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INTERACTION OF SELECTED FUNGICIDES WITH INSOLUBLE BOVINE SKIN 
COLLAGEN IN THE PRESENCE OF THE NON IONIC SURFACTANT TRITON X-100 

ABSTRACT 

In the leather industry fungicides are often used for the protection of 

wet-blue leather . These fungicides are usually only sparingly soluble 
and are therefore formul ated together wi th surfactants in order to 
increase thei r sol ubil ity and to ensure an even di stri but i on over the 

surface of the hide after treatment. 

Solutions containing both fungicides and surfactant are complex. The 
nature of these solutions was investigated. By means of UV / Vis 
spectroscopy and viscometry it was shown that the surfactant and 
fungicides form micelles and mixed micelles in solution . The nature of 

these micelles and mixed micelles was dependent on the solution 
temperature as well as on the concentrations of the surfactant and 

. fungicides. At the higher temperatures and concentrations transition to 
large, possibly rod-shaped, mixed micelles occurred . 

The interaction between the selected fungicides 2-(thiocyanomethylthio) 
benzothiazole and n-octyl-4-isothiazol-3-one with bovine skin collagen 
in the form of both 1 imed and 1 i ght ly chromed hi de powder in the 
presence of the non i oni c surfactant Triton X -100 was i nvesti gated. 
Fungicide uptake was determined by difference measurements on the float 

solution~ at regular intervals during treatment. Binding was rapid with 
equilibrium being established within the first six hours even for the 
solutions with the highest surfactant concentration. Binding failed to 
fo 11 ow a normal mass-acti on bi ndi ng-type isotherm approachi ng a 
saturation limit, but increased continuously 
effect whereby binding site affinity actually 

of 1 i gand bound. Binding was accompanied 

indicating a co-operative 

increased with the amount 
by a drop in the free 

surfactant in the solution at the higher biocide levels indicating the 
formation of complex mixed micelles which bind to the collagen fibres. 
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The uptake and antifungal activity of commercial fomulations of the 

fungicides on chrome-tanned wet-blue leather was investigated at various 

treatment temperatures. At lower fungicide treatment concentrations, 

binding tended to follow a typical mass-action type binding isotherm, 

increasing slightly with temperature. At higher float concentrations, 

an inflexion point was apparent beyond which uptake showed a marked 

increase with concentration. This inflexion point, signifying a change 

in binding characteristics, occurred at progressively lower 

concentrations with increasing temperature. 

Antifungal activity in terms of storage periods to onset of fungal 

growth was determined on the wet-blue leather cuttings immediately after 

treatment and drainage and alsq on sample discs after exhaustive 

extraction of free fungicide using dichloromethane. Storage performance 

testi ng of the vari ous treated wet-blue 1 eathers was carri ed out by 

different methods. Residual protective periods showed a curvil inear 

increase with dosage offer and surface uptake. In the low dosage range 

treatment temperature had only a re 1 ati ve ly s 1 i ght effect in promot i ng 

uptake and improving storage protection. At higher dosages, the 

i nfl uence of temperature on uptake and storage protecti on was greater 

due to the increase in surface binding of the fungicides at the elevated 

temperatures. Only a portion of the fungicide uptake was recovered by 

di rect solvent extract i on of the treated wet-b 1 ue 1 eather. So 1 vent 

extraction reduced storage margins. The storage response in relation to 

fungicide content was, however comparable after extraction, indicating 

that both irreversibly bound and physically associated fungicide offered 

effective protection. 

Results of the study provide further insight into the mode of 

interaction of fungicide emulsion dispersion with bovine skin collagen, 

and the importance of the ernul sion di spersions and its stabi 1 ity in 

determining the uptake of fungicide. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

Organic fungicide formulations have found increasing use in the leather 
industry for the protection of wet-blue and wet-white leather. The use 
of these formulations raises queries as to the most efficient means of 
application of the relatively small amounts of the fungicide whilst 
ensuring a uniform distribution over the large surface area of the hide, 
the relative importance of bound and unbound fungicide, factors 
affect i ng res i dua 1 acti vity and the role these play in the 1 eve 1 of 
protection provided by the fungicide. 

In leather manufacture, hide collagen interacts with a variety of 
compounds of varying mol ecul ar mass such as tanning agents, dyestuffs, 
biocides, bating agents and surfactants. These collagen-ligand 
interactions, because of their relevance to leather technology, are 
therefore of considerable economic importance. In the case of 
protective fungicide treatment, binding of active ingredient with skin 
collagen reduces the concentration of the free fungicide available to 
interact with fungal contaminants . This would lead to the reduction of 
fungicide activity unless the activity is unaffected by binding to 

collagen. In order to gain further insight into the possible effects of 
binding on fungicide activity, the interaction between various 
fungicides and skin collagen was investigated. 

Specific binding interactions between hide collagen and fungicides can 
inc 1 ude hydrogen bonds, hydrophobi c bondi ng and van der Waals 
attractions. Hydrogen bonds are electrostatic in nature and are formed 
when the hydrogen atom in the hydroxy, amino and peptide groups of the 
protein act as an electron acceptor, whil st oxy, peptide, carbonyl and 
other groups can act as electron donors. Van der Waals attractions are 
relatively short-range weak forces, resulting when two polarisable atoms 
are sufficiently close to each other such that the ' two electron clouds 

interact 1 eadi ng to an attracti on between the di fferent mol ecul es . 

Hydrophobic bonds are formed between 1 arge portions of the fungicide 
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which are basically non-polar structures and aliphatic and aromatic side 

chains of the proteins. These interactions are inherent ly reversible 

depending on conditions and extent of interaction. 

In the case of chrome tanned leather, a further possible interaction, 

depending on fungicide reactivity, is the coordination of fungicide 

active ingredient into the chrome complexes in the leather, resulting in 

strong, irreversible covalent binding of a portion of the fungicide 

active ingredient with possible inactivation resulting. In contrast 

with other types of physical interaction, covalently bound fungicide 

would not be extractable by the organic solvents used in the indirect 

analytical determination of fungicide in wet-blue leather. 

The role and mechani sms of fungi ci de bi ndi ng to sk in collagen have as 

yet not been well documented nor has the effect that the various 

surfactants used, in commerci a 1 formul at ions of the fungi ci des have on 

binding. In addition, the role that bound and unbound (interstitial) 

fungicide plays on the effectiveness of fungal protection has also not 

been extensively investigated. 

1.2 Collagen Chemistry 

1.2.1 General Introduction 

Collagens have been extensively studied resulting in a vast and 

comprehensive literature relating to collagen structure, function, 

biosynthesis, metabolism and pathology. Publications dealing with these 

aspects have become increasingly specialized. The 'Treatise on 

Collagen ', Volume I, edited by Ramachandran (1967) contains a 

comprehensive account of the structure and the chemistry of collagen . 

Subsequent revi ews inc 1 ude those by Bail ey (1968), Traub and Pi ez 

(1971), Bailey (1975), Arridge (1977), Jackson (1978), Viidik and Vuust 

(1980) and Ramachandran (1988). The 'Treatise on Collagen ' , Volumes II, 

Parts A and B edited by Gould (1968) provide a broad coverage of the 

biology, biosynthesis and pathology of collagen. This has been 

supp 1 emented by an extens i ve survey of collagen bi ochemi stry edited by 

Ramachandran and Reddi (1976) and the review on the structure and 

function of collagen by Piez (1980). Sparrow (1982) briefly reviewed 
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aspects of co l lagen chemi stry relevant to protein - ligand binding . 

Collagens consist of a group of closel y related proteins which occur 

widely throughout the animal kingdom. Collagens form the principal 

fi brous component of the sk in, cart il age and tendon and are also found 

in the soft basement membrane and connective tissue. Calcified forms of 

collagens constitute the hard tissue of bone and dentine of the teeth. 

The role of the collagens in nature is essentially a structural one. 

Collagens thus display a variety of unusual properties which 

distinguishes them from the globular proteins and keratins . 

In the skin coll agen fibres are to be found in the corium minor or 

papillary layer, and in the fibrous network, of the corium major of the 

dermis. The corium minor consists of mainly collagen fibres, some 

reticulin and a loose network of elastin. In this layer, the collagen 

fibri l s are very c l ose l y packed . The cor ium minor passes al most 

imperceptibly into the fibre network layer of the corium major which 

consists almost entirely of collagen fibrils . The collagen f i brils of 

the corium major are organised into wavy bundles which interpentrate to 

form a complex three dimensional weave . The fibrils are most l y 

cyl i ndri ca 1 inform with a uni form di ameter of 1 OOnm. In the closely 

packed region of the papillary layer the fibrils broaden slightly and 

assume a hexagonal rather than a circular cross section. 

It is relevant to review aspects relating to collagen· structure, 

solubility and cross-link formation. 

(i) Types of Collagen 

There are species-differences in collagen amino acid sequences and 

content, as well as differences in coll agens extracted from different 

tissues in the same organism . Genetically distinct forms are designated 

collagen I, II, III and IV (Miller and Matukas, 1969). Type I collagen 

is the major collagen of the skin, and the only collagen of tendon and 

bone. Type II collagen is specific to hyaline cartilage. Type III 

collagen (Miller et~, 1971) is a minor constituent of the skin, but a 

major component of the walls of 1 arge blood vesse 1 s. Type IV co 11 agen 

differs markedly from the other three types as it has a large 
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non-collagenous component which contains both heteropolysaccharides and 

disulphide links (Olsen et~, 1973; Trueb et~, 1980). 

(ii) Primary Structure 

Early reviews of amino acid sequence studies dealing with the primary 

structure of various types of collagen are provided by Hannig and 

Nordwig (1967) and Miller and Matukas (1974). This sequencing relating 

to the di fferent speci es of collagen is summari sed in the 'At 1 as of 

Protein Sequence and Structure' and its supplements (Dayhoff, 1972). 

Molecular mass and amino acid analysis studies indicate that 

'tropocollagen', the soluble monomer and associating unit of collagen 

fibrils, consists of about three thousand amino acid residues. Of these 

residues some 33% are glycine, 15% - proline and usually about 14% 

hydroxyprol ine. Sequence studi es on the pepti de fragments indi cate a 

consistent repetition of the gly-X-V triplet, where X and V are 

frequently the imi no ac ids pro 1 i ne and hydroxy pro 1 i ne. The tri pept i de 

uni ts gly-pro-R, where R is an ami no other than prol i ne or hydroxy 

pro1 ine, make up 35% of the coll agen structure, whereas 75% of the 

proline in collagen is found in gly-prp-R links (Grassman, et~, 1961). 

After assembly of collagen certain modifications to the side-chain 

residues of the amino acids occur. These include hydroxylation of 

proline and lysine, and glycosy1ation and aldehyde formation. 

(Undenfriend, 1970; Prockop, et~, 1973). 

Chromatographic evidence showed that immature denatured collagen can be 

separated into three single-chain components. Amino acid analyses, 

which showed that every third amino acid to be a glycine residue. From 

these and X-ray diffraction studies, it was inferred that collagen had a 

triple helix structure (Rich and Crick, 1955; Ramachandran and Kartha, 

1955), consisting of three non-coaxial helices, each with three residues 

per turn, arranged about a common central axes. Such an arrangement can 

accommodate a close-packing of the helical chains if the chains are 

staggered with respect to the glycine residues. The imino acids proline 

and hydroxypro1 ine impart a stabil ity to the structure by restricting 

the possi bil ity of rotat i on about the bonds of the i ndi vi dua 1 chai ns, 

and prevents the structure from co 11 apsi ng. In additi on, the 
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strategically situated proline and hydroxyproline imino acids, by virtue 

of their rigid structures, provide a necessary helical curvature to the 

individual strands. The three strands comprising the triple helix are 

consi dered to be he 1 d together predomi nantly by a regul ar sequence of 

hydrogen bonds. 

/JC • j 

A 

c 

FIGURE 1 The atomic arrangement in the triple helix of collagen, projected down the 
central axis. (Note: All atoms occuring for a height of three residues (8,73 
R) are shown. The hydrogen bonds are shown by dott ed lines. Two NH .•. O and one 
CH ... O bonds occur for every three residues. (Reproduced from Ramachandran, 
19671 ) 
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(iii) Single Chain Components 

Collagen contains two types of single strand polypeptide chains, the ~l 

and ~2 chains which occur in the ratio 2:1. Although not identical they 

are similar, each consisting of about one thousand residues and having 

molecular masses in the range 9,2 - 9,5 x 104 . Besides the ~-single 
chain components, double chain ~ components, triple-chain and even 

higher molecular mass components can be separated from mature denatured 

collagen indicating the presence of intra- and intermolecular covalent 

cross-links between the individual a-chains. These cross-l inks are 

formed by Manni ch-type bond formation between lysine or hydroxylysine 

sub-units of one ~-chain and aldehyde groups formed by deamination of 

lysine or hydroxylysine groups on a second ~-chain. The isolation and 

chemistry of the cross-links in collagen are reviewed by Harlan and 

Fairheller (1977), McClain (1977) and Fujii et~, (1976). 

(iv) Telopeptides 

From amino acid sequence studies (Schmitt et ~, 1964) it has been shown 

that in both ~l and ~2 chains, the first ten to fifteen residues from 

the N-terminal end do not have glycine at every third position 

suggesting that this portion of the molecule is non helical. Similar 

evidence (Stark et ~, 1971) shows that short segments at the C-terminal 

end of the tropocollagen molecule are al so non helical. These regions, 

known as telopeptides, are believed to be involved in cross-link 

formation between the a-chains, and also to be responsible for the 

antigenic properties of collagen (Bornstein and Nesse, 1970; Furthmayr 

et al, 1971). ---

The collagen precursor containing additional peptide extensions is 

termed proco 11 agen (Prockop, et ~, 1973). These extens ions are 

believed to render the procollagen soluble and to prevent fibril 

formation during its biosynthesis (Fessler et ~, 1975). 

(v) Fi bril Structure 

Tropocollagen molecules assemble into fibroblasts which form into 

cylindrical fibrils having fairly uniform diameters which can vary from 
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collagen molecu le 
= protof ibril 

= triple hel ix 

collagen fibril 

FIGURE 2 Schematic drawing of hi de coll agen (type 1) (Repr oduced fr om Heidemann, 198 2) 

5nm to 200nm depending on the nature and age of the tissue (Figure 2). 

Low-angl e X-ray diffraction studies show the fibril s to have a repeat 
distance of 64nm for dry collagen and 70nm in the wet state, and show 
periodicity under the electron microscope when stained with 
phosphotungstic acid (Gross and Schmitt, 1948) . Reconstituted collagen 
fibrils from acid solution show the same aggregation pattern and are 
referred to as native-type fibrils. In addition to the native-type 

fibril both fibrous long spacing (FLS) and segment long spacing (SLS) 
which have a repeat unit several times the length of the native fibril 
can be formed depending on the solution environment (Highberger et ~, 
1950; 1951; Schmitt et al, 1953). Both the FLS and SLS forms were found 

--
to have an amino acid composition characteristic of native collagen and 

to give the usual collagen wide-angle diffraction pattern. The three 
forms of fibrils are readily interconvertible by dissolution and 
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FIGURE 3 A two-dim ens ional representation of the packing arrangement of tropocollagen 
macro molecul es in the native-type collag en fibril. (R epr oduced from Hodge, et 

!!.' 1965 ) 

re-adjustment of the solution environment (Gross et al, 1954). The --
banded pattern of stained native collagen indicate that the surface of 
the molecule is divided into alternating zones of ionic and uncharged 
side-chain residues. The bands represent the distribution of polar and 
apolar side-chain groups from the N- to C- terminal ends of the 
molecule. Detailed studies of the band pattern show that the length of 
the tropocoll agen mol ecu1 e to be 4,4 times the repeat period of the 
native fibril (Figure 3). 

