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"PART 1

INTRODUCTION



SECTION ONE

THE INTERACTION OF ANTIBACTERIAL AGENTS WITH

THE BACTERIAL CELL

1. ~THE CELL WALL

A]though'thére is a great diversity in the structure of the cell
- walls of different bacterial species, two main typeé of cell wall

are -recognised, the Gram-positive and the Gram-negative walls. The
simpler Gram-positive wall consists main1y of é péptfdog]ytan, whose
- basic framework is made up of alternating subﬁnits of N-acéty]g]ucosQ
amine and N-acetylmuramic acid, connected by_B(1;4) Tinkages (Fig.

- 1.1(a})). The N-acetylmuramic acid fs substituted at the acidic

- group with a short peptide chain, containjng the unusuaI-D-isomers
of giutamic acid and alénine; these peptides are cross-1inked
togefher giving rise to a rigid:poiymer (Fig. 1.7(b)). Ih addiﬁjoh,

| the Gram-positive walls contain teichoic acid, and a mucopolysaccharide.

- The more complex Gram-negative wall consists of three 1ayers: 
a peptidog1gcan inner layer, similar to that of Gram-positive WaTIS,
and outer layers of lipopolysaccharide and lipoprotein. Teichoic '

acids are, however, absent.

The structure of the bacterial cell walls have been extenSive1y
reviewed by Jawetz, Melnick and Adelberg (1972), Gale et aZ (1972)
~and Franklin and Snow (1975).



A2 (1-4) LINKAGE .
CLEAVED BY LYSOZLYME
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o o o o 0.
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! . :
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la)

Fig (1.1)*

a) The pepti ddg]ycan of Staphylococcus aureus, with its backbone
consisting of alternating units of N-acetylglucosamine and
N-acetylmuramic acid connected by g(1-4) linkages.

b) Schematic representation of the peptidoglycan lattice; short
peptides, Tinked to the muramic acid, are cross-linked between
parallel polysaccharide backbones. ‘

* After Jawetz, Melnick and Adelberg (1972).
-2



The cell wall is a target for the éction of a number of
important antibjotics and antibacterial agents. Among these are
penicillins and cephalosporins, which inhibit the synthesis of
 bacterial cell wall mainly by blocking the termina1'cro$s~11nking
of Tinear glycopeptides into the complex peptidoglycan. Bacitracin
blocks the formation of the 1fnear peptidopo]ysaccharide by |
complexing with a pyrophosphate needed in the'process. chyclbserine
“competitively inhibits alanine-racemase and D-alanine-D-alanine
synthetase. Phosphonomycin acts as an analogue of phosphoenol-
pyruvate, and binds covaient]y to the'pyruvate~UDP—N-acéty1g?ucosamine
trahsferase; thus preventing the formation of UDP-N-acetylaglucosamine
'_end]pyruvate, while vancomycin inhibits the incorporation of amino

acids into peptidog19can.

Detailed reviews of the action of antibacterial agents and
antibiotics against bacterial cell walls are given by Reynolds (1966},

Russell (1969),'Ga1e et al {1972}, and Franklin and Snow (1975).

2. THE CELL MEMBRANE

Apart from being the osmotic_barr{er of.the ce]],'thé bacterial
cytoplasmic membrane is the site of respfration and oxidative
phosphorylation, and their asséciated enzymes (Russell, 1969;
Hatefi, 1976} . lThese two processés have been discussed in great.
detail by Wendler (1976) and Haddock and Jones (1977). The membrane
Tipid  fraction constitutes up to 30% of its dryweight, of which
80% is phospholipid, the rest being neutral lipid (Hughes; 1962);

" The fatty acid chains in some Gram-negative bacteria may be maiﬁ]y

saturated and even-numbered, while Gram-positive organisms contain

-3 -



a high proportion of branched chains (Brundish, Shaw and Baddily,
1966). A carbohydrate fraction is usually present, but its proportion
depends on the adhering cell wall, and therefore the membrane content

fluctuates between 0.2 - 19% (Salton, 1967).

The protein fraction constitutes 40-85% of the membrane dry-
weigﬁt, of which its largest proportion is the enzymes of the electron
transport system (Salton, 1967).- Its amino acid composition is
similar to the cell protein, but different‘from the cell wall, in
fhat it contains all the common L-amino acids but not thé D—amfno
acids (Hughes, 1962). RNA is found to constitute 0.8-15% of its dry+
weight (Salton, 1967).

A1thou§h the cytoplasmic membrane has a very Tow mechanica]h
strength, it possesses special and cémp]ex prﬁﬁerties of permeabf]ity,
and also regulates the passage of metabolites into the cell ({Hugo,

' 1967). A simple model of the "unit membrane® has been proposed by
Danielli and Davson (1935), and consists of a three layer structure:
protein?lipid~protein (Fig. 1.2(a)). The middle 1ayef consisté of
two monolayers of lipid with hydrocarbon chains in end-to-end contact,

and hydrophilic ends pointing outwards, in contact with the dense

protein layer on either side (Hughes, 1962).

This membrane model has been subject to criticism. Vanderkooi
and Gréen (1970} suggested that the membrane may consist of tw; Tayers
.of g1obu1ar protein molecules in contact with each other, with the
phoépho]ipid filling the interg]obu]ar'spaces (Fig. 1.2(b)). |
Stoeckhenius and Engelman (1969} postulated that the inner 1ipid
layer was equivalent to a leaflet, of thickness less than that of

two phospholipid molecules, with a disordered hydrocarbon centre

bonded by hydrophilic groups which were not closely packed (Fig. 1.2(c)).
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Models of Membrane Structures*

a) Danielli and Davson (1935) model.
b} Vanderkooi and Green (1970) model.
c) Stoeckenius and Engelman (1969) model.

* After Gale et al (1972).



Transport across the membrane can occur by one of three methods;
passive diffusion, in which the substance passes the membrane due to
a ]ower solute concentration or an electrical gradient within the
cells; faci]itated diffusion, where the substance reacts with a carrier
to form a complex that can cross the membrane; and/or énergy depend-
ent transport, in which the substance cannot pass without the presence.
of an energy source that supplies the energy required to carry the

substance against the concentration gradient (Gale et aZ, 1972);

There are three major hypotheses attempting to-ekaain the
coupling of energy production with transport across the membrane.‘
The coupling factor theory proposes the involvement of high energy
intermediates (Slater, 1966). The conformational theory proposes |
cqnformationa] changes in the membrane, media%ed by ATP (Young,
Blondin and Green, 1971), While the chemiosmotic theofy sﬁggests
the setting up of a proton gradient across the membrane that provides
the enefgy to drive not only the transhort process, but oxidative
phosphorylation and ATP synthesis (Mitchell, 1967; 1970; 1972).
Mitchell's chemiosmdtic.theohy is further substantiatéd.by the
finding that uncoupling agents'such as-2,4-dinitrophen01 (DNP) act
as specific conductors of-protons across baéteria], mitochbndria],
and artificial membranes, thereby modifying part of the proton motive
force across the membrane (Mitcﬁe11; 19613 1968), and that these

uncouplers are able to discharge transportprnéesses (Hami]ton, 1968} .

| Comprehensive reviews of the membrane structure and function
are presented by Hughes (1962), Hugo {1967), Russell (1969); Harold
(1970), Gale et at (1972) and Boos (1974). '



Many drugs affect the membrane structure and cause small
molecules to leak across. Among these are tyrothricin (Hotchkiss,
'1944), cetyl trimethylammonium bromide (CTAB; Sa]ton,;1951), pheno]s_

(Hugo, 1957), polymyxin (Newton, 1956), and chlorohexidine (Hugo, 1967).

Many other antibacterial agents affect the membrane processes
rather than structure. DNP (Mitchell, 1968), 3,5,3',4'-tetrachloro-
| sa]icy1ani1fde (TCS; Harold and Baarda, 1968), gramacidins {Cross,
Taggart, Covo and Green, 1949), and others, act by uncohp]ing oxidative
phsophorylation and inhibiting active trénsport; while oligomycin,
dicyclohexylcarbodiimide (DCCD), and chiorohexidine inhibit the

membrane-bound enzymes involved in energy transfer.

Extensive discussions of the mode of action of antibacterial
agents against the cell membrane are presented by Russell (1969);

“Harold (1970; 1972) and Gale et al (1972).

3. _THE NUCLEIC ACIDS

The chromosome of the bacterial cell consiéts of a single
circular molecule of doub]e-étranded DNA, which does not differ in -
structure or composition from DNA of the eukaryotic cell {Hayes,
 ]965). The processes of transcription of DNA into mRNA, tRNA and
rRNA, and translation into proteins in the bacterial cell is
similar to that of the eukaryotic cells., This is why most of the
antibacterial agents écting on the DNA or the RNA'of the bacteria,

are quite toxic to the host cells as well,

The interaction of the different antibacterials and anti-
biotics with the nucleic acids and their synthesis has been reviewed
in detail by Waring (1966), Reich (1966), Russell (1969), Gale et al

-7 -



~(1972) and Franklin and Snow (1975).

According to Gale et al‘(]972) the inhibitors of nucleic aCid
synthesis may be classified into three major categories. The first
. includes agents which interfere with nucleotide metabolism; azaserine
inhibits nuc]eotfde synthesis, hadacidin énd 5—f1urouraci].inhibit‘
nucleotide interconversion,icytosine arabinoside inhibits its
utilization, while 5-bromo and 5-iododeoxyuridine are incorporated
into poTynuc]eotides,_cauéing the distortion of their structure and
function. The second-category-inc1ude agents which impair the DNA
template function; proflavine, ethidjum, and éh]orquine intércalate
with the DNA by becoming inserted in the grooves bétween base pairs,
usually occupying the sﬁace of an extra baselpair, thus causing
frameshift mufagenesis; actinomycin D inhibits RNA po1ymerase,
while intercalating with the DNA as well; mithramycin, chrombmycin,
phleomycin and others inhibit DNA and/or RNA polymerase; while
mitomycin C, and.nitrogen and_sU]phur mustards react covalently
with the DNA by cross-linking it, and thus cause the breékihg‘df fts

strands.

The third category includes those agents which inhibit the
enzymic procésses in nucleic dcid synthesis; both rifampicins and
strept01ydigins bind directly to RNA polymerase, while na]tdﬁxic -
~acid and B-phenethyl alcohol inhibit the DNA synfhesis and

replication.

Fig. (1.3) shows the sites for inhibition of nu¢1eic acid

_synthesis by different antibiotics and drugs.



chromomycin

mithramycin . BLAVRE bleomycin  LEMYCTR
phleomycin actinomycin chloroquine

NUCLECTIOES

- streptolydigin
rifampicin o '
azaserine
- Base ana]ogues '
Nucleoside ant1b1ot1cs

Fig. (1.3)

Sites For Inhibition Of Nucleic Acid Synfhesié

By Drugs And Antibiotics*

The figure shows a DNA double helix, being replicated at (1) by
rep11cat1ng enzyme R, transcribed into RNA at (2) by RNA polymerase
- T, which is about to form an initiation complex with the DNA at 3,
to start the synthesis of new RNA.

* After Gale et al (1972)




4, THE RIBOSOMES

The main differencebetﬁeen ribosomes of prokaryotic ce]is anﬂ'
those of eukaryotic ones is that the former are smaller in size:
the '80S' (S.refers to the sedimentation coefficient) ribosomes of
the eukaryotic cells, dissoﬁiate to give '60S' and '40S' fractions,
while the '705' prokaryotic ribosomes give '50S' and '30S' fractions. .
Thus, many antibacterial agents acfng on the ribosomes show selective |
toxicity against the bacterial '705' ribosomes; these-antiba&teria]
agents play a very important role in chemotherapy of'bécteria1 ’

infections.

Iﬁhibftors of the smaller ribosomal subunit inc1ude:the émino-
- glycosides (streptomycin, neomycin, kanamycin: gentamycin etc.),
whfch bind to the '30S' subunit causing a misreading of the genetic
message, thus inhibiting the peptide chain elongation (Ofias and
Gartner, 1966; Modelell and Davis, 1970). The tetrocyclines act on
| the 30S-moiety byrbinding aminoacyl-tRNA into the A site (FrankTin,
1966; Cundliffe, 1972). |

Irhibitors of the larger ribosomal unit include chloramphenicﬁ],
which inhibits peptide chain elongation by b]ocking the enzyme-
substrate interaction in the '50S' moiety (Vazduez, 1966; Gale et al,
1972). The macrolide antibiotics {eg. erythromycin, oleandamycin
and spiramycin) bind to the larger ribo§oma] subunit, inhibiting
translocations (Cannon and Burns, 1971}, as does 1incomycfn (Chang:
and Weisblum, 1967), fusidic acid '(Modo}1e1, Vasques and Monro,

1971) and thiostrepton (Weisb1um and Demohn, 1970) .

Fig. (1.4) shows the binding sites and the mode of action

of some ribosome inhibitors.
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Modes Of Action Of Some Ribosomal Inhibitors*.

* After Gale et al (1972).
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Finally, some antibacteria1 agents act on the bacterial cell
by competitively inhibiting some enzyme reactions. For example,
the sulphonomides act on bacteria by competing with PAB, becoming
incorporated in dihydropteroic acid and, therefore,.retarding_fo]ic '
acid biosynthesis (Seyde1, 19683 Franklin and Snow, 1975).' o
Trimethoprim acts by binding fo dihydrofolate reductase, thus
interfering with folic acid biosynthesis as well.(Franklin and

Snow, 1975).
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SECTION TWO

THE IMPORTANCE OF METAL IONS IN THE

BACTERIAL CELL

Metal ions are essential components of all living cells,
including bacteria. The importance of metals is realized more and

more as further work is carried out on cell biochemistry.

0f the relatively Tight (Gfoup I and IT} metal ions that are
abundant in the bacterial cei], sodium, potassium, calcium and
magnesium, are the most important. Ca(II) is most abundant in
_ bacteria] membranes, and functions in contrd]]ing the permeability
of semi-permeable membranes and maintaining their integrity
(Albert, 1973}. Mg(I!) is the most abundant divalent ion in
bacteria, and has seﬁera] functions, for example, acting as a co—‘
factor for many enzymés, keeping ribosome compohent parts together,
and helping to attach the m-RNA to the ribosomes (Davis et al,

19705 Albert, 1973).

Many heavy transition metals such as cobalt, copper, iron,
manganese, nickel and zinc, are essential to the bacterial cell
in trace.amounts. They can act as cofactors for enzymes and enzyme
systems; for example, Co(iI)ris a cofactor for'carboxypeptidasé,'z
Mq(il) is essential for xanthine oxidase, aldehyde oxfdase; nitrate
reductase and introgenase, Mn(II) is essential for the activity of
oxaloacetic decarboxylase, argihase and prolidase, while Fe(II} and
Fe(IT1) are a vital constituent of porphorin enzymes, catalase,

peroxidase and various cytochromes and is absolutely required by
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bacteria (Albert, 1973). In fact, of the 840 enzymes known in 1964,
27% had metals built in their structure, required metals for activity.
or were further activated by metal ions (Boyer, Lardy'and Myrback,

1964).

~ Although metals can activate enzyme reactions (0'Dell and
Campbell, 1971; Worwood, 1974), they can, nevertheless, deactivate
or retard some enzyﬁe reactions (Mi]stein, 1961; 0'Sullivan and

Morrison, 1963).

1. METALLOENZYMES

A metalloenzyme is that enzyme which retains stoichiometric
| tightly bound, functional metal ions upon purification, in contrast
to metal activated enzymes which require the addition of metal ions

for activity {(Boyer, Lardy and Myrback, 1964).

Table (1.1) lists some known metalloenzymes.
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Table

1.1

Some Known Metalloenzymes

Enzyme

A]dojase

Alkaline phosphatase
Carbonic anhydrase
Carboxypeptidase
Carboxytransphosphorylase
G1ycol deﬁydrase
Cytochfome oxidase

Phenol oxidases

- Cytochrome C

Pyruvate oxidase

ATPase
Alcoholdehydrogenase
Dipeptidase |
Nucleotide pyrophosphatasg
- Cysteamine oxygenase -

, SucCinate'dehydrogenase

Malate dehydrogenase

Lactate dehydrogenase

- 15 -

Metal Reference
™
In N
Zn
In
n
Co
Co '
, \ © Albert (1973)
Cu, Fe o -
Cu
Fe
Mn
Mg or Ca .~
In Albert (1973); Boiwe and
Branden (1977).
In Hayman, Gatmitan and Patterson
(1974).
In Twu, Haroz and Brethhauer {1977).
Fe Cavallini et aZ, (1969).
Fe Warringa, Smith, Giuditta and
Singer (1958); Warringa and -
Giuditta (1958); Singer (1965).
In Vallee, Hock, Adelstein and
Wacker (1956); Kun (1963).
n

Vallee and Wacker (1956); Boeri
and Tosi (1956); Vestling,
Hsieh, Teramaya and Baptist
(1963); Everse and Kaplan (1973).



2.  CYTOCHROMES

Cytochromes are defined as haem proteins whose principde bio]ogiCa1
function is electron and/or hydrogen transport by virtue of a revers-
ible valency change of their haem iron (Lembérg dnd_Barrett, 1873).

Fig. (1.5) shows the haem prosthetic group structure of cytochrome a.
C :
175290 CHq

CHe
5 Scw,

OHC CH4
CHy CH |

ok HZC\
COOH COOH

Fig. (1.5)

Structure of Cytohaem a.

The pattern of arrangement of the cytochrome chain seen in the
mitochondria (Fig. 1.6), was found to te very similar, though not

jdentical, to the bacterial chain found on the membrane {Rothfield,

Weiser and Endo, 19639).

These cytochromes (of the inner mitochandrial membrane} were

separated - physically and conceptually - into four functional systems

as shown in Fig, (1.7).
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Fig: 1.6)

Schematic representation O0f The Respiratory Chain

NAD = nicotinamide adenine dinuc]eoﬁide;
FAD = flavin adenine dinucleotide;
) NHI = non-haem iron.
NADH 1
.
| | >C> -—9-02
~succinate v .
o IIr |
fumara Fig. (1.7)

The Four Complexes-Of The Cytochrome Chain*

So11d arrows represent major pathwayss; broken arrows represent m1nor
pathways; fP = f]avoorote1n

- * After Hatefi, Haavik, Fowler and Griffiths (1962); Tzagoloff,
- Maclennan, McConnell and Green, {1967).
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A comparison of the functional organization of the mitochondrial

and the bacterial electron transport chain is shown in Fig. (1.8).

3. NON-HAEM IRON PROTEINS

Until recently the haem iron proteins were considered to be all-
important in the electron transpoft. Now, however, non;haem iron
(NHI) proteins are known to have a very wide range of functions, such
as steroid hydroxy]étion, €0, and N, fixation, oxidative phosphony]aﬁion

and photosynthesis.

Evidence for the participatiqn of non-haem iron proteins as
functional componenfs in the electron transport chain has been firmiy
established (Phelps, Harmon and Crane, 1974; Sun, Phelps and Crane,
1975). NHI proteins have been iéo]ated from anaerobic bacteria,
aerobic bacteria, algae, plants and all animals so far investigated -

(Hall, Cammack and Rao, 1974).

NHI proteins may be classified into two main categories. ‘The
first,be{ng the Iron-Sulphur (Fe-S) protein, includes ferrodoxiné,
which have equimolar amounts of iron and su]phide and negative redox
pqtentia1s (eg. Clostridium férrodoxins); high potential iron protein
(HIPIP); which have équimoTar amounts of iron and sulphide, but a
positive redox potential (eg. chromatium HIPiP); Fe-S f]avoproteihs,
which contain_flavins in addition to equal amounts of Fe and S (eg.
succinate dehydrogenase); and rubredoxins, which contain only one Fe
atom bound to cysteinyl sulphurs (eg. rubredoxins from Clostridium).
The second NHI protein category inc1udés_those proteins that contaih
iron but is not bound to sulphur {eg. pheny]alaniﬁe hydroxylase and

sidrochromes).
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Fig. (1.8)

Proposed Functional Organization Of The

Electron Transport Chains*

a) bacterial aerobic (Eschericia coli) chain;
b) mitochandrial chain; |

‘ir;on/su1 phur protein;

FMN = Flavoprotein; Fe/s =
0 = Ubiquinone; QHp = ubiquinol;
Cyt = Cytochrome; Cu = copper-containing

d teins;

Dashed 1ines indicate al ter'nat_ive pathways.

* After Haddock and Jones {1977).
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A comprehensive review of NHI protein is presented by Hall,

Cammack and Rao (1974},
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SECTION THREE

METAL CHELATORS AND ANTIMICROBIAL ACTIVITY

1.  GENERAL APPROACH

1.1 The Process of Chelation

When a metal is held between any two of thé elements nitrogen,
oxygén or sulphur (that are constituents of the same molecule), a
chelate ring is formed (Fig. 1.9), and the metal is more tightly
bound than if it was not part of a ring (A]bert; ]961).

D, 0D
ey

Fig. (1.9) L

The Chelation Of The Zinc Atom By Two

8 - Hydroxyquinoline Molecules

Thus, the process of chelation is defined as the process of -
forming a metal complex, in which one or more chelate rings are present
(MeTlor, 1964). In general, however, chelation through oxygen or

nitrogen takes place only when 5- or 6-membered rings can be formed.
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The 5-membered rings are more stable (Albert, 1961).

A chelating agent can be bidentate (that is having only two "claws"
to hold the metal atom with, eg. 8-hydroxyquinoline and ],TO-phenanthroline
tridentate, eg. triéthy1enetriamine; quadridentate, eg. nitrilotri-
acetic acid; quinquidentate, eg. tetraethylenepentamine; or even
sexadentate, eg. ethylenediaminetetracetic acid (Fig. 1,103 Douglas

and McDaniel, 1965).

© 1.2 Stability of Metal-Ligands Complexes

Chelating agents (1igands) show the following order of pfeference
for metals:

Fe(IIl), Hg(III) ‘greatest avidity
Cu(Il), AI(IIl)
Ni(II), Pb(II)
Co(II), Zn(II)
Fe(II), Cd(II)
Mn(I1) |
Mg(I1)
Ca(II)
Li(I)
Na(TI)

' : N o
K(I) least avidity (Albert, 1973)

This order is by no means rigid, for many ligands raise (or

_1ower) one or more of these metals up (or down) the avidity scale

due to individual and specific considerations (Albert, 1958).
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CH-N(CH,COOH),
(e) (f)
Fig. (1.10) |
The Structures Of Some Chelating Agents
a) 8-hydroxyquinoline; | |
1,10-phenanthroline;

diethylenetriamine;
nitrilotriacetic acid;
tetrasthylenepentamine;
ethelyenediaminetetracetic acid.
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Moreover, the chelated metal may considerably change tﬁe reactivity
of the organic ligand by either changing its electronic distribution; |
masking its chemically active centre, forcing it into a particular
sfereochemical form, rendering it a condbcting.pathway for.e]éctron-
addition or -removal and/or increasing its lipid sd]ubi]ity, hence

helping it to penetrate into a tiving cell (Albert, 1973).

| é. THE ANTIMICROBIAL MODES OF ACTION OF.CHELATING AGENTS

Albert (1961) suggested that a metal chelator can exert its |

‘ antiﬁicrobia] effect by one of two modes of action: either by immob-
ilizing a metal, or in conjunction with é metal. In the former case,
the chelating agent might be either chelating an important trace
element, thus causing a deficiency in this element (Zentymer, 1944),
or chelating a metal atom that is_part of a metal-containing system
(for example, a metalloenzyme or a non-haem iron protein),_thus
rendering this system inactive (A]bert, Rubbo, Gd]dacre an& Balfour,
'1947; Rubbo, Albert and Gibson, 1950). In the ]attef case, however,
the chelating agent might'not necessarily damage the microbia] Cel]A
into which it enters, but in the presehcerof a metal ion, the complex
formed destroys the microorganism very quickly (Albert, 1961), as is

~ the case with 8-hydroxyquinoline (oxine).

2.1 The Mode of Action of Ethylenediaminetetracetic Acid (EDTA)

Among many chelating agents investigated, EDTA and other related
compounds (such as cyclohexan-1,2-diametetracetic acid (CDTA),

._N-hydroxyethy]ethy]enediaminetriacetic acid (HDTA) and nitrilotriacetic
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acid (NTA)) were found to be bactericidal to Pseudomonas aerﬁginosa
and other Gram-negative species (Gray and Wilkinson, 1965; Asbeil

and Eagon, 1966; Roberts, Gray and Wilkinson, 1970; Haque and Russell,
1974 (a); 1976). Pretreatment of Gram-negative bacterial cells with
EDTA was found to increase its subsequent sensitivity to several
~antimicrobial agent§ (Leive, 1965; 1968;.1974; Haque and Ruése]],
1974 (b); 1976). |

The mode of action of EDTA and related compounds, has been
investigatéd by many workers. Gréy and Wilkinson (1965) and.Asbe11
and Eagon (1966) suggested that EDTA probaB]y.ektracted a 1ipoppiy-
saccharide from the cell. Leive (1974) proposed thaf its mode of
action depended on its binding to Ca(II) and Mg(II} in the cell
envelope; and that the Toss of these cations was followed by another

change, such as loss of or alteration of material in the envelope.

Recently, Haque and Russell (1976) observed that EDTA and related
compounds removed greater amounts of Mg(II) than of Ca(II), and that
the most sensitive Ps. deruginosa strains to EDTA were those contain-

ing the greatest amounts of Mg(II).

2.2 The Mode of Action of Oxine

dxine is an antimicrobial with a wide spectrum of activity. It
is:eépegially active against the Gram-positive bacteria (Albert,
Rubbo, Goldacre and Balfour, 1947; Gale 1949; Rubbd, Albert and
Gibson, 1950; Albert, Gibson and Rubbo, 1953), and fungi (Zentmyer,
19445 Anderson and Swaby, 1951). ' |

This antimicrobial activity was attributed to the ability of
oxine to chelate (Zentmyer, 1944; Albert, Rubbo, Goldacre and Balfour,

1947). Zentmyer based his argument on the fact that inhibition caused
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by oxine was removed when zinc ions were added in excess. He
attributed this antimicrobial activity to the chelation of some
important trace element needed by the cell causing a trace element

deficiency.

