gels were removed from the slab gel placed
separately in plate.

Gels were immersed in fixing solution (2-5-6-1 @rf30 min,
fixing solution was then poured off and the gelsevenmersed in the
staining solution (Coommassie Brilliant Blue R-25@) 3 hours.

Then staining solution was poured off and the ga$ wnmersed
with destaining solution (2-5-6-1 n) to remove tidound stain.

The destaining process continued until blue barfigsaiein were

obtained. Gels were stored in 7% acetic acid swiuti
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To determine the molecular weight of Glutathiongrehisferase
enzyme, The distance of the bromophenol blue dyester from the top
of the gel to the center of the dye band was medsur

Also the distance from the top of the gel to theteeof separated
standard protein bands was measured. The relatokdlity (R,) was

calculated for each protein according to the follayequation:

Relative mobility (R,) = distance of protein / distance of

bromophenol blue dye

The relation between Rand log molecular weight of the standard
protein was drown, then the molecular weight of #®yme was

determined by using the,Rralue of the enzyme from the standard curve.
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2-6 Interaction of GSH with Prepared Complexes and Standard
Substrate:

2-6-1 Solutions:

1) Phosphate buffer (0.1M) (pH 6.7):

It was prepared by dissolving (13.609 gm) of REy in (1000 ml)
of distilled water; pH was adjusted to (6.7) using dilute solution of
NaOH.

2) Glutathione (GSH) (1mM): It was prepared by diggg (0.0922 gm)
of GSH in (10 ml) of (0.1M phosphate buffer).

3) 1-chloro2,4-dinitro benzene (CDNB) (1mM): It wasepared by
dissolving (0.0182 gm) of CDNB in (3ml) of absol@#hanol.

4) The prepared complexes (1mM): It was prepareddisgolving a
suitable weight, corresponding to 1mM of each caxpin 5ml of
acetone.

2-6-2 General Procedure for Studying the Interaction Process in
the Absence and Presence of the Enzyme:

The standard substrate, CDNB, of 1mM was dissoimegbsolute
ethanol. The resulting solution (0.1ml) was added3ml of 0.1M
phosphate buffer and the spectrum was measuredpgwtrum of GSH
was also measured at the same concentration arditioos. 0.1ml of
1mM glutathione was added and the spectrum was ureghdor the
product of interaction at one hour time intervalsthree hours, then after
twenty four hours.

The same procedure was followed using 1mM of eamhplex
(which was dissolved in acetone) instead of CODNBusstrate mimics.

The procedure was repeated using 0.02ml of thefiguir
Glutathione S-transferase as catalyst, and thersippeevas measured at 5

minute intervals for fifteen minutes, then aftelf inur.
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Abstract

A new set of Schiff bases have been pegpm this work, which
include:
2-[(cyclohexylimino)methyl]phenol(})
N[4(diethylamino)benzylidene]-N-(4-methoxyphenyhiae(L,)
1-[(4-methoxyphenyl)imino)methyl]-2-naphthol 4. along with their
complexes, with Pt(IV), Au(lll), Pd(Il) and Cu(ltpetal ions. All the
Schiff bases and their metal complexes have bearacterized using
FT.IR, UV-Vis. Spectroscopy, CHN-elemental analydMsagnetic
Susceptibility, and Conductivity measurements.

The following formula for the prepared complexeancbe

suggested:
M (L)n(LYm]X  for Pt(IV) k=1,n=1, L'=Cl, m=4, X=0
for Au(lll) k=1,n=1, L'=Cl, m=2, X=0

for PA(Il) k=1,n=2, L'=0, m=0, X=0
for Cu(ll) k=2,n=8, L'=0ON@, m=2, X=0

L, = N—/—=HC

HO



[Mi(L2)n(L)m(L")dX
for Pt(IV) k=2,n=4, L' = Cl, m = 6, L"=0, t5X = Cl
for Au(lll)k=1,n=6,L'=0, m=0, , L"=0, t= = CI
for Pd(I)k=2,n=4, L'=Cl, m=4, L"=}0, t=2, X =0
for Cu(ll) k=1, n=3, L'=ON@ m = 1, L"=HO, t=2,
X=NOj

H3C\
L,= N CH—N OCHj
/
HsC

M (La)n(L)m]X  for Pt(IV) k=1,n=2, L'=Cl, m=2X=Cl
for Au(lll) k=1,n2 L'=0, m=0, X=Cl
for Pd(Il) k=2,n6z L'=0, m=0, X=ClI
for Cu(ll) k=1,nZ L'=0, m=0, X=0

CH——=N OCH,

OH



The Glutathione S-transferase was isolated fromlivar and
purified follow three steps, i.e. lon Exchange Chatography (using
DEAE-Cellulose, then CM-Cellulose), finally using elG Filtration
Chromatography using Sephacryl S-200. Electropi®iteshnique was
used to estimate the purity of the purified enzyamel to measure its
molecular weight.