Hodge and Schmitt (1960) postu1 ated that the FLS form consists of 
tropocollagen fibrils having coincident ends packed in antiparallel 
array (Figure 4), whereas the SLS form, also with coincident ends have a 
parallel orientation. 

Veis et a1 (1967) proposed that native fibrils are composed of 
tropocollagen molecules which are displaced with respect to their 
nearest neighbours by one quarter of their length, known as the quarter 

stagger arrangement (Figure 5) (Cooper and Russell, 1969). 
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I. I I. 1 
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FIG URE 4 Diagram of packing arrangement of protofibrils in the FLS ordered aggregation 
state (Reproduced from Hodge, !!!!, 1955) 
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FIGURE 5 The or iginal quarter-stagger concept of fibril packing with collagen macro 
molecules linked end to end and with a displacement of one-quarter of the macro 
molecular length (Reproduced from Cooper and Russell, 1959) 



11 

I 

I. 
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FI GU RE 6 left: Cros s-sectio n of th e unit of fiv e collagen mol ec ules . Ri ght : 
li ne- drawing of coll agen mol ec ule s, th e fi ve-member ed uni t cut ope n an d la id 
down flat. (N ote: The N- Termina l , non-h e l ica l end of t he" 1 chain (Type 1) i s 
composed of 16 amino acids, and allysin i s s i t uated i n position N9 . The 
C-Terminus contains 25 amino acids wi th C17 allysin f or cross-links (Reprodu ced 
fr om Heidemann, 1982) 

The fibrils are thus composed of tetrads of tropocollagen molecules in 

which there are regions of overlap interspersed with holes. In the 

fibri l s these tetrads of tropocollagen molecules are linked together in 

a head to tail fashion by cross-links in the regions of overlap 

(Heidemann, 1982) (Figure 6). 

(vi) Solubility and Stability in Solution 

Although collagen is largely insoluble in water, it is possible to 

ext r act a proport i on of co 11 agen from the sk in and connecti ve ti ssue 

using acidic or neutral salt solutions. 

as acid-soluble 

In terms of solubilization, 

(ASe), neutral-salt soluble collagen can be classified 

(NSe) and insoluble (Ise). All three types of collagen are essentially 

similar to the soluble precursor form. Differences in solubility arise 

only with respect to the degree of incorporation into the insoluble 

fibres and to the extent of cross-link formation between molecular 

chains and between the individual monomeric soluble collagen units 

(Pinto and Bentley, 1974). The rodlike tropocollagen repeating units 

associating laterally to form insoluble fibrous collagen, with the 
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repeating units being held together in aggregates in the polymeric 

network of the fibrous tissue by a variety of covalent bonds. The 

decrease in the solubility of collagen with the age of the tissue can be 

attributed to an increase in the number of intermolecular covalent 

cross-links which form as the tissue ages (Pinto and Bentley, 1974). 

1.2.2' Insoluble Skin Collagen 

Hides and skins consist mainly of type 1 insoluble collagen. This is 

especially true in case of the corium major section of the skin. The 

insoluble skin collagen is essentially the same as the other forms of 

coll agen described except that the greater degree of cross 1 inking 

between the chains render the fi brous collagen i nso 1 ub 1 e. Ouri ng the 

tanning process further crosslinking takes place to stabilize the 

molecule even further. Stabilization of the insoluble collagen matrix 

of the hide or skin constitutes the main feature of the process of 

conversion to leather. 

(i) Limed hide powder 

Hide powders are prepared from the corium major of bovine hides . They 

are usually prepared from salted hides which go through the process of 

soaking to recondition, machine fleshing and splitting, liming for 

depilation, followed by de1iming, acetate dehydration and grinding. The 

details of various methods of preparation have been described (Atto et 

a1, 1969; Atto and Nursten, 1971a; Lamb, 1981). 

The main action of alkaline solutions on collagen during the liming 

process has been extensively reported (McLaughlin and Theis, 1945; Bowes 

et~, 1953; Blenkiewicz, 1983). The main reactions include: 

(a) Hydrolysis of amide groups, by which the amount of free carboxyl 

groups is increased, and nitrogen is lost in the form of ammonia 

(b) Modification of the guanidine groups (the arginine residues) 

(c) Minor destruction of the aliphatic hydroxy acids (serine and 

threonine) and 
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(d) Some hydrolysis of keto-imide groups of the backbone of the 

collagen chains 

(ii) Chromed hide powder and wet-blue leather 

The conversion of hides into wet-blue leather is essentia l ly a two stage 

proce'ss. Firstly in the liming process, hair, keratins and some fats 

and oils are removed . This is followed by a chrome tanning process to 

produce chrome-tanned leather commonly referred to as wet-blue leather. 

The tanning of collagen with chrome tanning salts has been intensively 

investigated and discussed (Atto and Nursten (1971b)) as has the 

preparation of chrome tanned hide powders. 

In his earlier work Gustavson (1925; 1926; 1947) proposed that a 

divalent ion such as sulphate may be >bound to the chromium and at the 

same time form a salt link with an amino group. He envi saged the 

coordination of the amino group as the primary factor in the case of 

anionic c hrome tannage. A series of papers (Shuttleworth 1950; 1958; 

1964; Shuttleworth and Sykes 1959; 1960;, Ellis and Sykes 1963; and 

Ellis!!. ~ 1963) showed that the amino group does not co-ordinate with 

chromium under normal conditions of chrome tannage except possibly 

during the drying of the leather. Furthermore they showed that under 

similar conditions co-ordination compounds between chromium and the 

protein carboxyl groups of aspartic and glutamic acids, which occur in 

clusers, are formed . The main mechanism during this process is the 

co-ordi nati on of chromi urn to the carboxyl groups of the protei n, a 

proportion of which gives rise to bridges between the protein chains, 

This view was eventually also supported by Gustavson (1952a; 1952b; 

1956) , and confi rmed by Hei demann and Fuhren (1962) and Hei demann 

(1982), 

1.3 Fungicide Chemistry 

1.3,1 General Introduction 

Microbiocides have been used in the leather industry for many years. 

Uses range from bacterial protection during salt curing and temporary 

protection of green hi des to fungal growth control on 1 eather used in 
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nloi st hot conditions. Earlier preservatives were based on phenol 

derivatives or heavy metals such as mercury and organotin compounds 

which were often mixtu res in order to provide a broad range of activity. 

With restrictions on the nature of chemical s entering waste treatment 

plants and the safety of employees handling chemicals, new and safer 

chemicals are becoming more important to the tanning industry. A large 

range' of biocides are continually being evaluated for efficacy and 

safety, the results of which are regularly reported (Galloway and 

Cooper, 1974; Levy et ~, 1974; Van Deren and Weiss, 1978; Van Deren, 

1980; Russell et ~, 1985; Bugby, 1987; Mitchell, 1987; Russell et ~ 

1987) . 

Two of the active compounds commonly used for protection against fungi 

are investigated in this study namely: 

2-(thiocyanomethylthio)benzothiazole and 

n-octyl-4-isothiazol-3-one 

1 . 3 . 2 2-(Thiocyanomethylthio)benzothiazole 

One of the fungicides in general use contains 2- (thiocyanomethylthio)­

benzothiazole, commonly referred to as TCMTB. This compound is the 

active ingredient found in various commercial fungicide formulations 

such as Busan 30L, Busan 72 and Leathergard. 

CC
N~ 
\-S-CH - SCN 

/ 2 
S 

Hydrophobic head Hydrophilic tail 

FIGURE 7 Structure of TCMTB showing possibility of the existence of a hydrophobic head 
and a hydrophilic tail 
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The effectiveness of TCMTB as a fungicide for leather has been confirmed 
by various workers (Galloway and Cooper, 1974; Van Deren and Weiss, 
1978; Russell et ~, 1985, Bugby, 1987; Fowler and Russell, 1990) . 
TCMTB is stable in acid solutions (Va n Deren and Weiss, 1978; Nattrass, 
1986; Leppert, 1987), however when exposed to alkaline conditions it 
breaks down into harmless compounds (Sladen, 1977; Fowler et ~, 1986) . 

Due to its low water solubility, TCMTB is normally formulated together 
with surfactants and diluents which give a relatively stable, white 
ernul sion on dilution with water. Any interaction and binding with 
collagen thus takes place from the emul sion state rather than from true 
solution as would be the case with classical binding situations (Fowler 
and Russell, 1990; Fowler et al, 1990) . ---

Due to the structure of the TCMTB molecule it is possible that it could 
act as an amphiphile or surfactant in solution aS,it could be considered 
as a molecule possessing both a hydrophobic head and hydrophilic tail. 
It could thus form micelles and mixed micelles with other surfactants. 

1.3.3 n-Octyl-4-isothiazol-3-one 

The synthesis and reactions of isothiazolones have been comprehensively 

discussed (Crow and Leonard, 1964; 1965; Crow and Gosney, 1966; 1967; 
1969 ; Chan and Crow, 1968). They show that n-substituted isothiazolones 
are susceptible to nucleophilic attack at the ring sulphur atom. The 
binding of the isothiazolone to skin collagen components may thus be a 
covalent interaction between isothiazolone and skin proteins containing 

nucleophilic amino acids (De Bethizy et ~, 1986). Mi ller et ~ (1971), 
Miller and Hausman (1971) and Lewis et ~ (1971a; 1971b) reported on the 
development of methods for the synthesis of a variety of alkyl 
substituted isothiazolones. The general synthesis of 

4-isothiazol-3-ones was by the chlorine induced cyc1ization of 3,3' ­
dithiodipropionamides 

• cS-R 

S 

C1 
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Miller et ~ (1971) showed that if R=CH 3 the 5-ch1oro substituted 

isothiazo1one was a minor constituent of the r eaction products 

o 

~N-R c1~l 

Levy et ~ (1974) investigated (both from a toxicology and environmental 

degradation aspect) these biological active compounds containing the 

isothiazo1e nucleus, especially the homologous series of n-a1kyl-4-

isothiazol-3-ones and found the n-octy1 homologue to be an effective 

fungicide. 

Like TCMTB, n-octyl-4-isothiazol-3-one, which will be referred t o as 

NOlTZ, is an active ingredient of fungicidal formulations used in the 

leather industry. Its effectiveness as a fungicide for wet-blue leather 

and other leather products has also been confirmed (Levy et~, 1974; 

Prentiss and Sigafoos, 1979; Bugby 1987; Galloway and Cooper 1974 and 

Russell et a1, 1985) . NOITZ has a low water solubil ity of about 700mg!~ 

(Levy et ~, 1974) and when used as a fungicide in the leather industry 

is usually formulated as 9% active ingredient in 90% propylene glycol 

with 1% non ionic surfactant, under the trade name of Kathon LP . Le vy 

et a1 (1974) showed that not all the isothiazolone is i r reversibly bound 

to the co 11 agen when treating 1 eather as it was pos si b 1 e to water 

extract considerable amounts . He also showed that under alkaline 

conditions the HS ion catalyses the rapid degradation of NOITZ into 

innocuous by-products with the major one being 

. ~ /S" R 
n-C8H17NHC-CHZ-1H lH-CHZ-C-NH-n-c8H17 

S--S 
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Due to its chemical structure it is possible, t o regard NOITZ as being 

an amphiphile or surfactant. It contains a hydrophilic head and a 

hydrophobic tail and as such could form micelles and combination 

mi celles with other surfactants 

L-__________ ~I ~I ________________________ _J 

Hydrophilic head Hydrophobic tail 

FI GUR E 8 Structure of NO ITZ s ho win g possi bility of the exis t ence of a hy drophob ic t ail 
and a hyd rop hil i c head 

1.4 Surfactant Chemistry 

1.4.1 General Introduction 

The chemi stry of surfactants and their use in biological systems has 

been studi ed extensi ve ly and a vast and comprehensi ve 1 iterature has 

been pub 1 i shed on the subject. A seri es of revi ews edited by Mi tta 1 

(1977) Vol. 1 and 2; (1979) Volland 2; Mittal and Fendler (1982) Vol . 

1 and 2 and Mittal and Lindman (1983) Vol. 1-3 provide a very 

comprehensi ve compil at i on of contemporary research and thi nk i ng anent 

surfactants in solution whereas Tanford (1980) presents a more basic 

text on the subject . A review on surfactants edited by Tadros (1984) 

provides a basic account of the physical chemi stry, the behaviour at 

interfaces and their role on wetting and di spersing. Attwood and 

Florence (1983) deal with the pharmacological and bi ological aspects of 

surfactant chemistry. 
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A surfactant, an abbreviation for surface active agent (also referred to 

as amphiphi1e or tenside), when added to an aqueous liquid, changes the 

interfacial properties of that liquid. Surfactants can function as 

wetting, foaming, dispersing, emulsifying and/or penetrating agents. 

They are classified according to whether or not they ionise in solution 

and by the nature of the resulting ionic or electrical charges, yielding 

ani oni c (negati ve 1y-charged), cat i oni c (pos iti ve 1y-charged), non-i oni c 

(uncharged), zwitterionic (can exhibit both positive and negative 

charges) and semipo1ar (in which charges can be induced) types. 

1.4.2 Properties of solutions of surfactants 

The properties of solutions of surfactants, micelle formation and the 

thermodynamics of micelle formation have been comprehensively discussed 

(Aranow, 1963; Attwood, 1968; Swarbrick and Daruwa1a, 1969; Attwood and 

Udea1a (1975); Aniansson, et ~ 1976; Tanford, 1980; Corti and 

Deg1orgio, 1981; Attwood and Florence, 1983; Ottewill, 1984; Couper, 

1984; Tadros, 1984a; 1984b), whereas the mechanism of micelle formation 

and the shape and size of micelles has been reported on by Schulman et 

al (1959); Lindman (1984); Lindman and Wennerstrom (1982); Tanford 

(1972; 1974; 1980); Mukerjee (1972; 1980) Ribiero and Denni s (1976; 

1977); Leibner and Jacobus (1977); Missel et ~ (1980; 1982). The 

adsorption of micelles onto solid surfaces is discussed by Giles (1982a; 

1982b), and on microemu1sions by Overbreek et~, (1984) while the 

microstructure within micelles (Goodwin, 1984) has also been reported. 

A very brief resume of some of this work follows. 

(i) Surface properties 

The physical interactions which surfactant molecules undergo at liquid 

and solid interfaces are almost always rapidly reversible. A 

quantitative description of the corresponding equilibria can thus be 

given in thermodynamic terms. With pure materials a curve of surface 

tension against the logarithm of the molar concentration is obtained 

having the form as shown . (Figure 9a) 
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FI GURE 9 Interfacial and solut i on properties of surface active agents (Note: (a) 
air-water tension ve rsus log concentra t ion (log[C

S 
] ) , (b) oil-water 

interfacial tension versus log concentrat ion (c) scatteret~ight intensity (i ) 
versus concentration (C AAL (d) specific conductance (KSp) ver~~s 
concentration. (Reproduced ¥ro m Ottewill, 1984) 

An inflection occurs in the curve at a certain concentration and from 

this point up to higher concentrations surface tension remains 

essent i ally constant. The surface of a liquid is the boundary between 

the two bulk phases. Stability at the interface requires that the free 

energy should increase if the area of the interface increases thus 

leading to the definition of surface tension 'Y as the differential of 

the Helmholtz free energy A at constant temperature and composition with 

area A . 