Albert and co-workers {Albert, Rubbo, Goldacre and Balfour,
1947; Albert, Gibson and Rubbo, 1953) showed that while oxine had
~ little activify against Gram-positive bacteria in media depleted
of heavy e1emehts, be ii broth or distilled water, its action was
enhanced by the.presehce of Cu(II) and Fe(II), and to a lesser
extent, Mg(I1), Mn(II}, Co(I1), Zn(II), Ca(II) and Ni(II). Thus,
it was suggested that the presence of a metal fon (especially Fe(II)
or Cu(II)) was essential for the activity of oxine against Gram-

1
positive organisms.

The concentration of these metal ions, relative to that of ;
oxine, was found to be critica]; that is, oxine in excess, relative
to the metal ion, reduced the bactericidd] rate in broth (causing
what was referred to as concentration quenching), and so dfd the
metal ion in excess (Albert, Gibson and Rubbo, 1953). This lead
many workers (Albert, Hampton, Selbje and Simon, 1954; Block, 1956;
Albert, 1973) to postulate that its mode of action was inéide the
cell, and that the 1:1 or 2:1 oxine-metal ion complexeg{Fig. 1.11)
were the actual toxic substance, probably due to tﬁeir unsaturation.
These tdmp]exes could not penetraté into the cell probably betauée
they were ionized and hence not lipophilic. However, oxine entered
the cell as such (Beckett, Vahora, and Robinson, 1958), as well as
fhe'B:T complex, which was lipophilic, but non-toxic, because of
saturation; and therefore, in the absence of excesé oxine inside

the cell, the 3:1 complex dissociated to give the 2:1 or the 1:1
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Fig. {1.11)

_ Structure Of Oxine And Its Iron Complexes

a) oxine; b) 1:1 complex; <¢) 2:1 complex; d) 3:1 complex.

complexes and death resulted. On the other.hand and in the presence
of excess‘oxine, rapid killing did not occur becéuse the 3:1 complex
persisted in the cell, and was harmless. In the presence of excess

'metal ions, rapid death did not occur, because the 3:1 complex could

not be formed according to the law of mass action.

Only one transition metal on, Co(1I), antagonised the action of
oxine against the Gram-positive bacteria (Rubbo, Albert and Gibson,
1950}, yeasts {Nordbring-Hertz, 1955), and trypanosomes (Williamson,
1959). An explanation to this antagonistic effect of Co(II) was
attempted by Albert (1973), who took into account the fact that

several vital cell constituents, particularly mercapto-compounds
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such as lipoic acid and ascorbic acid, were easily oxidized by
atmospheric oxygen if traces of iron or copper were present. These
oxidétioné Tead to_the formation of hydrogen peroxidé, which_in tukn
oxidised more substrate, and the combination of mefa1 and hydrogen

- peroxide produced a fulminating chain reaction. Thus, a small amount
of metal could catalyze a wideépread destruction. Accordingly,

“Albert suggested that in some reactions of this kind, traces of cobalt
had been fodnd to act as an efficient chain breaker, greatly moderating

the destruction of the bacterial cell.

The above described mode of action of oxiﬁe was applicable in
the case of Gram-positive, but not Gram-negative bacteria.. In the
“case of Gram-negative organisms, égainst which oxine - in general -
had a weak antibacterial action, the picturé was different, for no
such metallotoxic effect could be demonstrafed. The action of oxine
on Escherichia coli was even antagonized by the presence of Zn{II},
Fe(II), Cu(II), Ni(II) and-(Mn(II)} and death seemed to be entirely

due to metal deprivation (Rubbo, Albert and Gibson, 1950).

2.3 Studies on the Mode of Action of 1,10-Phenanthroline

1,10-phenathroline (and related compounds) was found to be not
only active againétlbacteria (McNaught and Owen, 1949; Turrian, 1951;
V'Feeney, Peﬁersen and Sahinkaya, 1957; Dwyer et al, 1969; chhikuto,'
1974; Tuszkiewicz, Pleszczynska, Mlochowski and Skrowaczewska, 1975;
Berger, Johnson and Skinner, 1975), but also exhibited antifungal
(Zsolnai, 1961; Cade, Cohen and Shulman, 1970), anthelminthic (Ba]dwih,
1948) and even antiviral activity (White, Harris and Shulman, 19633

Shu]man'and Dwyer, 1964; Shulman and White, 1973).
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Thérelis much confusion whether the mode of action of 1,10-phen-
anthroline is due to it or to one of its metal complexes. Some
worken;(ZSo]nai, 196%; A1bekt,1973;‘Berger, Johnson and Skinner, 1975)
suggested that the mechanism or action of 1,10-phenanthroline, in
contrast to that of oxine, was simply by means of interée]]ular
chelation of the heavy metal Components in certain enzymes of the
cell, leading to its inactivation and preventing its multiplication.
On the other hand, other workers (Dwyer et al, 1960; Caﬁe, Coheﬁ and
Shulman, 1970) suggested that the activé species was the 1,10-phen-
anthro11ne—meta1'ionlcomp1ex; while others (McNaught and Owen, 1949;
Turrian, 1951; Feeney, Petersen and Sahinkaya, 1958; Butler, Hurse,
Thursky and Shulman, 1969) reported the activity of both the

1,10-phenanthroline and its metal complexes

3. MEDICAL USES OF CHELATING AGENTS

.Many of the biologically active chelating agehts are unsuited
for internal therapeutic use, because they are not selective enough
andAtherefore gquite toxic to the host cells (Beccari, 1941; Dwyer
et al, 1969;.A1bert, 1973). For example, 1,10-phenanthroline-Rh{II)
cohp]ex demonstrated signs of acute toxicfty by producing muscular
paralysis (Dwyer, Gyarfas, Rogers and Koch, 1952), while oxine
_injured the islets of Langerhans in expefimenta] animals (Kadota and

fbe, 1954).

Recently, ijodochlorchydroxyquinoline was found to be closely
associated with a neurological syndrome known as SMON (Subacute
Myelo-Optico Neuropathy). Its clinical symptoms include gait

disturbance, paraesthesiae in both legs, axonal damage and
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demylination of the optic nerve, lateral and posterior columns of
.~ the spinal cord and peripheral nerves; Teading to visual
disturbances, abnormality of deep tendon reflexes and psychic

disorders (Tsubaki, Honma and Hoshi, 1971).

Nevertheless, metal chelators were successfully used in
clinical and veterinary practice for the treatment of a variety of
topical infections, caused by pathogenic bacteria and fungi,.such as
wound, dermatological, vaginal; ear, nose and eye infections (Shulman

and Dwyer, 1964; Marples, 1971; Frier, 1971),

There are many other antibiotics and antibacterial agents;
commonly used in medicine, that have the ability to che]até meta]_ions.
The tetracyclines, isoniazid, stréptomycin and thiacetozone'(éig; 1.2)
were found to be chelating agents with great ;vidity for Fe(III} and
A1(III) (Atbert and Rees,'1956).. A1l are used in the treatment of
tuberculosis. Other antibacterial agents used in mediciné, that
are known io chelate are p-aminosalicylic acid (Albert, 1961},
bacitracin (Adler and Snoke, 1962), antimycin (Farley, Strong and
Bydalek, ]965), and ngvobiocin (Franklin and Snow, 1975).

Fig. (1.12) shows the structure of these compognds.
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SECTION FOUR

THE ANTIMICROBIAL ACTIVITY OF PHANQUONE

1.  THE DISCOVERY AND ASSESSMENT OF PHANQUONE AS AN ANTIMICROBIAL

AGENT

Phanquone (4,7-phenanthroline-5,6-quinone; Fig. 1.13} is an orange,
odour]ess,-a1most tasteless crystaline poWder, slightly soluble in water,
and almost insoluble in alchohol and chloroform (British'Pharmacbepia, _

1963; British Pharmaceutical Codex, 1963).

It was synthesized by Druey and Sthmidt (1950} using the Skraup's
method as shown in Fig. (1.13).

6-amin0-8—mefhoxyquino]ine
' 5-methoxy-4,7-phenanthroline Phanquone

Fig. (1.13)

The Synthesis Of Phanquone Using The Skraup's Method

The distinctive amoebicidal effect of Phanquone ﬁn vitro and
in vivo (man and rats) has been reported by Schmidt and Druey (1957).
This antiamoebic activity, together with the antibatteria1 activity
was further_investigated by Kradolfer and Neipp (1958). They
concluded that Phanquone was superior against Entamoeba histolytia
.to many other amoebi ¢idal agents, had definite antibacteria1 activity
against Escherichia coli, Staphylococcus éureus, Streptococcus

fagealis, Salmonella typhti, Shigella sonmnei and Strep. hemolyticus
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and exhibited very littie mammalian toxicty (the ratio of effective
to toxic dose.was thirty times more favourable than that of emetine
- hydrochloride). However, they concluded that its mode of action was

Mdifficult to define because of its wide range of effect”,

Soon after, Phanquone was marketed by Ciba-Geigy (Basle,
- Switzerland), under the trade name of Entobex. It was also marketed
~as a component of MexaForm {composition and structure of components

shown in Table 1.2)."

Table 1.2

COMPGSITION OF MEXAFORM*

Component . Composition ) * Structure . .

Vioform 90.09%

Entobex 9.01% ii!!i
. GH.
Antrenyl : : 0.90% /OH |2_ _
- (antispasmodic) ' ‘ S @C_COOCHZCH{W“CH3 '
G, Hs

* Eisman, YHeerts, Jacom‘é and Barkulis (1960).
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2.  FURTHER STUDIES ON PHANQUONE

2.1 Pharmacology and Toxicity

Phanquone.was absorbed from the intestines and excreted in an.
active forﬁ in the biIe and urine (Kradolfer and Neipp, 1958). The
total amount of unchanged Phanguone excréted in the human urine
between 8 and 24 hours was 12.5% and 11.2% of the dose, while the -
amount in plasma after a 100 mg dose dropped from 850 pg/ml after one
hour, to 200 ug/ml after 24 hours (Degen, Breckbuh1er, Schaublin and
Riess (1976).

Although nausea, vomiting and transient diziiness could occur
(British Pharmaceutical Codex, 1963; Extra Pharmacoepia, 1972),
Phanquone was well tolerated by patients (Carter, 1961), and had a
LD5g of 3 g/kg for rats (Clarke, 1969). Hexaform was found to be well
tolerated as well (Konzert, 1971; Madanogopalan and Rao, 1975).

2.2 Stimulation of Coliform Bacteria in the Intestines of Rats

Phanquone was found to increase the number of coliform bacteria
in the intestines of rats (Kradolfer and Neipp, 1958), following a
shdrt period of reduced bacterial counts (Kradolfer,.Sackmahn and
Bassil, 1960; Sackmann and Kradolfer, 1961). Mexaform also caused
a definite increase of bacterial numbers in the intestinal tract,
with a simultaneous Significant decrease in the yeast population

(Eisman, Weerts, Jaconia and Barkulis, 1960).

This unique finding (the stimulation of the intestinal fbra) was -
assumed to be of special importance in the therapeutic action of such

compounds, that should be clarified (Kradolfer and'Neipp, 1958).
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Eisman, Weerts, Jaconia and Barku]is'(1960) proposed that this
stimu1étion played an impoktant role . in suppressing the growth of
various pathogenic microorganisms, including ¢. albicans. Sackmann
and Kradol fer (1961) attributed these changes in faecal counts to |
“the destruction of sensitive bacteria and the subsequent development

of strains resistant to the action of both Phanquone and Mexaform.

2.3 In Vtro and In VEvo Studies

Phanquone was found to be bactericidal to Proteus mivabilis,
E. coli and S. aureus, (Bailenger, 1961) as well as P. wvulgaris and
Ps. auruginose (Sackmann and Kradoifer, 1961). It was also found
tobeanmebiéidal to Entamocba {nvadens (Kaushiva,]964;KrishnaPrasad,
1972), E. moshkoushii, Naegleria aerobia, Tetramitus rostratus, |
Didascalus thortoni (Krishna Prasad, 1972) in addition to E. histolytica
(Kaushiva, 1964; Krishna Prasad, 1972; Yadava and Dutta, 1973),
antffungal towards Candida albiecans (Ansel and Thibaut, 1967), and
antiprotozoal towards fTage1]ate§, ciliates and trematodes (Kradolfer,
Sackmann and Bassil, 1960). Moreover, Phanquone was found to inhibit
the volatile fatty acids (VFA) production, and to reduce protozoai
activity in an in vitro rumen fermentation system (O'Conner; Myers,

Maplesdan and Noot, 1970).

Mexaform was found to be slightly more active than Phanguone
against bacteria, but no synergism was observed'between its two

- antimicrobial components (Sackmann and Kradolfer, 1961)

Carter (1961) reported its effectiveness in treating human
patients suffering from an Z. Aistolytica infection; Phanguone was

. histolytica infecting rats, during

Ly

found to be active against

which Bacillus subtilis became the main intestinal microorganism.
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Yasutake {1961) used Phanquone to completely eliminate the parasitic
infection due to Hemamita salmomis in Salmonoid fishes. The in vivo
activity of Mexaform was also studied. Carter (1960) reported the
effectiveness of Mexaform in the treatment of non-specific enteritis;
Sackmann and Krado1fef {1962) found that its simultaneous administra-
tion inhibited the changes produced by tetracycline in the intestinal
flora of rats; while Catteneo, Lucchelli, Bona and Maccacaro (1966)
showed that it reduced abdominal symptoms which followed surgery of
the biliary tract. Also, Mexaform was used in the prophyléxis of |
infectious diarrhoeas (Villaregos, Rodriguez-Aragones, Nickle and
Duron, 1971), in all forms of dyspepsia of babies (Konzert, 1971) and |
in theltreatment of non-parasitic diarrhoeas (Madanogoplan and Rao,

1975).

3. THE AIM OF THE PROJECT

The aim of this project is to study the mechanism(é) by which
Phanquone causes damage and - consequenf]y - death to the bacterial
cell. The investigation {(and elucidation) of its mode of‘action may
help in the evaluation of this antimicrobial agent, thus broadening

or restricting its practical app1ications.
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PART II

 MATERIALS AND METHODS



SECTION ONE
MATERIALS

1.  PHANQUONE

Phanguone (structure shown in'fig.].1$ was supplied by Ciba
Laboratories Limited, Horsham, Sussex. It was found to be almost
insoluble in chloroform and ether, very slightly soluble in acetone
and methanol, but sTightly soluble in warm water. It was moderately
solubie 1n dilute acids such as hydrochloric, sulphuric and acetit

acids.

Throughout_this projéct, Phanquone was either dissolved in warm
water {up to 1 mg/ml) to give a brilliant yellow soTution; or in

0.IN HC1 (up to 2.5 mg/m1) to give almost a colourless solution.

The Infra Red (IR) and the Nuclear Magnetic Resonance {NMR)

spectra for Phanquone were determined, and are shown in fig. 2.71.

2.  RELATED COMPOUNDS

2.1 Phenanthrene - was purchased from Aldrich Chemical Company
Limited, Gillingham, Dorset, and was dissolved in acetone

(up to'2 mg/ml).

2.2 Phenanthridine - was purchased from Fluka A.G., Chemische

Fabrik, Switzerland, and was dissolved in 50% v/v acetone/

water (up to 2 mg/ml},

2.3 8-Hydroxyquinoline (hemisu1phate salt) - was .purchased from

Sigma, St. Louis, U.S.A., and was readily soluble in water.
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Fig. (2.1)

The Infra Red (IR) and the Nuc?ear Magnetnc Resonance S

(NMR) Spectra for Phanquone. o
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2.4

2.5

2.6

2.7

3.1

4,7-Phenanthroline - was purchased from Kodak Limited,

Liverpool, and was soluble in warm water (up to 2 mg/ml).

9,10-Phenanthrenequinone - was purchased from Aldrich Chemical

Company Inc., U.S.A., and was dissolved in acetone (up to

2 mg/ml).

1,10-Phenanthrotine (hydrochloride) - was purchased from

Fluka A.G., Chemische Fabrik, Switzerland, and was readily

soluble in water.

1,10-Phenanthroline-5,6-quinone - was purchased from ICN,

K and K Labs., Inc., California, U.S.A., and was dissolved

in 50% v/v acetone/water (up to 2 mg/ml).

| Fig. 2.2 shows the structures of those related compoundé.

RADIOACTIVE CHEMICALS

L-(U-C-14)-Glutamic acid - 50 uci P11 (aqueous solution
containing 2% ethanot, sterile) - activity on 13/12/77 :

> 250 uci/mmol,.

3.2 L-(U-C-14)-Proline - 50 uci P11 (aqueous solution containing

3.3

2% ethanol, sterile) - activity on 1/2/78 : > 250 uci/mﬁm].

Phosphorous-32 - (orthophosphate in HC1 solution, sterile,

pH 2-3) - activity on 25/5/77: 1-9 Mci/ml.

The above radiochemicals were all purchased from the Radio-

chemical Centre Limited, Amersham,
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Fig. (2.2)

The structures of compounds related to Phanquone

a) phenanthrene; | b) phenanthridine;

. ¢) 8-hydroxyquinoline; - d) 4,7-phenantﬁro1ine;

e) ' 9,10-phenanthrenequinone; | f} 1,10- phenanthroline; |
- g) " 1,10-phenanthroline-5,6-quinone. |



(g)
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4. OTHER CHEMICALS

Adenosine Triphosphate-dipotassium salt (from equine muscle), '
D-Biotin, Glucose-6-Phosphate, Nicotinamide Adenine Dinuc]ebtide
Phosphate (sodium salt), and 20-Methylcholanthrene were all

purchased from Sigma Limited, St. Louis, U.S.A..

Lysozyme (from egg white) was obtained from BHD Chemicals

Limited, Poole, Dorset.

Octan-1-o1, SLR, was purchased from Fisons, Loughborough,

Leicestershire.

1-Thiogliycerol (90% so1utidn) was purchased from Koch-Light

Labs. Limited, Colnbrook, Buckinghamshire.

Ajl other chemicals used throughout the broject - unless

otherwise stated - were of AR grade.

5. CULTURE MEDIA

5.1 Nutrient Broth:

o/

Bacteriological Peptone (Oxoid) 10.0
~Lab Lemco (Oxoid) - 10.0
NaCl 5.0

The pH was adjusted to 7.2-7.4, and the broth was sterilized

by standard autoclaving (for 20 mins. at 121°C and 15 psi pressure).

5.2 Nutrient Agar:

9/1

" Bacteriological Peptone (Oxoid) 10.0

Lab Lemco (Oxoid) ' 10.0
NaC1l 5.0

Agar no.3 (Oxoid) - 15.0
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The pH was adjusted to 7.2-7.4, and the agar was sterilized

by standard autoclaving.

5.3 MWinkler-de Haan Medium (1948):

. per litre
KH2PO, 6.0 g
KoHPO,4 6.0 g
NHgC1 . 2.0g
MgSO4.7H20 50 mg
Fes0,.7H-0 5 mg
D-Glucose | 20.0 g

FeS0y.7H20 was stefi]ised separately by membrane filtration, .
while D-g]ucbse was separately steri1ized by aﬁtoc]aving at 115°C
and 10 psi for 10 mins.. The pH of the medium was adjusted to
6.8-7.0. |

5.4 Staphylococcal Medium (Stretton, 1965):

'per Titre
Casamino acids (Difco) - 2.00g
D-Glucose 2.00 g
Yeast Extract (Oxoid) 1.00 g .
KHPO, 2.60 g
KH,PO, _ - 2.00 g
Call,.6H,0 21.7 mg
FeSO4i7H20 | - 13.9 mg
MnS04. 7H,0 ' 16.9 mg
MgS04.7H,0 | . 49.3 mg
NaHCO3 1.70 ¢

Casamino acids and Fe504.7Ho0 were sterilized separately by
filtration; while D-glucose was sterilized separately by autoclaving

~at 115°C and 10 psi for 10 mins,.

- 42 -



5.5 Vogel-Bonner Medium E-Modified (Vogel and Bonne, 1956; Ames,

McCann and Yamasaki, 1975):

g/1
MgS0y. 7H,0 0.2
Citric acid.H,0 : 2.0
KoHPO4 10.0
NaNHqHPO, . 4H,0 3.5
D-Glucose 20.0
Agar no.3 (Oxoid) : 15.0

Glucose was separately sterilized by autocléving at 115°C and
10 psi for 10 mins..

6.  BUFFERS

6.1 Phosphate-Buffered Saline (Dulbecco and Vogt, 1954):

9/1
NaC1 8.00
KC1 - 0.20
KHoPO; 0.20
Na,HPO, 1.15

The pH was adjusted to 7.3, and the buffer was sterilized by

“autoclaving at 115°C and 10 psi for 10 mins..

6.2 ' Sodium Phosphate Buffer

0.7 solutions of NaHoPO4 and NapHPOs were prepéred;'then,
~depending on the pH value required, the two solutions were mixed

until the specified pH was obtained.

6.3 Potassium Phosphate Buffer

The same procedure used for the preparation‘of the sodium
phosphate buffer, was followed except that 0.1M solutions of
KH2PQq and KoHPO4 were used.
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6.4 Tris-HC1 Buffer (Bates and Bower, 1956):

ml
0.1M Tris (hydroxymethyl)aminoethane 500
0.IN HC1 X
Distilled Water 500-x

| X, the volume of the 0.1N HC1 added, depended on the pH of the

buffer required.

7.  ORGANISMS

Escherichia coli NCTC 9001'and'3taphylococcus aureus NCIB 8625
were used throughout the project, and will be referred to és E.éoli
and S.aureus respectively. Other ofganisms used in the pkoject.wereﬁ
 Bacillus cereus NCTC 11755, Bdcillus mégateriém NCIB 8291, Bacillus
. subtilis NCIB 3610, Clostridiunm sporogenes NCIB'532, Escherichia coli‘
K12 NCIB 8797, Escherichia coli Texas NCIB 10097, Xlebsiella aerogenes
NCIB 8267, Mycobacterium phlei NCTC 8151, Proteus wulgaris NCIB 8067,

Pseudomonas aeruginosa NCIB 8295, Salmonella abony NCTC 6017, ‘
: Salmonella abortus ovis NCTC 10241; Sarcina lutea NCIB 196,
Staphylococcus aﬁreus Oxford NCTC 6571, and Streptococeus fbecaiis

NCIB 6783.

A1T1 the organisms - unless otherwise stated - were maintained
on nutrient agar slopes, and subcultured in nutrient broth whenever
required, with the exception of CL. sporogenes, which ﬁas maintained
on Reinforced Clostridial Agar (Oxoid), and subcultured in.Reinforced |

Clostridial Medium (Oxoid) whenever required.
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SECTION THWO

1. STERILIZATION OF SOLUTIONS AND EQUIPMENT

A1l solutions were sterilized either by standard autoclaving
(at 121°¢ and 15 psi for 20 mins.)-unless otherwise stated, or by

membrane filtration using Nuflow 0.45 um Millipore filters.

In most cases, equipment was sterilized by standard autoclaving.
In some instances, however, equipment was sterilized in the oven at

140%C for 2 hrs..

- 2. . PREPARATION AND STANDARDIZATION OF BACTERIAL SUSPENSIONS

Roux botties, Cdntaining 150 ml of nutrient agar, were
inoculated with a 6 hrs. old nutrient brofh culture, and groﬁn
overnight at 37°c. Cells were then washed off the agar with 0.1M |
sodium phosphate buffer, pH 7.4, centrifuged at i50xg (5 mins., 4°C)
to separate the cells from the washed-off agar, harvested by further
centrifugation at 2,000xg (15 mins., 4°C), washed twice with, and
suspended in, 0.1M sodium phosphate buffer, pH 7.4, to give the

required bacterial concentration.

The bacterial concentratioﬁ was estimated by suitéb]y di1u£ing
0.1 ml of the bacteria1'$uspension to‘obtain‘an optical density
reading of 0.0 - 0.4 at 420 nm, using a Unicam SP500 Spectrophoto-
meter; as the turbidity was found to be a linear function of the
cell number at optical denéity Qa1ues between 0.0 and 0.4 (De Moss

and Bard, 1957).
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This was followed either by obtaining thedryweight of the cells
by pipetting 1.0 m1 of the cell suspension into a preweighed
planchette, which was then placed in a dessicator and left to dry
over CaCis for three days, then weighed again; or by estimating the

viable number of cells using the Miles and Misra (1938) technique.

3.  DETERMINATION OF THE MINIMUM INHIBITORY AND MINIMUM CIDAL

CONCENTRATIONS

- Graded concentrations of the compound under investigation, were
prepared in 5 ml of nutrient broth, and inoculated with 0.06 ml
(2 drops from a standardized.Pasteur pipette} from a fresh overnight
bacterial culture. Due té the use of acetone as a solvent for'some
compounds, positive controls were a1wéys performed, containing
amounts of acetone equal to those used in the minimum-inhibitory
concentration (MIC) and minimum cidai concentration (MCC) determin-
ations., Moreover, the pH of the.nutrient brdth, containing the |
different compounds Under study, was a]waysrkept as near 7.2 - 7.4

as possible,

The tubes were then incubated at 37°%C (with the exception of
B.cereus and M,phlei, which were incubated at BOOC), for 24 hrs.
(except for M.phlei which was incubated for 4 days), after which the

presence or absence of growth was noted, and the MIC determined.

The MCC values were determined by subculturing a loopful of
the broth from tubes showing no visible growth, on a nutrient agar

plate,
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4.  VIABLE COUNT DETERMINATIONS

The viable number of a culture was determined using the
technique of Miles and Misra (1938), in which a sample from the
bacterial culture was withdrawn, and serially diluted in phosphate-
buffered saline (PBS), or 0.9% saline. One drop of each dilution

‘was then applied on the surface of a nutrient agar plate using a
standardized Pasteur pipette; the plates were incubated at 37%
overnight, and the colonies were then counted. Three replicates

were used for each dilution.