The non-enzymatic and enzymatic reactivity's ajheiof the
prepared complexes toward glutathione were measuuedier
physiological conditions (phosphate buffer 0.1M, 367, 30C). 1-
chloro 2,4-dinitrobenzene was used as standardtratdhdo assay the
enzyme activity and for the comparative study oé tbonjugation
reaction.

The rate and rate constant of the conjogareaction were
calculated, the reactivity (as reflected by thevklues) was found to

follow the following sequence:

L,Au > L;Au > L,Pd > L,Pd > LsPt > LLPt > CDNB > LLCu > L;Cu

It was found that most cationic complexesAl, LsAu, LsPd,
LsPt, L,Pt, and L2Cu) were of greater reactivity than redutomplexes
(L.Pd, LsCu) and those gold (lll) complexes where of highestalues

while copper (II) complexes having lowest values.



-

dDAl
(et (Al g Byaa (adae) B SO juaat o

2-[(cyclohexylimino)methyl]phenol(})
N[4(diethylamino)benzylidene]-N-(4-methoxyphenyl)aei(L,)
1-[(4-methoxyphenyl)imino)methyl]-2-naphthol L
« Pt(1IV), Au(lll), Pd(Il), Cu(ll) _mabiall il s} aa Lgilaze & yusas LaS
4V 5 (FT.IR) ¢! sead) cand 4ni¥) ddas) 5 Lgilains 5 5 puanall (il ac) 8 JS Cuadls
Lnluall QL 5 (CH.N) ealiall @dall Joladll 5 (UV-ViS) A pall-dpandiill (354
Al Sl Al 1l 5 dpualizall

et KE PN P (i c_ml\ Caa yi8) g

M (L)n(LYm)X  for Pt(IV)  k=1,n=1, L'=Cl, m=4, X=0
for Au(lll) k=1,n=1, L'=Cl, m=2, X=0
for PA(Il) k=1,n=2, L'=0, m=0, X=0
for Cu(ll) k=2,n=8, L'=0ON@, m=2, X=0

L, = N——=HC

HO

[Mi(L2)n(L)m(L")dX
for Pt(IV) k=2,n =4, L'=Cl, m =6, L"=0, t5X = Cl
for Au(lll)k=1,n=6,L'=0, m=0,, L"=0, tX = Cl
for Pd(Il)k=2,n=4, L'=Cl, m=4, L"=}0, t=2, X =0
for Cu(ll) k=1,n=3, L'=0ON@ m =1, L"=HO, t=2,
X=NOj



H3C\
L,= N CH—=N OCH,
/
HsC

[M(La)n(L)m]X  for Pt(IV) k=1,n=2, L'=Cl, m=2X=Cl
for Au(lll) k=1,nzZ L'=0, m=0, X=Cl
for PA(ll) k=2,n6s L'=0, m=0, X=Cl
for Cu(ll) k=1,nZ L'=0, m=0, X=0

CH=—=N OCH;

OH

) ghad O, 45T Caad g G jal) S (e i) 3-S50 ) a3 J e o
Jall L) e sises S5 DEAE-Cellulose alaaiuly 53 Jaliil) Ll e 5 ga 5 S
e e il Ll e g ga g S pladiuly | pals CM-Cellulose plasiuls i g
.S5-200 JiSlip alaaiuly

A5 (el XS 5 Biall ay 33Y1 3l (e STl Sl o i) 48 Crandial
moal)

a3 e 53 s g3 (0 58 I ol 3 jumnall Clainall (e dilal Alad sy
(30°C ,pH7 i sill s la)asalodll Gy ylall cand 3 puiasil 53 =S ¢ 55 580
,0.1M
Agllad e CaiSl agld Lulul 0S 1-Chloro2,4-dinitrobenzene alasiul
A1) Je el 26 Haal) Al all Gl g o 53



Ol oI sl Adladll () as g9 e0y) SBY) Jelail de pul) Culi g de pudl dad Ciaaa
fY) Juadail) Canl 8 (K5 da DA e a3 )
L,Au > L;Au > L,Pd > LsPd > LsPt > LLPt > CDNB > LLCu > L;Cu

a il Toa sal) A VT Colaaall ) (i G

Claaall (e adled SIS (LAu, LsAu, LsPd, LsPt, LPt, and LCu)
i K e Aot ellas il DA Caadll Clsiae o) 2 5 IS (L,Pd, LCu) Halacial)
Alaall 4 8l (1) el Clainse CShia)
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