(1) 



20 

For a single component, i.e. pure liquid, the excess surface free energy 
is identical to the surface tension and adopting the Gibbs model. 

a 
A (2 ) 

where (j denotes surface quantities, and thus for a multi component 

system, the surface excess free energy per unit area is equal to the 
surface tension 'Yonly if the total adsorption is zero, leading to the 

Gibbs adsorption isotherm (Couper, 1984). 

~'. RT (":",)"T (3) 

where r 1 is the rel ative adsorption of component 2 with respect to 
component 1, At concentrations just before the break point 

(4 ) 
= constant 

indicating that saturation adsorption of the surface has been reached 

and just above the break point 

(5 ) 

which gives on integration 

'Y = constant x 1 na2 (6 ) 

and since 'Y is constant in this region the activity of the surface 

active agent in the aqueous phase must remain constant. Therefore, even 
though more material is being added to the solution its activity in that 

solution remains constant. An effect which can only be explained if the 
surface active molecules are associating to form units with a low 
activity in solution. 
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ii) Bulk properties 

Just as for surface tension, measurements of the intensity of light 

scatteri ng at 90° to the i nci dence beam show an increase (Fi gure 9c) 

implying that association must be occurring in the solution phase to 

give larger units. Likewise conductivity measurements for ioni c 

in gradient (Figure 9d) indicating a surfactants also show a change 

decrease in mobility. 

Both interfacial properties and bulk properties of solutions of 

surfactants thus show that at a certain concentration the surfactant 

molecules (ions) in solution associate to form larger units, called 

micelles. The concentration at which this association phenomenon occurs 

is known as the critical micelle concentration CMC. Figure 10 

illustrates the possible states of a surfactant in solution. 

surfactant 
crystal 

Vapour phose 

llllllJllllll1111l 
~ dlssol"d \. i / 7 )0 ~~ 
~ monome' / '\ I( .-"J'-o smoll 

//' ~ mice". 

",'" 111 U ~,'i\:(~)""" 
ffi1j1!f
~ \ \J _ mice". 

'- -
10rQe disk-shaped micelle 

laminar surfactant­
rich phose 

FIGURE 10 Possible states of an amphiphile in sol ut ion (Reproduced from Couper, 1984) 
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Micelles are often small aggregates nearly spherical in shape, but ' in 
some cases 1 arger 1 ami nar or rod -shaped mi ce 11 es may be formed. The 

mechanism of CMC formation can be described by various thermodynamic 
models (Couper, 1984; lindman, 1984). The simplest model is that above 
the CMC phase equilibrium exists with constant activity in the micellar 
phase. 

(a) Phase Separation Model 

This model is formulated by assuming that the chemical potential of the 
surfactant in the micellar state is constant at a given temperature and 
may be adopted as the standard chemical potential ~~. Equilibrium with 
the surfactant in the solution is then represented by 

~; , ~ 1 + RT 1 n al ( 71 

where ~i is the standard chemical potential in solution and al is the 
activity of the surfactant monomer. 

Letting al ' X1F l where Xl is the mole fraction of monomers and if the 
activity coefficient Fl , is taken as unity the standard free energy of 
micellization per mole of monomer is given by 

and at the CMC, X~ may be i dentifi ed with Xl. For 
* * water at 25°C, the concentration X ' C /55,5 mole 

and 

* , RT In C - RT In 55,5 

( 8 ) 

dilute solutions in 
-3 dm (Couper, 1984) 

(9 ) 

The phase separation model makes no provlslon for possible variatio~ i n 
the activity of the surfactant as the total concentration of the 
surfactant in the solution is increased, and an equation of state 
analogous to that used to describe absorbed films is required to refine 
the model. 
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b) Mass Action Law Model 

Thi s model postu1 ates an equil i bri urn between monomers, S and a single 

micellar species of aggregation number, Nag 

(10) 

where Km is the equil ibrium constant. The standard free energy of 

mice11ization per mole of monomer is then given by 

t. G~ = -(RT/N ag ) 1n Km (11 ) 

= -(RT/N ag ) 1n Xn + RT 1n Xl 

For large values of Nag ()SO) at total concentrations not much greater 

.than the CMC the first term is negligible and thus the equation reduces 

to that of the phase separation model. It is an assumption inherent in 

the model that the association of monomers into the micelle is a 

cooperative process and that aggregates with smaller values of Nag are 

unstab1 e. 

(c) Multiple Equilibrium Model 

In reality micellar size is not restricted to a single aggregation 

number, but there is a micellar size distribution. An extension to the 

mass-action model allows for the existence of a range of values of Nag 

by po stu'lati ng a mu1 t ip 1 e equi 1 i bri urn characteri sed by a seri es of , 
equilibrium constants K2, K3, K4 .... such that 

1n KNag = 2 1n Ki (12) 

and associ ated with these equil i bri urn constants there will be a seri e.s 

of standard free energy changes whi ch are represented by the di sti nc t 

value for each micellar species of the standard chemical potential 

1.1 . N per constituent surfactant molecule. In the distribution of 
mlC, ag' 

surfactant molecules between micelles of different size, 

be determi ned by the v ari at ion 

potential of aggregation number, 

of I.Imi c N 
, ag 

Nag' is then 

with 

given 

Nag wi 11 then 

The chemical 
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(Couper, 1984) (13 ) 

in which Xn is the mole fraction of surfactant in micelles of this size. 

From these models Couper (1984) deve loped methods of predi cti ng CMC 

values, and for non-ionic surfactants Ottewill (1984) showed that 

enthalpy of micellization is given by 

_ A H 0 = RT2 d 1 n [CMC] 
m dT 

( 14) 

o 

and hence the val ue of A Hm can be obtained from the variation of the 

CMC with temperature and, as 
o 

information, the entropy ASm, 

o 
AG can be calcul ated from 

m 0 

or T AS , can al so be obtained. 

(iii) Properties of Micelles in Solution 

the same 

Micelles are dynamic entities characteri sed by hi gh intramicell ar 

mobility, by frequent monomer exits and entrances and by a relatively 

short life time (Lindman, 1984). It is generally agreed that the 

micellar interior qualitatively resembles a liquid hydrocarbon "droplet" 

(Lindman and WennerstrHm, 1982; Lindman, 1984; Ribeiro and Dennis, 1975; 

1976; 1977) but it has not been easy to quantify micelle . size 

distribution, alkyl chain orientation and flexibility. Attwood and 

Florence (1983) point out that since micelles are dynamic structures 

with ali qui d core it is probably unreal i st i c to regard them as ri gi d 

structures with a precise shape. It is, however, instructive to 

consider an average micellar shape. From carbon 13 labelling and proton 

NMR studies of the structure and mobility of micelles Ribeiro and Dennis 

(1977) show a restriction of the molecules from tumbling following 

micelle formation. A restriction of internal motion occurs at the 

hydrophobic-hydrophilic interface with progressively increasing fluidity 

occurring away from the interface in both the non-pol ar interior and 

polar exterior regions of a non-ionic micelle. 

Although micelle radius may be computed using simple hydrodynamic 
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theory, Lindman (1984) found it more conveni ent to use the aggregate 

number rather than mi ce 11 e si ze to compute the radi us. Thi s was due to 

difficulty in quantitatively determining the micelle size distribution 

curve, as intermediate sizes may be present in extremely low 

concentrations. While micelles of ionic or zwitterionic surfactants are 

spherical, ellipsoidal or oblong aggregates and contain 20 to 120 

mol ecul es (the aggregation number) those of non-i oni c surfactants may 

contain from 100 to 1000 molecules (Lin and limmel s, 1982). This is due 

to the electrostatic repulsion between ionic head groups which exceeds 

the steri c counterpart between non -i oni c head groups. Factors whi ch 

govern the size, shape and aggregation number of micelles include: 

concentration, temperature, pressure, ionic strength, hydrocarbon chain 

length, nature of head group, type of counterion, mode of intermolecular 

action and type of additives. The transition from spherical to 

rod-shaped micelles may occur at higher ' concentrations which are well 

above the regular CMC thereby creating new additional CMC levels . 

Evidence for various micelle shape and size distributions, both 

spherical and ellipsoidal and including the sphere-to-rod transition, 

has been widely documented (Tanford, 1972; 1974; 1980; Mukerjee, 1972; 

1980). Leibner and Jacobus (1977) presented calculations showing that 

for charged molecules the shape of micelles incapable of attaining 

spherical geometry do not necessarily form oblate ellipsoids but rather 

hemisphere capped cylinders. 

Although the dividing line between a micelle and a microemulsion is not 

very clear, Prince (1977) identified microemulsions as having droplet 

di arneters in the range of 250nm down to 10nm and mi ce 11 ar so 1 ut ions as 

having droplet diameters of less than 10nm. 

(iv) Solubilization in Micelles and Microemulsions 

Solubilization is usually described as the process of incorporation of a ' 

thermodynamically stable isotropic solution of an insoluble or very 

slightly soluble substance into surfactant micelles (Tadros, 1984b). 

There is, however, always doubt, particularly in the case of solids, 

whether there is conventional solubilization in the micelles or a 

breaking off of colloidal sized particles of the solubilizate, which are 
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stabil i zed in su spens i on by the adsorbed surfactant. Such parti c 1 es 

would be small enough to pass through the commonly used filters as has 

been shown in the case of certain dye solutions (Heller and Klevens, 

1946) . 

One can differentiate between four different locations of solubilization 

in micelles. Namely: (a) the hydrocarbon core (b) between surfactant 

(palisade layer) with either 

outer hydrophilic region (d) 

deep or shallow 

adsorbed on the 

chains in the micelle 

pe"netration (c) in the 

micelle surface and (e) in the polyethylene shell of the micelle of a 

non-ionic surfactant. These locations are illustrated (Figure 11). 

(0) 

~~ ~i~ 
(c) (e) 

FIGURE 11 Possible sites of inc orporati on of a so lubilizate in a micelle (Note: (a) in 
the hydr oc arbon corej (b) short penetration of the palisade layer; (c) deep 
penetration of the palisade layerj (d) adsorption on the sur f ace of the 
micellej (e) in the polyoxyethylene snelt of the fIIicelle of a non - ionic 
surfactant. (Reproduced fro. Attwood and Florence, 1983 )) . 
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Although in many cases a particular location is preferred, the lifetime 

of a solubilizate within the micelle is long enough for a rapid 

interchange between different locations. Mukerjee (1971) discussed the 

solubilization of benzoic and derivatives by a series of 

po 1yoxyethe 1 ene surfactant sin terms 

namely the po1yoxyethy1 ene core and 

discussed (Mukerjee, 1980) the 

of an equilibrium between 

the hydrocarbon core. He 

effect of solubi1izates 

1 oc i 

also 

on 

monomer-micelle equilibrium and 

sphere-to-rod transition and 

micelle size distribution, including the 

the location and di stribution of 

solubilized species in terms of a two-state model. 

been used to determine the location of the 

Several methods have 

solubi1izate. X-ray 

diffract i on techni ques have been used extens i ve ly, and a1 though the 

method of interpretation of the data obtained has been subject to 

varying opinion (Philippoff, 1950; Fournet, 1951; Hartley, 1949) the 

information obtained shows an appropriate qualitative differentiation 

between vari ous types of sol ubil i zates. Other methods used inc 1 ude 

Absorpt ion Spectrometry, NMR, F1 uorescence Depo 1 ari zation and El ectron 

Spin Resonance. For instance Podo et al (1973) using NMR and spin-

1 atti ce rel axation studi es on po1yoxyethyl ated non-i oni c surfactants 

failed to detect any significant water penetration of the micelle 

interior. 

Studi es i ndi cate that, 1 i ke the surfactant monomers themselves, the 

solubilized molecules are not rigidly fixed in the micelle but have a 

freedom of mot i on whi ch is dependent to some extent on the 

solubili 4ation site (Attwood and Florence, 1983). Not only does the 

solubiii ~ate have freedom of movement, albeit restricted within the 

micell~ out it is also in constant dynamic equilibrium with the bulk of 

the aqueous phase. 

Several factors affect sol ubil i zation such as the structure of the 

surfactant and solubilizate, temperature and the addition of 

electrolytes and non-electrolytes (Attwood and Florence, 1983). 

Generalization about the manner in which the structural characteristics 

of the surfactant affect its sol ubi 1 i zi ng capac ity are comp 1 i cated by 

the existence of the different solubilization sites within the micelles. 

For solubilizates which are located either in the micelle core or in a 

position of deep penetration within the micelle, solubilization is 
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expected to increase with increase in the alkyl chain 1 ength of the 

surfactant. On the other hand, if the solubilizate occurs in the 

hydrophilic region, it will increase with increase in the size of that 
group. The solubilizate structure can also playa major role. Polarity 
and polarizability, chain branching, molecular size, shape and structure 
have been shown to have vari ous effects. Temperature has an effect on 
the extent of micellar solubilization which is dependent on the 
structure of the solubilizate and of the surfactant (Attwood and 
Florence, 1983). In most cases the amount of solubilization increases 
with increase in temperature. Thi sis refl ected in the increase in 
solubility and increase of micellar size (particul arly with non-ionic 
ethoxylated surfactants) (Tadros, 1984b). Addition of electrolytes to 

ionic surfactants usually cause an increase in micelle size and a 
reduction in the CMC, and hence an increase in the solubilizing 
capacity. Non-electrolytes, e.g. alcohols, also lead to an increase in 
the micelle size and hence to an increase in solubilization. 

1.4.3 The Non-Ionic Surfactant Triton X-100 

In biological work non-ionic surfactants have the advantage over ionic 
surfactants in that they are compatible with most other types of 
surfactant and their properties are generally unaffected by pH changes. 
Aqueous sol utions of some non-i oni c surfactants may, however, become 
turbid on warming as the cloud point is exceeded (Attwood and Florence, 
1983). Non-ionic surfactants may also form microemulsions and when 

these microemulsions are compared with those from ionic ones two 
striking differences are found: (i) No cosurfactant is needed for their 
formation (often non-ionics are mixtures with a range of chain lengths) 
and (i i) temperature pl ays an essenti al rol e in the behaviour of 
microemulsions of non-ionic surfactants (Overbreek et ~, 1984). 

Triton X-100 is a commercial, polydisperse preparation of p-(1,1,3,3-
tetramethy1butyl )phenoxypo1yethy1ene glycols (Figure 12) containing an 

average of 9,5 oxyethy1ene units per molecule (Sukow and Sandberg, 1974; 
Sukow et~, 1980). It is an example of a non-ionic surfactant commonly 
used in biological work (Crook et ~, 1963; Ray and Nemethy, 1971; 

Mitta1, 1977; Robson and Dennis, 1977; 1978; Manda1 et~, 1980; Attwood 
and Florence, 1983) . 
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(0 - CH - CH - ) OH 
2 2 n 

Hydrophobic Head Hydrophilic Tail 

where n averages at 9,5 

FIGURE 12 Structure of Triton X- loa showing the existence of a hydrophobic head and a 
hydrophilic tail. 