5. QUALITATIVE DETERMINATION OF THE INTERACTION BETWEEN TWO COMPOUNDS

The method reviewed by Maccacaro (1961) was uti]ized in the
investigation of éynergistié or antagbnistic intéractions between

any two compounds. Rectangular strips (4.0 cm long, 0.8 cm wide) were
cut from Whatmann no.1 filter paper, and sterilized in the oven at
140°C for two hours in a glass petri dish. One strip Qas soaked in

a2 solution of one compound, and placed over the surface of a nufriént.
agar plate (20 mi/plate) that was already seeded with the required
organism, A second strip, soaked in a solution of the othér coﬁpound,
was placed at right angles to the other strip, and with their ends
overlapping. After incubating the plate for 24 hrs;, the shape of

the zone(s) of inhibition around the strip(s) was noted.
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6.  OXYGEN CONSUMPTION DETERMINATIONS

The oxygen consumption by a bacterial suspension was_measured
using the Warburg apparatus utilizing the general methods outlined
by Umbreit, Burris and Stauffer (1957} and Dawes (1967). The main
compartment of each Warburg flask contained the cell suspension, and
0.1M potassium phosphate buffer, pH 7.4; the side arm contained the
substrate to be oxidized as well as the inhibitor under investigation;
while the centre well contained 0.2 ml of 20% w/v KOH solution and
a fluted filter paper. The total volume in éach flask was made up

to 3.0 ml, and the flasks were always left to equilibrate oscil-
l]ating in the Warburg bath for around 15 miﬁs., afterwhich all the
taps were closéd, and the contents of the side arms were immediately

tipped into the main compartment.

A1l the determinations were performed at 3706, with a shaking

rate of 100 oscillations per minute,

7.  RADIOACTIVITY DETERMINATIONS

Samb]es, whose radiocactivity to be determined, wefe rapidly
filtered through a Nuflow 0.45 um Mi]Tipore filter discs, washed
twice with the appropriate butter (or solution}, and transferred

into scintillation vials containing 10 ml of a scintillation liquid.
The radioactivity in the vials was counted using a_Beckman CPM-700

Liquid Scintillation System for either 10 minutes or 1% error each.
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8; DUPLICATION OF EXPERIMENTS

A1l experiments - unless otherwise stated - were performed in

duplicates. The standard deviation was determined whenever reguired,
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SECTION THREE

EXPERIMENTAL METHODS

1. INVESTIGATING THE ANTIBACTERIAL ACTIVITY OF PHANQUONE

1.7 Minimum Inhibitory and Minimum Cidal Concentrations

Graded concentrations of Phanquone, prepared in tubes contain-
ing 5 ml of nutrient broth, were inoculated with the required
organism, the MIC - and subsequently the MCC - values were determined

as described earlier in the General Procedures.

1.2 Effect of Bacterial Inoculum Size on the MIC

The MIC values were determined as'out1ined earlier, using
different inoculum sizes, ranging from 102 - 107 organisms/ml for

both E.coli and S.aureus.

1.3 Effect of Phanguone In Excesé of the MIC on Bacterial Cells.

The effect of Phanquone at 500 pg/ml was determined, fﬁr both

- E.eoli and S.aureus, by mixing 5 m1 of a Phanquone solution at

1000 ug/ml, with 2 5 mt of double-strength nutrient broth, inoculating
with the required organism, incubating at 37°C for 24 hrs., and then

rsubculturing a 1oopfu1'of the broth on a nutfient agar plate.

1.4 Mean Single Survivor Times

A steki1e Phanquone solution was mixed with 107 cells/ml of
either E.coli or S.aureus suspended in distilled water, to give the
desired final concentration. Aliquots of 0.18 ml (6 drops from'a
standardized Pasteur pipette) of the reaction MixtUre (the Phanquone-

bacteria mixture) were quickly withdrawn, transferred to steri1e test .
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tubes, and incubated at 37°C, using the technique described'by
Berry and Bean (1954). At regular intervals, the reaction in

20 tubes was quenched with 10 ml of nutrient broth-containing 1%
w/v lactose and 0.012% w/v bromocresoipurple. At the end of éach
experiment, the tubes were transferred to an incubétor.at 37°C, and
were left for 48 hrs,. The change in the colour of the nutrient

broth (from purple to yellow) indicated growth.

The Mean Single Survivor Times (MSST) were calculated by the

method of Mather (1949).

1.5 Effect on Non-Growing Suspensions

A flask containing 100 m1 of PBS was inoculated with a
bacterial cell suspension (either E,coli or S,aureus) to give a
- final concentration of 107 - 108 cells/ml, and transferred_to a
shaking water bath at 37°C. At regular intérva]é, samples were
withdrawn, and the viable count was determined as described earlier.
The inoculated PBS was then subdivided into two (or more) flasks, of
which one served as a control, while to the other(s), Phanquone was
added to give the desired final concentration(s). Once again, and
~at regular intérva]s, samples were withdrawn and the viable count

determined. -

1.6 Effect on Growing Cultures

A flask containing 100 m1 of nutrient broth was inoculated wifh
a bacteria1 cell suspension (either E.éoZi or S.aureus) to give a
final concentration of around 10° organisms/ml, and transferred_to‘
a shaking water bath at 37°c. At regular intervals, thereafter,
“samples were withdrawn, and the viable count determined as outlined

earlier. After 90 mins., the "seeded" broth was subdivided into
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two (or more) flasks, of which one served as a control, while the
other(s), so]utions of Phanguone were suitab]y diluted, so that
aliquots of 0.5 ml or 1.0 ml, added to the "seeded” broth, yielded
the desired final concentration(s). There again, and at regular |

intervals, samples were withdrawn, and the viable population estimated.

1.7 Effect of pH on the Size of the Zone of Inhibition.

‘A sterilized Phanquone solution was poured over sterile
Whatmann AA discs (0.6 mm in diameter), to give a final cqncenfration

of 50 ug/disc.

Nutrient agar p]ateé (20 mi/plate), prepafed at different pH
values ranging between pH 6-8, were seeded wifh either E;cbli or
S.aureus; Phanquone discs (50 ug/disc) were placed over the agar
plates, with a flamed forceps, and gently pfesséd to ensure contact.
The plates were then left for 2 hrs. before incubating at 37°¢C for
24 hrs., to aliow for diffusion. The zones of inhibition around.

the discs were then measured with .calipers, averaged and compared.

2. INVESTIGATING THE ADSORPTION OF PHANQUONE TO THE BACTERIAL CELL

2.1 Construction of a Reference Curve

When dissolved in warm distilled water, Phanquone gave a bright
yellow colour, that absorbed well at a wavelength of 302 nm.
.Therefore, varying aéounts of Phanquone were dissolved in 0.1M
potassium phosbhate buffer, pH 7.4, to give the required concentra-
tionsy the optica1ldensity was then read at 302 nm using a Unicam

SP500 spectrophotometer, and a reference curve was constructed.

- K7 -



2.2 Measurement of the Adsorption - and Uptake - of Phanquone

Following the procedures described by Salton (1951),
Hugo-and Frier (1969), and Hugo and Bloomfield (1971(a)), cells
(E.coli or S.aureus), suspended in 0.1M potassium phosphate buffer,
pH 7.4, were treated with varying concentrations of Phanguone, and
for varying lengths of time. After the prescribed contact periods,
the cells were removed by centrifugation at 2,000xg {15 mins., 4°C).
The supernatant liquid was further clarified by further centrifu- |
gation at 12,000xg (10 mins., 4°C). The optical densify of the
clarified solutions was read at 302 nm, and the concentratidn_of

the remaining Phanquone was estimated using the reference curve.

3. INVESTIGATING THE ANTIBACTERIAL ACTIVITY OF COMPOUNDS RELATED

TO PHANQUONE

3.7 Minimum -Inhibitory and Minimum Cidal Concentrations

As outlined earlier, the MIC and MCC values were determined
for the following compounds:- phenanthrene, phenanthridine, 8-hydr-
oxyquinoline (oxine), 4,7-phenanthroline and 1,10-phenanthroline-5,6-

quinone.

It is worth mentioning that 9,10-phenanthrenequinone tended to
come out of solution when mixed with the nutrieﬁt broth, at 200 yug/ml
and 100 pg/m1; hence, it was treated as a suspension at those two

concentrations.
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3.2 Effect on Growing Cultures

The effect of the related compounds (with the exception of
8-hydroxyquinoline) on growing E.coli and 5.qureus cells, was

" determined as outlined earlier for Phanquone.

3.3 Effect of 9,10-Phenanthrenequinone on Non-Growing Suspensions

The effect of 2,10-phenanthrenequinone on non-growing E.cols

and S.aureus cells was determined as described earlier for Phanquone.

3.4 Effect of 9,10-Phenanthrenequinone on EDTA - Pretreated E.coli

Cells

Following thg method ouf]ined by Leive (1965, 1968, 1974) and
Muschel and Gustafson (1968), E.coli_ce11s_weré harvested at the .
late log phase by centrifugation at 2,000xg (15 mins., 25°C), wasﬁed
twice on the centrifuge at 2,000xg (15 mins.; 25°C), and resuspended
in 0.12M Tris-C1 buffer, pH 8.0, to give'around_lo9 organisms/ml.
The ée]] suspension was then subdivided into two equal volumes - to
one ethy1enediamihetetracetic acid - disodium salt (EDTA.2Na) wés'
added to give a final concéntration of 2.5 x 10-M. Two minutes
later, aliquots of the EDTA-treated suspension were added to two
flasks, one containing 9,10-phenanthrenequinone (30 ug/ml1) in 50 ml
of nutrient broth, while the other contained 50 ml of nutrient broth
only. At the same time, an equal aliquot of the untreated suspension
was added to a third flask containing 9,10-phenanthrenequinone
'(30 pg/mi) in 50 ml of nutrient broth. The muTtip]icétion of the’

cells was monitored by the viable count method described earlier.
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4.  INVESTIGATING THE INTERACTION OF SOME ANTIBACTERIAL AGENTS

AND ANTIBIOTICS WITH PHANQUONE.

The right-angled strips method reviewed by Maccacaro (1961),
and outlined in Section Two was utilized, in which one strip was
soaked with a sterile Phanquone solution, while the other strip,
soaked in the desired antibacterial agent waS placed at right—ang]es to
the Phanquohe strip over a nutrient agar plate (20 ml/plate) already
seeded with either E.coli or S.dureus. Aftér incubation at 37°¢C
for 24 hrs., the shapes of the zones of inhibition, around the strips,

were noted.

5. INVESTIGATING THE EFFECT OF THIOL-CONTAINING COMPOUNDS ON THE

ACTIVITY OF PHANQUONE.

5.1 Assessing the Interaction Between Thiol-Containing Compounds

~and Phanquone,

The right-angIéd strips method outlined earlier was used, ih
which one strip was soaked with a sterile solution of Phanquone,
while the other was soaked with the thiol-containing compound. Both
were.]aid at right angles over a nutritent agar plate (20 m1/p1ate)

sgeded with either E.coli or S.aureus.

The thiol-containing compounds investigated were: thioglyeollic
acid, sodium thioglycollate, 2-mercaptoethanol, 1-thioglycerol, and

L-cysteine,

s -



5.2 Effect of Thioglycollic Acid on the Activity of Phanquone

Against Non-Growing E.colz Cells.

A flask containing 100 ml of PBS was inoculated with E.colZ
to give a final concentration of 107 cells/ml, and transferred to
a.shaking water bath at 37°C. At regular intervals, samples were
withdrawn, and the viable count was determined as described earlier.
After three determinations, the "seeded" PBS was subdivided into
two flasks; to one, Phanquone was added to give a final concéntration
of 1 ug/m1,.wh11e the other served as a contro].‘ After three more
determinations, the f]ask.containing the Phanquone was further sub-
divided into two flasks, to one of which thioglycollic acid
(neutralized, pH 6.0) was added to give a final concentration of
2 x 1073M, while to the ofher, an equal amount of distilled water
- (pH 6.0).was added. Thereafter, more samples were withdrawn, and

the viable count determined.

6.  INVESTIGATING THE EFFECT OF PHANQUONE ON SOME METABOLIC -

ACTIVITIES OF THE BACTERIAL CELL.

6.1 Effect on the Oxygen Consumption

Following the outline in the General Procedures, 1.0 ml of the
cell suspension (either E.coii or S.aureus) containing 8 x 1012 |
~organisms, was transferred into each ma{n compartment of a number of
Warburg flasks, which also contained 1.5 ml of sodium phosphate
buffer, pPH 7.4. Side arms contained 0.25 ml of either D-glucose
(0.02M), or sodium succinate (0.02M or 0.06M), as well as 0.25 ml
of Phanquone at the desired concentrations (except in the control

flasks, where 0.25 ml of distiiled water was added instead).
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6.2 Effect on the Activity of Some Dehydrogenases

Following the procedure outlined by Hugo (1954) and Stretton
and Manson (1973), tubes were prepared each containing the following:
. PBS(pH 7.3), 2.5 ml; substrate, 1.0 ml; cell suspension (either
E.coli or S.aureus, to give a final concentration of 3 x 1012
cells/ml), 0.4 ml; triphenyltetrazolium chloride (TTC)-0.1% w/v,
1.0 m1; and Phanquone (suitably diluted to give the desired
concéntratjon), 0.1 m1. Controls, however; did not contain Phanquone
5ut 0.1 ml of distilled water insteéd. Tubés containing neifher

Phanquone nor substrate were also prepared to be used as blanks.

A1l the tubes were immediately placed in a shaking water bafh
at 37°C, and at regular intervals thereafter,’the reaction in tubes
from both test and control series was halted by adding 5 ml of
glacial acetic.acid to each tube, followed by 5 m1 of toluene,

The tubes were vigourously mixed to disolve the red formazan

formed in the toluene phase, centrifuged at 150xg (5 mins., 4°C) to
separate the toluene from the aqueous phase completely, and the red
colour was afterwards fead at 495 nm as suggested by Owen (1971),

using a Unicam SP500.

The substrates used were 0.02M solutions of D-g1ucose,'sodium'
pyruvate,sddium malate, sodium succinate, sodium lactate and

glucose-6-phosphate,
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6.3 Effect of Aerobic and Anaerobic Conditions on the Size of the

Zone of Inhibition.

Phanquone discs (50 pg/ml), prepared as described.earlier (p. 52)
were placed on nutrient agar plates {20 ml/plate), pH 7.2, already
seeded with the required organism., Six replicates were incubated
aerobically at 370C, while six other replicates were incubated at
37°C in an anaerobic jar, using Gas Pak Hydrogen plus Carbon

‘Dioxide Generator envelopes (BBL), to create the requited anaerobic
atmosphere. After 24 hrs., the zone diameters were measured with

calipers, averaged and compared.

6.4 Effect on the Uptake of P(32)-Inorganic Phosphate

Following the method outlined by Haro]d,.Haro1d and Abrams (1965),
Harold and Baarda (1966, 1969), and Harold, Baarda, Béron and Abrams
(1969), 2.5 m1 of D-glucose (0.02M) were added, together with 1.0 m]
of potassium phosphate solution (600 pg/ml), containing phosphorus-
©(32) (0.1 pci/ml), to a flask containing 14.5 ml of 0.1M Tris-Cl
buffer, pH 7.4 and 10.0 ml of cell suspension (to give a final
concentration of 3 x 1012 cells/m1). The fiask contents were
rapidly divided into two equal volumes, and 1.0 ml of Phanquone
. solution (suitably diluted to give the desired final concentration)
was added to one, while 1.0 ml of disti11ed water was added to the
other. Both flasks were immedia£é1y p1aced in a shaking water bath
at 37°C, and at regular intervals thereafter, samples were withdrawn,
filtered and washed with 0.1M Tri-HC1 buffer, pH 7.4, containing
200 ug/ml KoPOy, as outlined in the General Procedures (p. 48),

Here, water was used as the scintillation 1iquid, and therefore, the -
bacterial cells were washed off the membrane filter discs, into the

scintillation vials.
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6.5 Effect on the Uptake of C-(14)-L-Glutamic Acid and C-(14)-L-

Proline,

To three flasks each containing 7.25 m1 of 0.1M Tris-Cl buffer,
pH 7.4, 5.0 ml of either E.colZ or S.aureus suspension were aéded
to give a final concentration of 3 x 1012 cells/ml. To two flasks,
1.25 ml of D-glucose (0.02M) wére added, while 1.0 m1 of a Phanquone
solution (suitably d51uted to give tﬁe desired final concentration)
was added to one of the two flasks, The volume in all the f]asks
was made up to 14.5 m! with distilled water, and immediately after,
0.5 ml of 0.02M solution of L-glutamic acid, 6r L-proline, containing
C-(14) (1.5 pci/ml), was added to all three flasks, which were

rapidly placed in a shaking water bath.

At regular intervals, samples were withdrawn, filtered and
counted as described ear11er. Here, the samples were washed w1th
Tris-C1 buffer, pH 7.4, containing either L-glutamic acid or L-
proline (0.0GM). The.scinti11ation Tiquid used was the toluene- :
based KL372 (Koch Light Labs Limited, Colnbrook, Buck1nghamsh1re),

which dissolved the membrane filter discs.

6.6. Effect on the Uptake of C-(14)-L-Proline by Membrane Vesicles

6.6.1 Preparation of membrane vesciles

As outlined by Kaback (1971, 1974(a), 1974(b)), E.coli "K12"
was'grown in 1,500 m1 of nutrient broth in a shaking water bath at
37°C for 10 hrs., after which the cells were harvested by centri-

fugation at 2,000xg (15 mins., 4°C).

1.0 g of the collected cell paste was later suspended in 30 ml

of 50 mM Tris-C1 buffer, pH 8.0, containing 25% sucrose, and
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hemogenized, at 0-20C, in a Teflon glass hemogenizer to obtain an
even suspension. 3.0 ml of 0.25M Tris-C1, pH 8.0, containing
lysozyme (10 mg/ml), was added, mixed thoroughly but gently, ‘and
incubated on ice for 5 mins., after which 2.0 ml of 0.2M EDTA‘-
potassium salt, pH 8.0, weke added, mixed and inéubated on ice for

a further 5 mins.. The resultant spheroplasts were harvested by
centrifugation at 16,000xg (15 mins., 0°C), hemogenized in 40 ml

of 50 mM potassium phosphate buffer, pH 6.6, and the who1e - or
partially lysed cells were then deposited'by centfifugation at
1,000xg (30 mins., 0°C). The supernatant Tiquid was then removed,
and the membrane vesicles were harvested by centrifugation at 45,000xg
(20 mins., OOC), washed by vigoﬁrous hémogenizing for 1 min. in

3.0 ml cold 0.1M potassium phosphate buffer, 10 mM EDTA, pH 6.6, re-
centrifuging at 45,000xg (20 mins., 0°C), and decanting.

The vesicles were then suspended in 0.1M potassium phosphate
buffer, pH 6.6, placed in capped plastic bottles, and stored in

1iquid nitrogen at 196%¢.

6.6.2 Measurement of the Uptake of C-(14)-L-Proline

- Three series of chilled small tubes were prepafed each.
containing 250 pul of membrane vesicles suspension (thawed on the
day of use), as well as 250 ul of MgS04. To two series, either
20 pl of ATP {1.0M) or lithium lactate (0.2M}, were added. To one
of the two series, 50 ul of Phanquone (to give 50 ug/ml) was added,
while to the third, only dist111ed water was added. Immédiafe]y
after, 150 q1 of 0.02 L-proline containing C-(14)-L~proline

(1.5 pci/ml) were added to the three series.
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At regular intervals, the reaction in one tube of each series .
was terminated by adding 2.5 m1 of 0.1M LiCl, and immediately
pouring the contents of each tube into a Millipore Vacuum filtration
apparatus éontaining a 0.45 um Mi]Tipore filter, washed with a
further 2.5 m1 of 0.1M LiCl and filtered as outlined earlier (p. 48).
The scintillation Tiquid used was KL 372, in which the filter discs

dissolved.

7. INVESTIGATING THE EFFECT OF SOME METAL IONS ON THE ACTIVITY OF
PHANQUONE

7.1 Complexing of Metal Ions with Phanquone

_ To tubes containing 5 ml of 10-3M solution of Phanquone, 5 ml of
1073 solution of a metal su]pﬁate (or chloride) were added, mixed |
thorough1y , and left for_]S mins., after which the change in colour

and/or the fbrmation of a precipitate in the tubes was noted. The

changes in the tubes were noted again after 24 hrs. and 48 hrs..

7.2 Effect of Metal Ions on the Activify of Phanquone on Growing Cells.

Maccacaro's right-angled strips method, described earlier, was
employed, in which one strip was soaked in a sterile solution of
Phanguone, while the other was soaked in a 0.1M solution of a metal
sulphate (or chloride), and both were placed over a nutrient agar

plate (20 ml1/plate), seeded with either E. coli or S. aureus.

Moreover, the MIC and MCC values_were determined for both

organisms, in the presence of 2 x 10-3M solution of FeCls.
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7.3 Effect of Metal Ions on the Activity of Phanquone on Non-

Growing Suspensions.

Tubes, cdntaining 107 organisms/ml of either E.coli or S.aureus
suspended in 8 ml of distilled water, were separated into three
groups. To one, only Phanquone was added to give a final concen-
tration of 5 x 1076M (~1 ug/ml) for E.coli, and 10-M (~20 pg/m1) for
S.aureus. To the second group, Phanquone (at the above concentrations)
was mixed with metal sulphates (or chlorides) to give a 2:1, 1:1, 1:2,
and 1:4 ratioé, while to the third group, only the metal ions were

added to serVe as controls.

“The tubes were transferred to a shaking water bath at 37°C,
and at 1 hr, and 2 hr. intervals, one drop (from a standardized
Pasteur pipette) taken from each of the tubes, was applied on a

nutrient agar plate, which was then incubated at 37°%¢ for 24 hrs..

The metal ions used were: Co(II), Cu(Il), Fe(IIl), Fe(III),
Mn(II), Ni(II) and Zn(II).

7.4 Construction of Job-Plots for Phanquone-Metal Ion{s) Complexes.

-As outlined by Job (1928) and Dangall and West (1961, 1964),
tubes were brepared containing 5 ml of Phanquone and 5‘m1 of metal
ions, to give the required Phanquone-metal ion ratios. The tubes
were left overnight, after which the'optical density was read at
different wavelengths, and Job-plots were constructed using the

optical density values obtained.
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7.5 Effect of Chelating Agents on the Activity of Phanquone

Maccacaro's strip method was empfoyed, in which one strip was
soaked in a sterile Phanquone so1uti0n; while the other strip was
sdaked ina 0.1M solutijon of either ethylendiaminetetracetic acid -
disodium salt (EDTA;ZNa, pH 6.6), or nitri]otriacétic acid - sodium

salt (NTA, pH 6.6).

7.6 Solubility of Phanquone and Its Metal Complexés in Octanol

To a series of quickfit glass tubes containing 5 x 10-4M solution
of Phanquone, metal ions (in the form of su]phates.of chlorides) wére
added to give a Phanquone-metal ion ratios of 1:3, 1&2,_1:1, 2:1 and
3:1.

The voiume in each tube was made up to 10 ml, mixed thoroughly,
and Teft for 15 mins. at 20°C. 10 ml of octanol were added there-
after; the tubes were then fitted with tight quickfit glass stoppers,
placed horizontally on a Winchester bottle shaker special]y‘adapted
to hold the tubes, and were vigoﬁrously shaken for 1 hr.. The tubes
were then placed vertically and the two phases (water and octanol)
were allowed to separate. The octanol phase was gently removed, and
placed in a silica cuvette, where the absorbance was read using a

Unicam SP800 spectrophotometer.

7.7 Effect of Metal Ions on the Inhibition of Oxygen Consumption by

Phanquone,

The procedure described earTier {p.48) using the Warburg
apparatus was exactly fo]]owed,lexcept that 0.25 ml of the metal ion

(sulphate) were added to the main compartment to give a Phangquone-metal
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ion ratio of 1:1. Phanquone was added to the;side arm {except in

the case of the controls) as usual,

8.  INVESTIGATING THE EFFECT OF PROLONGING THE PREINCUBATION PERIOD

ON THE ZONE OF INHIBITION PRODUCED BY PHANQUONE

Phanguone discs (50 pg/disc) were p1aced'over nutrient agar
plates {pH 7.7 and pH 8.0), seeded with either E.coli or S.aureus
cu]tureé. The plates were incubated at 37°C for 30 mins., placed
in a refrigerator at 4% for 16 hrs., then incubated again at 37%C
for 24 hrs. (as recommended by Feeney, Petersen and Sahinkaya, 1957).
The zone of inhibition produced by Phanquone|was, then, carefully

noted.

9.  INVESTIGATING THE EFFECT OF PHANQUONE ON THE BACTERIAL CELL

MORPHOLOGY USING SCANNING ELECTRON MICROSCOPY

To a nutrient broth culture of either E.colz or S.qureus, at
mid-1dg phase, a solution of Phanquone was added to give a fina]
concentration of 50 ug/ml. The "reaétion mixture", together with
a control, were incubated at 37°C for 90 mins., after which
glutarldehyde was added to samples taken from the reation mixture

and the control to give a final concentration of 1.5% w/v (as
.described byBujlmanand Stretton, 1974). The cells were removed
after 2 mins, contact by centrifugation at 1,500xg (15 mins., 4°C);
then suspended in 2 ml of glutaraldehyde (5% w/v) in 1 strength
Ringers solution {Oxoid}, for 16 hrs. at 40C.' Thereafter, the

cells were collected by centrifugation, washed twice, and
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resuspended in distilled water, One drop of that suspension was
placed over a cover slip, allowed to dry, and then dehydréted in a
desicator over CaCly under partial vacuum.‘ The samples were then
coated, in a high vacuum unit, with gold pailadium and examined in

a Cambridge Stereoscan (Mark II A, Cambridge Instruments Company
Limited, Cambridge), with a beam specimen angle of 45° and a voltage

of 30kV.

10.  INVESTIGATING THE EFFECT OF PHANQUONE ON THE RELEASE OF P-(32)-

CONTAINfNG COMPOUNDS FROM THE BACTERIAL CELL

" E.coli and S.aureus cells were grown on Winkler and de-Haan

| medium (1948) and Staphyloccacal medium (Strétton, 1965) respectively,
in the presence of P-({32)-inorganic phosphate (of known specific
activity), for 16 hrs. in a shaking water bath at 37°C.  The cells

- were then harvested by centrifugation at 2,000xg (15 mins.;'4°C),
washed twice, and resuspended in 0.1M sodium_phosphate buffer;

pH 7.4, to give a final concentration of 3 x 1013 cells/ml.

To each of a series of tubes, the following was added:
cell suspension, 1.0 ml; O.1M sodium phosphate buffer,;pH 7.4,
8.0 ml; and Phangquone solution (suitabiy diluted to give the
" desired final concentration), 1.0‘m1 {for the contro], however,

1.0 ml of distilled water was added instead).
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The contents of each tube wefe thoroughly mixed by whirling,
and left at 20°C. At regular intervals, one tube from each series
was centrifuged at 3,000xg (15 mins., 20°C) to deposit the cells
(as outlined by Rye and Wiseman, 1964). The supernatant liquids
wefe fhen gently decanted and transferred into scintillation vials,
sonicated for 10 mins..in a Dawé water bath sonicator, after which
the radicactivity of both the cells and the supernatant liquids was

determined as described ear]ier'in the General Procedurgs.

11. INVESTIGATING THE EFFECT OF PHANQUONE ON LIVER MONOAMINE OXIDASE

11.1 Preparing the Liver Homogenate

10 g of a fresh guinea-pig liver were hombgenized in 0.TM sodium
phosphate buffer, pH 7.4, and centrifuged, using a small bench
centrifuge, until the solid fragments cIearly'separated from the
supernatant liquid. The supernatant 1iquid was then discarded, and
the solid was resuspended in more buffer, and washed twice on.the
centrifuge. Finally, the solid was resu5pended.in 10 m1 of buffer

(that is, 1g of Tiver/ml).

11.2 Measuring the Oxygen Uptake

To each Warburg flask, 1.0 ml of the liver homogenate, together
with 1.25 m1 of 0.1M sodium phosphate buffer, pH 7.4,.wefe placed
in the main &ompartment. 0.25m1 of Phanquone (suitably diluted to
give a final concentration of 100 pg/ml) were placed in the main
compartmént of one flask, whi1é 0.25 mf of distilled water were

added to two others. To the side arms of the flask containing the
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Phanquone, as well as to one of the other two, 0.5 ml of benzylamine
| sulphate (0.04M} were added, whi1e no substrate was added to the
third. The flasks were left to equilibrate for 15 mins. after which

the oxygen consumption was measured as outlined earlier.

72, INVESTIGATING THE MUTAGENICITY OF PHANQUONE USING THE SALMONELLA/
MICROSOME MUTAGENICITY TEST '

The method outlined by Ames and Coworkers in many publications
(Ames, Lee and Durston, 1973; Ames, Durston, Yamasaki and Lee, 1973;
Ames, McCann and Yamasaki, 1975; McCann, Choi, Yamasaki and Ames, 19753

McCann and Ames, 1977) was very closely followed.

12.1 Preparing the Liver Homogenate "S$-9" Fraction

A male rat, weighing dbout 500 g, was injected with a sing]e“
intraperitoneal injection of 20-methylcholanthrene disso]?ed in
Arachis 011 (250 mg/m1), five days before sacrifice. The rat was
given drinking water ad Zibitwn and Coney Brand Chow (Tyrrel,

Byford and Pallett Limited, Norfolk) until 12 hrs, before sacrifice,
when the chow was removed. On the fifth day, the rat was stunned

by a blow on the head, and then decapitated.

The 1iver; collected at 0-400, was placed in a sterile beakef

: containing 0.15 mf KC1 at T ml/g of wet liver, Affer'weighing, the
Tiver was transferréd to a beaker containing 3 volumes of 0.15M KCT,
minced with sterile scissors, and homogenized in a Teflon homogenizer.
The homogenate was centrifuged at 9,000xg (10 mins, OOC), and the
supernatant liquid - designated as the S-9 fraction - was distrfbuted

~in 2 m] portions in small sterile plastic bottles, quiék]y frozen
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at 20°C, and then stored in liquid nitrogen at 196°¢.

'12.2 Preparing of the S-9 Mix

The S-9 mix Containgd‘(per 20 ptates}): S-9 fraction, 1.0 ml;
0.2M potassium phosphate buffer, 5.0 ml; NADPfsodium salt, 30 mg;
stock salt solution (containing 0.4M MgC]z and 1.65M KC1), 0.2 ml;

0.1M glucose-6-phosphate, 0.5 ml; and distilled water, 3.3 ml.

12.3 Preparing Plates and'Top Agar

Each plate contained 30 ml of modified Vogel-Bonner Medium E
(described on p. ), while top agar, consisting of 0.6% Oxoid agar
no.3, and 0.5% NaCl, was autoclaved and stored in boftles each
containing 100 m1 of the agar. Before use, the agar was melted by
heating in a steam bath, and 10 ml of a sterile so?ution containihg
0.5 mM L-histidine and 0.5 sM D-biotin, were added to the molten

agar and mixed gently by swirling.

12.4 Checking the Tester Strains

The tester strains used were Salmonella typhimuriam LTo,
designated as TA1535, TA1537, TA1538, TA98 and TA100. These strains
were checked for their histidine requirement and their other mutations

according to the methods outlined by Ames, McCann and Yamasaki (1975);

12.5 Assaying the Mutagenicity of Phanquone

The following were added (in order) to 2.0 ml of molten top agar
at 450C: 0.1 ml of an overnight nutrient broth culture of one of the

tester strains; 0.1 ml of Phanquone solution suitably diluted to give
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ﬁO, 5 and 2.5 pg/plate; and 0.5 ml of theVS-9 mix. The top agar and
its contents, mixed gently by rotation, were rapidly poured over the
modified Vogel-Bonner Medium E plates., As soon as the top agar
solidified, the plates were incubated at 37°C for 48 hrs., and the

number of the revertant colonies was noted.
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PART III

RESULTS



1. THE ANTIBACTERIAL ACTIVITY OF PHANQUONE

1.1 The MIC and MCC Values

Table (3.1) shows the MIC and MCC values obtained for Phanquone
against seven Gram-positive, seven Gram-negative,'and one Acid-fast
bacterium. The MIC values ranged from 3.12 ug/ml for Salm abortus
ovis, to 200 ug/ml for Strep.faecalisj while the MCC va]ués ranged
from 3.12 ug/ml for Salm. abortus bvis, to >200 ug/mt for Strep. faeccalis

also.

1.2 The MIC Values for Different Inoculum Sizes

Table (3.2) shows the effect of the inoculum size on the MIC
value for E.coli and S.aureus. For E.coli, there was a two and é
half fold increase in the MIC for an increase of 10° times in the
number of cells; while for S aureus, there was a smaller increase in
the MIC value (from 50 wg/ml to 60 ng/ml), for the same increase in

the cell numbers.

1.3 The Effect of Phanquone in Excess of the MCC.on E.eolZ and

S.qureus.

Phanquone, at 500 ug/ml (five times the MCC value),while totally
cidal for the E.coli cells, did not have a complete cidal effect on

the S.aureus culture.
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© Table (3.1)

" The minimum inhibitory'concentrations: (MIC) and
- minimum cidal concentrations (MCC) of Phanquone



: MIC MCC
Organism wig/mt) | gy mi)
Gram-positive:
B. cereus 100 200
B. megaterium 25 - 25
B- subtilis 50 200
Sar lutea . 25 25
S.aureus ] 50 100
S.aureus Oxford| 25 | 100
Strep: faecalis .200 >200
Gram- neqgative: -
E.coli 25 25
E.coli "Texas” 50 100
K.aerogenes 12.5 12.5
P.vulgaris 25 100
Ps. aerug-inosa 50 200
Sdlm. abortus- 0v1s 312 342
Salm: abeny 100 100
Acid-fast .
50 50

M. phlei -
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Table (3.2) =, )

The effect of inoculum size on the minimm :
inhibitory concentrations (MIC) of Phanquone



E.coli S.dureus
bacteria/| MIC bacteria/{ MIC
- ml Ag/mi. mi. Ag/ml.
102 20 102 50 -
103 20 103 | S50
10% 20 10% 50
10° | 25 | 10° | s0
106 30 | 10° 60
107 | 50 10/ | - 50
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1.4 The Mean Single Survivor Times

Table (3.3) shows a typical tabulation of results, obtained from
one run in the determination of the MSST for E. colZ,following the

procedure outlined by Mather (1949).

Fig. (3.1) shows the plots for the determination of the MSST
{plotting log(-~ log P} versus the time of exposuré) for Phanquone at
125 ug/ml, 150 pg/ml, 175 ug/ml and 200 ug/ml respectively. In this
Fig. the MSST was the point of intersection between the best fit
straight tine curve and the Tine y=o0. Table (3.4) shows the MSST
vaTues for E. eoli using Phanquone at the four above-mentioned

concentrations.

Fig. (3.2) shows the relationship between the MSST values and
the Phanquone concentrations for E. coli. However, no consistent
results could be obtained over the same range of Phanquone concen-

trations, when S. aureus was used.

1.5 The Effect on Non-Growing Suspensions

Figs. (3.3) and (3.4) show the effect of Phanquone on non-
growing E. eoli and S. aureus cell suspensions respectively. |
Phanquone was completely lethal at concentrations as low as 4 pg/m1§
~even 0.05 pg/ml of Phanquone caused an appreciable drop in thé'viab1e
number of cells. On the other hand, and alfhough there was a drop
in the number of viable cells for S. aureus, yet more than 3 x 104
cells/ml continued to survive, in the presence of Phanquone at 10 ug/hl.
As can be seen from Table (3.5), Phanquone, at 80 ug/ml, did not cause
total cell death after 2 hrs., and more than 3 x 10% cells/ml contin-

ued to survive.
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Table (3.3) SR

Death times of E. colZ in Phanqubne solution at
175 ug/ml
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CFig. (3.1)
 Determination of the mean single survivor times
(MSST) of E. coli using Phanquone at:

- a) 125 pg/ml;
b)) 150 pg/ml.
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Fig. (3.1) (continued)

. ¢) 175 ug/ml;
d} 200 pg/ml.
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Table (3.4)

The mean single survivor times (MSST) for E. aoli.'.

'._'Fig. (3.2) .

The relationship between the concentration of

‘,_"-Phahquone and the mean single survivor times (MSST)
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Fig. (3.3)

The effect of Phanquone on non-growing E. éoti cells .
- suspended in PBS, pH 7.3. | L
. @ —¢@ : control
A\ - 0.05 pg/mi;
H—-B :0.1ug/ml;
- O—0 : 2ug/mly
- A—A 4 ug/ml;
0—0 : 15 ug/ml;

P

 Arrow indicates addition of Phanquone
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| Fig. (3.4)

The effect of Phanquone on non-growing S. auréus
- cells suspended in PBS, pH 7.3.

- & —@ : control;

- A—A: 10 ug/m

Table (3.5)

The effect of Phénquone on.non'-growing S. aureus
cells suspended in distilled water. 4

++ 1~ 3x10% cells/ml;
o > 3 x 108 cells/ml.
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1.6 The Effect on Growing Cultures

Figs. (3.5) and (3.6) show the effect of Phanquone on growing
E. coli and S. aqureus cells respectively. For E. coli complete kill
was achieved with a concentration of 10 ug/ml; a concentration of
4 ug/ml inhibi ted cel]rmu1t1p1ication. For 5. aureus, complete kill

was achieved with 20 pg/ml.

1.7 The Effect of pH on the Size of the Zone of Inhibitfon

As can be seen from Fig. (3.7), the diameter of the zone of
inhibition for E. coli 1inearly decreased as the pH of the medium
was increased. For S. aureus, howevef, two zones were'produced: a
small clear zone that decreased in size as th; pH increased (Fig.3.8

(a)), and a larger zone (with many colonies 1hside). The
largest hazy zone was obtained at pH 7.0, decreasing in size with

increasing or decreasing pH (Fig. 3.8 (b})).

-2, ADSORPTION OF PHANQUONE TO THE BACTERIAL CELL

2.1 The Reference Curve

Fig. (3.9) shows the reference curve used to estimate the
unknown Phanquone concentrations at 302 nm. At that wavelength, the
optical densify values ranged from 0.08 units for 5.5 ug/ml, to 1.40
units for 180 ng/ml.- The log-log plot gave the best fit straight

1ine.
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~ Fig. (3.5)

1

. The effect of Phanquone on growing E. co'u C'u'l-ture -
. in nutrient broth, pH 7.4.. L

- @®-—@ : control

. @—@: 4ug/mi;
U—-—D: 10 ug/ml;
A—"A :._ 20 ug/ml.
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The effect of Phanquone on growing S. aureus
culture in nutrient broth, pH 7.4.

& —© : control; .

O—0: 20 ug/ml.
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- Fig. (3.7) L
. The effect of pH on the size of the zone of
inhibition produced by Phanquone against E. 'éol-;:
on nutrient agar plates.
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Fig. (3.8)

~ The effect of pH on the size of the zone of,p -
- inhibition produced by Phanquone against S. aureus
‘on nutrient agar plates, o

- a) clear zone; - _
~ b) total zone (clear and hazy).
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CFig. (3.9) .

The reference curve for the estimation of unknown N
~concentrations of Phanquone in 0.1M sodium
phosphate buffer, pH 7.4.
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2.2 Adsorption and Uptake of Phanguone

Figs. (3.10) and (3.11) show the amount of Phanqubne adsorbed
{or taken into) by 1 mg of E.col? and S.aureus (equivalent to around
4 x 1010 organisms/m1j using different Phanquone concentrations. As
can be seen, 1 mg of S.aureus cells adsorbed nearly double the amount
of Phanquone adsorbed by E.coli. The rate of adsorption, in both
Cases, was higher at the lower concentration of the antibacterial

agent, and tended to become constant at 150 ug/ml and above.

Fig. (3.11) related the amount of Phanquone adsorbed by 1012
cells to the supernatant liquid concentration. However, the curves

obtained were very similar.

Fig. (3.12) shows the amount of Phanquone adsorbed.using a
constant Phanquone concentration (45 ug/ml), but varying the contact
time. Again 1 mg of S.aqureus cells adsorbed almost double the amount

of Phanquone adsorbed by 1 mg of E.colZ cells.

Another interesting point is that E.colZ and S.aureus cells
seemed to adsorb the maximum amounts of Phanquone at 10 and 5'mins.
respectively, after'which there was a drop in the amount adsorbed

for both strains.
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. Fig. (3.10)
Amount of Phanquone adsorbed by 1 mg of ce'l'lé_ _' |
suspended in 0.1M sodium phosphate buffer, pH 7.4,
" using different Phanquone concentrations.

D.;.D: S. aureus
@ ——@: E. colt



100{ o

Hgs.) —
o o
S &

| o

O
=
7]

Arnount absorbed |
-]
o~
9 L
BN
@\
o

0 50 100 150 200
Concentration{u g/ml) —

- 87 -



Fig. (3.11)

Amount of Phanquoné adsorbed by 1082 cells/m1 o
.. suspended in 0.1M sodium phosphate buffer, pH 7.4, .
- plotted against the supernatant liquid concentration -

H—N: s aureus
O—-——0: E. coli
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Fig. (3.12)
Amount of Phanquone adsorbed by 1 mg of cells ‘
suspended in 0.1M sodium phosphate buffer, pH 7.4, -

o using one Phanquone concentration (45 ug/ml)

C]-;-;-—D : 8. aureus .
@ —©@: E. colt
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3. THE ANTIBACTERIAL ACTIVITY OF COMPOUNDS RELATED TO PHANQUONE

Tables (3.6) and (3.7) show the MIC and MCC values for phenan-
threne, penanthridine, and oxine, on seven Gram-positive, seven
Gram-negative, and one Acid-fast bacterium. Phenanthrene showed no
activity even at 200 pg/ml; phenanthridine héd some activity on some
of the Gram-positive and Gram-negative, as well as the Acid-fast
bacteria; and although oxine showed no activity on Gram-negative
organisms (except Sailm. abortus ovis}, its activity against the

Gram-positives ranged from 3.1 ug/ml to 12;5 ug/ml (with. the excéption

of Strep. faccalis).

Tables (3.8) and (3.9) show the MIC and MCC values for 4,7-
phenénthro]ine, 9,10-phenanthrenequinone, 1,10-phenanthroline, and
1,10-phenanthroline-5,6-quin6ne, against the same range of organisms.
_9,H}phenanthrenequinone was, ih general, more active against Gram- _.
positives, than on Gram-negatives (it had no activity against E. eoli
at 200 uyg/ml, while inhibiting 5. aureus at 2.5 pg/ml}. 1,10-phen-
anthroline showed the same range of activity as Phanquone (but had
- no activity against Ps. aeruginosa at 200 ug/ml). Finaliy, the MIC
values of 1,10-phenanthroline-5,6-quinone ranged'from 0.1 pg/ml for
P. vulgariz to 25 ug/ml for Ps, aeruginosa (with the exception of

Sar. lutea, and Strep. faecalis).

3.2 Effect on Growing Cultures

Fig. (3.13) shows the effect of phenanthrene on growing E. coli
and 3. aqureus cultures, respectively. As can be seen, this compound
had no effect on the E. cols culture (at 100 ug/ml), while having

some activity against 3. aureus at 50 ug/ml.
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Table (3.6)

" The MIC and MCC values of phenanthrene, pheman-
thridine, and oxine for some Gram-positive bacteria.



..16_

phenanthrene | phenanthridine Oxine

Jrganism MIC | MCC | MIC | MCC | MIc | Mcc
Mg/ml | 1g/ml | Mg /ml juag/ml. | 1g/ml | ug/mi

B. cereus >200 {>200 100 100 31 6.2
B. megaterium >200 |>200 50 50 1.6 1.6
B .subtilis >200 > 200 100 200 6.2 6.2
Sar- lutea >200 |> 200 | >200 >200 12:5 125
S .aureus >200 > 200 100 100 31 - 34
S .aureus “Oxford" >200 {>200 | 100 100 6.2 6.2
Strep. .faecalis =200 |>200 | >200 |>200 200 |>200




Table (3.7)

“The MIC and MCC values of phenanthrene, phenan-
L ithridi'ne.-_and oxine for some Gram-negative and one
~ Acid-fast bacteria. '



_26_

phenanthrene | phenanthridine Oxine

0 ism — ‘
rganism MIC | MCC | MIC | MCC | MIC | MCcC
AgIml | ag/mb | Ag/mb fdg/ml | Mg/ml. | Mg/ml.

E. coli >200 |>200 |>200 |>200 |>200 |>200
E.coli Texas’ >200 |>200 |[>200 |[>200 [>200 |>200
K.gerogenes =>200 [>200 50 200 |>200 |>200
P.vulgaris =200 {=>200 50 100 ([(>200 |>200
Ps aeruginosa >200 {>200 [(>200 |[>200 |=>200 |>200
Sal. abortus  ovis. >200 |[>200 100 | 200 25 25
Sal-abony >200 |>200 |>200 |{>200 |>200 |>200
M. phlei >200 |>200 | 50 | S50 | 25 | 25




Table (3.8)

The MIC and MCC values of 4,7-phenanthroline,'7

9,10-phenanthrenequinone, 1.10-phenanthr01ihe, dnd -

1,10-phenanthroline-5,6-quinone for some Gram- i' 
positive bacteria. |



4,7-phenanthroline

91O—phenc1nthrene—

110-phenanthroline

110-phenanthroline

0 _ quinone 56-quinone

"ganism MIC | MCC | MIC | MCC | MIC | MCC | Mic | McC

| mg/mb p ug/ml. | ug/ml | ag/ml | oug/ml | &g/ml | dg/ml | dg/mil
B.cereus 200 |>200 | - 04 12.5 | 100 | =200 6.2 | 200

B.megdterium 100 100 1.6 1.6 25 25 08 08
B.subtilis 100 200 0.8 3.1 25 | 25 6.2 50
Sar, lutea 200 |>200 | 100 100 | 25 25 50 100
S.aureus 100 100 25 | 25 50 | 100 2.5 25
S.aureus ‘Oxford” | 100 200 | 08 1.6 50 100 1.6 | 50

| Strep. faecalis 200 200 341 200| S0 100 |>200 |>200




Table (3.9)

The MIC and MCC values of 4,7-phenanthroline,
9,10-phenanthrenequinone, 1,10-phenanthroline,

and 1,10-phenanthroline-5,6-quinone for some Gram-
- negative and one Acid-fast bacteria. o

ok



. |910-phenanthrene- o '1,10¥phemnfhroliﬁé
N A,7—phenanthrol|n? quinone 110-phenanthroline 5,6-quinone
'gantsm MIC | MCC | MIC | MCC | MIC | MCC | MIC | MCC
Ag/mb | ag/ml | ug/ml | ”mg/ml | ugiml | ug/ml | 4ag/ml | ug/ml
E.coli >200 |>200 |>200 |>200 | 25 50 16 | 50
E.coli “Texas” |{>200 |>200 50 100 50 50 0L 0.4,
K.aerogenes 100 100 | 125 25 50 50 1.6 31
2 | P vulgaris 100 | >200 . 08 1.6 25 50 0.1 08
Ps. aeruginosd |>200 |>200 - 100 100 | =200 |=>200 25 50
Sal, abortus  ovis 100 100 25 25 0-8 25 | 04 0-8
Sal, abony >200 [>200 |>200 [>200| 50 (>200 | 08| 25
IM.phtei 100 | 100 | 16| 16| 125| 25 | 62 | 62




" Fig. (3.13)

| ; The efféct of phenanthrene on growing bacterial
~cultures in nutrient broth, pH 7.4

a) E. coli
| ~ ®—@&: control;

©3—0: ' 100 ug/ml.

b) s. qureus

| ,.-i.: control;
- O—0: 50 ug/ml.
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Phenanthridiﬁe, while having no effect on an E.colz culture at
80 wg/ml, inhibited the growth of an S.aureus culture at the‘saﬁe
concentfation (Fig. 3.14). Similarly, 4,7-phenanthroline (at 100
- ug/ml) inhibited the growth of S.aureus, while not affecting the

E.col? culture, (Fig. 3.15).

9,10-Phenanthenequinone had a slight effect against E.coli at
40 ug/ml, but showed a bacteriostatic effect on S.aureus, even at

6 ug/ml (Fig. 3.16).

1,10-Phenanthroline had a Tethal effect on both E.coli and
S.aureus cells at 20 ug/ml and 40 ug/ml, respectively (Fig. 3.17);
while 1,10-phenanthroline-5,6-quinone showed a sharp cidal effect at

4 ug/mt and 10 pg/ml, on both E.coli and S.aureus respectively, as

can be seen from Fig. (3.18).

3.3 The Effect of 9,10-Phenanthrenequinone on Non-Growing Suspensions

As can be seen from Fig. (3.19) 9,10-phenanthrenequinone did not

have any bactericidal effect on either E.coli or S.aureus.

3.4 The Effect of 9,10-Phenanthrenequinone on EDTA - Pretreated

E.coli Cells

Fig. (3.20) shows the effect of 9,10-phenanthrenequinone at
30 ug/ml, on EDTA - pretreated E.coli culture. As can be seen, the
quinone was no more active on the pretreated cells, than on the

untreated ones,
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Fig. (3.14)

The eff‘ect of phenanthmdme on grom ng bactenal
s cu'itures in nutr1ent br'oth, pH 7.4

”'“a) E. colz‘

- @—@: control;
O—0: 80 ug/ml.

b) 5. aurens =
.—b:’ ~ control;
O—0D0: 80 ug/ml.
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Fig. (3.15)

.The effect of 4,7-phenanthroline on growing-
 bacterial cultures in nutrient broth, pH 7.4

a) E, coli_' s

. @~—@: control;
 O—0: 100 ug/ml.

b) 5. aureus
O~—0: control;
@ ~-®: 50 ug/ml;
- A—A: 100 yg/ml,
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Fig. (3.16)

.The effect of 9,10—phenanthr'eneq'ui none on growing
- bacterial cultures in nutrient broth, pl_-l 7.4

a) B eols

'..—'.: “control;
O-—0:, 30 ug/ml;
A‘.—A: 40 Ng/ﬂl] .

b) 5. aureus -

. @—@: control; . -
O—0: 6 ug/ml;
A—-A: 12 yg/ml;
O—0O: 20 ug/mi.
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Fig. (3.17)

“The effect of 1,10-phen'anfhro'l'ine on growing
bacterial cultures in nutrient broth, pH 7.4

a) Eoooli
-.‘-.: control;
O-—0: 20 uwg/ml.

b) S. aureus
. @—@: control;

_ - O—O 20 wg/ml;
 A—A: %0 ug/ml.
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Fig. (3.18)

* The effect of 1,10-phenanthroline-5,6-quinone on -
- growing bacterial cultures in nutrient broth, pH 7.4

a) E. eoli

. @—@: control;
. A—A: 4 ng/ml;
| O-—0: ‘10 u_g/m'l.

'b) 5. aureus
@ —©9: control;

: A—A: : 4 wg/ml;

| Q=0 10 ug/ml;
- O-—0: 20 ug/ml.
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‘Fig. (3.19)

The effect of 9,10-phenanthrenequinone on non-growing
bacteria] cells suspended in PBS, pH 7.3

) E colz'_.
0—@: control;
- O—{0: 40 ug/ml.

b 5. qurens
- ®—@®: control;
- O—0: 30 ug/ml.
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Fig. (3.20)‘]

: 'The effect of EDTA—pretreabnent of E. ecoli on 1ts

~ resistance to 3, 'IO-phenanthr'enequmone

® —@ : control (EDTA-pretreated ce'l]s),
A —A: non-treated cells plus 30 ;ig/mi;
O—0: EDTA-pretreated cells plus 30 ug/m'l
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4.  THE INTERACTION OF SOME ANTIBACTERIAL AGENTS AND ANTIBIOTICS

WITH PHANQUONE

vl

As can be seen from Table (3.10), Phanquone 1nteracted‘neither'
synergistically nor antagonistically, with the antibacterial agents
and the antibiotics tested, with the exception of ethidium bromide
and 9,10-phenanthrenequinone  where some synergism was noted
(Fig. 3.21). In comparison, Figs.(s.zza) énd(s.zzb) show the
additive effect between Phanquone and 12&ﬁ1§3gdh1¢and Vancomycin

against S. aureus cultures.