The formation of Triton X-100 micelles and the critical micelle 

concentrat i on has been extensi ve ly i nvesti gated. Values for the 

between 0,2 and 0,25mM have been reported (Yedgar __ et , __ al, 1974a). 
CMC of 
Manda 1 

et ~ (1980) dealt with the characteristics of these micelles in aqueous 

so 1 ut i on both in the presence and absence of di fferent additi ves, and 

Masullo et ~ (1986) using fluorimetric methods investigated the effects 

of urea, salts, organic solvents, pH and temperature on the CMC. They 

showed that for Triton X-lOa the CMC increased with increase in urea and 

organi c solvents, decreased with increase in temperature but remai ned 

fairly constant with increase in salt content and change in pH. 

There is some controversy concerning the shape of larger micelles formed 

by non-ionic surfactants. Triton X-lOa was considered by many of the 

earlier .workers to be spherical. Kushner and Hubbard (1954) using 
vi scometric and turbi dimetric measurements on dil ute aqueous sol uti ons 

of non-ionic detergents found the molecular weight of the Triton X-lOa 

mi ce 11 e to be in the order of 90 000 in terms of a hi gh ly hydrated 

spherical micelle of radius equal to the length of a nearly completely 

extended detergent molecule. From geometrical consideration Robson and 

Dennis (1977) have shown, however, that a spherical micelle would be 

possible only if several oxyethylene chains were embedded in the 

hydrophob i c core (Fi gure 13a) and cons i der that an ob 1 ate (Fi gure 13b) 

rather than prolate (Figure 13c) would be most consistent with intrinsic 
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FIGURE 13 Schematic diagrams of one-half of the micelle of Triton X- IOO . (Note: Based on 
geometrical calculations by Robson and Dennis for (a) spherical , (b) oblate , 
and (e) prolate micelle models. The spherical model necessitates intrusion of 
the oxyethy len e chains into the micellar core. (Reproduced from Attwood and 
Florence, 19B3)). 
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viscosity measurements and volume calculations. 

Small angle x-ray scattering measurements (Paradies, 1980), and 

conducti vity and vi scos i ty measurements (Manda 1 et ~, 1980) were also 

more consi stent with an oblate ell i psoi d of revo 1 ut i on rather than a 

prolate equivalent. These and other workers thus conclude that micelles 

of Triton X-100 should be considered as oblate spheroids with a 

considerable degree of hydration (Attwood and Florence, 1983). The 

shape and size of micelle formation of Triton X-100 is treated 

statistically by Aranow (1963). Lin and Zimmels (1982), however, point 

out that transition from one structure to another may be induced by 

changes in the physicochemical conditions (external variables) such as 

temperature and pH and by the addition of a co-surfactant. They showed 

that cylindrical (with hemispherical ends) and lamellar (bilayer form) 

mi ce 11 es are unrestri cted in thei r growth and 1 ength, and are thus able 

to accommodate any number of amphiphile molecules. 

In aqueous solutions two or more surfactants under suitable conditions 

may form mixed micelles. The formation of mixed micelles takes pl ace 

more readily when the surfactant ions are simil ar or when they are 

either mixtures of ionic and non-ionic types or mixtures of only 

non-ionic types (Mandal and Moulik, 1982). 

For Triton X-100 the resultant mixed micelles co-exist with the 

remaining micelles of pure Triton X-100 (Yedgar ~~, 1974a; 1974b). 

It has been reported (Tanford and Reynolds, 1976) that mixed micelles of 

1 i pi ds with Triton X-100 may be formed with 1 itt 1 e change of shape or 

si ze of the pure mi ce 11 e. The study of shape, si ze and hydration of 

pure Triton X-100 micelles is therefore important from a fundamental as 

well as a practical standpoint. NMR studies have also shown (Ribeiro 

and Dennis, 1975; 1976; 1977) that the presence of phospholipid in mixed 

mi ce 11 es with Triton X- 100 does not affect the mi cro-envi ronment or 

motional behaviour of the micelle. Micelle-micelle interaction in · 

aqueous media is treated mathematically by Chattoraj et ~ (1982) using 

second virial coefficients to confirm non-ionic micelles such as Triton 

X-100 to be oblate shaped rather than spherical ellipsoids. 
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1.5 Ligand-Collagen Binding Interactions 

1.5.1 General Introduction 

Protein-ligand interactions represent a prominent facet of protein 

chemistry. Some general aspects will be briefly reviewed including a 
discussion on the type of information supplied by protein-ligand binding 
studies, particularly with respect to the nature of the binding site and 
the forces involved in protein-ligand complex formation. 
mathematical models describing binding study data will 
examined. 

Some of the 
be briefly 

Interest in protein-ligand interactions derives 
structure-activity relationships of pharmacologically 
(McE1ray and D'Arcy, 1979; 1980) · and furthermore 
interactions provide the mechanisms for the control 

from the 
act i ve drugs 

protein-ligand 
of biological 

activity at the molecular level. Binding studies are thus undertaken to 
provide insight into the mechanism of drug action, metabolism and drug 
elimination. Publications providing broad surveys of the field of 
protein-ligand binding are the reviews of Klotz (1953), Edsall and Wyman 
(1958), Tanford (1961), Feldman (1972), Klotz (1974), Heald and Sampat 
(1978), Whitehead (1980a; 1980b). Steinhardt and Reynolds (1969) 
provi de a comprehens i ve survey of the subject. Sparrow (1982) exami ned 
a number of mathemati ca 1 model s, based on the protei n-1 i gand model 
system, used to derive information from binding study data . 

1.5 .2 Binding Interactions 

Protei n-1 i gand bi ndi ng studi es attempt to characteri se the 
protein-ligand interaction in terms of a binding isotherm. From the 
form of the isotherm it is possible to postulate a model to describe the 
binding, and to evaluate binding parameters such as the number of 

binding sites on the protein molecule or the protein-ligand binding 
constants. This provides information about the nature of the binding 
si te, the energy changes associ ated wi th the protei n-1 i gand complex. 
Interactions are usually studied in solution which contains, besides the 
so 1 vents, a vari ety of salts or bufferi ng agents and other additi ves. 
Thus protein structure and forces which stabilize protein and the ligand 
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conformation in solution also normally fall within the 

ligand - protein interactions. Dependi ng on conformat i on a 1 

scope of 

stabi 1 ity , 

bi ndi ng may induce changes in the protei n structure, or converse ly 

changes in protein structure can bring about changes in ligand binding 

affi ni ty. Measures of protein structural stabi 1 ity and propensity to 

undergo conformational change are reflected in the sensitivity of the 

binding isotherm to environmental changes such as pH, temperature and 

ionic strength. 

Binding isotherms are usually expressed as a graphical plot of the 

quantity of ligand bound to the protein as a function of the 

concentration of unbound ligand which is in equilibrium with the 

protein-ligand complex, or a statistically fitted mathematical 

representation thereof. It is often more convenient to use equivalent 

transforms of the binding isotherm such as the Scatchard plot 

(Scatchard, 1949), the Lineweaver-Burke plot (Lineweaver and Burke, 

1934), the linear-log plot (Bjerrum, 1941) the semi-reciprocal plot 

(Klotz, 1946) and log-log plots. 

When a protein possesses only a single class of binding sites which act 

independently of each other the mass-balance relationship (Klotz et ~" 

1946; Klotz, 1953) yields a hyperbolic relationship equation (15) where 

v is the quantity of ligand bound to a unit mass of the protein and [L] 

is the concentration of ligand in equilibrium with the protein-ligand 

complex . 

\i = Nk[L]/(l + k[L]) (15 ) 

where N is the number of binding sites on the protein molecule and k is 

the protein-ligand association constant. Linear transformations of this 

binding isotherm equation (16) are convenient because they enable the 

binding parameters Nand k to be obtained directly from measurements of 

the slope and axi al intercepts. For example in terms of the Scatchard 

variables y = v![L] and x = v equation (15) reduces to: 

v![L] = (N - \i)k ( 16) 

i . e. y = Nk - kx such that x = N for y = 0 and y = Nk for x = 0 with 
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slope equal to -k. Other equi va 1 ent 1 i near transformat ions are the 

double reciprocal Lineweaver-Burke plot 

-
l / v = l/Nk[L] + l i N ( 1 7 ) 

and the semi-reciprocal plot (Klotz, 1946) 

[L]/v = liNk + [L]/N (18 ) 

These graphs also provide graphical tests for differentiating between 

interactions involving a single class of binding sites and more complex 

modes of binding. 

Curvature in these plots indicates that there may be binding site 

interaction and ligand induced conformational changes in the protein. 

Often curvature is interpreted as implying that the protein - ligand 

binding is heterogeneous with the protein possessing more than one class 

of binding sites, each with its own association constant. It is still 

possible, however, to use limiting slopes and extrapolate axial 

intercepts to derive estimates of binding parameters (Klotz and Hunston, 

1971; Kirdani et ~, 1979) (Figures 14, 15 and 16). This procedure 

can, however, 1 ead to mi si nterpretati on of the nature of the 

protein-ligand interaction due to the variety of factors which can 

contribute towards curvature. 

Compari son of the effi cacy of these graphi ca 1 methods for determi ni ng 

binding parameters when the protein-ligand interaction cannot be simply 

represented, as well as the 1 imitations of applying a simpl i stic model 

to more complex binding situations have been dealt with (Woosely and 

Muldoon, 1977; Klotz and Hunston, 1979; Peters and Pingound, 1979; 

Baldine et al, 1983; Klotz, 1985; Goldstein and Barrett, 1987). 
--

Binding parameters are often obtained using least squares procedures 

whi ch fit the bi ndi ng isotherm data to an appropri ate bi ndi ng model 

incorporating the binding parameters. Whereas, as number of reports 

deal specifically with mathematical and regression procedures to extract 

binding isotherm data (Fletcher and Spector, 1968; Sprague et ~, 1980; 

Thakur et ~, 1980; Dugg1 eby, 1980; Munson and Rodbard, 1980; Whitl am 
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FIGURE 14 Graphic al represen tation of the t hre e commo nly use d l i near t ransf orma tio ns of 
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and Brown, 1980; Myers et ~, 1987; Brodensen et ~, 1987; Melikhova et 
al, 1988; Saroff, 1989). These consider both the statistical 
implications inherent in the methods, and discuss the reliability or 
otherwise of the parameters obtained in using such methods. 

Enthalpy changes associated with the protein-ligand interaction can be 
obtained from the change in values of the association constants with 
temperature. The mode of binding in the protein-ligand complex can 
often be established from energy considerations, i.e . it may be possible 
to propose that binding is due to hydrogen bonding, hydrophobic, polar 
or electrostatic attractions, or even whether covalent links are formed. 

The Gibbs function GO is given by 

b GO; - RT 1 n k i 
B 

where ki is the protein-ligand association constant. 

hence bH 0 : R d [In ki]/d(l/T) 
B 

and 

( 19 ) 

(20) 

( 21) 

The energy aspects of protein-ligand binding have been reviewed by Weber 
(1975) as has the thermodynamics of ligand binding to macromolecules 

(Pohl, 1978; Eftink and Biltonen, 1980; Kuchel and Dalziel, 1980). When 
taken with energy-entropy changes, the variances in binding capacity and 
protein-ligand association constants with changes in ligand structure, 
provi de criteri a whereby the mode of b indi ng may be determi ned . They 
also provide information relating to the structure of binding sites on 

the protein molecule. 

Another aspect of protein-ligand binding is the investigation of the 
interaction between binding sites which may be the result of specific or 
induced ligand involvement. Ligand binding at one site on the protein 
molecule may enhance or attenuate the binding of the same or a different 
ligand at a second site referred to as the allosteric effect (Monad et 
~, 1963); and may be the result of direct steric interference or 
electrostatic repulsion. It may also be a consequence of ligand-induced 
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conformational change in the protein. Co-operativity is the term used 
to describe an increasing binding affinity with increasing site 
occupancy and is usua 11y presumed to result from an unfo 1 di ng of the 
protein to make additional binding sites available for further binding. 
Publications dealing with this aspect include those of Stankowski (1983; 
1984), Kawalczykowski et ~ (1986) Brodersen ~~ (1987), Hubble (1987) 
Galley et ~ (1988) and Gill et ~ (1988). 

A further aspect is the competitive binding between two or more ligands 
for the same site (Harris and Winzor, 1988; Lecureuil et ~, 1986; 
Goldstein and Barrett 1987; Pederson and Pederson 1985; 1988). 

1.5.3 Methods of Measuring Ligand Binding 

Many techniques for measuring proteih-ligand binding interactions in 
solution have been reported . Reviews which classify the methods 
available for protein-ligand binding and which discuss, in general 
terms, advantages and disadvantages of particular methods include 
publications by Klotz (1953), Steinhardt and Reynolds (1969), Bush and 
Alven (1973), Kanfer (1975), Liao and Oehme (1980), Sparrow et ~ (1982) 
and Barre et a 1 (1985). --

Experimental methods for measuring protein-ligand binding can usually be 
classified as either direct or subtractive methods. In direct methods 
the quantity of protein-ligand complex is measured directly from changes 
in a physico-chemical property of either the bound ligand or the 
macromolecule resulting from the binding process. Subtractive methods 
measure the change in concentration of the unbound ligand as a result of 
protein binding. 

Direct methods utilize any property of the ligand or the macromolecule 
which changes on binding such as the measurement of 1 i ght absorbance 
(Wang et~, 1981), fluorescence (Tejima and Ozeki, 1979; Bentley et~, 
1985), optical rotation (Coleman, 1968), NMR (Botherby and Gassend, 
1973), light scattering and spectroscopy (Amundsen et ~, 1977; Nour and 
Va11ner, 1984; Oberfe1der and Lee , 1985; Sklar, 1987), titration 
calorimetry (Sukow et~, 1980), X-ray diffraction (Blake and Oatley, 
1977), Raman resonance (Yu, 1986) and scinti11 ation proximity 
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(Undenfriend et ~, 1987). Direct methods are, in general, more 

accurate than subtracti ve methods where the protei n-l i gand affi nity is 

sma 11 and where subtracti ve methods woul d requi re the measurement of 

sma 11 di fferences in 1 i gand concentrat i on. Where the protei n-l i gand 

affinity is large direct methods offer no advantage in accuracy over 

subtractive methods . 

Subtractive methods usually dep'end on the di stribution of the 1 igand 

between two phases, on 1y one of whi ch can accommodate the protei n. 

Subtractive methods include partition equilibria between phases, gel 

filtration (Braumbaugh and Ackers, 1971; Andreu, 1985; Kido et ~, 

1985), ultrafiltration (Mihailova and Russeva, 1978; Sophianopou1ous and 

Soph ianopoulous, 1985; Wolfer and Rippon, 1987), affinity chromatography 

(Nakano et ~, 1979; Dunn, 1984; Bergman and Winzor, 1986), electrical 

conductivity and polarography (Tanfbrd, 1961) as well as various 

dialysis methods - both equilibrium and dynamic dialysis. 

The most generally applicable subtractive methods are dialysis methods 

which are essentially partition methods in which the distribution of the 

ligand between the protein and the solvent is achieved by means of a 

semipermeable membrane. (Crank, 1956; Carr 1961; McPhie, 1971). 

Friedman and McCa11y (1972) dealt with quantitative aspects of dialysis 

while Barrie et a1 (1975) provided mathematical descriptions for the 

diffusional processes occurring within the diffusion membrane. 

Dialysis is the separation of a mixture of macromolecules and low 

molecular mass compounds by diffusion. A semi-permeable membrane 

permits diffusion of the small molecules (referred to as the dialysate), 

and retains the macromolecules. The diffusion of the small molecules 

occurs under the influence of a concentration gradient. A comp1 ete 

separation of the macromolecule and the low-molecular mass solute can be 

achieved by continually replacing the solution in the sink side of the 

membrane by fresh solvent to maintain the concentration gradient. 

The most commonly used dialysis procedure is the classical equilibrium 

dialysis method (Klotz et ~, 1946; Bush and Alvin, 1973) which is still 

considered to possess several advantages over some of the more 

sophisticated methods. It consists of separating the protein in the 
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sample compartment from a solution of the ligand in the sink compartment 

by a membrane permeable to all components of the system except the 

protei n . When the system attai ns equil i bri um, the acti vity of all 

components except the protein will be the same on either side of the 

membrane and the activity of the ligand in equilibrium with the 

protein-ligand complex is determined by assaying the solution in the 

protein free compartment . Concentration determinations are valid only 

if concentrations have the same relationship to chemical potential on 

each side of the membrane . Di sadvantages of thi s method is that it is 

subject to a number of sources of error (Steinhardt and Reynolds, 1969; 

Behm and Wagner, 1979), and requires a long time in order to obtain 

equil i bri um. 

Most of the other dialysis techniques which have been used to 

investigate protein-ligand binding rely on the measurement of the rate 

of ligand diffusion rather than the measurement of equilibrium ligand 

concentration. These procedures constitute kinetic or dynamic dialyses 

methods. (Hoch and Muller, 1966; Silhavy et ~, 1975; Meyer and 

Guttman, 1968; 1970a; 1970b; Co10wick and Womack, 1969; Lecureui1 et a1, ---
1973; Robertson and Madsen, 1974; Rachidy and Niazi, 1978). Based on 

the Meyer and Guttman model Sparrow (1982) developed an improved method 

of continuous-flow dynamic dialysis whereas Macheras and Koupparis 

(1986) developed an automatic flow-injection serial dynamic dialysis 

technique. 

The ge1-fi ltration method (Hummel and Dreyer, 1962) uses a Sephadex 

column equilibrated with ligand into which the protein-ligand mixture is 

introduced, and the column eluted with ligand solution. In principle 

the method is similar to that of dialysis in that the surface of the gel 

is used as the interface to effect a distribution of ligand between the 

protei n phase and the bu1 k sol ut ion. Modern methods of vari ous ge 1-

filtration techniques have been described by Andreu (1985) and Kido et 

a 1 (1985). 

The ultrafiltration method closely resembles the equilibrium dialysis 

method. In this technique, the long time required to attain equilibrium 

between the protein and the ligand is reduced by using high pressure 

membrane filtration. High pressures are used to separate a fixed volume 
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of protein-free solution from the protein-ligand mixture which is then 

analysed to determine its free ligand concentration . Ultrafiltration is 

theoretically equivalent to equilibrium dialysis but much simpler to 

carry out (Sophi anopoul os et ~, 1978) and appears to be more 

appropri ate because it can be carried out rapidly without storage or 

addition of potentially competitive buffer components and electrolytes 

(Whittam and Brown, 1981). Limitations of the ultrafiltration technique 

are the pol arization of protein on the membrane, the uptake of small 

molecules by the membrane and the change in the protein concentration 

with the volume filtered. Continuous ultrafiltration or di afiltration 

techniques have been developed which are analogous to dynamic dialysis 

methods (Roy and Miles, 19B2; Claeyssens et~, 1985). The differences 

in the results obtai ned between us ing ultrafi ltration techni ques and 

dialysis methods have been compared (Blatt et ~, 1968; Barre et al, 

1985; Wolfer and Rippon, 1987). 

1.6 Binding interactions in the presence of surfactants 

In most biological systems protein-ligand interactions do not occur in 

isolation . Besides the effects of temperature and pH , additives such as 

buffering salts, surfactants, extenders and other impurities found in 

commercial formulations, can play a major role in the binding 

mechanisms. These factors can lead to the situation where the normal 

mass action binding theory does not apply but must be drastically 

modified to describe these interactions. In these instances the models 

serve only to indicate the complex nature of the mechanisms involved . 

Many poorly soluble drugs, biocides and pesticides are administered in 

so 1 ubil i zed form us i ng mi ce 11 ar sol ut ions in order to increase the 

bio-availability of the chemical. Moreover, the use of surfactants as 

emulsifying agents, suspension stabilizers, wetting agents and 

dispersing agents can coincidentally lead to significant changes in the 

biological activity of the active agent in the formulation. Surfactants 

may even be used in order to target a drug or pesticide to the site of 

action (Tadros, 1984b) and are al so used for the control of various 

surface phenomena such as adhesion promotion or prevention, spreading or 

deposit formation. 

Although surfactants can and do have a major influence on protein-ligand 
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binding interactjons, this aspect has not been very widely reported in 

the 1 iterature . Some reports deal i ng with the interact i on between 

various proteins and certain surfactants are those by Fishman and Eirich 

(1971) and Tipping et ~ (1974) who reported on the interaction of the 

anionic surfactant sodium n-dodecyl sulphate (SDS), Aoki and Hiramatsu 

(1974) and Hiramatsu et al (1977) on the interaction of cationic 

surfactants and Sukow and Sandberg (1974), Yedgar et ~ (1974a; 1974b) 

and Sukow et ~ (1980) on the interaction of non-ion ics including Triton 

X-l 00. The bi ndi ng of Triton X-100 to protei ns is apparent ly very 

selective and favours lipophilic proteins (Sukow and Sandberg, 1974). 

The complexity of these interactions was illustrated by Sukow et ~ 

(1980) who showed that in the bi ndi ng of the Triton X seri es of non 

ionic surfactants to bovine serum albumin (BSA) that the first 2 ligands 

bind co-operatively to high-affinity sites and 15 additional ligands 

bind at lower affinity, thermodynamically identical and independent 

sites. The thermodynamic parameters for formati on of thi s compl ex 

indicate a large entropic contribution to binding which is consistent 

with a predominantly hydrophobic interaction. 

Only limited reference has been made to the effects of surfactants on 

protein-ligand reactions. Some references dealing with the effects of 

surfactants, micelle formation in surfactant solutions and mixed ligand 

surfactant mi ce 11 es on the i nteracti on between protei nand 1 i gand are 

those of Day and Powell (1973) who showed that the uptake of 

radiolabelled low density lipoprotein by fibrous collagen and elastin is 

inhibited by the presence of non-ionic surfactants and Mandal et ~ 

(1983) who investigated effects of micelle and mixed micelle formation 

on the interaction of chromium-aluminium with leather . 

In the presence of surfactants binding isothe rms tend to show 

co-operative effects (Sukow and Sandberg, 1974; Hiramatsii et ~, 1977; 

Sukow et ~, 1980; Ishida et ~, 1988) . On the formation of mixed 

micelles the li~and can often be considered as a self - associating ligand 

whi ch results in a devi at i on from all normal hyperbo 1 i c bi ndi ng curve 

and the appearance of apparent co-operativity in the Scatchard plot 

(Ishida et~, 1988) . Cobinding of the ligand and surfactant can also 

result possibly in more than two molecules being bound at the same time 

(Sato et ~, 1988). The ligand/surfactant mixed micelle can also bind 
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in clusters (Kowalczykowski et ~, 1986) with the shape of the mixed 

mi ce 11 e p 1 ayi ng a predomi nant role (Stankowsk i, 1983; 1984). 

In the study presented in thi s thesi s the effect of the non-i oni c 

surfactant Triton X-100 on the binding interaction of two commonly used 

commercial fungicides TCMTB and NOITZ to insoluble bovine skin collagen 

was investigated. It was shown that over the lower fungicide 

concentrati on range the fungi ci de uptake follows a norma 1 mass-acti on 

type bi ndi ng isotherm. At the hi gher concentrati on 1 eve 1 s, however, 

binding interactions deviated drastically from the classical binding 

theory with sudden massive ligand and surfactant uptake. This was 

interpreted as bei ng due to the formation of 1 arge rod 1 ike mi xed 

micelles binding to individual binding sites. The formation of these 

mixed micelles was confirmed by both UV/Vis spectroscopy and viscosity 

studies on solution mixtures of the fungicides and Triton X-100. The 

effect of these binding interactions on the fungistatic activity of the 

fungicide when applied to wet-blue leather was also investigated. 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 Materials 

2. 1.1 Insoluble Collagen (Hide Powders) 

The preparation of hide powders has been described by Lamb (1981) who 

compared the methods of preparation used by Meunier with that of the 

Bri ti sh Leather Manufacturers Research Associ ati on. Atto and Nursten 

(1971b) described methods for the chrome tanning of hide powders. 

Limed hi de powder (Soci ety of Leather Techno 1 ogi sts and Chemi sts -

Offi ci a 1 Hi de Powder Batch B5) was purchased from the Bri t ish Leather 

Manufacturers Research Associ ation and was used without any further 

purifi cat ion. It was, however, ana lysed for moi sture, nitrogen 

(collagen) and ash content and the pH value was measured by standard 

Society of Leather Technologists and Chemists methods (SLTC, 1965). The 

physical character of this hide powder was white and powdery with a few 

glassy heat denatured particles. 

Lightly chromed hide powder was purchased from the Institut FUr 

Macromolekulare Chemie Der Hochschule, Darmstadt. This was likewise 

analysed for moi sture, nitrogen (collagen), chrome content and ash 

content and the pH value was measured. The hide powder was also used 

without any further purification. 

2 .1.2 Insoluble Collagen (Wet-blue leather) 

Freshly fl ayed hides from the local abattoir were thoroughly washed and 

after proper drainage, the hi des were si ded down the 1 i ne of the 

backbone and then processed through to the wet-blue condition by 

standard chrome tanning methods (Boast, 1989), using locally produced 

chrome tanning salts. After draining for two hours the wet-blue 

-leathers were analysed for moisture and chrome content and the pH value 

was measured . Rectangular samples (125mm x 225mm) were then cut from 

the drained wet-blue leather sides from adjacent the line of the 
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backbone. The neck and belly sections were discarded. The rectangular 

samp 1 es were numbered sequenti ally and were allocated at random to the 

various fungicide treatments with samples kept as control s and for 

analyses (Fowler and Russell, 1990). 

2. 1.3 Fungicides 

A crystalline sample of 2-(thiocyanomethylthio)benzothiazole ()99,9% 

purity) was kindly donated by Buckman Laboratories, Hammarsdale, R.S . A. 

Buckman Laboratories also kindly donated commercial formulations namely 

Susan 30L and Bulab 1077. 

Busan 30L, commonly used in the leather industry to protect wet-blue 

leather, is a formulation of approximately 30% TCMTB as active 

ingredient in an inert aromatic high hoiling point solvent and contains 

surfactant/s as dispersing/solubilizing agent/so This sample of the 

formul at i on was ana lysed for acti ve i ngredi ent and found to contai n 

30,0% TCMTB on a mass per mass basis (m/m). 

Bul ab 1077 is a formul ated, surfactant free, concentrated form of TCMTB 

in the same aromatic solvent ' as used in Busan 30L. On analysis it was 

found that this particular sample of Bulab 1077 contained 35,0% (m/m) 

TCMTB. A sample of the solvent (a mi xture of hi gh boil i ng poi nt 

fraction of aromatic solvents from the petrochemical industry) was 

donated together with the sample of Bulab 1077. This was used together 

with Bulab 1077 in all the experiments to maintain a consistent solvent 

concentration. 

A sample of pure n-octyl-4-isothiazol-3-one could not be obtained. Rohm 

and Haas (U.K.) Limited however donated a sample of Kathon 893, Lot No. 

27142, which contained 47,0% NOITZ in propane-l,2-diol. This particular 

formulation of NOITZ was surfactant free. Hopkin and Williams C.P. 

propane-l ,2-di 01 was purchased and was used ina 11 the experiments 

together with Kathon 893 in order to mai nta ina consi stent solvent 

concentration. 

A commercial formulation Kathon LP (Levy, 1974) containing 9%(m/m) NOITZ 

1% (m/m) Triton X-100 and 90% propane-l,2-diol was prepared using the 
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sample of Kathon 893, propane-l,2-diol and the non ionic surfactant 

Triton X -100. 

2.1.4 Surfactant Triton X-100 

A polydisperse 

phenoxypolyethylene 

purchased from 8DH 

purifi cat ion. 

2.1.5 Fungi 

preparation of 

g lyco 1 s (Tri ton 

Chemi ca 1 sand 

p-(l,l ,3,3-tetramethylbutyl)-

X-100) (Scintran grade) was 

was used wi thout any further 

The fungi used in the activity experiments was a suspension containing 

seven of the fungal spores common to 1 oca 1 wet-b 1 ue 1 eather (Galloway 

and Cooper, 1974; Russell et ~, 1985). 

Aspergillus niger 

Aspergillus wentii 

Aspergillus terreus 

Trichoderma viride 

Penicillium frequentans 

Paecilomyces ~. 

Cladosporium ~. 

These had been maintained on potato dextrose agar (PDA) slopes at 22°C . 

Prior to the fungicide evaluation each individual fungal culture was 

streaked onto separate PDA pl ates and incubated at 22°C for 7 days to 

ensure active sporulation. 

2.1.6 Other Reagents 

All other reagents used during analysis were commercially available 

analytical grade chemicals. Deionized water was used during all 

experiments. 
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2.2 Methods 

2.2.1 Ligand Binding Methods 

As various forms of insoluble collagen were used for the binding 

interactions simple filtration methods could be adopted in order to 

separate the free ligand from the collagen ligand complex. In principle 

the techni ques used cons; sted of vari ants of the equil i bri um 

ul trafil trat i on method where fi ltrat ion is performed under pressure 

{Mihialova and Russeva, 1978}. Certain limitations, such as 

{i} Changes in collagen concentration 

(ii) Equilibrium not achieved in time allowed 

{iii} Ligand and/or Ligand-Surfactant complex being physically retained 

by the filter 

{i v} L i garid and/or Li gand-Surfactant complex bei ng adsorbed by the 

fi lter and 

{v} Collagen being solubilized and passing through the filter 

effecting the measured free ligand/ligand-collagen complex equilibrium 

might be expected to ari se when using thi s technique. Pre 1 imi nary 

determinations and analytical techniques were used to overcome these 

probl ems. 

(a) Binding interactions of NOITZ to hide powders in the presence of 

Triton X -100 

Four sets of fi ve experiments were conducted i n 250m~ fl at-bottomed 

fl asks wi th ground gl ass stoppers. These were mounted on a mechani ca 1 

shaker encased in a constant temperature chamber maintained at 25,0 t 

O,5°C {Figure 17}. 

In the fi rst fi ve experiments the bi ndi ng i nteracti on of NOITZ wi th 

limed hide powder in the presence of the non-ionic surfactant Triton 

X-100 was investigated. Hide powder {O,617g} which had a moisture 

content of 19% H
2
0 {that is O,50g on a dry basis} was weighed into each 

of the flat-bottomed fl asks and wet back with deionized water (25m~). 