TabTle (3.11) shows the drop in the MIC values of Phanquone,.
against B.subtilis and B.cereus, when combined with subinhibitory
concentrations of 9,10-phenanthrenequinone, thUs confirming the
existence of some sort of a synergistic interation. Moreover, Fig.
(3.23) shows the destruction of B.subtilis cells originally resistant
- to Phanquone, when a disc containing 9,10~phenénthrenequinoné was
placed nearﬁy. Here, only the resistant colonies nearer to the
9,10-phenanthrenequinone disc vere destroyed, while the confluent

growth in between the two zones of inhibition remained intact.
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Table (3.10)

~The interaction of some common antibacteria].agents'and -
antibiotics with Phanquone; using the right-angled
strips method. ‘ . - '

'S denotes synergism;
N denotes no effect.



Strip A
eked

STRIP B
soaked in

Type of

interaction

E.coli

S .aureus

Phanquone {2006ug/ml )

Acriflavine

Ampicillin

CHon Otetf'(lcycli ne

Clindomycin

Cloxacillia

CTAB

D—-Cycloserine

EthidiumBromide

Fosfomycin

Gentamycin -

Lincomycin

Methicillin

Oxine

Penicillin G

9,10-phenanthrene-
quinone

110-phenanthroline

110 ~phenanthroline~
55-quinone

Rifampicin

|Streptomycin

Vancomycin

> Z ZZZZZ ZZZZ ZZZZ Z

Z Z oz

z = NWZZZZZ Zz0ZZZZZ ZZ
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Fig. (3.21)

The synergistic interaction against S.mmeus between =

~ Phanquone (strip A, soaked in 2000 pg/ml) and

~a) 9,10-phenanthrenequinone (strip B, soaked in |
: - 2000 pg/mi);
b} ethidium bromide (strip B, 1000 ug/ml).



Q)

(b)
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Fig. (3.22)

The no-effect interaction against S. aureus between
-Phanquone (strip A, 2000 ug/ml) and i

-.a) chlorotetracycline (strip B, 1000 ug/ml);
b) vancomycin (strip B, 1000 ug/mi). |
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Table (3.11) -

The effect of sub-inhibitory concentrations of
9,10-phenanthrenequinone on the MIC and MCC va1ues_
of Phanquone for B. subttlts and B. cereus.

Fig. (3.23)

The synergistic interaction between'PhaanOne and
9 10-phenanthrenequinone against B, subtilis on
nutr1ent agar. | .

PR
B -   :

LX)

Phanquone disc (50 ug);
9 10-phenanthrenequ1none disc (50 ug)s -
confluent growth;

hazy zone of inhibition (Wlth resistant
colonies); o _ L

clear zone of inhibition:



, , . - {MIC |MCC
Organism | Antibacterial (s) pa/ml | pg/m
| Phanquone(PQ) | 50 | 200
B.subtilis | |g10~phenarthrene-
quinone(Phq) 0'_8 34
| PQ+PhgDZug/mif 25 | 50
PQ 100 200
B.cereus Phqg 0.4 | 125
| PQ+Phq(0.2pg/mif 25 | 200
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5.  THE INTERACTION OF SOME THIOL-CONTAINING COMPOUNDS WITH PHANQUONE

Table (3.12), and Fig. (3.24) show the antagonistic effect
exerted by some thiol-containing compounds on the zone of inhibition
produced by Phanguone. However, this antagonistic effect was exerted
for E.coli cultures only, while thiol-containing compounds had no

effect on the activity of Phanquone against S.aureus,

Moreover, Fig. {3.25) shows the effect of the addition of
2 x 10-3M thioglycollic acid, on the activity of Phanquone against a
non-growing E.colZ culture; the thiglycollic acid seemed to antagonize

further action of Phanquone, thus allowing the E.colZ cells to survive,

6. THE EFFECT OF PHANQUONE ON SOME METABOLIC ACTIVITIES OF THE
BACTERIAL CELL

6.1 The Effect on Oxygen Consumption

Figs. (3.26) and (3.27) show the effect of different concen-
trations of Phanquone on the oxygen consumption by E.coli and S.aureus,
respectively, using D-glucose (O;OZM) as a substrate. Phanquone -
while having no effect af 16 ng/ml and 32 ug/ml - inhibited the oxygen
consumption by nearly 25%, at 64 ug/ml, for E.coli. As for S.aureus,
there was between 35% and 45% inhibition, with Phanquone at 25 ug/ml,
50 pg/mt and 100 ng/ml.

When succinate (0.02M) was used as a substrate (c/o Fig. 3.28),
there was a stimulation in the oxygen consumption by E.coli cells,
by nearly 80%, 57% and 25%, in the presence-of Phanquone at 8 pg/ml,

16 nug/ml and 32 ug/ml, respectively. However, Phanquone, at 64 ug/ml,
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Table (3.12)

The effect of thiol-containing compounds on the
zone of inhibition produced by Phanquone on -
nutrient agar using the right-angled strips method.

+ - : antagonism;
-+ no effect,



STRIPA | STRIP 8

soaked in soaked in

Effect_on zone

of Inhibition

E.colj

S .aurss

0.2M)
Scduim Thioglycoliate
0.2M -

2-Mercagptoethan olip.02M)
1-Thiogtycerol (0.1M)

L-Cysteine {0.02M)

Phanquone (2000 ug/ml)

Thioglycollic AcidpHBS5,

.

+-
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Fig. (3.24)

The antagonism produced by thioi-containing
compounds on the zone of inhibition produced by -
Phanquone (strip A, 2000 ug/m‘l) aga'mst E, ecoli,
- on nutrient agar.

- a) thioglycollic acid (strip B, 0.2M solution);

. b) 1-thioglycerol (strip B, 0.1M solution).

Fig. (3.25)

The effect of thioglycollic acid (neutralized) on "
the activity of Phanquone against non-growing .
~ E. coli cells suspended in PBS, pH 7.3, )
®—©0: th1og'lyco]hc acid (pH 6 0, 2 x 10'3M)

] o only; _
: A-Q—A: Phanquone (1 ug/ml) only;

B — MW : Phanquone (1 ug/ml) fo]]owed by thio-
\L. glycollic acid (2 x 10-3 M)s

+ Phanquone added;
& ¢ thioglycollic acid added.
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Fig. (3.26)

Effect of Phanquone on oxygen consumption by E. coli
suspended in 0.1M sodium phosphate buffer, pH 7 4,
‘using D-glucose (0,02M) as substrate

' O—0O : control;

A—A: 16 ug/ml;

O—0: 32 ug/ml;

O—-0: 64 yg/ml;

@ — @: ' endogenous respiration.
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Fig. (3.27)

Effect of Phanquone on the oxygen consumption by

S. aureus suspended in 0,1M sodium phosphate buffer,
pH 7.4, using D-glucose (0.02M) as substrate

® —@®: control; |

- A—A: 25 ug/ml;

O —O: 50 ug/ml;

W —@: 100 ug/ml;

0O —[O:, endogenous respiration.. -
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Fig. (3.28)

. Effect of Phanguone on the oxygen consumption by
- E.coli suspended in 0.1M sodium phosphate buffer,
- pH 7.4, using sodium succinate (0.02M) as substrate.

.;-—I : control;
-g—0o

: 8 ng/ml;
@—@® : 16 pg/ml; |
o—0: 32 ug/ml;
L O—O : 64 ug/ml;
A_A

N LX)

‘endogenous respiration, ..
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inhibted the oxygen consumption by about 70%.

Figs. (3.29) and (3.30) show the effect of Phanquone on the oxygen
consumption, using a 0.06 M succinate solution as a substrate, by
E. colz and S. aureus, respective1y. Again, Phanquone, at 16 pg/ml,
stimulated the consumption by E. coli by about 8%, while inhibiting it
(the consumption), by about 17%, 77% and 90%, at 32 pg/ml, 64 ug/ml,
and 100 ug/ml, respectively. For s. aureus, however, Phanqubne at -
25 ug/ml, 50 pg/ml, and 100 pg/ml, inhibited the amount.of oxygen’

consumed by around 47%, 60% and 80%, respectively.

Fig. (3.31) shows the effect of Phanquone on the endogeneous
respiration of Ps. aeruginosa; there was about 23% inhibition in the

presence of Phanquone at 32 ug/ml.

6.2 The Effect on Some Dehydrogenases Activities

Figs. (3.22), (3.33), (3.34), (3.35) and (3.38) show the effect
.of Phanquone - at 16 ug/ml - on E, colZ dehydrogenases activities using |
| 0.02 M solutions of D-glucose, sodium succinate, sodium malate, sodium
pyruvate and sodium lactate as substrates, respectively. On one hand,
‘there was a 20% stimulation of activity when either glucose or pyruvate
were used; on the other hand, there was around 32%, 58% and 70%
inhijbition of the dehydrogenases activities, in the presence of
Phanquone, when lactate, succinate and malate were used, respectively.
When g]uéose-s—phosphate.was used, there was either Tittle br no red

“colour formation.

As for S. aqureus, there was no, or very little, red colour formed
(even with higher concentrations of substrate), and therefore meaning-
ful results could not be obtained. However, when a 0.05 M solution
df D-glucose was used, enough colour developed fo allow for the'resﬁ1ts

to be plotted (Fig. 3.37); the dehydrogenase activity was stimulated
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Fig. (3.29)

Effect of Phanguone on the oxygen consumption .
by E. eol? suspended in 0.1M sodium phosphate

buffer, pH 7.4, using sodium succinate (0.06M) as
substrate. : : '

. OQO——0 : control;

- —8 : 16 ug/ml;
A—A4 : 32,9/
D\ — A 1 64 ug/ml;
OQ-—0 : 100 ug/ml.
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Fig. (3.30)

- Effect of Phanquone on the oxygen consumption by

8. aureus suspended in 0.1M sodium phosphate buffer
.~ pH 7.4, using sodium succinate (0.06M) as substrate.

A—A control ; : |

: - 99— @: 25ug/m;

. O—D: 50 ug/ml;
o AN —A: 100 nug/ml;

O ~—0:  endogenous r‘éspiration. '
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Effect of Phanquone on the oxygen consumptwn by

Ps. aeruginosa suspended in 0.1M sodwm phosphate
. buffer, pH 7.4. '

A— A : endogenous respiration;

O —-Q : endogenous respiration in presence
_ of 32 ug/mi
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Fig, (3.32)

Effect of Phanquone on E. coli dehydrogenase
activity using D-glucose (0.02M) as substrate

BN control; .
 A—AD: 16 wg/m;
‘medium : PBS, pH 7.3

Fig. (3.33)

Effect of Phahquone on E. coli dehydrogenase
- activity using sodium succinate (0.02M) as
substrate., . - |

N —B: control;
D—A: 16 ug/ml;
medium : PBS, pH 7.3.
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Fig. (3.34)

Effect of Phanquone on E. coli_dehydrogenase. o
" activity using sodium malate (0.02M) as substrate =
" ®—M: control;. |
A—A: 16 g/ml;
medium : PBS, pH 7.3.

Fig. (3.35)

~ Effect of Phanquone on E. colz dehydrogenase |
activity using sodium pyruvate (0.02M) as substrate
. M—M : control;
D/ 16 ug/ml; _
. medium : PBS, pH 7.3.
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Fig. (3.36)

Effect of Phanquone on E. coli dehydrogenase
~activity using sodium Tlactate (0.02M) as
substrate. ‘ '

M —M8 : control;
DA~ 16 ug/ml;
medium :  PBS, pH 7.3
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Fig. (3.37)

Effect of Phanquone on S: aureus dehydrogenase
~activity using D-glucose (0.05M) as substrate

- O=—0: control;
. @—®: 10 ug/ml;
- A— A 25 ug/ml;
" medium. : PBS, pH 7.3
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by about 400%, in the presence of 10 ng/ml and 25 ug/ml of Phanquone.

Table (3.13) shows the effect of Fe(II) on the activity of
Phanquone on the dehydrogenase, using succinate as a substrate.
As can be seen, the dehyrogenase activity was stimulated by 11% in
the presence of Fe(II}, and was stimulated even further, in the

presence of both Fe(II) and Phanguone.

6.3 The Effect of Aerobic and Anaerobic Conditions on the Size of

the Zone of Inhibition.

Table (3.14) shows the differences in the sizes of the zones
of inhibition produced by Phanquone discs (50 ug/disc), under aerobic
and anaerobic conditions. As can be seen, there was a mafked
decrease in the zone size for B. subtilis, E, coli, K. aerogenes,
and S. aureus,‘under anaerobic conditions, while there was an

increase in the zone size for Strep. faecalis.

Moreover, Phanquone was alsc active against CL. sporogenas,

and produced a zone of inhibition of 10.3 mm,

6.4 The Effect on the Uptake of P-(32)-Inorganic Phosphate

The effect of different concentrations of Phanquone on the
uptake of P-(32)-inorganic phosphate by Z. colZ and S. aureus cells,
is shown in Figs. (3.38) and (3.39), respectively. As can be seen,
Phanquone ; while slightly inducing the.phosphate upfake at 16.ug/m1
by about 8% - caused an inhibition of the uptake by 25% and 40%,

at 32 ug/ml and 64 ng/ml, respectively.

For 5. aureus, the inhibition of the uptake caused by Phanquone at

50 pg/ml and 100 pg/ml was about 80% and 90% respectively.
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Table (3.13)

Effect of Fe(II) on the effect of Phanquone on
 E. coli dehydrogenase activity using sodium
succinate {0.02M) as substrate, in PBS, pH 7.3.



 [Tube

% Of

FeSO, (2x107°M) plus
Phanquone (‘i6ug/ml)

Addition Dehydrogenase

No. .
Activity
1 | Succinate (0.02M) only. | 100%
2 S.uccinctte (0.02M) plus 1%
FeSQ; (2 x10°M). |
3 Succinate (0.02 M) plus 142%

Phanquone (16 pg/ml)

., | Succinate {0.02M) plus C1LL%Y
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Table (3.14)

: The sizes of the ‘zones of inhibition produced by |
Phanquone against some facultative anaerocbes,
~ under aerobic and anaerobic conditions.



anaerobic

| Cl. sporogenes

10-3 -

0.6

D ——

Organism zonelmm) | =D Zg%rg(?fi‘%‘-) SD
B.subtilis (106 |04 | 16.0 |05
E. coli 133 |05 | 16.6 |04
K.aerogenes | 10.6 0.4 | 16.0 00 ,
S .aureus l’IO.7 0.5 15.6 | 0.6
Sepfaecalis | 102 o4 | 76 | 0.2
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Fig. (3.38)

Effect of Phanquone on the uptake of P(32)-inorgan1’c
phosphate by E. coli suspended in 0.1M tris-HC1
buffer, pH 7.4, us1ng D-glucose (0. 02M) as substrate

a—0: _control,

®—@: 16 ug/ml;
A—A: 32 ug/ml;
®—@: 64ug/ml.
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Fig. {3.39)

Effect of Phanquone on the uptake of P(32)- inorganic
phosphate by S. aureus suspended in 0.1M Tris-HC1 | |
buffer, pH 7.4, using D-glucose (0.02M) as substraté. o

®——@: con_trol :
(J—D0: 50 ug/ml;
A—A: 100 yg/ml,
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6.5 The Effect on the Uptake of C-(14)-L-Glutamic Acid and C-(14)-

L-Proline

Figs. (3.40) and (3.41) show the effect of Phanquone on the uptake
of C-(14)-L-glutamic acid by Z. colz and S. aurzus cells respectively.
For E. coli, more;g1utamic acid was taken up in the absence of glucose,
than in its presence, although the uptake started slower in the former.
case. Here,Phanquone, whilst having no real effect at 16 ﬁg/m1,
appreciably inhibited the uptake of the amine acid in the presence of
glucose (by about 30%). For S. aureus, the presence of glucose enhanced

- the uptake of the glutamic acid by about 45%, and Phanquone, at 16 ng/ml
and 50 ug/ml, inhibited the uptake of the amino écid by about 50% for
both concentrations.

The effect of Phanquone on the uptake of.C-{14)-L-proline by E. coli
and S, aureus cells, is shown in Figs. (3.42) and (3.43). As was the
case for the uptake of glutamic acid by E. coli, the uptake of‘pro]ine.
was greater in the absence of glucose. Nevertheless, Phanquone at‘16 ,
pg/ml and 50 ug/ml, inhibited the uptake of proline by about 8% and 33%
respectively. As for glutamic acid, the uptake of proline by §. aureus
cells was enhanced in the presence of glucose. Phanquone, at 16 ug/ml
and 50 ug/m! inhibited the amino acid uptake by about 10% and 21% |
respectively, The rate of uptake of both amino acids by both E. colZ
and S. aureus, in thé presence df Phanguone showed a distinct patiernf
a fast rate of uptake at the beginning, followed by a slower raté, then

a fast rate once again.

6.6 The Effect on the Uptake of C-{14)-L-Proline by Membrane Vesicles

| The effect.of Phanquone on the upfake of C-(14)-L-proline by
membrane vesicles prepared from E.coli Ki2Z, could not be demonstrated,
when using either 1.0 M solution of ATP or 0.2 M solution of Ifthium
Tactate as substrates (Fig. 3.44).
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Fig. (3.40)

Effect of Phanquone on the uptake of L-(U-Ci4)- -
~glutamic acid by E. coli suspended in 0.1M Tris-HCI
buffer, pH 7.4, ' :

@ — @ : glutamic acid only; .
O0——0O: glutamic acid plus D-glucose (0.02M);

A -—A: glutamic acid plus D-glucose (0.02M)
: plus Phanquone (16 pg/ml);

A—2\: glutamic acid plus glucose (0.02M)
plus Phanquone (50 ng/ml).
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Fig. (3.41)

Effect of Phanguone on the uptake of L-{U-C14)-
glutamic acid by S. qureus suspended in 0.1M Tris-
~ HC1 buffer, pH 7.4 '

- @—@ : glutamic acid only;
W —— B : glutamic acid plus D-glucose (0.02M);

O —0 : glutamic acid plus D-glucose (0.02M)
plus Phanquone (16 ng/mi);

A—IN\: glutamic acid plus D-glucose (0.02M) |
: plus Phanguone (50 pg/ml), :
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Fig. (3.42)

Effect of Phanguone on the uptake of L-(U-C14)-
proline by E, colZ suspended in 0,7M Tris-HC}
buffer, pH 7.4

R —W8: proline only;
O—O: proline plus D-glucose (0.02M);

(0—0: proline plus D-glucose (0.02M) plus
‘ Phanquone (16 ug/ml); -

A—-—A:, proline plus D-glucose (0.02M) plus
Phanquone (50 ug/ml).
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Fig. (3.43)

'Effect of Phanquone on the uptake of L(U-C14)-
proline by S. aureus suspended in 0.1M Tris-HCl
buffer, pH 7.4 ' o

A—A : proline only;
Bl— W : proline plus D-glucose (O 02M);

O~——0 : proline plus D-glucose {0.02M) plus
Phanquone (16 ug/ml);

A—A . proline plus D-glucose (0. OZM) p1us'
Phanquone (50 wg/ml).
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Fig. (3.44)

- Effect of Phanquon on the uptake of L{U-C14}-
proline by membrane vesicles, -

a) using ATP (1 .OM) as substrate:

® —@®@: proline only;
O-—Q: proline plus ATP;

A —A: proline plus” ATP plus Phanquone
o (50 ug/m1).

b) using DL-Tithium lactate (0.2M) as substrate:

O~—0: proline only;
A—A : proline plus Tactate;

@ —@: proline plus lactate plus Phanguone
(50 pg/m1) . . .
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7. THE EFFECT OF SOME METAL IONS ON THE ANTIBACTERIAL ACTIVITY

OF PHANQUONE

7.1 The Formation of Complexes with Some Metal Ions

Fig. (3.45) shows the change in colour observed 15 mins. after
mixing Phanquone and some metal ions at 1:2 ratio. The formation and
the deposition of precipitates observed for Phanquone - Fe(II),
-Cu(II), and -Co(Il) mixtures after 24 hrs., is shown in Fig. (3;46).
When Teft for 48 hrs., a precipitate appeared in the Phanguone -

Ni(II)}, and -Zn(II) tubes (Fig. 3.47).

7.2 Job-Plots for Phanquone - Fe{III) Complexes.

While all Phanquone-metal jons complexes precipitated‘(with the
exception of Phanguone - Fe(III) and -Mn{I1) complexes, the Phanquone-
Mn(II} complex did not produce an appreciable change in colour, and
therefore, only Fe(III) was available for the construction of Job-
plots. Fig. (3.48) shows the Job-plots for this metal ion when
combined with Phanquone at different ratios after 24 hrs. and 48 hrs.
As can be‘noted, the peak in both figures corresponded to a Phanquone-

Fe(III) ratio between 3:2 and 1:1.

7.3 The Effect of Metal Ions on the Zone of Inhibition

| Table {3,1s) shows the effect of some metal ions on the zone of
inhibition produced by Phanquone. Here, Co(II), Cu(Il), Fe(II) and
Fe(III) antagonized its action against both g.cols and S.aureus;
Mn(II) and Ni(II) antagonised its action against S.aureus only,

while Zn(11) antagonized its action against E.colZ. Fig. (3.49)
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Fig. (3.45)"

The changes in colour and/or the formation of
precipitates observed for some Phanquone-metal
ion mixtures at 1:2 ratio after 15 minutes,
indicating the formation of complexes.

A1T tubes contain Phanquone (5 x 10-4M) and 10-3M
solutions of (from left to right) Co(II}, Cu(Il),
Fe(Il), Fe(IIl), Mn(II), Ni{II) and Zn(II).

Last tube contains Phanquone (5 x 10-4M) only.

Fig. (3.46)

The changes in colour and/or the formation of
precipitate observed for some Phanquone-metal ion
mixtures at 1:2 ratio after 24 hours.

Tube contents are similar to those in Fig. (3.45)

Fig. (3.47)

The changes in colour and/or for the formation of
precipitates observed for some Phanquone-meté] ion
mixtures at 1:2 ratio after 48 hours. Tube contents
are similar to those in Fig. (3.45).
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Fig. (3.48)

Job-plots for Phanquone-Fe(IiI) complexes in 0.IN
HpSO4 using the method of continuous variation

a) after 24 hours:

@®-—@: at 500 nm;
O—MO: at 600 nm
A——A: at 650 nm.

b) after 48 hours at 600 nm.
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Table (3.15) .

Effect of metal ions on the zones of inhibition
produced by. Phanquone and related compounds -using
the right-angled strips method. '

+
++
NZ

no effect;
antagonism;
prominent antagonism;

: no zone.
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Fig. (3.49)

Effect of Fe(IlI) solution on the zone of
inhibition produced by Phanquone (strip A, 2000
ug/ml} using the right-angled strips method.

a) E. coli : strip B conta1n1ng 10 3M solution
of FeCI3, _

b) 5. aureus : strip B conta1n1ng 10~ 3M so]ut1on
' : of FeClj3.

]



shows this antagonistic effect of Fe(lll) on E.ecoli and S.aureus
respéctively. However, other metal ions tested did not have any
antagonistic effects. By comparison, Fe(IIi) antagonised the actions
of 1,10-phenanthroline and oxine against both E.eolZ and S.aureus,
while antagonising the action of 1,10-phenanthroline-~5,6-quinone
against S.aureus 0n1y. However, Fe(III)} had no effect on the‘activity

of 9,10-phenanthrenequinone.

7.4 The Effect of FeCl3 on the MIC Values

The antagonistic effect of Fe(1II) on the MIC and MCC values
‘of Phanquone againsf E.coli and S.aureus, is shown in Table (3.16).
There was a four-fold increase in the MIC and MCC values for both
organisms. By comparison, Fe(III) antagoniseé the activity of

1,10-phenanthroline against both E.coli and S.aureus,

7.5 The Effect of Metal Ions on the Activity of Phanguone Against .

Non-Growing Suspensions

The effect of metal ions on the activity of Phanquone against
S.aureus cells suspended in distilled water is shown in Table (3.17).
Here, if is important to note that several metal ions, especially
‘those at molar concentration double that of Phahquone, were toxic
themselves (as shown in between brackets), and therefore, this metal
ion effect should be taken into consideration when inferpreting
results obtained from this table, and for'that matfer, the fd]Towing

one (Table 3.18). -

As can be seen from Table (3.17), Phanquone at 10~ (about 20
pg/m1), did not cause cell death by itself. However, when Phanquone

was mixed with the different metal ions at 2:1 and 1:1 ratios, a
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Fig. (3.16)

Effect of Fe(III) on the MIC and MCC values of
Phanquone and 1,10-phenanthroline for E. coli

and S. aureus.
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Table (3.17)

Effect of some metal ions (at different ratios to
'Phanquone) on the activity of Phanquone against
non-growing S. aureus cells suspended in distilled
water:

4+ : > 50 colonies;
++ 1 20-49 colonies;
+ : 2-19 colonies;

- :, < 2 colonies;

Signs in brackets denote the effect of the metal
~ ions alone. -
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Table (3.18)

Effect of some metal ions (at different ratios to
Phanquone) on the activity of Phanquone against
non-growing E. coli cells suspended in distilled
‘water: ' ’

+4++ : > 50 colonies;
++ : 20-49 colonies:
+ ¢ 2-19 colonies;

- : < 2 colonies;

Signs in brackets denote the effect of the metal
ions alone. '
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lethal effect was observed. The Phanquone-metal ion mixture at the
1:2 ratio had a lethal effect as well, but some S.aureus cells
~ continued to survive when Cu{ll), Fe(Il), and Ni(IIl) were used.
The rest of the results from this table were not meaningful, due to

the toxicity of the metal ions, on their own, to the S.aureus cells.

Table (3.18) shows the effect of the same metal ijons on the
activity of Phanquone against E.colZ cells, suspended in distilied
water. Here, Phanquone, at 5 X 10-6M (approximately 1 pg/ml), greatly
reducéd the viable ﬁumber after 1 hr. contact,_whj]e.completely
killing the bacterial cells after 2 hrs.. However, when Phanquone
was mixed with Cu(II), Fe(II), Fe(III) and Zn(II) at 1:1 ratio, its
action was quenched or antagonised. Cu(II) and Fe(II), at 1:2 ratio,
and Fe(II) at 1:4 ratio, also quenched the activity of Phanquone.

Here also, some of the results obtained were not meaningful, due to.

the Tethal effect produced by the metal ionﬁ.