After two hours the pH was adjusted to 4,0 {O,5m~ O,OlM HC1}, and the 
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FIGURE 17 Photograph showing apparatus used for binding of fungicides to hide 
powders in the presence of Triton X-100 
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fl ask s were shaken in the chamber overni ght to equil i brate. Measured 
amounts of Kathon 893 to give 12 final concentrations ranging from 0 to 
11 ,0mM NOITZ, propane-l,2- diol to give a final concentration of 34,8mM 
and Triton X-100 to give final concentrations of 0; 0,16; 0,80; 1,20 and 
1,60mM were weighed into 20m€ volumetric flasks which were then made up 
to volume with deionized water. These volumetric flasks were also 
equil i br ated overn i ght and the content s added, after further vi gorou s 
shaki ng, to the fl at-bottomed fl asks at the start of each experi ment. 
The empty volumetric flasks were retained and any residual fungicide was 
analyzed for NOITZ in order to adjust the initial fungicide 
concentrations. 

In the following five experiments, the binding interaction of NOITZ with 

lightly chromed hide powder, the procedure was repeated using 0,595g 
hide powder (0,50g on a dry basis) without adding any hydrochloric acid 

(at equilibrium pH of solutions was naturally 4,0). The fungicide, 
surfactant and propane-l,2-diol was made up to volume in 25m€ volumetric 
flasks. 

Approximately 2,5m€ samples of a homogenous mixture of hide powder and 

so 1 ut ion (ensuri ng a constant coll agen concentrat i on) were taken from 
each of the flasks after ~, 1, 2, 4, 6, 8, 12 and 24 hours (except in 
the two experiments where the Triton X-100 concentration was 1,20mM when 
samples were only taken after 24 hours) by means of hypodermic syringes. 

The samples were then fi 1 tered through 25mm Whatman glass mi crofi bre 
(GF/C) filters in a Millipore Polypropylene Swinnex Filter Unit and the 

filtrate analysed for NOITZ and where possible for Triton X-100 by of 
HPLC. At the end of each binding experiment the final pH of each flask 

and the concentration of nitrogen and chromium in each flask was 
determined. 

Note: - In a pre 1 imi nary experiment varyi og amounts of mi xtures of NOITZ 

and Triton X-100 were fil tered through vari ous fil ter medi a and it was 
found that only with glass microfibre filters that no significant 
retention of either NOITZ or Triton X-100 resulted. 
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(b) Binding interactions of TCMTB to hide powders in the presence of 

Triton X -100 

The above ten experiments were repeated using the formul ation Bul ab 

1077. The twelve initial TCMTB concentrations ranged from 0 to 7,4mM in 

each of the ten experiment . Varying amounts of aromatic solvent was 

added to maintain a constant solvent concentration of 3250mg/ ~ . 

Samples were taken after t, 1, 3, 6, 12 and 24 hours for the 

experimental binding to limed hide powder with Triton X-100 

concentrations of 0 and 0,80mM. The binding experiments using limed 

hide powder in the absence of and at a concentration of 1,60mM Triton 

X-lOO were sampled after 6, 12 and 24 hours, as was the binding 

experiment using chromed hide powder in the absence of Triton X-100. 

The frequency of sampling was reduced as the earlier experiments had 

shown that · equilibrium was rapidly achieved. All the remaining 

experiments were sampled only after 24 hours when equil i bri urn had, 

effectively, been reached. 

The filtered samples were analysed for TCMTB and 

concentrations. In addition the final sampling (after 

Triton X-100 

24 hour s) was 

analysed for Nitrogen and in the case of the chromed hide powder 

experiments for chrome content. The pH value of these solutions was 

measured. 

(c) Bi ndi ng interact ions of the commerci a 1 formul ati on Kathon LP to 

wet-blue leather at various temperatures 

A total of 28 rectangular samples (approximately 125mm x 225mm) cut from 

one of the drained wet-blue leather sides were allocated at random to 

the various fungicide samples with 4 samples kept as control and fo r 

analysi s. The fungicide treatment of the wet-blue leather was carried 

out at 10°C, 25 °C and 40°C . The mass of each rectangular sample of 

wet-b 1 ue was determi ned and a 100% float conta i ni ng the cal cul ated 

amount of fungicide to cover a pre-set range of concentrations was added 

into each of eight glass Wacker tumbr i ls . The wet-blue leather samples 

were then ·drummed in these solutions for two hours (Figure 18). 
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FIGURE 18 Photograph showing glass Wacker tumbril apparatus used in the binding of 
commercial f ungic ide formulations to wet-blue leather 
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Thereafter, the samples were removed and allowed to drain for two hours. 
This treatment with fungicide was applied using eight different 
concentrations, ranging from 0 to 0,50% (m/ m) Kathon LP. The solution 
in the Wacker tumbrils at the end of the two hour treatment was kept for 
pH value measurement and for analyses of residual active ingredient 
(NOITZ) concentration and chrome content. After draining for two hours 

each rectangular wet-blue leather sample was again weighed in order to 
determine any change in moisture content and eleven circular 38mm 
diameter discs were punched from each of the treated samples for use in 
fungicide activity tests and for solvent extraction. All specimens were 
kept at 4°C until analysed or used in biocide activity tests. 

(d) Binding interactions of the commercial formulation Busan 30L to 
wet-blue leather at various temperatures 

The above ex~eriment was repeated with Busan 30L in place of Kathon LP 

at four different temperatures, namely 10°C, 25°C, 40°C and 55°C. After 
draining fifteen circular discs were cut from each of the rectangular 
wet-blue leather pieces. All samples were stored at 4°C until analysed 
or used for biocide activity tests. 

2.2.2 Analytical Methods 

(a) High Performance Liquid Chromatography Determinations 

(i) Simultaneous determination of NOITZ and Triton X-100 

The method used for the simultaneous determination of both NOITZ and 

Triton X-100 was an adaptati on of methods descri bed for i sothi azo 1 ones 
such as NOITZ by Matissek et ~ (1985), Matissek and Lehnguth (1984; 
1988) and Matissek and Wittkowske (1984) and for Triton X-100 by Ahel 
and Giger (1985a; 1985b) and for TCMTB by Fowler et ~ (1987). 

The concentrations of NOITZ and Triton X-100 were determined in all the 

filtered solutions by means of HPLC using Waters Associates Modules viz. 
Model 6000A solvent delivery system, Model 440 absorbance detector which 
monitored the eluate at 280nm and a 250mm stainl ess steel reverse phase 

co 1 urnn packed with 1 O~m Techsil C18 and fitted with a guard column 
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packed with the same material. Retention times and chromatograms were 

recorded with a Waters Data Module which has the facility of integrating 

the ab sorpt i on count. Chromatograms were produced us i ng 20~~ samples 

from each of the filtrates. The samples were eluted with 80:20 

Methanol: 0,4% Acetic Acid solution at a flow rate of 2m~!min. 

(ii) Simultaneous determination of TCMTB and Triton X-100 

The methods used were the same as for the NOITZ experiments. The 

reverse phase column, however, deteriorated towards the end of the 

ana lyses hence the TCMTB concentrati on in the samples taken after 24 

hours from the experiments using 1,60mM Triton X-100 and limed hide 

powder and 0,16; 0,80; 1,20 and 1,60mM Triton X-lOO and chromed hide 

powder were determined by first extracting into dich1oromethane and then 

passing them through a Waters Radial-PAK B column (Fowler et ~, 1987), 

using dich10romethane as eluant, at a flow rate of 3m~!min. 

(iii) Determination of NOITZ concentrations in solutions and leather 

pi eces 

The concentration of free NOITZ in solution at the completion of the 

binding experiment was determined by using both the reverse phase column 

as above and by first extracting NOITZ into dich10romethane and then 

HPLC determination using the Radia1-PAK B column. Quadruplicate discs 

from the wet-blue leather rectangular pieces, at the completion of the 

experiment, were extracted with dich1oromethane, as described for TCMTB 

(Fowler et ~, 1987; Fowler and Russell, 1990; Cooper, 1991), and the 

concentrati on of extractable NOITZ determi ned by HPLC us i ng the Radi a 1 

PAK B column . The extracted di scs were retai ned at 4°C for bi oci de 

activity tests. 

(i v) Determi nat i on of TCMTB concentrati ons in so 1 ut ions and 1 eather 

pieces 

TCMTB was extracted from the discs of wet-blue leather at the completion 

of the experiment (Fowler et ~, 1987; Fowler and Russell, 1990). Six 

of the wet-blue leather discs were separately immersed in excess 

dichloromethane in beake~s and sonicated in the boiling solvent for 30 
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minutes . The discs and solvent were then quantitatively transferred to 
a Soxh1et apparatus and extracted for a further 7,5 hours. The extract 
was concentrated to 15m€ and then fi ltered through phase separation 
paper. The phase separation paper was rinsed with dich10romethane and 
the fi ltrate and washings were made up to 25m€ in volumetric f1 asks. 
The extracted discs were retained at 4°C for biocide activity tests . 

The TCMTB in the fi ltered solutions at the end of the experiment was 
extracted into dich10romethane. The extractions were carried out in 
triplicate where a suitable aliquot was extracted with three successive 
solvent a1iquots of 7; 7 and 6m€. These extracts were filtered through 
phase separation paper into 25m€ volumetric flasks and the extracted 
TCMTB determined by means of HPLC. 

The quantity of TCMTB in each of the extractions (both from the wet-blue 

leather discs and the float solutions) was determined using the HPLC 
method described above using dich10romethane as eluant. 

(b) Other Analytical Procedures 

(i) pH determinations 

The pH of a 11 sol ut ions (at the end of the experiments) was measured 
usi ng a Di gita 1 Data Systems (Pty ) Ltd dds 200 pH/conducti vity meter 
fi tted with a combination electrode. 

(i i) Nitrogen determinations 

The total nitrogen (on both the limed and chromed hide powders and also 
on all of the final filtered sample solutions) was determined by means 
of the standard Kje 1 dah 1 method. Thi s was done to determi ne the 
quantity (if any) of solubilized hide powder in the filtrate in order to 
correct the measured amounts of unbound (free) fungi ci de found when 
analysing the extract. 
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(iii) Chrome determinations 

The chrome content of the wet-blue leather, chromed hide powder and all 

filtered solutions sampled at the end of the experiments using wet blue 
leather or chromed hide powder was determined by means of Atomic 
Absorpt ion Spectroscopy after wet acid ashing. 

(iv) Moisture determinations 

In order to determi ne the moi sture content of the wet-blue 1 eather 

samples, the mass of three discs from each treatment was determined. As 
drying in an oven causes the outer layer of the wet-blue leather to 
become case hardened with entrapped moisture the discs were each dried 
in a microwave oven for approximately 1 minute, then in a drying oven at 
100°C for a further 30 minutes, cooled in a desiccator, and the mass 

again determined. 

The moi sture content of the hide powders was determined using a standard 
Brabender apparatus set at 100°C. 

2.2 . 3 Antifungal Activity Measurements 

Fungistatic testing was conducted using three different methods, namely 
the potato dextrose agar embedding, the moi st incubation (wet fi Her 
paper) and the humidity chamber (only for TCMTB fungistatic testing of 
the 10; 25 and 40°C treatments) methods . The testing was conducted on 
dup 1 i cate wet blue di scs from each treatment concentrat i on both before 
and after extraction with dich10romethane. 

(a) Moist Incubation Method (Wet Filter Paper) 

This method has been described (Galloway and Cooper, 1974; Russell et 
a 1, 1985) . All medi a and equi pment were steri 1 i zed before use by 
autoc1aving at 121 °C for 20 minutes. Fungistatic tests were carried out 
in 90mm Petri di shes us i ng steril e Whatman No. 1 fi Her paper. The 
"7 -mix" f ungal spore suspension was used. To each plate was added 15me 

of 0,B5% saline and the spores were suspended in the media by means of 

gentle rubbing with a sterile loop. Each of the resulting suspensions 
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were diluted to 50m~ with sterile saline solution. An equal volume 

(25m~) of each fungal spore suspension thus prepared was added to a 250 

flask to form the composite "7-mix" suspension. Although the suspension 

can be maintained and used for up to 2 months, a freshly prepared spore 

suspensions were used to ensure viability. In each case the viability 

was checked by using untreated wet blue leather as control . 

One m~ of the "7-mix" was added to the surface of each wet b1 ue di sc on 

filter paper in a petri dish, the excess liquid was run off onto the 

filter paper and to ensure 100% rel ative humidity the petri di sh was 

sealed with insulation tape. The petri dishes were stored in an 

incubator at 22°C. 

(b) Potato Dextrose Agar Plate 

To one side of each petri dish, containing a wet blue di sc, was added 

15m~ of sterile molten and cooled (45°C) PDA and the dish rocked gently 

to ensure even distribution of the agar without covering the surface of 

the disc. After allowing to cool 0,7m~ of the "7-mix" fungal suspension 

was added onto the centre of each wet blue disc . The plate was gently 

rocked to ensure an even distribution and a sterile "hockey stick" was 

used .to spread the remaining suspension evenly across the agar surface . 

The petri dishes were sealed with insulation tape and stored in the 

incubator at 22°C. 

The p1 ates in both methods were examined for fungal growth at regu1 ar 

i nterv a 1 s up to 120 days . Fungal growth at three 1 eve 1 s was recorded . 

(Figure 19) 

slight - fungal growth just on edge of disc 

moderate - fungal growth covering < 1/3 of disc 

heavy - fungal growth covering) 1/3 of disc 

Pl ates showi ng no fungal growth either on the paper, agar or wet blue 

di sc were reinocul ated at monthly interval s and tests were terminated 

after heavy fungal growth was noted. 
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Wet filter paper assessment methad 

B c o 

Potato dextrose asar assessment method 

B c o 

FIGURE 19 Photograph showing fungal spo r e growth on wet-blue leather discs (Note: A-No 
Growth, B-Slight growth, C-Modera t e growth, D-Heavy growth) 
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(c) Buckman Humidity Chamber 

Dupli cate sample wet blue leather discs (both drained and 

dich10romethane extracted) from each Bu san 30L treatment in the 10°, 25° 

and 40°C binding experiments were sent to the Buckman Labor atories at 

Hammersda1e for testing in their humidity chambers. The samples were 

p1 aced in the humidity chamber at 30 °C for an exposure period of 8 

weeks. Every week the samples were examined for fungal growth and the 

extent of fungal proliferation scored ac cordingly. 

2. 2.4 Micelle and Emulsion Studies 

Studies were conducted on various mi xtures of solut ions of the two 

fungi c i des and Triton X-100 in order to better understand the dynami c 

so 1 uti on system and the different mi ce 11 e speci es present for possi b 1 e 

binding interactions with collagen. The solutions were exami ned by 

means of UV!Vis Spectroscopy, Viscosity and Conduct iv ity methods. 

The following range of solution mixtur es were prepared in 25m~ 

volumetric flasks which were stored in a thermostatic water bath and the 

physical measurements conducted at 10°, 25° and 40°C. 

(a) So lutions containing NOITZ 

Five lots of fifteen solutions conta ining from 0 to 4,41mM NOITZ and 

(0; 0,16; 0,80; 1,20 and 1,60mM) Trito n X-100 were made up in 25m~ 

vol umetric flasks. Varying amounts of propane-1 ,2-dio1 were added to 

each flask to adjust the concentration to 13,9mM . 

(b) Solutions containing TCMTB 

Five sets of fifteen solutions containing from 0 to 2, 9mM TCMTB an d the 

same amounts of Triton X-100 as above were made up i n 25m~ volumetr ic 

flasks. The aromatic solvent concentration in all of these solutions 

was ad justed to 1300mg ! ~ . 
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(c) UV/Vis Spectroscopy 

The so 1 ut ions were allowed to equil i brate overni ght and then after 
vigorous shaking the UV / Vis spectrum of all the solutions was determined 

on a Hew1 ett Packard Model 8452 A Di ode Array Spectrophotometer between 
190 and 400nm . The absorbance at 376nm in the visible range was noted 
in order to measure solution turbidity. The spectrum were measured at 
10 °; 25° and 40°C for NOI TZ solutions and at 25°C for TCMTB solutions. 

(d) Vi scometry 

The kinematic viscosity of all the solutions was measured using a 
Cannon-Fenske size 50 viscometer (Specification BS 188 and IP 77) in a 
Ga11enkamp Viscometer Bath set at 10 ° , 25° and 40°C for soluti ons 
containing NOITZ and at 25 °C for solutions containing TCMTB. 

(e) Conductivity 

The conductivity of all the solutions was measured using a Digital Data 

Systems (Pty) Ltd dds 200 pH/conductivity meter, at 10°, 25 ° and 40°C 
for the solutions containing NOITZ and at 25°C for solutions containing 
TCMTB. 
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CHAPTER 3 

MICELLE AND EMULSION STUDIES 

3.1 n-Octyl-4-isothiazol-3-one/ Triton X-1 00 So lutions 

3.1.1 Resultis 

The UV/Vis spectrographs (Figure 20) for increasing concentrati ons of 

Triton X-100 in water at 25°C show shift s in wavelength of the 

absorbance maxima and the formation of shoulders . 

wavelength are illustrated (Figure 21). 

These shifts in 

3.6r-------------------~------------------~ 

2.4 

1.8 

1.2 

Wavelength nm 

FIGURE 20 UV /V i s s pec trog raphs for in creas ing co nce nt rat io n of Tri to n X- IOO at 25°C 
(N ote: Each s pec t rog r aph repre se nts a di f ferent concentrat i on of Tr ito n X- 100 

in creasin g fro m 0. 06 to 3. 31 mM) 
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Conceneraeion of Trieon X-11i10 in mM 

FIGURE 21 Shifts in the wavelength of th e absorbance max i ma with incre asing 
concentration s of Triton X- 100 (Note: *-* abs orbance peak, +_+ absor bance 
s hould er ) 

It was previously found by Cardinal and Mukerjee (1978) that there is a 

shift in the wavelength of absorption maxima at 220nm between 0,25 and 

0,30mM Triton X-lOO. Thi s shift in wavelength has been interpreted as 

an indication of the formation of a second or different species in the 

so l ution such as the formation of micelles. Between the same 

concentrations a shoulder formed at a wavelength of 240nm. At a much 

higher Triton X-lOO concentration of 2mM a similar absorption maximum 

wavelength shift occurred at 280nm. As with the shifts in wavelenth of 

absorption maxima at 220nm and at lower Triton X-lOO concentrations 

these coul d also indicate the formation of additional species in the 

solution such as the transition to a different micelle species. 
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A set of UV/Vis spectrographs for increasing concentrations of NOITZ in 

the absence of Triton X-100, is illustrated (Figure 22) whereas shifts 

in wavelength of the absorption maxima at lOoC, 25 °C and 40°C are 
indicated (Figure 23). 

3.6~----------------------------------~ 

200 220 240 260 280 300 320 340 

Wavelength nm 

FIGURE 22 UV/Vis spectrograph for increasing concentration of NO ITZ in the absence of 
Triton X-100 (Note : NOITZ concentration i ncreases from a to 4,5mM. 
Spectrographs measured at 250C) 
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FIG URE 23 Shifts i n wavelength of th e absorbanc e maxima with increasing concentration of 
NOITZ (No te : *-* IO'e, +--+ 25'e , x····· x 40'e) 

These figures illustrate the following: 

i) There was very 1 ittle or no change in the spectra when the 

temperature was increased from 10°C to 40 °C . 

ii) Shifts occurred in the wavelength of absorption maxima 

s imil ar to those found for Tr iton X-100 accompani ed by the 

formation of a shoulder and additional peaks. These occurred 

at concentrations of between 1,0 and 1,4mM NOITZ. As for 

Triton X- 100 these could indicate the possible formation of 

biocide micelles. 
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iii) At no concentratio n did the solution become turbid as is 

indicated by the absorption in the visible range at a 

wavelength of 376nm. This indicates that the solubility of 

NOITZ was not exceeded. 

3.6.-____________________________________________ ~ 

3.0 

2.4 

1.8 

1.2 

QI. 6 

260 280 320 340 
Wavelen9~h nm 

FIGURE 24 UVjVis spec t ro graph for inc re asing concentrations of NO ITZ i n the presence 'of 
Oi16mM Tr i ton X-100 (Note: NOITZ concen tration in creases from a to 4,5mM . 
Spectrograph measured at 25 0 C) 
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FI GURE 25 Shifts in wavelength of the abs orba nce maxima with increasing con cen t ra tion of 
NOITZ in t he presence of O,16mM Triton X-100 (No t e : *- * lOoe, +-- + 25 0 C, 
x··.··x 40'C) 

The UV /Vi s spectrographs of various mixed di spersions of NOITZ and 
Triton X-100 at the three se 1 ected temperatur es of lQ oe, 25°e and 40 0 e 
were determi ned . A typical set for Triton X-100 concentration of 0,16mM 
at 25°e is illustrated (Figure 24). 

These spectrographs depict two major features. Firstly in the UV range 

there are shifts in the wavelength of the maxima of various absorpt ion 
peaks. Secondly at certain temperatures and concentrations of NOITZ and 
Triton X-100 the solutions become turbid as measured by the absorbance 

at 376nm i ndi cati ng that the so 1 ubil ity of the NOITZ in the 
micelle /mixed micelle complex was exceeded. The turbidity point is 
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FIGURE 26 Shifts in wavele ngth of the absorbance maxima with increasing conce ntration of 
NOITZ in the presence of O,80mM Trit on X-100 (Note: *-* lODe, +- -+ 25 0 C, 

x·····x 40'C) 

hi ghly temperature dependent. 

turbidity decreases and the 

As NOITZ concentration increases the 
solutions become transparent. This 

phenomenon indicates the formation of a new soluble species . 

The wavelength shifts of the absorption peaks are illustrated (Figures 
25 to 28) . As previously indicated for pure Triton X-100 and NOITZ 
these wavelength shifts can be interpreted as being caused by the 
formation of micelles, different forms of micelles and mixed micelle 

species . 

The changes in the turbidity of the solutions are clearly illustrated in 
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FIGURE 27 Shift s in waveleng th of the absorbance maxim a wi th incre asing concentration of 
NOIlZ in the presen ce of l,20mM Trit on X- IOO (No te : *-* lOoe , + ___ + 250C , 
x .... ·x 40'C) 

the (point to point) plot of absorbance at 376nm 

concentrations at lODe, 25 °e and 40 0 e (Figures 29 
with increasing 
to 31). 

NOITZ 

The figures indicate that in the presence of Triton X-lOa when NOITZ 
concentration is increased. 

(i) There is a shift in the wavelength of absorption maxima and 

the formation of an additional peak at 274nm at a lower 

concentration. Thi s shift occurs at a concentration of 

between 0,5 and lmM NOITZ compared with a concentration of 

between 1 and 1,25mM NOITZ in the absence of Triton X-lOa 

3 
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FIGURE 28 Shifts in wa vele ngth of the absorbance max i ma with in creasing co ncentra t ion of 
NOIlZ i n t he pr es ence of l , BOmM Tr iton X- IOO (Note: *- * 10'e , +--- + 25'e , 
x·· · ·· x 40'e) 

indicating the formation of mi celles/mixed micelles at lower 
concentrat ions. The format i on of a second absorpti on pe ak 
and shift in wavelength maxima is not very temperatu r e 
dependent as only small differences coul d be det ected 
between the spectral shifts i n this lower concentr ation 
range at the three temperatures. 

(ii) With increase in NOITZ concentration at a certain point the 
solutions became turbid, as indicated by the ab sorpti on at 

376nm, This turbidity occurred even at the lowest Triton 
X-100 concentration of O,16mM wh i ch is bel ow the CMC of pur e 
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FI GURE 29 Chan ge i n abs orb ance at 37 6nm wit h i nc re ase i n NO ITZ co nce nt rat i on as measu r ed 
at IO'e (Not e: . _ . O, OOmM Tri to n X-100, +- + O,15m M Tr it on X- 100 , x- x 
O,8 0mM Tr ito n X- 100 , 0 - 0 1, 20mM Tri to n X- 100 , *-* 1,60mM Tr i ton X- 100) 

surfactant. 

dependent . 
The turbi dity poi nt is extremely temperature 

(iii) Of greater importance, (as will be indicated later during 
the binding studies) , was the observation that as the NOITZ · 
concentrat i on is increased, at Tr i ton X-100 concentr ations 
above the surfactant CMC, a poi nt is reached where the 
turbidity of the solution sudde~ly decreases indicating the 

possible formation of a different soluble species . 
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FIGURE 30 Change in absorbance at 376nm wi t h increase in NOITZ co nce ntr ation as measured 
at 25'C (Note: ,_, O,OOmM Triton X- IOO, +_+ O,I6 mM Triton X- IOO, x-x 
O,80mM Triton X- I OO, 0-0 1 ,2 0mM Tri to n X- IOO, *-* 1 ,6 0mM Tr iton X- IOO) 

These figures (Figures 29, 30 and 30), depicting the paint to paint 

plots of absorbance in the visible range at 376nm with increase in NOITZ 
concentration at 10oe, 25 °e and 40 0 e respectively, further show that: 

i) , The increase in turbidity (cloud point) is dependent on both 
the Triton X-100 concentration and on the temperature , 

ii) the decrease in turbidity at the . higher NOITZ concentration 

is also dependent on both Triton X-100 concentration and on 
temperature , 
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FIGURE 31 Change in ab sorba nce at J76nm with increa se in NOITZ concentration as measur ed 
at 40 0 C (Note: ._. O,OOmM Triton X-IOO, +-+ O,16mM Triton X-IOO, x-x 
O,80mM Tr iton X- IO O, 0-0 1, 20mM Triton X- IOO, *---* 1,60mM Tr iton X-IOO) 

ii i) Solutions wlthout Triton X-100 do not show the above 
phenomena in the concentration range measured. 

iv) The solutions containing O,16mM Triton X-100, which is below 

the CMC of a pure solution of the surfactant, only show sharp 
increases in turbidity at the higher NOITZ concentrations at 
25°C and 40°C but not at 10°C . 
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FIGURE 32 Change in viscosi t y wi th i ncreas e in NO Il l concent r ation as me asured at lOce 
(N ote: . _ .. _ . O, OO.M Triton X- IOO , +_. __ + O, 16mM Triton X- IOO, x- o_x O,80mM 
Tri t on X- I OO , 0---0 l, 20mM Tr ito n X- I OO , *- * l, 60 mM Tr iton X- IOO) 

v) The molar ratios of NOITZ to Triton X-lOa where turbidity 

occurs are temperature dependent and are as fol l ows : 

a) at lO De (Figure 29) they are 2,75:1 for 0 ,80mM Triton 

X-lOa; 2,17 : 1 for 1,20mM Triton ' X-lOO and 1 , 73 : 1 for 

1,60mM Triton X-lOa . 

b) At 25 °e (Figure 28) they are 15 , 6 for 0 ,16mM Triton 

X-lOa; 2,0:1 for 0 , 80mM Triton X-lOa; 1,45 : 1 for 1,20mM 

Triton X-lOa and 1 , 24:1 f or 1 , 60mM Tr iton X- laO. 
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c) At 40 0e (Figure 29) they are 12,5:1 for 0,16mM Triton 

X-100, 1,19:1 for 0,80mM Triton X-100; 1,04:1 for 1,20mM 

Triton X-100 and 0,87 : 1 for 1,60mM Triton X-100. In 

addit i on there is a second cloud poi nt at a rat i 0 of 

4,19:1 for the 0,80mM Triton X-100 concentration. 

vi) Of more interest is the phenomenon of the decrease in 

turbidity at the higher NOITZ concentrations (which is also 

dependent on Triton X-100 concentration and on temperature). 

The mol ar ratios at which thi s phenomenon occurs are as 

follows: 

a) At 100e (Figure 29) this decrease occurs at the molar 

ratios of NOITZ to Triton X-100 of 3,5:1; 2,7:1 and 2,6 

for 0,80; 1,20 and 1 ,60mM 'Triton X-100 respectively. 

b) At 25°e (Figure 30) the corresponding ratios are 3,0:1; 

2,4:1 and 2,3:1 respectively and 

c) At 40 0e (Figure 31) they are 2,5:1; 2,1:1 and 1,9:1 

respectively. 

The measurement of absolute viscosity of the various solution mixtures 

of NOITZ and Triton X-100 is illustrated in (Figures 32 to 34 for 

temperatures of 10oe, 25 °e and 40 0e respectively. 

The lines drawn in the figures are linear regressions of the points on 

either side of the "break point" or discontinuity. These diagrams 

indicate quite clearly that at a similar concentration where the 

turbi dity of the so 1 ut ions decrease there is a marked increase in the 

viscosity of the solution. This is illustrated by the increase in the 

rate of change of viscosity with increased NOITZ concentration for the 

solutions at lOoe and 25°e and, by not only a change in the rate of ' 

increase in viscosity, but by a marked di scontinuity in the curve 

showing the viscosity increase in the solutions at 40 oe . This increase 

in viscosity could also be explained by the formation of a massive, 

possibly rod shaped, mixed micelle. 
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The change in 

depicted in 
conductivity of the solutions at the three temperatures is 
(Figure 35). Although an increase in the overall 

5 

conductivity was measured corresponding to the increase in NOITZ 

concentration no changes in the rate of this increase could be measured. 
This was due mainly to the extremely low conductivity values measured . 
and to the variability in individual measurements which could have been 
caused by small amounts of contaminants. This line of investigation was 
not continued. 
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3.1.2 Discussion 

5 

Solubilization in micellar systems is intimately related to the 

structure and properties of micelles and also the molecular structure of 

the solubilized species (Mukerjee,1980). The location and distribution 

of solubilized species can be studied in terms of the two state model . 

which postulates an equilibrium distribution between a "dissolved state" 

associ ated with the hydrocarbon core, and an "ab sorbed state" ari si ng 

from the interfacial activity of the dissolved species. A solubilizate 

usually increases the sizes of micelles not only by the incorporation of 

the solubilizate itself, but also by causing an increase in the average 
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number of surfactant molecules in the micelle. Viscosity studies can 

indi cate that in some micell ar systems the formation of very 1 arge 

asymmetric micelles may be induced. In the association model for 

surfactants in many systems only "small" micelles are present which are 

the same size as a spherical micelle with radius equaling the length of 

a streched out monomer. For such a system the size distribution is 

determined by the 

early stages of 

cooperativity in the self-association process in the 

the growth of the mi ce 11 es followed by an 

anti cooperati vi ty for 1 arger mi ce 11 es ari si ng out of a sphere-to-rod 

transition. In some cases, this anticooperative region of growth is not 

pronounced enough to prevent the formation of "large" micelles, 

presumably rod-like. A solubilizate is likely to give greater stability 

to larger micelles than smaller ones as the former incorporate a 

relatively greater number of the solubilizate molecules. 