7.6 The Solubility of Phanquone and its Metal Compliexes in Octano]

Fig.:(3.5o) shows the absorbance peak obtained for Phanquone and
Phanguone-Cu(II) complexes at 3:1, 2:1, 1:1, 1:2 and 1:3 ratios, in
the octanol phase of an octano]—water system. As can be seen,

" Phanguone alone waé quite soluble (as denoted by the sfze of the peak)
in the octanol phase, but as the concentration of the Cu(II}
1hcreased, Phanquone became less and less soluble. .A similar plot

was observed when Fe(IIl) and Fe(II) were used (Fig. (3.51) and (3.52)).

The same pattern was observed, but to a lesser extent, when Co(II);
In(II), Ni(II) and Mn{II) were used (Figs. 3.53, 3.54, 3.55, and 3.56

respectively).
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Fig. (3.50)

Absorbance peaks for Phanquone and its Cu(Ii)
compiexes at 3:1, 2:1, 1:1, 1:2 and 1:3 ratios,
using the UV SP80C spectrophotometer:
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Fig. (3.51)

Absorbance peaks for Phanquone and its Fe(III)
complexes at different ratios.

Fig. (3.52)

Absorbance peaks for Phanquone and its Fe(II)
complexes at different ratios.
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Fig. (3.53)

Absorbance peaks for Phanquone and its Co(II)
complexes at different ratios.

Fig. (3.54)

Absorbance peaks for Phanquone and its Zn(I1)
complexes at different ratios.
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Fig. (3.55)

| Absofbance peaks for Phanquone and its Ni(II)
complexes dt different ratios. '

Fig. (3.56)

Absorbance peaks for Phaanone and its Mn(II)
complexes at different ratios.
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Similarly, and as can be seen from Fig. (3.57), the absorbance
peak of 1,10-phenanthroline decreased in the presence of Cu(II) at
3:1 and 2:1 ratio, but completely disappeared for 1:1, 1:2, and 1:3

ratios.

The absorbance peaks for oxine and oxine-Cu(II) complexes are
shown in Fig..(s.ss). In contrast to Phanquone and 1,10~phenanthro-
Tine, the absorbance peak at 250 my was much larger in the presence
of Cu(II) at 3:1 and 1:3 ratio, while the oxine peék at 315 mu
disappeared almost completely, and new peaks appearéd at 400 mu

for both 3:1 and 1:3 ratios.

The amount of Phanquone dissolved in.octanol, expressed as a
percentage of cohtrol, was estimated by dividing the height of fhe
Phanquone-metal ion peak at 385 mp by the he{ght of the Phanquone
peak at the same wavelength, and multiplying by 100.

For example, and for Co(II) (Fig. 3.53, p.145), the height of
the 1:2 peak was 8.2 cm at 385 mu, while the height of the control

peak was 14.0 cm at the same wavelength.

8.2 cm

—_— 100 = 59%
14.0 cm X k

These percentages of the solubility of Phanguone-metal ions

at 1:2 ratio, are shown in Table (3.19).
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Fig. (3.57)

Absorbance peaks for 1,10-phenanthroline complexes
~at different ratios.
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Fig (3.58)

Absorbance peaks for oxine and its Cu(II)
complexes at 3:1 and 1:3 ratios.
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Table 3.19

Percentages of Solubility of Phanquone-Metal

Ions at 152 Ratio

% Solubility
Metal Ion of Phanquone

Co(11) | 59
Cu(I1) ' 1
Fe(1I) 11
Fe(III) | 10
Mn(11) 85
Ni(I1) 77
Zn(11) 94
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7.7 The Effect of Metal Ions on the Inhibition of Oxygen Consumption

by Phanquone

The effect of Co(I1), Cu(II), Fe(IT), Ni(II) and Zn(II) on the
inhibition of oxygen consumption caused by Phanquone for E. coli cells
is shown in Figs. (3.59), (3.60), (3.61), (3.62) and (3.63) respect-
jvely. As can be noted, all the above mentioned metal ions quenched
(or reversed) the inhibition caused by Phanquone on the oxygen
consumption., Moreover, in the case of Cu(II), the presence of

Phanquone antagonised the inhibitory effect of the metal ion.

Figs. (3.64)s (3.65), (3.66) and (3.67) show the effect of Ni(II),
Zn(1I), CO(II) and Fe(II), respectively, on the inhibition of the
oxygen consumption caused by Phanquone. Both’Ni(II) and Zn{11)

_enhanced (or stimulated) the action of Phanquone, while the opposite

was true for Co(Il) and Fe(II).

7.8 Effect of Some Chelating Agents on the Activity of Phanquone

The effect of EDTA and NTA on the antibacterial activity of
Phanquone'against E. coli and S. aureus is shown in Tab1é (3.20).
As can be noted, both chelating agents antagonised the activity of
Phanquone against 5. aureus but not against E. colZ. This antagonism

is shown in Fig, (3.68}.

Similarly, both EDTA énd NTA antagonised the activity of
1,10-phenanthroline against S. aureus , but not E. coli, while EDTA
antagonised the activity of oxine against both organisms. On the
other hand, neither of the two chelating agents showed any effect on

the activity of 9,10-phenanthrenequinone against S. aureus.
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Fig. (3.59)

Effect of Co(II} on the inhibition of oxygen con-
sumption by Phanquone for E. ecoli suspended in
0.1M.sodium phosphate buffer, pH 7.4, using™
sodium succinate (0.06M) as substrate. '

O —OQ : control;
®—0 : plus CoS0y (2.5 x 10-4M);
®—© : plus Phanquone at 50 pg/ml (~ 2.5 x 10"4M)

JANSYANP plus Phanquone (2.5 x 10-4M) plus
CoS0g (2. 5 x10-4M)
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Fig. (3.60)

Effect of Cu(II) on the inhibition of oxygen
consumption by Phanquone for E. coli suspended in
0.1M sodium phosphate buffer, pH 7.4, using.
D-glucose (0.02M) as substrate:

O—O0: control;
- B —®: plus CuS0y (2.5 x 10- 4M), -
A—/\: plus Phanquone at 50 ng/mi (~2.5 x 10~ 4M),

Q.._-_.: p]us CuS0s (2.5 x 10-%M) p'lus Phanquone
(2.5 x 0"4M)
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Fig. (3.61)

Effect of Fe(Il) on the inhibition of oxygen
consumption by Phanquone for E. colf suspended in
_0 M sodium phosphate buffer, pH 7.4, usmg sodium
succinate (0.06M) as substrate.

O—F- O : control;
W —®: plus FeSOy (2 5 x 10- 4M),
@ —® : plus Phanquone at 50 yg/ml (-2.5 x10-4M);

A —/\: plus FeS0, (2.5 x- 10'4M) plus Phanquone
N (2.5 x 10~4),
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Fig. (3.62)

Effect of Ni{II) on the inhibition of oxygen
consumption by Phanguone for E. coli suspended in
0.1M sodium phosphate buffer, pH 7.4, usmg
Dwglucose (0 02M) as substrate.

O——O : control;

B —B8 : plus NiSO, (2.5 x 10-4M);
g 4

A —/\: plus Phanquone at 50 pg/ml (~2.5 x 10-4M);

@ —©O: plus Niso% (2.5 x 10-4M) plus Phanquone
-~ (2.5 x 10-4M),
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Fig. (3.63)

Effect of Zn(II) in the inhibition of oxygen

consumption by Phanquone for E. coli suspended
~in 0.1M sodium phosphate buffer, pH 7.4, using
sodium succinate as (0.06M) as substrate:

O—0O: control;
A—A: plus InS04 (2.5 x 10-%M);
@® — ®: plus Phanquone (~2.5 x 10-4M);

(0— O: plus ZnS04 (2.5 x 10'4M) p]us
- Phanquone (2.5 x 10-4M).
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Fig. (3.64)

Effect of Ni(II} on the jnhibition of oxygen
- consumption by Phanquone for S. aureus, using
_' D-glucose (0.02M) as substrate:

_'O —: controls-
A—A\: plus NiSOy (2.5 x 10-4M);
B—B8: plus Phanquone at 50 pg/mi (~2.5 x 10-4M);

@®—©: plus NiSO; (2.5 x 10-4M) plus Phanquone
(2.5 x f0-4y).
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Fig. (3.65)

Effect of Zn(II) on the irnhibition of oxygen
consumptibn by Phanquone for S. aureus suspended
in O.]M'sodium phosphate buffer, pH 7.4, using
sodium succinate (0.06M) as substrate:

8 —08 : control;
O—0: plus ZnS04 (2.5 x 10-4M);
© — ©: plus Phanquone at 50 ng/ml (~2.5 x 10-4M);

O—0: plus InS04 (2.5 x 10-4M) plus Phanquone
| (2.5 x 10-4M).

A —A: endogenous respiration.
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Fig. (3.66)

Effect of Co(lIl) on the inhibition of oxygen
consumption by Phanguone for S. aureus suspended
in 0.1M sodium phosphate buffer, pH 7.4, using
~sodium succinate (0.06M) as substrate: '

O-—0: control;
A-——A: plus CoSOg (2.5 x 10-4M);
@ —@: plus Phanquone (-2.5 x 10-4M);

O—0: plus CoS04 (2.5 x 10-4M) plus
Phanquone (2.5 x 10-4M),
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Fig. (3.67)

Effect of Fe(II) on the inhibition of oxygen

_ consumptibn by Phanquone for S, aureus suspended
in 0.1M sodium phosphate buffer, pH 7.4, using
sodiumisuccinate (0.06M) as substrate.

Q— O : control; _
B—M: plus FeSOs (2.5 x 10-4M);
QO—0O: plus Phanquone at 50 pg/ml (~2.5 x 10~4M);

e—0:. plus FeS0g (2.5 x 10-4M) plus Phahquone
- - (2.5 x 10-4M).
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Table (3.20)

Effect of EDTA and NTA on the zone of inhibition

produced by Phanguone using the right-angled strips
method on nutrient agar

no effect;
antagonism;

-
n

++ . prominent antagonism.



| ~ {Effect -of EDTA |Effect of NTA
Antibacterial — ,

| E. coli |Saureus| gf coli [S.aureus

Phanquone | = poee p - e

910- phenanthrene—- - - B B
guinone| IR T
1,10-phenanthroline T B B o
110-phenanthroline-|  _ A T
56-gquinone | o R
Oxine - ++ ++ b = -
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Fig. (3.68 (a))

Effect of EDTA on the zone of inhibition produced
by Phanquone on nutrient agar. Disc A contained
Phanquone (50 rg); while disc B contained EDTA

~ solution (0.05M): '

i) E. coli;

i1) S. aureus.

Fig. (3.68 (b))

Effect of EDTA (strip B) on the zone of inhibition
produced by Phanquone and 9,10-phanthrenequinone |
using the right-angled strips method on nutrient
agar: '

i) for E. coli using Phanquone (strip A);
ii) for S.aureus using Phanquone (strip A);

iii) for S.aureus using 9,10-phenanthrene-
quinone (strip A}.






- 8. THE EFFECT OF PROLONGING THE PREINCUBATION PERICD ON.THE.ZONE OF

INHIBITION PRODUCED BY PHANQUONE

Fig. (3.69) shows the effect of prolonging the preincubation
period on the.zone of inhibition produéed by Phanquone for E. colZ
and S. aureus respectively, As can be seen, there was a definite
zone of growth produced inside the zone of inhibition for S. aureus,
and this occurred at both pH 7.7 and pH 8,0; while the zone of
inhibition produced by Phanquone for E. coli contained no zone of

growth,

Fig. (3.70) shows the S. aureus zone of growth more clearly.

9. THE EFFECT OF PHANQUONE ON THE BACTERIAL CELL MORPHOLOGY USING

SCANNING ELECTRON MICROSCOPY

_ ng. (3.71) shows E. coli cells, coated with gold palladium,
and examined under the Scanning Electron Microscopy, in the presence
and absence of bhanquone, while Fig. (3.72) shows cells examined |
under the same microscope, in the presence and absence of Phanquone.
In both cases,rthere were no obvious differences between the control

and the test cell morphology.
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Fig. (3.69)

Effect of prolonging the preincubation period on
~ the zone of inhibition produced by Phanquone on
nutrient agar. Plates were preincubated for 24
hours at 4°C.(pH 8.0).

a) for E. coli;
b) for 5. aureus.



(@)

b)
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Fig. (3.70)

The zone of growth produced inside the zone of -
inhibition of Phanquone for S. aureus on nutrient
agar plates at pH 8.0. -
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Fig. (3.71)

Scanning Electron Microscopy of E. colt ce}}s grown
in nutrient broth.

a) control cells

i) x10 K;
i) .x22 K.

b)' cells Teft in contact with Phanquone for 90 mins,

i) x10 K;
ii) x10 K.



()
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Fig. (3.72)

Scanning Electron Microscopy of S. aureus cells
grown in nutrient broth. '

a) control cells:

i) x10 K;
ii) x20 K.

b) ce1js_léft in- contact with Phanquone for 90 mins.

1) x10 K;
ii)  x10 K.



(L)

(a)
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10. THE EFFECT OF PHANQUONE ON THE'RELEASE'OF'PHOSPHORUS?(BZl:

CONTAINING COMPOUNDS BY BACTERIAL CELLS

The effect of Phanquone on the 1éakage of P-(32)~containing
compounds on E,colz and S.aureus cell suspensions is shown in Figs.
(3.73) aﬁd (3.74 ), respectively. For E.coli, the Teakage in fhe R
"presence bf Phanquone was 10% -‘15% less than the.leakage from
control cells. For S.aqureus, however, the amount of P-(32)4containing
- compounds that Teaked was more or less the same in the présence'and

absence of Phanquone.'

11. THE EFFECT OF PHANQUONE ON LIVER MONOAMINE OXIDASE

As can be seen from Fig. (3.75 ), there was some
stimulation of oxygen consumption utilised by the 1iver monoamine
oxidase, followed by a drop in consumption. The endogenous
respiration, however, was about 85% of the consumption by the confro]. ‘
By comparison, oxine had no effect on the utilization of oXygen by -

the oxidase.

12.  THE MUTAGENIC EFFECT OF PHANQUONE USING THE SALMONELLA/MICROSOME
TEST o |

Table (3,21) shows the effect of different concentrations of
Phanguone on the number of reverted colonies produced by the five
salmonella mutant strains, compared to the number of spontaneous

colonies. The number of colonies increased (at least two~fo1d) in
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Fig. (3.73)

Effect of Phanquone on the release of P(32)-inorganic
phosphate by E. eolZ cells suspended in 0.1M sodium
phosphate buffer, pH 7.4

A—A control;

Q@ —¢@ : 100 ng/mi;
O—0 : 200 ug/ml;
D—/\ @ 300 pg/ml.

Fig. (3.74)

Effect of Phanquone on the release of P{32)-
inorganic phosphate by 5. aureus suspended in
0.1M sodium phosphate buffer, pH 7.4

A—A : control;

©—®: 100 ug/ml;
O—0 : 200 ug/ml;
A—A: 300 ug/ml.
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Fig. (3.75)

Efféct of Phanquone on the utilization of oxygen
by liver monoamine oxidase from guinea-pig

Q__Q: control (no subétrate);
B—M8: plus benzylamine (0.04M);

A —/\: plus benzylamine (0.04M) plus
. Phanquone (100 ug/ml). :
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Table (3.21)

Effect of Phanquone on the number of revertant
colonies produced using the Salmonella/microsome
test

"+t < 400 colonies;
: ~400 colonies;
~-800 colonies;
=>1000 colonies.

+
+t
+++



501?”0”9“0 Cortrol Phanduone' added o
fyphimurium 100g/ml] Sug/ml} 254g/ml
TA1535 + +++ +g—+' R
TA1537 | o+ | o« | v | e |
TA 1538 + + . .
TA 98 | + + ' + + i ' ‘++:'+
"TA 100 * ++ l++:._ .
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number, for strains TA 1535, TA 98 and TA 100 (Figs. 3.76 and
3,77 ) for at least two of the three Phanquone concentrations tested.
However, there was no significant increase in the number of colonies

for the TA 1537 and TA 1538 strains (Fig..a.fs).
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Fig. (3.76)

The increase in the number of revertant colonies

produced by Phanquone using Sal. typhimurium LT2
TA 1535

a) control;
b) plus 10 ug/ml.
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Fig. (3.77)

The increase in the number of revertant colonies .
. produced by Phanquone using Sal. typhimurium LT2.
TA 100,

é) control;
b) plus IO ug/ml.
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Fig. (3.78)

The no-change in the number of revertant colonies

produced by Phanquone using Sal. typhimurium LT2
TA 1538, . -

a) controly
b) plus 25 ng/ml,






PART IV

" DISCUSSION



1. THE ANTIBACTERIAL ACTIVITY OF PHANQUONE

The MIC and MCC values obtained suggest fhat Phanquone is a
broad spectrum antibacterial agent, affecting the Gram-positiea,
- Gram-negative, as well as Acid-fast bacteria. If is active égainst
:é.strict aerobe (Ps. aeruginbsa), a strict anaerobé'(cz..spofogenes),

and many facultative aerobes such as E. coli and S. aureus.

| This broad spectrum of activity was also rEborfed by Kradolfer
:rand_Neihp (1958), and Sackmann and Kfado]fer(]QGT), who_foﬁnd fhét -
‘Phanquone was active against many Gram-positive as well‘as'méﬁy Gram-
'negatfve bacteria. The most sensitive strain (in terms of MIC) was
Sal. abortus ovis, While the most resistant was Sirep. faeéaZ£s.‘The' 
Jatter was‘aléo found to be very resistant by’Krado]fer and'Neipp  :
(1958), and-Sackmann and Kradolfer (1961); this resistance could be

~ significant in understanding the mode of action of Phanquone as

' Strep. faecalis lacks a cytochrome chain (Dolin, 1961).

However, it is.important.to stress the faét that Phanguone is
not only an active'antibacteria] dgent, but a]sd possesses a broéd
_ spectrum antimicrobica1_activity, covering amoeboid protozoahs of
the class Sarcddina;(KradoIfér'and Neipp, 1958; Carter, 19613
Kaushiva, 1964;“and Krishna Prasad, 1972), protoioan flage]]atés and
ciliates of the classes Mastigophora qnd_Ciliophora, respective1y,
and helminths of the ciass Trematoda (Kradd1fer énd'Neipp,'1958;
'Kradolfer, Saﬁkmann'andlBéssi1 1960), as we]] as the fungus

Ccandida albicans (Ansel and Thibaut, 19K%).

_ Hence, Phanquone is by no means active aga1nst or spec1f1c for,
. one class of m1croorgan1sms only, but is, on the contrary, act1ve

against many m1croorgan1sms that are qu1te unreIated
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This, perhaps, suggests that the mode of actidn'of Phanquone might 3
ihvo1ve a system(s) fhat is(are) common in, or to, a widé variety
~ of microorganisms; and/or that Phanquone might haye.more than one
mode of action, and.therefore, affects different microorganisms in‘

different ways.

The results obtained from thé MCC determinations and ffqm_the _“.
ki1l curves for growing_cu]tures, indicate that‘Phanquone is a
bactericidal agent. - The kill curves also suggest that the action of
. Phanquone is.rapid, as there was an appreciable drop in the viable
 number of both growing E. coli and S. aureus‘cejls; a]most_immedQ :

~ jately after its addition.

While the action of Phanquone against grow1ng E. coli cu1tures

. seemed to be similar to its action against growing S aureus cu}tures,

that is, rapid and bacter1c1da1, 1ts actlon aga1nst non-grow1ng
E. colicells seemed to be different from its action against non-
_growing s&laureus cells; in the case of the E. eoli Suspénsion, the'- .
" action of Phanquone seemed to be even more rapid than its action on
growing cultures, dénotiné a "direct" action;(Rus§e11; Morris andA
A11w60d,_]973)._‘0n the other hand, Phanquone did nof seem to be
totally 1etha1 (even at 80 pg/mT) fo fhe.s. aureus suspensfoﬁ; It
can be assumed, then, that for E. coli, an antagonizing substance(s)  ;.
existed in nutr1ent broth, but not in the buffer, whose removal
(or absence) caused Phanquone to have a more rapid action. A s1mf1ar ;[.
finding was reported for glutaraldehyde, which inferacfed éonsider- .

ably with broth constituents; therefore, its MIC in broth was
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around 50 times higher than was expected (Rubbo, Gardener and Webb,

19673 Munton and Russell, 1970; Russell, Morris and Allwood, 1973).

In the same manner, it can be assumed that for 5. aureus, a
substance(s) which was synergistic to Phanquone, existed in the
" nutrient broth but not in the buffer or the distilled water; thus,

its absence caused Phanquone to be Tess potent,

“Results obtained by the MSST method for the E, coli ce]TS:cqnfifm
| the "direct" and bactericida1.effect of Phanquone. ThélMSST_method
detedts the time at which only 6ne sing?e cell is still surviVing,
and therefore, the times_obtained by this metﬁod are more accufaté
* than the viable count method. This technique has been utilized by
| many workers {Berry and Bean, 1954; Hugo and Friér, 1969; Strettoﬁ
~and Manson, 1973) for phenol, dequalinium acetate (1;1-decamethy1ene-j

diamine-(4-aminoquinaldinium acetate), and bronopol (2-bromo-2-nitro-

: pfopan-1,3-dio1), respective1y. Compared to both dequalinium acetate e

and bronopol, Phanquone séemed to-be a better bactericide,

| Berry and Bean (1954) concluded that the values obtained by this -
method are comparabTe, if‘nOt better, than those obtained using
_ comparable techniques, such as_the Rideal-Walker test (Rideal and

~ MWalker, 1903).

As for 8. aureus, the inability to obtain any meaningful results, -
confirms fhe viable count resu]télfn that Phanquone ‘is not éomp1ete1y':_
bactericidal in buffer or distilled water, and suggests that probably N
‘ onel(or some) additional component(s) must be present in the medium;l’__
in order that Phanquone produces a rapid and comp]efe ki11,fbr

S. dureus cells. .
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2. ADSORPTION OF PHANQUONE 'TO BACTERIAL CELLS

A substantial amounf of Phonquone was rapidly edsorbed‘todboth |
E. colt and S. aureus cells. Although the amount adsorbed folthe
S. aureug cells was near]y twice as much as the amount adsorbed to
E.‘coZz, yet Phanquone caused more damage to E. colz, which means
‘that Phanquone was adsorbed (and probably taken up) to the S. aureus
cell without harming it, A related compound,-oxine, was fbond.to e. d
enter the . qufeus cell without harming it (Beckett,.Vahoro; ande.'

Robinson, 1958; Albert, 1973).

The'adsorption-time curves (Fig..3.19, p.ogl.“' _
~also indicated that'about twice as muoh Phanquone was adsorbed”fo:

5. aqureus as to E. coli. There, maximum adsorption occured after Hf

1 about 5 minutes for S. aureus, and 10 minutes for E. eaZt, fo]Towed

by the release of some of the Phanquone back into the buffer.' This
probab]y 1nd1cates that the adsorpt1on was not absqute1y 1rrevers1b1e,'
as was the case for Fent1ch1or (2 2”-thiobis-4- d1chIorophen01 Hugo |

and Bloomfield, 1971(a)).

Nhen plotting the amount of Phonquone adsorbed againsf the
:_supernatant 11qu1d concentration (Fig. 3.11; p. 88 ), a curve was :;
.obta1ned which c1ose1y corresponded to the Langmuir form (L-form) -

- curve described by Giles, MacEwan, Nakhawa and Smith (]960), where
the curvature indicated that as some sites on the bacterial cell
wall were £illed, it became increasingly difficult for other Phonquone i
" molecules to find a vacant site available. This also imp1ied‘that' -

either the adsorbed Phanquone molecule was not vertically oriented,
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or that there was no strong competition from the solvent,

Moreover, the Phanquone adsorbed probably partitioned between |
~ the aqueous phase and the lipid biophase of the celi, as it was
soluble in both phases (indicated by the parfitioning‘of Phanquone

between the aqueous and octanol phases).

3. - THE CHEMISTRY OF CHELATON OF PHANQUONE

Thecretica11y speaking, Phanquone can be thought of as a

quadridentate, and may chelate one, two or three metal ions as shown -

' ~in Fig. (4.1), giving 1:1, 1:2 or 1:3 Phanquone-metal ion complexes,

| respectively. Similarly, Phanguone may also form 2:1, 3:1 or even

~ 3:2 Phanquone-metal ion complexes,

Fig. (4.1)

Some Phanquone-metal Ion Complexes
a) at 1:1 ratio;

- b) at 1:2 ratio;
"¢} at 1:3 ratio.
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_ The change in colour of a solution containing a metal ion and

a ligand (such as Pﬁanquone), is probably the most obvious indioatioo

~of a complex formation. This change in co]oub moy sometimes help to
elucidate the stability of the complexes formed, using spectrophoto-
metric methods such as the method of continuous variatfon for the

‘construction of Job-olots (Job, 1928; Vosburgh ond'Cooper, 1941;

. Dagnall and West, 19673 1964). Moreover, the formation of a

‘prec1p1tate can also be used as an indication of comp]ex formation
(A]bert and Gledhill, 1947; Albert and Magrath, 1947 Albert, Rubbo,

. Go]dacre and Balfour, 1947)

In the case of Phanquone, the change in colour observed, when

. mixed with some of the metal ions (e.g. Fe(II), Fe(III) Co(II),

Ni(II) and Cu(II)), was a good indication of the format1on of meta]

complexes.’

" However, the method of continuous variation couid:not be applied
to all Phanquone-meta] ion compTexeS, with the exception of.the |
Fe(1II) cohp]ex, due to the formation of'a_precipitate; and especia11y'
in the case of Cu(II), Fe(IT) and Co(II). Also, Phanqoone solutions
had a bright yellow colour when_disso]ved.in water, and this colour
interfered.with the spectrophometric readings. Moreover, when |
Phanguone was dissolved in 0.TN HoS04, to obtain a coIoﬂr]ess :
solution, the change in co]ouf obtained from the Phanquone-metal ion

" mixtures, was very small. This was probably due to the hydrogenation
of the'nitrogen atoms of Phanqoone in ocidic conditions, as showh

in Fig..(ﬁ.z), which probably impeded the formation of the Phanquone-"
metal ion complexes. Therefore;it was quite difficUTt to measure
the stability of the different complexes that m1ght have formed when

_‘Phanquone and the meta1 ions were m1xed
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Fig. (4.2)

Hydrogenation of Phanquone 1n Acidic Media

R a) hydfogeh bonding with the'nitrogen atoms;

b) hydrogen bonding with both nitrogen and oxygen atoms.

| An attempt to obtain a Job p]ot was made with Phanquone, :
' d1ssolved in 0.1IN H2504, and Fe(Ill), where the m1xture had to be '
Teft for at least 24 hrs. tn order to obtain an apprec1ab1e_change
~“in colour. The Job-plot constructed (p.135) indicated that the

most stable complex was either the 3:2 or the 1:1 complex.

The size of the metal fon is an important factor in the | |
determination of the stabi]ity of a cempiex (ATbert 1973)- hence t
the ab111ty of a Tigand to form a comp1ex w1th a metal ion, depende

:on the metal fon size as the meta? jon has to be accommodated between
the two "claws" of the chelat1ng agent. As can be noted from

" Table (4.1), the crystal radii of Co(II), Cu(II), Fe(II), Ni(II) and
, Zn(II) have almost identical sizes (ranging between 0.72 R'and 0.76 R);-
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e | ' 2 e o
_with Mn(II) sTightly larger (0.80 A), ' This size range, then, was

 probably prefefred by Phanquone for the formation of a comp1ex. L

* One exception was Fe(IlI}, which had a radius of 0.64 A, but did. "

TABLE' 4.1)

CRYSTAL RADII OF CATIONS (IN A)*

Nat 0.95 - Mg++‘ o.ssf' o pe+++ 0. 2 s
Kt 133 ca*t 089
S wntt o080

Fett 0.76

Gttt 0.74
NIt 072
ettt 072

Zn+f. 0.74

Some Phanquone-Meta] Ion Comp]exes R

©a) at 1:1 ratio;
" b} at 1:2 ratio;
c¢) at 1:3 ratio.

~ form, nevertheless, a stable complex with Phanqubne'(as demonstkated -

t' _by the colour chahge) - This could be due to the stronger pos1t1ve “ t;_s:

ﬂ.f_charge that Fe(III) carried.

The degree of so?ub111ty of Phanquone and Phanquone-meta1 ions - e

| '-Lf(at d1fferent rat1os) in the octano] phase suggested that wh11e =f7‘-;ef o

igefPhanquone was quite solub]e in octanol, the d1fferent Phanquone meta]

. jons were not Th1s assumpt1on 1s based on the fact that as the :

o -meta1 ion concentrat1on was 1ncreased in reiat1on to Phanquone, the _ L

"amount of Phanquone that d1sso1ved into the octano] phase,

ﬁtﬂ'decreased. Moreover, there was no shift in the Phanquone absorbance ;_:*"

% Pauling. 1960,
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peak, to denote the'disso1ving'of a complex in ootanoi, in contrast
to oxine and its Cu(Il) complexes (Fig.3.58; p.149), where a peak
shift was observed denoting the dissolving of the oxine Cu(II)

complexes.

Using this assumption, then, the amount of Phenquone that

~ dissolved in the octanol phase (measured semiquantitative]y‘by the

uv SpectrOphotometer) was d1rect1y proportional to the stab111ty of
the Phanquone-metaI jon complex. Th1s suggested that 1f more
Phanquone dissolved in octanol . in the presence of one metal 1on;
in comparison with another, then the former Phanqhone—meta] ion

complex was weaker than the latter, and vice versa.

The percentage of the solubility of Phanquone-metal ions at 1:2
ratio (Table 3.19, p.150), imply that the order of stability of the

- Phanquone complexes, is probably as_fo11ows:
Fe(111) > Fe(I1), Cu(II)>Co(I1)>Ni(II)> Mn(11)> Zn(II)

This order of stabi]ity seems to be consistent wfth the chohge in -
| ~colour observed, as well as with the amount of precipitate formed
(wtth the exception of Fe(IIT)), when Phanquone was mixed with the
different metal ions at a 1:2 ratio. This order of stability is in
‘close agreement with the general order of avidity of metal chelates

reported by A1bert (1958- 1973), which decreased as follows:
Fe(III) >Cu(II) >N1(II) >Co(II), Zn(II) >Fe(II) >
Mn{II)>Mg(II), Ca(II)
However,'Phanquone might have promoted Fe(II) up the avidity'sca1e‘.
in a similar way to riboflavine and 2,2-dipyridyl, which also

promoted Fe(II) up the scaTe by bringing new orbitals into play
(A]bert 1958).
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4. A STRUCTURE-ACTIVITY RELATIONSHIP FOR PHANQUONE AND RELATED
COMPOUNDS '

Before attempting to éstab]ish.a stfﬁcture-éctivity relationshtp
for Phanquone and re]ated compounds, it is imperative tollook'ét |
- their three-dimensional structures. . The mo]ecu1af model of Phanqdoné:
(Fig. 4.3 ).5uggésted that the Phanquone molecule was not planar |
but was slightly twisted at the C-C bond in between the two C=O
:.bdnds, with each oxygen atom pointing towards a different plané,
- away from each other. This twist was caused by the 1on§ef C-C single
bond Jo1n1ng the two carbon atoms, that hold the two oxygen atoms,
in compar1son to the adJacent but short C=C doub]e bonds. However, |
| before estab11sh1ng that this moTecuIe is partia11y non-planar, thg
_-5tabi1ization energies for both the twisted and the'p]anar structures
': should be taken into cons1derat1on, as the planar structure m1ght .

| be stabilized by resonance as shown in F1g (4 5).

If the Phanquone mo]ecule‘is flat, then it satisf1es the
requ1rement put by Albert, Rubbo and Burvill (1949), 1n that it
- possesses a m1n1ma1 flat area (above 28 square R) like the acr1d1nes,

“the bezequinolines, the phenanthr1d1nes ‘and the benzacrldlnes.
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- Fig. (4.3)

A molecular model for Phanguone, note the
twist of the bond between the oxygen atoms.

Fig. (4.4)

A molecular model for the planar:1,10-phenanthroline. |
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Fig. (4.5)

Some Resonance Structures for Phanquone'_'

~ The same arguments may be taken into consideration for the
“:‘ prediction'of fhe fhree-dimensiona] strucfures of 9,10-phenanthrene-l,“
quinone, and 1,10-phenanthroline-5,6-quinone, while phenanthrene,'
phenanthridihe;_oxine, 4,7-phenanfhro]ine and 1,10-phenanthrdlihe

(the Tatter shown in Fig. 4.4 ) can only be planar molecules.

The MIC and MCC va]ues of Phanguone, when compared to those of A
the related compounds, p]ace it in the middle of an arb1trahy |
activity scale, At the Tower end of the scale is phenanthrene,rx
~ which seeﬁed to haVe no practicai'activity At the higher end is E
- 1,10- phenanthr011ne -5,6- qu1none which seemed to be very ‘active
'-aga1nst all the strains tested (with the exception of Strep. fhecalzs)

1,!0-phenanthro11ne seemed to have the same range andzleve1 of
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activity as Phanquone, while phenahthridine and 4,7-phenanthroline
were less active. | |

- In general, the antibacterial activity of this series of |

- compounds against Gram-positive bacteria, increased as follows:

phenanthrene < phenanthridine < 4,7-phenanthroline
1,10-phénanthro]ine, PhanQuone-<9,10-phenahthrenequinoné,

oxine, 1,10-phenanthroline-5,6-quinone;

~while the activity against Gram-negative organisms generally

- increased as follows:

"phenanthrene?zoxine<:phenanthridine, 4 7-phenanthroline
<9 10-phenanthrenequ1none'<Phanquone, 1 10 phenanthrol1ne |

<1,10- -phenanthroline-5 ,6-quinone.

Tﬁe ki1j curves for gfowing E. coli and S. aﬁreus; sﬁow thét
1, 10-phenanthroline and 1,10-phenanthroline-5, 6-quinone'weré fdta]]y : .
bacter1c1da1 after less than one hour of their addition, while
‘9 10 phenanthrenequ1none was bacter1ostat1c aga1nst S. aureus,
whilst not affect1ng E. coli., The 1nact1V1ty of the latter aga1n§t
E; coZz d1d not seem to be caused by the 1mpermeab111ty of the ce11s, 7
as EDTA-pretreated cells did not become more sens1t1ve to it.
Moreover, 9;104phenanthrenequinone showed no'apparent acfivity

. against noﬁ-growing suspensions of either E.‘cbli or S. aureus;.
which confirms‘its.bactefiostatic, rather than‘béctericidal, effect.
Hence, it might be affecting somé ce1]u1ar'synthetic process (Russe]],

Morris, and Allwood, 1973).
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The three-ringéd'structure of the phenahthrene molecule as such B
did not seem to shpw any activity (up to 200 ug/ml) on any of the
“strains tested, although Hass and Applegate (1975) reported'it§‘ '
inhibitory effect on E. coli strain at 10°3M, and its stimulatory
 effect at 10-6M. Arnold et al (1973) also repofted the actiéify'bf

~ some phenanthrene methanols against Plasmodium vivaz.

However, the introduction of nitrogeﬁ atom{s) in the phenanthrene
rings seemed to increase the activity of this molecule. Fok example, -
the introduction of one nitrogen atom at the 9-position, turned the
inactive phenanthrene into the~slight1y active phenanthrfdine. fhe u

“introduction of two nitrogen atoms at the 4 and 7 (or af_the 1 and

- 10) positions, yield the active 4,7-phenanthroline and 1,10-phenanthro-

H

~ Tline,respectively.

The mdde'of action of 1,10-phenanthroline was mainly attribﬂted 7
to ité'che1ating ability as discﬁssed earlier; the.mode of action of
phenanthridine was attributed to its ability to intercalate with the
“DNA of the microbia} cell (Newton, 1957; Tomchick and Mandel, 1964; -
Waring, 1965; Urbanke, Romer and Maass, 1973), while the mode of :

action of 4 7-phenanthr011ne has not been 1nvest1gated

The 1ntroduct1on of two double-bonded oxygen atoms, at the 9
~rand 10, or the 5 and 6 p051t1ons, seemed to increase the act1v1ty
of the phenanthrene or phenanthro]1ne motecules respect1ve1y. _

- For example, when the two oxygen atoms were_intrqduced on phenaﬁ-

threne, the resthant 9,10-phenanthrenequinone was quite active,

PIEES '1,10—phenanthro1ine became 1,10-phenanthro1ine—5,6—quinoné which

 was very active; while 4,7-phenanthroline became the more active
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4,7-phenanthroline-5,6-quinone (Phanﬁuone);

This increased activity, due.td thé,introduction of the two -
double-bonded oxygens, has not been extensively investigated.
McNew and Burchfie1d7(1951) attributed the éctivity of 9,10- phenan?
threnequ1none to one or more of three poss1b1e modes of action:
.b1nd1ng to enzymes by substitution or addition at the doub]e bond,
oxidation of sulfhydryl enzymes, or changing the redox potential in
some Gram-positive bacteria; while Hayashi, Tanque, Ujiaka and Yano
- (1955), attributed its activity against Gram-positive organisms to
the interference_with.the RNA in the cell wall. The increaséd -
activity bf 1,10-phenanthro1ine;5,6-qufnone in comparison to

- 1,10-phenanthroline has not been investigated.

Some of the compounds related to Phanquone are strong metal
chelators, -and their antimicrobial activity was attributed to their -

" chelating properties.

As mentioned ear11er, 1, 10 phenanthro]1ne was found to be active |
aga1nst bacteria {McNaught and Owen, 1949; Tur1an, 1951; Feeney, ‘
. Peterson and Sah1nkaya, 1957; Dwyer et al, 1969; Butler, Hurse, -
Thursky and Shulman, 1969; Nikolaeva, 1972), fungi (Blank, 1951;
Cade; Cohen and Shulman, 1970; Shu]man Cade, Dumble and Laycock
| 1972; ‘Shulman and Nh1te 1973), as well as helminths (Baldw1n,
1948). Recently, it was found to inhibit 1ymphob1ast cell cycle
by chelating metals involved in processes essential for those cell
cycle events (Falchuk and Kirsham, 1977)_wh11e ité Ru(Il) metal
"__chelates were found to be lethal to P 388.mouse.1yhphocytic |

leukaemic cells {Shulman and Léycock,-?977). These findings should
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stimulate interest in investigating the activity_of other phenan- |

throlines (including Phanquone) againét tunor cells, ,ii

The ability of oxine and its re]ated compounds to-cheIaté
méta1s is the essence of its mode of action (Zentmyer; 1944; AIbeft; B
” ~ Rubbo, Goldacre and Balfour, 1947, A]bert Gibson and Rubbo (1953- _
Albert, Rees and Tom11nson, 1956 A1bert, 19615 1973).

Fig. (4.8)

| Structures of Compounds Related to Phanquoné '

a) 5- hydroxy-] 7= phenanthro11ne,
b) 5,6-benzoxine; :
¢) 5,6-dihydroxy-4,7-phenanthroline;
d) . semicarbazone of Phanquone. :
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Some other compdunds, whose structure was related to Phanqabné,'a
were studied and their antimicrobial activities were also aftributed
to their chelating properties, such as 6-hydroxy-1,7-bhenanthroiiae,
5,6-benzoxine (Albert, Rubbo, Goldacre and Balfour, 1947), -
5,6-dihydroxy~4,7-phenanthroline (Schmidt and bruey, 1957’, and the
- semicafbazone of Phanquone (Kradolfer and Neipp, 1958; Kradolfér,\

o Sackmann and Bassil, 1960)., The structures of these compouﬁds are |

shown in Fig. 4.6.

| Therefore, it seems very reasonable, at this stage, to assume-
that the antibacterial act1v1ty of Phanquone can be attr1buted to .l

L its chelat1ng ab111ty.

"* 5, THE INTERACTION OF PHANQUONE WITH OTHER ANTIBACTERIAL AGENTS

- In medicine, Phanquone fs used either by itse]f or {n COnjunction“
with iodoch]orohydroxyduinoline for the treatment of diarrhoea§ of'
different etiology {as discussed earlier on p.35); théréfore, the: 
assessment of the interaction of Phanquone with other antibacterial
agents, is of impoftance, not only from the mechanistic,\ﬁuf from_

the chemotherapeutic point of view as well.

In'practica1 terms, the synergistic interaction of Phanquone
_with another antibacterial agent, means a larger spectrum of .

; activity for both, a 1ower frequency of selection of res1stant o
.'colon1es and a reduct1on of the total dose of both ant1bacter1a1
agents adm1n1stered (Maccacaro, 1961). On the other hand, an
antagohistit interacffon would cartain]y mean the avoidance of the

'simuitaneous administration of the two agents. From the mechanistic
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point of view, a synergistic or antagonistic interaction‘betweeﬁ '
" Phanquone and another antibacterial agent, can‘help to eiucidate L
many problems of bacterial physfo]ogy, such as syntheﬁic'pathways
and théir cross-linkages, selective permeability and physioloéica]

- or genetical adaptation.(Lacey, 1958; Maccacaro, ]961).

As can be seen from Table 3. 10(p 195) Phanquone did not
'1nteract ei ther synergyst1ca11y or antagonistically with any of the
antibacterial agents tested, with the exception qf ethidium bromide,
and 9,]0-phenan£hrenequinone, where the synergistic interaction.

was only slight.

The interaction.between Phanquone and 9:]0-phenanthrénequinone
is interesting, because of the destruction of the resiétant '
.B. subtilis colonies afoﬂnd the zone of inhibition of Phahquone,'
~only on the side near the 9,10-phenanthrenequinone disc; although
the distahce between the two discs was greater than.the sum of the |

radii of the zones of inhibition (Fig.2.23, p.108).

In an attempt to explain such a phenomenon, Lacey (1958) B
aﬁshmed that two drugs cou]d‘deIay the'outgrowth of resistant -
mutants by one drug.(Phanquone_ih this casé) inhibiting the wild |

“type, ﬁhi]e the qthér (Q,10-phenanthrenequinone), principally or
':.exc1&sive]y‘inhibiting mutants resistant.to the firét, thus, - 8

exploiting a to]iateraljsensitivity.

This phehomenon; together with the fact that the MIC.and MCC
values of Phanquone, for B, subtilis and B, cefeus,-droppéd.whén
~subinhibitory concentrations of 9,10—phenanfhrenequinone were added,

implies that there was a definite synergistic interactibn_between
;.the two ﬁompounds. | | -
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6. THE ACTIVITY OF PHANQUONE ON THE METABOLIC ACTIVITIES OF THE

BACTERIAL CELL

The larger aerobic zones of iphibition produced by Phaanbné'
against a number of facultative bacteria, in comparison WIth the
. smaller anaerobic zones, probably imply that Phanquone is more active’f;

under aerobic conditions, and therefore m1ght be affect1ng an aerob1c ;

metabolic pathway rather than an anaerobic one.

~ Taking into consideration the fact that both thé:aerobic ahd‘
metabolic re§piratory pathways contain a large amount of bound i
-metal 1ons; mainly in the form of non-haem iron.(Gréen, 19615 71":
Hatefi, Haavik and Griffiths, 1962; Zfeg]er and Doeg, 1962; Rie#ke
and 2augg,1962; Green and Wharton, 1963; Cox ‘et aZ,A]970§ Hall,
Cammak and Rao, 19743 Sun, Phelps and Crane, 1975), it is ﬁot "
surprising for a chelating agent to inhibit some of the aercbic :-
metabolic pathways hence produc1ng a Iarger zone of 1nh1b1t1on o

when the bacterwa were grown under aerobic conditions.

The d1screpancy between the levels of bactericidal concentratlons
'obta1ned by the MCC method on one hand and by the ki1l curves (for
growing cultures) on the other, being lower in the 1att¢r case, can .
be attributed to what ié known as "oxygen poisoning", in which the
- aeration of the bacterial culture by shaking - when_detefminihg -
the kiTl curves - brought some of the cells anaerobic metabolic =
pathways to a halt (Baldwin, 1967; Morris, 1975). VThis probably
- forced the bacterial cells to follow the more sensitive aercbic
__pathway(s) and, hence, were affected by smaller concentrations of
Phanquone. On the.other hand, some anaerobiasis pfobably prévéiled"
at the bottom of the test tubes used for the MIC determinations |

and, thereforé, some of the cells were allowed to follow'the more
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resistant anaerobic metabolic'pathway(s),:thus needing higher

cbnéentrations of Phanquone to bring'about the bactericidal effect.

The effect of Phanquone on the oxygen consumpt1on by E. coli
and 3. aureus, was more prom1nent, when succ1nate, rather than
D-g]ucose; was used as a substrate. Although Phanquone slight]y;
but notably, inhibited the oxygeh consumption; when glucose was.used
as a substrate, if_suppréﬁsed succinaté-driven oxygen consumption
'.appreciab]y This suggeéts that the aerobic succinafe oxidation N
'pathway(s) was probabTy more suscept1b1e to Phanquone, than the
g]ucose oxidation pathway. This is coanrmed by the fact that the
former pathway was found to be sensitive to many che]ating agénts. i
_1,10-phenanthro1ine, as well as oxine, inhibited suécinate oxidatibn N
and éoupled phosphorylation in M, phlei by inhibitiﬁg the succinate
oxidase activity, ﬁhiie havihg little or no effect on the oxidation
of anothef substrate, B-hydroxybutarate,.the'feasoh probably being
that the NAD*QIfnked chain of M. ‘éhZei either did not contain a metél
or d1d not have the same type of metal-protein combination as present'

in the SUCC1nate cha1n (Kurup and Brod1e, 1967)

Another metal cheIator, thenoyltr1f1uroacetone (4,4,4-trifluro-
(2-th1eny1)-1,3-butand1one, Fig. 4.7) was shown to be a potent
"inhibitor'of the succinate oxidase system (Toppel? 1960 ; Ziegler,

1961).

4,7-dipheny1-1,}O-phenahthro]ine (Bathophenanthroline;
Fig. 4.7) alipophilic metal chelator, caused a marked and
immediate inhibition on the rate of bxygen uptake, when succinate

was used as the energy source, by fresh mitochondria;
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~al o : (b)
Fig. (4.7)

~ a) thenoyltrifluroacetone;
b) 4,7-diphenyl-1,10-phenanthroline

| 1,10-phenanthro1ine behaved similarly (Pélmer,.1970)} It.aisd
inhibited the e]ectrdn'transport in all the comp1exes of‘the'electhon. 
transport chain, in which the site of inhibition was re]afed to
non—haém iron (Phe]pﬁ, Harmon and Crane, i974); Crane, Sun and
Crane (1975) concluded that the Bathophenanthroline inhibition of
“both Tactate and NADH oxidase activities in E. coli membranes, was
also consistent with a non-haem iron site béfween cytochrome b and
oxygen in the cytochrome chain; whi]e Trumpower and Katki (1975)_7
-assumed.that the site of its inhibitioﬁ in bovine heart mitochandrfa
and SUCCinate-cyfochrome reductase compiex Waé'probably the non?haém

~iron of the complex. .

Hence, it is not at all surprising for a strong metal chelator,
such as Phanquone, to cause a reduction in the total amount of

oxygen consumed by the bacterial cell, and to cause a general
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retardation in the process of réspiration és a whole, for -~ as'f.
mentioned earlier on p.18 - the bacterial respiratory chaih is known
. -to be extensive]y bound to meta1 ions. However, the greater |
 sens1t1v1ty of the succinate oxidation system towards Phanquone, can
- be probably attr1buted as was the case with other chelating agents,
to the fact that this system contajns large amounts of bound metal
 .16n$, mafnTy iron (Hassey, 1958§ Ziegler and Doeg; 1959; Rieﬁke, :
Hanson and Zaugg; 1962; Asano and Brodie, 1964; Beinert, Palmer,
Cremona and Singer, 1965;.Redfearn, Whittaker and Burgos, 1965).
Succinaté dehydrogenase, a metalloenzyme with iron atoms closely
bound to it, was capable of forming complexes with chelating agents,
]ead1ng to the eventual inhibition of the electron transport act1vity:

.(Massey, 1958; Kurup and Brod1e, 1967) s

The succinate-driven oxygen consumptfon for E. coli was great1y'
induced in the presence of low concentrations of Phanqdone.- A
.simi1ar stimulating effect on the oxygen consumption was dbservedr
by Hugo and Sireet (1952} with phenol and phenoxeto] and by Hugo
~and Bloomfield (1971 (b)) with Fentichlor (2,2 “thiobis- 4-d1ch1oro-
:phenol), where they suggested that this increase in the tota] oxygen

consumption was typ1ca1 of the act1on‘of energy uncouplers. Kurup
and Brodie (1967) showed that oxine also acted as an uncoupler, by
:acomp1ete1y uncoupling the phosphory]ation associated with the '_

- oxidation of B-hydroxybutarate in M. phlei. Whether Phanquone has
the ability to act as an uncoup]er or not, requires further

~ investigation.
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| The fact that Phanquone (at 1ow'concentrations), as well as
5-iodo-7- chloro 8-hydroxyqu1no11ne, were found to stimulate the
growth of c011form bacter1a in the intestines of rats, although the
“bacterial counts were reduced to start with (Kradolfer and Neipp,
1958, Eisman, weerts Jacon1a and Barkulis, 1960; Sackmann and
Krado]fer, 1961), agrees wel] with the st1mu1at1on of the oxygen
consumpt1on by E. coli. Some of these workers, however, have 7
attributed this increase in the faecal count, to the destruction.
of sensitive bacteria, and the subsequent development of strains
resistant to the action of Phanquone (and iodochlordhydfoxy-‘-

| ~quinoline}.

v
Many'Pseudomdnads have‘the ability to degrade and.metabolize; "_‘-

many erometic‘compounds (Dagley, 1971), and eyen_dsing some of‘them

"as sole carbon sources. Phenanthrene was found to be easily dxidizedrl

by Ps. pﬁtida_(deffrey et al, 1975) ahd by some other'ebiI microorganisms"
- (Groenewegen and Stolp, 1975), Moreover, Gibson (1971) found - -
that the enzyme catalyzing the initial oxidation of‘naphthalene,:_ ji

: .iso1afed from a Pseudomanas species,'rapidIy oxidised phenanthreﬁe ‘

as well, of which f,]o-phenanthYOIine was a potent inhibitor.

The results obtained from Fig.3.31(p.118) did not show that
TPhanquone was used as a carbon source by Ps. aerugtnosa, but it

rather inhibited the endogenous resp1rat1on

- 198 -



N Phanquone, at a concentration much 1ower than that inhibitfng'
the oxygen consumpt1on, inhibited succinate, ma]ate and lactate
dehydrogenases, to varying, but appreczab]e extents, u51ng the =
reduction of triphenyltetrazolium chloride (TTC) as an.Indicator
‘of the enzyme activity. | | |

'These,three‘dehydrbgenases are}metalloenzymes. Aélpointed out
- earlier, suecinate dehydrogenase, isolated from different sources
'(1nc1uding bacteria), was found to contain non-haem iron. (Warringa, |
Smith Giuditta and S1nger, 1958, Harr1nga and Giuditta,- 1958- |
Singef,51965);-, Malate dehydrogenase iso]ated from pig heart
'~ contained zinc (Vallee,.Hoch, Adelstein and Waeker, 1956§‘Kun,_~32" :
- 1963), and was found to be in.c105e association with theflactate"
~ dehydrogenase (Baldwin, 1967); while Iactate!dehydrogenase, isolated_ 
from different sources, contained zinc as well as iren (Va11ee end .ej
| Wacker, 1956; Boeri and Tosi, 1956 Vestling, Hsieh, Teramaya and :
Bapt1st 1963 Everse and Kaplan, 1973). It is h1gh1y probab]e then
.that Phanquone acted on these three dehydrogenases by complexing _
with their meta1 components, thus altering their structures and/or |
their specificities,_and causing the retardation of thein activities. -

This is subStantiated by the fact that the activity of succinate

dehydrogenase, assayed using TTC, was inhibited by 1 10-phenanthr011ne :

(Kurup and Brodie, 1967). Moreover, Massey (1958) and Kurup and
Brodie (1967) concluded that the non-haem iron of the succinate
dehydrogenase was capable of form1ng comp]exes W1th meta! chelat1ng |

agents, wh1ch 1nh1b1ted the e1ectron transport act1v1ty.

- When the reduction of TTC was monitored in the presence of
'Phanquone, using pyruvate or D-glucose as substrates, an 1ncrease in

the red colour was observed, implying that these two dehydrogenases
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were stimuiated; This erobabiy means either that both giycehol—
aidehyde-3-phesphate dehydrogenase (which is the first dehydrogehase.
to be encountered during the oxidation of glucoee bylthe Embden- i
~ Meyrhof pathway, the major cataholic pathway in Eﬂ eoli (Sokatch, L
1969), and pyruvate dehydrogenase, were not metaiioenzymes, and/or
.that these two dehydrogenases were 1nh1b1ted at some stage, by a
metal ion; in the presence of a metal cheiator, such as’ Phanquone,"
‘this inhibitory metal was’ inactivated by che]ation, thus causing
the indirect stimulation observed for the activities of these

‘dehydrogenases.

This ie shbstantiated by the fact that these two enzymes were”‘

never directly associated with metal ions. Indirect'evidence a]so_'
~ comes from the findings by Sutherland (1949) 'and Milstein (1961),
[i that phosphog]ucomutase,the enzyme converting giueoseei-phosphafe
to glucose-6-phosphate,was inhibited by zinc ions, and that oxihe, .
as well as i,10-phenanthroline, stimulated its actihity by binding :
" the inhibitory zinc ions. This might mean that more glucose-ﬁ-
3 phosphate was formed in the presence of Phanquone, eventually

' ieading to the formation and dehydrogenation of more g]yceraldehyde-'_

3-phosphate.

‘There are many reports describing the stimuiation of many -
enzymes and enzyme systems by chelating agents. The activation of
. creatine phosphotransferase by oxine was thought to be due to the
chelation by oxine of some inhibitory metal ions;-such es cd(11),

‘Vo(II) ahd In(11) (O'Suiiiven and Morrison, 1963). Glucose
dehydrogenase of'AepergiZZus oryzae Was specifica]iy ihduced by |
: hydroquinone'and p-benzoquinone; this inductive sjnthesis of the

eniyme was further stimulated by ],10-phenanthholine and oxine (Bak
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and Sato, 1967). This stimulation by 1,10-phenanthroline was due‘toi.
the binding of the chelating agent to metal ions.which interacted
with the regulatory substance in such a way that more enzyme was d
produced (Sinohera, 1968). Moreover, Kamataki, Ozawa, Kitade and
Kitagawa (1977) found that 1,10-phenanthroline stimulated rat liver
. peroxidation, while Tochikuto (1974)'reported'the'stimu1ation of

NADH oxidase of B, subtilis by the same che]ator.i‘:

The TTC method d1d not seem to be a good method for the assaylng
,'of‘dehydrogenases activities of 8. aureus, as no meaningful results. -
~ were obtained when succiﬁate,'malate lactate or pyruvate were used.
 Nevertheless, the stimulation obtained, when_gldcdse was dsed,caﬁd

be explained on the same basis as that for E. colz.

The induction in the uptake of phosphate by E;.ceZi in the
presence of Tow concentrations.of Phanquone, can be-perheps releted"fl
to the 1nduct1on of the dehydrogenase, as well as the 1nduct1on of
the oxygen consumption observed earlier, as g]ucose was the energy 'f:

source in the three inductions,

However, the 1nh1b1t10n of the phOSphate uptake by htgher :1 -

concentrations of Phanquone, is cons1tent w1th the rest of the 7

results discussed so far For, if Phanquone 1nh1b1ted certa1n  1 f-"'-
;HaSpects in the process of aerobic metabo]1sm and resp1rat1on, then
 the process of the phosphate uptake, which is an energy dependent
pfocess (Hotchkfss,.1944; Harold, Harold and Abreme, 1965, Harold :_':
and Baarda, 1966;-1969; Hamilton, 1968; Harold, Baafda;xBeron add
~ Abrams, 1969), would be retarded or inhibited. Sqlwou]d be the
synthesis of ATP, o
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' The-chelator Bathophenanfhro]ine causéd an immediate and nearly
complete inhibition of the ATPase activity of pufifiéd beef—heart'.
F (Phelps, Nordenbrand, Nelson and Ernsten, 1975). It also |
| inhibited E. coli K]Z membrane-bound ATPase activxty, and the inhib-
| ition was assumed to be due to the che]at1on of a non-haem iron
(Sun, Phe]ps and Crane, 1975). Therefore, Phanquone may be specif-
| ically affecting the ATP&sé activity in a.sfmjjér fashion, |
The inhibition of the uptake of‘thSphaté Sy 3. auréus in the _ 
- presence of Phanquone, was much greatek than in the case of E.coli |
' probab]y signifying a greater susceptibility of the phosphate uptake |

- system.in the former organism.

The uptake of L-glutamic acid by s. aureug'was found to be an

" energy-dependent pfocess (Gale, 1949;.Hugd and Bloomfield, 1971(b)).
- The results obtained confirm this active transport process, in that .
‘at least a substant1a1 amount of this amino ac1d was act1ve1y |
transported. It is a possibility, however, that the whole g]utamic‘
acid transport process was energy-dependent, and in the absence of '
the energy source {glucose), the preformed ATP prdvided the energy..
| for transporting tﬁe amino acid. 1t ié also aipossibility that fhé
glutamic acid was partially passive]y transparied, and the uptake
 was only enhanded'in‘thé presence of.fhé eﬁefg} sdgrce."This is
substantiated by the findings of Gale and.Foikes (]967),'{ .

that lysine, in S. aureus; was accumuléted bymﬁwo proéesséé, one

energy-dependent and the other energy-independent.

Results obtained for the uptake of L-protine by S. aureus showed
that this amino acid was also, at Teast part1a11y, act1ve1y

transported.
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Phanquone seemed to inhibit the actively transported fraction
of the glutamic acid. This inhibition was probably due to either
~the direct interference of Phanquone with the active transport by
affecting the ATPase activity (as in the case of Bathophenanthroline),
and/or by causing the energy uncoupling of the active transport
(as in the case of oxine_and 1,10-phanthroline}, or indirectly by _'.”
interfering with the respiratory process, resulting in the retard- “
. ation of ATP product1on, and eventually s1ow1ng the process of actlve ;.

‘ transport.

Gale (1949) found that oxine, as well, retarded the uptake and
assimilation of glutam1c acid in 5. aureus, while Pashev (1967)
| reported the inhibition of glutamate dehydrogenase by 1,]0-phenanthro- }
line. T | RS
On the other hand, Phanquone innibited the uptake of pro1ine'_:
only slightly. This probably indicates that, for'some reason, the

~ glutamate transport system was more vulnerable.

Many E. coli strains (such as W, H, KI2 and B) have been shown
~ to transport glutamate,with difficulty (Ha]pern;and Umbarger, 1961;

| mmwnmdwm.w&‘Hﬂkmd%%ﬁal%ﬂ'Gwmmm
'.permeat1on in E. coli was assumed to be due to act1ve transport |
'med1ated by a spec1fzc cellular component whose fonnat1on was en~
hanced dur1ng the growth on g]utamate (Halpern and Even-Shoshan, |

1967).

The results obtained showed that the uptake'of glutamate by
E. eoli NCTC 90071 was greater in the absence of glucose than in its

presence., This probably indicates that this amino acid was not

503 R |



actively transported by this strain, and that in the presence of |
' the amino acid only, the bacterial cells probably used it ae an

~ energy source, as‘we11 as an essential amino acidi_while ih-the

presence of glucose, the cells only used it as an essentie1 amino'_"‘

acid enly, thus taking greater amounts in the former case. The

presence of glucose, theh, seemed to control the uptake of the"

glutamate.

Halpern and Even-Shoshan (1967) found that the g]utamate

- transport system was induced when E. coli cells were grown in the

presence of glutamate a]one. On rhe same lines and for some reason,

| ::the glutamate trahsport system in this E. coli strain was either.
'very qu1ck1y, or has been a]ready, induced in the presence of

| ~ glutamate a]one, thus more of the amino acid was taken up by the

cells.

The uptake of proline by E. eolz followed a similar pattern'
to that of qutam1c acid. ATthough many workers reported its
_‘uptake as an energy-dependent process (Hotchkiss, 1944; Ham11ton,
1968; Hugo and Bloomfield, 1971(b)), yet there was more proline :_\
taken up in the absence, rather than in the presence, of g]ucose,e'
Here as wel],-the'gresence.of glucose seemed to limit the emiho.‘;-

acid uptake,

The inhibition of the proline uptake by Phanguone was more ..
eprominent for E. coli,whffe the inhibition of the g]htamate eptake
| wés more prominent for.S. aureus, |
fhe inhibitfon curves for both amihoiacids by S. eureus end
E. eold, showed a distinct pattern, consistiné of a fast fate'df_
1 uptake at the begiﬁing, followed by a slower rate, then by a :’

faster rate once again.
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One possible, and very probable, explanation takes into
consideration the fact that Phanquone was added at thé same time

| with the Tabelled amino acidé; hence, the rate of uptake was not

~affected to start with, because Phanquone had nof bea#héd its site

| df action. The slow rate following prqbab]y indibated fhat

Phanquone had reached its site'of action,_and was exerting its

- inhibitory effect. The faster rate following indicated'that the

cell "absorbed thé shock" produced by Phaﬁquoné,:modified its f-_ a

. properties, and somehow counteracted the action exerted by Phanquone,

Another possible explanation for this fast-s]ow—fast pattern , 

" ,‘of uptake takes into consideration that the Phanquone molecules

might be blocking the cell wall and/or the membrane'temporarily.'
Thus; at‘the_beginning,‘the molecules of both amino acidsrﬁere'taken ;L
up at a.fast rate, then as the Phanquone mo1ecdles got tb the ceii f'
wa11 and/or membrane, they block it (them), thus 1nh1b1t1ng the

uptake. However, after Phanquone got into the cell, and equ111br1um ::
was achieved so that no more Phanquone molecules were taken up, the |

uptake of the amino acids was resumed at quite a normal rate.

The antagonistic effect exerted by some thiol-containing
‘compounds on the activity of Phanquone against E. coli is probably
of significance, as there are many reports associating the activity ‘

\

' of some metal chelators with ‘thiol groups. Bernheim and Bernheim
(1939) reported the oxidation of some thiol-containing'tompounds_
‘such‘és thioglycollic acid and cysteine by oxine. Co!Wei] and McCall .
- (1945) éssumed that the antagonism of the antibacterial action of
2-methy1#1,4-naphthoquinone on E, coli by neutfa]ized thioglycollic - |

acid, and sodium thioglycollate, was due to either blocking essential
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enzymes through combination with sulphydryl groups, or through |
combination with sulphydryl groups of essential bacterial metobolites.
Albert (1961) concluded that chelators could act on essential thiol
groups, while Hugo (1967) assumed that the mode of action of oxine was by'
forming a }:1 oxine-Fe(II)'comp1ex, which oxidized essential |

sulphydryl groups inside the bacterial cell.

Moreover, quinones were found to have an exidative effect ohi'
sulphydryl enzymes (McNew and Burchfield, 1951) Thus ft seems
very possible that Phanquone (be1ng a quinone as we]l) ox1d1zed some '
'essent1a1 sulphydryl groups in E. coli ceI]s, and that ox1dation was
competitively antagonized by the addition of th101-conta1n1ng '

- compounds.,

Thiol-containing compounds, however, did'not seem to affect
the activity of Phanquone against 5. aureus.-'Thié probabTy indicates
~that Phanquone has not reached and/or interacted.with essential
sulphydry] groups 1n this Gram-pos1t1ve cell, and 1mp11es that its
'.]mode of action is probably different from that in E. colt., A'
“similar finding was reported by Geiger (1946), who observed that .
_ sodium thioglycollate and cysteine prevented the inh1bjt1on of
growth of Gram-negative bacteria by quinones; while their action
‘against the Gram-positive organisms was not prevented by those

- sulphydryl compounds.

Monoamine oxidase (MAO) has been found to be a metalloenzyme ,'
with copper being its metal constituent {Frieden, McDermott and

Osaki, 1964; Ba?dWin, 1967} . It catalyzes the fo]Towing-reaction:_

 MAO |
R-CHo-NHy + 0p s====R-CH = NH + H,0,
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‘where R-CH = NH is then oxidized by Hp0 to give R-CHO and NH3
(Baldwin, 1967).

Phanquone did not have an inhibitory effect on the enzyme, but
" rather a slight inductive effect, probably because the Tiver homo-
- genate was Joaded with iron, which is more preferably bound by

Phanguone.

7. THE INTERACTION OF THE METAL CHELATES OF PHANQUONEIWITH THE
BACTERIAL CELL

~ The antagonism.observéd by many metal ions such as Co(II); :

Cu(I1), Fe(I1) and Fe(IIT) for both B. coli and 5. aureus when the

Strip method was emp]oyed, clearly indicates that the activity'df '

Phénquohe was retarded in the presence of excess metal jons. -_,:_
Atthough this method is both crude and qualitative and must only

be regarded as a first step, it was, nevertheless, indicative of

the interaction and complexing between Phanquone and some metal jons. -

The activities.of two other‘chélators, oxine and I,]O—phenQ
‘anthroline, were also antagonized by Fe(III), for both bactéfial, o
‘strains, The activity of 9,10-phenanthrenequinone against S. aureus
was not antagonized by Fe(III), indicating'that_the mode of action

of this compound was probably indépendent of the metal ion.

- The antagonistic effect of Fe(IIl) ions on the MIC and Mcc'valheél
of Phanquone for E. coli and 5. aureus, is consistent with the |
‘results obtained by the strip method. This suggests that Fe(IIl)
and probab1y other metal fons - rendered Phanquone inactive either

- by filling its complexing sites, hence becoming inable to complex
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with metals in the bacterial metal-containing systems, and/or by
rendering Phanquone impermeable through the bacterial cell wall

_ or membrane, thus beceming inable to reach its site of actioﬁ.
The ability of Fe(II) ions not only to irhibit the action of
Phanquone, but also to stimulate the succinate dehydrdgenase'of

E. coli may be explained accordingly.

"~ In a similar fashion, the addition of Fe(II) to 1,10-phenan-

~ throline-treated particles antagonized the activity‘of the chelator, -
. and restored comp]ete]y both oxidative and phosphory]atlve act1v1t1es,_ |
when succinate was used as the eTectron donor 1n4M phZez (Kurup

and Brod1e, 1967).

The inability of Phenquone at five times the MCC (500 ﬁglml) to

- cause a complete kill for S. aureus, is cOnsistentkWith1tﬁerpﬁenomenon

of "concentration quenching” observed for oxine (Albert, Gibsoﬁ and

Rubbo;‘1953), where the activity of oxine.decreased as its"cohcen4

tration was increased. Albert (1973)75uggested that the_toxie-'
“substance was the 1 1 or 2:1 oxine-metal jon complex; in the '
‘presence of excess oxine, the 3:1 complex dominated and was unable |
to penetrate the ce11 and was therefore not lethal (see - |

f Introduttion p.25}. Therefore, in the presence of excess Phanquone

_ the same phenomenon m1ght occur.

~ The fact that Phanquone - on its own - was not completely
" lethal to S. aureus cells suspended in buffer or distilled water, _f
together with the fact that the Phanquone-metal'ion complexes at

2:1 and 1:1 ratios (esbecial]y those of Co{II), Fe(II), Fe(lIl},
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Mn(II), Ni(1l), and Zn(II) caused a complete kill within two hours,
indicates fhat there was a "cooperative interaction" betwéen |
Phanquone and those metal ions (at these ratios), similar to that |

found for oxine (p. 25).

The reversal of the toxic action of the Cu(IIl), Fe(II) and
Ni(II) by Phanquone at the 1:2 ratio, indicates that these Phanquone-
 metal ion complexes were probably less toxic than the metal ion and;
in that case, Phanquone seemed to protebt the_bacteria] cé]I réther _;

than destroy it.

However, the fact that Phanquone, on itsrown-and at a very low
concentration (1 ﬁg/m1), was capable of'causing a coﬁp]ete kill for
E. coli suspended in distilled water within two h_burs, together with "
- the fact that the presenée of Cu(1l), Fe(Il), Fe(III) and Zn(Ii) ions;
at 1:1 ratib, tended to antagon{se the lethal action of Phanquoné;

- indicates that there was an antagonistic 1ntefaction, in contrast to
the cooperative interaction observed against 5. aureus. Tﬁis is
~similar to the findings of Rubbo, Albert and Gibson (1950) ih'that"

‘ although the activity of oxine was enhanced in the presence of some '
metal ions such as Fe(II)'and Ch(II) for s, aureus, its activity |
against E. coli was antagonized by Zn(II), Fe(II), Cu(II), Ni(II)
—and Mn(11).  They concluded that the mode of action of oxine did not'-
depend on the presence of metal for E. coli. The same conclusion |

" can be drawn for_the action of Phanquone.

- The antagonism produced EDTA and NTA on the activity of Phanguone
for 8. aureus but not for E. coli, strengthens the hypothesis that |

metal ions cooperated with Phanquone against the former organism,
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- while antagonizing or having no effect on the latter, in that‘those

| chelating agents might have complexed with some of the metal‘ions'in
the medium, that otherwise cooperated synergistically with Phanguone
against S. awreus, and possibly antagonistically against E. eolz.

3‘, Adler and Snoke (1962) found that the act1v1ty of bacitracin towards
S. aureus was completely suppressed in the presence of EDTA and

concluded that bacitracin requxred metal ions for its action.

While 1,10-phenanthroline and 1,Io—phenanthrolfne45,6-duinonef” :
behaved similar to Phanquone, against E, col< and S. aureus, in the
presence of these chelating agents, the activity of 9,10-phenahthrene-
quinone was not affected. Strangely enough, the actiﬁity‘of oxine ”: |
‘was antagonized in the presence of EDfA, but not NTA, againsf bﬁth

" E. eoli and S. aureus.

‘The dntogonism of the action of Phanqudne on fhe oxygen' |
:-3_consumption by E. coli, observed in the presence of Co(II), Cu(Il),
| Fe(II) and In(II), further supports the "antagonistic effect" of
: these.metal jons on Phanquone for this organism. The;enhancement
of its activity against S. aureus by Zn(II)'and Ni(II) aiso Supporfs -
" the "cooperative effect" described earlier. However, and contrahy- |
to what was expected, the antagonistic effect by Co(II) and Fe(Il), |
on the inhibition of the oxygen consumptfon by Phanquone,‘may be ;
'probab1y related to the fast precipitation of both Cd(II) and Fe(Il)

.complexes, while this was not the case for N1(II) and Zn(II)

The product1on of a zone of growth inside the zone of 1nh1b1t1on‘ﬂ
of Phanquone for S. aqureus, but not for E. coli, renders further ‘
support to the hypothes1s that Phanquone might be act1ng d1fferent1y

against the two organisms.
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Rings of growth and inhibition were earlier obtained by Feeney,
Petersen and Sehinkaya (1957) with oxine and 1,10-phenanthroline,
using Micrococr;'us pyogenes. The conditions for 6bta1’ning such
20nes were thé utilization of a simple growth medium (P-2; Feeney
and Nag1, 1952) cons1st1ng of 0.8% nutrient broth, 0.5% NaoP04,

0.03% citric ac1d 1.5% Oxoid agar, and cona]bum1n (added in amounts .
equivalent to the iron content), adjusting the pH to 8.0, and placing
the inoculated plates at 2°C for 24 - 48 hrs. to ailow for diffusion. -
The same conditions were followed except that nhtrient'agar'was' ' |

| utilized, to which no iron (or conalbumin) was added, as the peptone
in the nutrient agar contained a large amount of.metal ions, ihcluding:_

1ron (Albert, 1958)

Feeney, Petersen and Sehxnkaya (1957) suggested that the B
che]at1ng agents, piaced on discs, diffused through the medium, and
complexed with the metal ions to varying degrees, depending on the
dissociation constants and the relative concentrations, and the ring
of inhibition was obtained in the areas where the partitular mixture

was inhibitory, while a ring of growth repreéented areas where a

different part1cu1ar mixture was not 1nh1b1tory.. They tonc]uded'that:; o

the mode of act1on of such chelating agents was re]ated to the
relative concentrations of a variety of metal 1ons the che]at1ng

agents, and the metal-chelator comp]exes. :

The same conclusions can therefore be drdwn,for Phanquone with
regard to the formation of the zones of growth and inhibition around

its disc, when using S. aureus.
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-~ 8. ASSESSING THE EFFECT OF PHANQUONE ON THE LEAKAGE OF PHOSPHOROUS-

CONTAINING COMPOUNDS FROM THE BACTERIAL CELL

The amount of Phosphorous-{32) released by E. coli cells in the '_-'
- presence of Phanquohe was, surprisingly, less than the.amount |
‘released by the control cells. One possible exp]anat1on is that
Phanquone might have either precipitated some P- -(32)- contain1ng
celtular constituents and cytop1asm1c matter inside the cell, so ;_
‘that it could not 1eak out; or that Phanquone somehow b]ocked the

| cytoplasmic membrane, which retarded the release of the P-(32)~

containing compounds,

Moreover, it seems reasonable to assume, provided that Phanquone
did not_cause'any leakage, that if Phanquone'inhibited the uﬁtake '
" of phosphate by the bacterial cell, then the cell’ might have
-_re]eased smaller amounts of phosphate-containing compounds than it

normally did.

For S. aureus, however, Phanquone did not have‘ahy'effECt on

" the Teakage of P-(32)-containing compounds.

9. THE MUTAGENICITY OF PHANQUONE

The resu]ts obta1ned from the Sa]monel]a/Mzcrosome mutagen1c1ty "
'_.f'test described by Ames and Co-workers (Ames, Durston, Yamasaki and ‘
Lee, 1973; Ames, Lee and Durston, 1973; Ames, McCann and Yamasaki,
| '1975; McCan, Chof; Yamasaki and Ames, 1975; McCanﬁ and Ames, 1977)
indicated that Phanqubne - at low concentrations - was mutagénic.to f, 
_Sai. typhimurium LT2 TA 1535, and to a 1e§ser extent,:,to TA 98-and j

TA 100. | o
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The TA 1535 mutant contains the histidine mutation his & 46, . -

* which is a missence mutation, and is well reverted by a wide variety

U of mutagehs that caused base-pair substitutions (Amés, McCann and

) Yamasaki, 1975). The TA 100 mutant is derived from the TA 1535

. mﬁtant, and hence contains the missence mutation G 46 as well (Ames, .
McCann and Yamasaki, 1975)., It was found to be extremely effective .
in detecting carcinogens like nitroquinoline-N-oxide and 7,12-di-

methylbenzanthracene (McCann, Spingarn, Kobori, and Ames, 1975).

Since Phanquone was most mutagenic to the TA 1535 and the TA 100
Strains, among the five strains tested, then there is a possibiiity
~ that Phanquone caused base~-pair substitutions in the DNA molecule

of these two Salmonella mutants. Nevertheless, Phanguone showed a |
'mutégenié effect on the TA 98 strain, which is a mutant derived
;from the TA 1538, and contains the histidine frameshift mutation |

h1s D 3052, ‘but was found to be more sensitive than the latter mutant t:

t1n the detect1on of all mutagens tested (Ames, McCann and Yamasaki, ..
- 1975). Therefore, one cannot exclude the pdssibiiitj that Phanquone’

' may be ab?e to bring about frameshi ft mutat1ons for even the TA 1537 ‘i".
strain, wh1ch contains the h1st1d1ne framesh1ft mutat1on his C 3076 |
seemed to be-reverted at one of the three Phanquone concentrat1ons
 tested. | | )
| The mutagenicity of Phanqudne-has been reported by Bignamfetaz
”t:(1974),.wh0 found that this compound was 15% mutagenic, using a system
- that rapidly tested the non-disjunction and crossing-over induction |

“of diploids of Aspergillus nidulans .

The structure of Phanguone resembles many of the compounds_that
are known to interact with the DNA by intercatation. Some of these

compounds are shown in Fig. (4.8 ). Craig and Isenberg (1970},
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'sfudying the binding of various'po1ycyclic aromatic hydrocarbons td
DNA, concluded that the structure of the intercélated‘cdmplexes
- was almost entirely determined by the size criterion. The inter-
calation of the DNA by Phanquoné, then, is neither impossible nor

improbable,

~92H5'
| o - NH'CH-(CH3]
@B -:.-2 5

 Fig. (4.8)

| ;‘StrUCtures of Some Intercalating Compounds

‘a) proflav1ne (Lerman, 19615 1964 (a));

b) chloroguine (0'Brien, A111son and Hahn, 1966)

¢} 3,4-benzpyrene (Lerman, 1964 (b): Lesko, Hoffmann, Tso and
‘ Mahler, 1971); _

d) ethidium (Fuller and Waring, 1964).
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-10. CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK -

1t appears that Phanquohe has two differeﬁt modes of action
“against E. col? and S. aureus. In the case of E. coli, Phanquone
prbbqb1y interacted with some metal-containing systems, rendering
them.inactiVe,'énd leading to the bacterial cell deéth. The addition
of metal ions to the medium either antagonized, or had no effect on,

its effect.

For S. aureus, however, Phanquone was not lethal. - -~ .= .7
Yet in the presence of metal ions at a certain ratio, activity was

greatly enhanced; this "co-operative effecﬁ'causéd rapi& ce11.death.

These two different modes of action of Phanquone are very
similar to the modes of action of oxine suggested by Albert and co-

workers against Gram-negative and Gram-positive bacteria in general.

Moreover, Phanquone seemed to be mutagenic to some Sal. typhi-

murium strains, probably by intercalating with their DNA.

Further work may utilize the use of radiolabelled Phanquone and/or
radiolabelled metal ions, on isolated cell components, in order to
pinpoint its exact site of action as well as its exact toxic complex

(in the case of S. aureus).

The mutagenic effect of Phanquone should be further investigated,
as this antibacterial agent is prescribed for internél use in the

treatment of non-specific enteritis.

The antiviral and antitumor effects of Phanguone and its
related compounds (especially 1,10-phenanthroline-5,6-quinone) should
be studied on tissue culture systems, (such as Hela and KB cells) in

order to attempt to broaden the practical applications of Phanguone.
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