Work on the location of solubilizates has been done at high 

concentration of the solubilizate, the mole ratios of the solubilizates 

to surfactant in the micelles being as high as 2 (Cardinal and Mukerjee 

1978). At such concentrations micellar structures are likely to be 

modified substantially and pronounced changes in solution viscosity and 

UV spectral changes (Murkerjee & Cardinal, 1978) have been observed 

indicating the presence of asymmetric micelles. Depending on the 

solubilization site, solubilization is expected to have different 

effects on counterion binding, hydration and the size and shape of 

micelles (Lindmann, 1984). Solubilization may not only have a marked 

i nfl uence on mi ce 11 e si ze and shape but may induce the formati on of 

another phase , generally a 1 ame 11 ar 1 i qui d crystal. The growth of 

micelles to long rods is associated with solubility in the head group 

region and may have dramatic effects on induced viscoelasticity. 

Ribeiro and Denis (1975) showed that upon mixed micelle formation the 

phospholipid molecule appeared to be intercalated into the Triton X-100 

micelle in such a manner as to pl ace its hydrophobic groups in the 

apolar core, and its polar groups into the polar exterior palisade 

layer. It is likely that NOITZ would behave in the same way. They 

subsequently showed, however, that the presence of the phospholipid in 

mixed micelles with Triton X-100 did not affect the microenvironment or 

motiDnal behaviour of the micelles (Ribiero and Denis, 1976). 
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80th 1 i ght scatteri ng and vi scos ity methods used by Attwood (1968) to 

determine changes in the size and shape of micelles, showed an increase 

in viscosity at the same concentration as increase in light scattering 

and concluded that this is the concentration at which large micelles are 

first observed. He found non Newtoni an behaviour (using Cannon-Fenske 

No 50 and 100 viscometers) due to disturbance of the aggregation process 

under high shear rates. Thi sis possibly the reason for not detecting 

any rate of increase in vi scosity when the cloud point was reached in 

the present study. According to Fishman and Eirich (1975a; 1975b), 

however, flow times in excess of 120 seconds would make kinetic energy 

corrections unnecessary. In the present study flow times of between 190 

and 390 seconds were used. Manda 1 et a 1 (1980) work i ng on 1 i pi ds 

solubilized by Triton X-100 also showed increase in viscosity indicating 

that the shape of the mixed micelles had changed towards more asymetry. 

Thus in the present study we note that in the uy range the various 

shifts in wavelength of absorbance maxima illustrates the very dynamic 

nature of these mixed fungicide surfactant solutions with the formation 

of micelles, mixed micelles and various different micelle species. 

Of more si gnifi cance is the change in turbi dity of the sol ut ions as 

measured by the absorbance at 376nm . At any fi xed temperature at a 

certain concentration the turbidity point is reached indicating that the 

fungicide NOITZ is no longer fully solubilized by the surfactant 

micelle, however at higher biocide concentration a level is reached 

where the solution again becomes transparent indicating that the 

fungicide is reso1ubilized in presumably a much larger mixed micelle, 

possible rod-shaped. A very similar result was achieved by Yedgar et a1 

(1974a; 1974b) in their studies on the size and shape of micelles 

dependent on the ratio of Triton X-100 to lipid in the solubilization of 

Sphingomyelin. They measured the turbidities by recording the optical 

densities at 350 and 450nm and found rapid decrease in the optical 

densities as the lipid formed mixed micelles with Triton X-100. 

The measurement of viscosity confirms the turbidity data. The viscosity 

showed an increase at the same or similar concentrations as the sudden 

decrease in turbi dity . Thi sal so i ndi cates (as has been reported by 

many authors) the formation of rod-shaped large micelles (Attwood, 1968; 
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Tanford et al, 1977; Mandal et al, 1987). The size and shape of 

micelles may be inferred from measurements of the viscosity of the 
system and comparison of one system with another can yield evidence of 
the micellar structure (Corti and Deglorgio, -1981). 

As the non-ionic surfactant Triton X-100 imparts negligible conductance 
to the solution (Mandal et al, 1980) and also NOITZ being a non 

ionizable molecule, conductance in the solution was extremely low. As 
there were large variations in the resulting measured conductance of the 
solution, this parameter could not be used to gain information on 
micelle and mixed micelle formation. 

The results above clearly indicate the very complex nature of solutions 
containing both biocide and surfactant. The very dynamic nature of 

these solutions with the formation of micelles/mixed micelles including 
various different species and forms (shapes) of micelles and mi xed 
micelles complicates any study of the biocide binding reactions in these 
solutions. The detailed investigation of the dynamic nature of the 
various mi xed mi ce 11 e speci es formed falls out si de the scope of thi s 
thesi s. Of more interest is the point of the sudden decrease in 
turbidity and increase in vi scosity as it appears that thi sis the 
concentration at which a new large mixed micelle species is formed. 

This species could be considered as a separate ligand and could bind to 
a single binding site resulting in what would appear in the binding 
curve to be a massive cooperative effect. This type of effect was noted 
during the binding studies. 

3.2 2-(Thiocyanomethylthio)benzothiazole/ Triton X-100 Solutions 

3.2.1 Results 

The UV/Vis spectrographs for increasing concentrations of TCMTB in water 

at 25°C are illustrated (Figure 36) whereas shifts in wavelength of the 
absorbance maxima are indicated (Figure 37). 

As was observed in the case of NOITZ a- shi ft in wavelength of the 

absorbance maxima with increasing concentrations of TCMTB was noted. 

This shift from 266nm to 278nm occurred at TCMTB concentration of 
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between O,3lmM and O,45mM and can be attributed to be caused by the 

formation of a separate or different species in solution such as micelle 

formation . Unfortunately the aromatic high boiling point solvent al so 

showed absorbance in the UV range. Th i s is shown by the spectrum 

obtained even when no TCMTB was present (Figure 36) . The absor bance 

caused by the solvent tended to mask other effects such as shifts in 

wavelength of absorbance maxima in the wavelength region of less than 

240nm. In addition in the presence of Triton X-lOa the solution became 

turbid and no UV / Vi s spectrographs could be obtained fo r these mixtures . 
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The absorbance in 

increase with no 

The 

the visible range at 376nm (Figure 38) showed a steady 

abnormalities or sudden changes in the rate of 

increase. deviation 

between 0,2 and 0,4mM, 

formati on. Due to the 

from linearity, especially in the lower range 

could signify self-association and micelle 

variation between the individual ab sorbance 

values in this low concentration range, this deviation from linearity 

might not be significant. Of note, however, is the fact that even in 

the absence of TCMTB there was still positive absorbance caused by the 

presence of the high boiling point aromatic solvent present in these 

solutions. 
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FI GU RE 38 Ch ange in absorba nce at 376nm with increase in TCMTB as measured at 25 °C 

Viscosity measurements of solutions of TCMTB (Figure 39) show a 
similarity to solutions of NOITZ in that there was a sudden increase in 
vi scosity at the hi gher TCMTB concentration at Triton X-lOa 1 evel s of 
O,80mM and 1,60mM. These increases take place at a molar ratio of TCMTB 
to Triton X-lOa of between 2,6:1 and 2,8 :1 for the O,80mM Triton X-lOa 
level and of between 1,6:1 and 1,9:1 for the 1,60mM Triton X-lOa level, 
and could also indicate the formation of massive, possible rod-like, 
mixed micelles. The solutions containing 1,20mM Triton X-lOa did not 

show any marked increases in viscosity. These inflexion points in the 
viscosity curves correspond to abnormalities in binding curves produced 

when TCMTB binds with bovine skin collagen as will be shown in a later 
chapter . 
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As in the case of NOITZ the conductivity measurements show too l arge a 
variation at the extremely low conductivity values to illustrate any 

significant trends. 

3.2.2 Discussion 

As in the case with NOITZ the solutions containing both TCMTB and Triton 

X-lOa are complex in nature . Unfortunate ly the pr esence of the hi gh 
boiling point aromatic solvent complicated the results and onl y in the 
c:ase of the viscosity measurements were there any indications of the 

formation of 1 arge mixed micelles . In the bi nding experiments to be 
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reported in a later chapter there were also similar abnormalities in the 

binding isotherms which indicated large cooperative type binding. There 
was also a sudden drop in free surfactant concentrations in solution 
indicating that the Triton X-100 was also binding to the collagen. This 
observation could be caused by mixed micelles being formed and the mixed 

micelles binding as single ligands to individual binding sites on the 
co 11 agen. 
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CHAPTER 4 

BINDING INTERACTIONS OF n-OCTYL-4-ISOTHIAZOL-3-0NE 

WITH COLLAGE N (HIDE POWDERS) 

4.1 Analyses of Hide Powders 

The results of the hide powder analyses are shown in 

values found ,fOT the , 1 imed hide powder were the same 

Brit ish Leather Manufacturers Research As soc i ation. 

Tab 1 e 1. The 

as reported by 

The analytical 

values found for the chromed hide powder are similar to other analyses 

of batches reported in the literature (Atto and Nursten, 1971a; 1971b), 

These figures show that:-

(i) Us; ng a factor of 5,62 for the conversi on of total nitrogen 

to collagen that the collagen content on a dry basis is 

,90% for both hide powders. 

(i i) The moi sture contents of the hide powders were 16% for 

' chromed and 19% for 1 i med hi de powder. These moi sture 

contents were taken into consideration in all mass 

measurements. 

(iii) The natural pH for chromed hide powder was 3,9 and for limed 

hide powder 6,3. In the experiments using limed hide powder 

the pH of the solution was adjusted to 4,0 with hydrochloric 

acid. The experiments using lightly chromed hide powder 

were carried out without any pH adjustments being made. 

(i v) The chrome content of the chromed hi de powder (0,32%) is 

lower than reported by Atto and Nursten (1971 a) from thei r 

studies on the reaction of dyes with chromed hide powder. 

The chrome content is much lower than foundi n full-chrome 

leather. 

(v) The ash content of the chromed hide powder was sl ightly 

hi gher than that of the 1 i med hi de powder. Thi sis to be 

expected due to the presence of chrome salts. 
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TAB LE 1 ANALYSIS OF HIDE POWDER 

CHROMED LIMED 

Ash (%) (dry basis) 0,76 0,26 
Chrome as Cr (%) (d ry basi s ) 0,32 -
Ni tro gen expressed as N (%) (dry bas is) 16, 1 16, 4 
Nitrogen expre~sed as Collagen (%) (dry basis) 90,5 92 ,1 
Moisture (%) 16 19 
pH (25'C ) 3,9 6,3 

4.2 pH, Nitrogen and Chrome Determinations 

The final pH of all the solutions at the end of the 24 hour binding 
period did not vary significantly and no trend either with increase in 
the concentrations of NOITZ or Triton X-100 could be discerned . All the 
solutions in the limed hide powder experiment had final pH values of 4,0 

± 0,1 whi le those in the chromed hide powder experiment had values of 
3,8±0,1. 

Nitrogen determination on the blank solutions during the limed hide 
powder experiments showed a mean nitrogen concentration of 4mg /€ 
representing 1,2mg hide powder . On the fi ltered solutions during the 
experiment using chromed hide powder the mean nitrogen concentration was 
12mg/€ representing 3,7mg of chromed hide powder. Chrome determinations 
showed that these latter solutions contained 0,23mg/€ chrome which 
represented 3,5mg of chromed hide powder, thus confirming the nitrogen 
results. These quantities of dissolved hide powder were taken into 

account when calculating the free and bound ligand during the binding 
experiments. 

4.3 Variation in Float Residual NOITZ and Triton X-100 with time. 

The time course measurements of free ligand NOITZ in the various 
treatments are depicted in log/linear form in Figures 40 and 41. They 
show that for both 1 imed and 1 i ghtly chromed hide powder there was an 

initial rapid drop in free ligand concentration with equilibruim values 
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powder (No te : At twelve different in itial concentrations of NOITZ) 

being approached within the first half hour for the majority of the 
treatments at the lower surfactant concentrations. In the treatments 
with hi gher surfactant and 1 i gand concentrati ons the i nit i a 1 drop in 
free 1 i gand concentrati on was not as rapi d. Equil i bri um was however 
reached within six hours. Thus most of the binding took place within a 
relatively short period, however, due to the role played by the 
surfactant, especially in the higher concentration range , equilibrium 
was only reached after several hours. Although there was still a small 
variation in concentration measured between twelve and twenty four 

hours, the differences were within the limits of accuracy for the 

analytical procedure . It can thus be assumed that the concentration of 

free ligand NOITZ after twenty four hours was a true representation of 

25 

25 
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the equilibruim value. This was despite the fact that various workers 
have shown for certain systems that it requires long periods of time to 

reach equilibrium. Sukow et al (1980) found that in the binding of 
Triton X-100 to bovi ne serum a 1 bumi n that ti me course measurements 
indicated equilibrium only after thirty six to forty eight hours. 
Attwood and Florence (1983) report that various workers found that the 
time required varies from hours to months for solubi1izates in 

surfactant systems to reach equilibrium. 

25 

The original and final concentrations of both NOITZ and Triton X-100 are 

given in Tables 2 and 3. The tables show that not only was there a 
decrease in the NOITZ concentration, but also in that of Triton X-100, 
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TABLE 2 BINDING OF NOITZ TO LIMED HIDE POWDER AT 25'C 

I I 
I CONCENTRATION OF FREE LIGAND m9/e I 

I I I I I I I I I I I I 
NOITZ 10RIGINALI 25,4146,0 1 1161 2111 261/ 3461 440 7131 721 1 067/1 205 /1 674 1 

IFINAL I 1B,61 31,0 1 88,4 1 149/ 176/ 242 1 302 3951 399 4561 481/ 5021 

I I I I I I I I I I I I I I 
TRITON 10RIGINAL I 01 01 01 01 01 01 0 01 0 01 01 01 
X-100 IFINAL I 01 01 01 01 01 01 0 01 0 01 01 0 

I I I I I I I I I I I 
NOITZ 10RIGINALI 22,9 1 50,0 1 118/ 232 1 3561 4021 539 7921 892 1 103 1 293/1 963 

IFINAL I 19,41 37,51 84, 11 154/ 2261 2461 306 401/ 434 455 4601 510 

I I I I I I I I I I I I 
TRITONIORIGINALI 100/ 100 / 100/ 100/ 100/ 100/ 100/ 100/ 100/ 100 100/ 100 
X-100 IFINAL I 931 <201 < 20 <201 <201 <201 <201 <201 <201 <20 <201 <20 

I I I I I I I I I I I 
NOITZ 10RIGINALI 23,51 50,21 117 2291 3381 4791 7301 938/1 202/1 396 1 61312 349 

IFINAL I 17,01 36,41 79,0 159/ 2341 341/ 361/ 5601 5721 544 511 1 720 

I I I I I I I I I I I 
TRITON I ORIGINAL I 5001 5001 500 5001 5001 5001 5001 500 I 5001 5001 5001 500 
X-I00 IFINAL I 2961 3851 185 2801 2571 389 1141 3351 2071 1381 551 104 

I I I I I I I I I I I 
I NOITZ 10RIGINALI 21,61 48,51 109 2191 3321 464 7351 887/1 117/1 255/1 74612 148 

I IF INAL 119,7144,51 103/ 2101 2861 386 6281 6981 7761 842 /1 053/1 173/ 
I I I I I I I I I I I I I I I 
ITRITONIORIGINALI 7201 7901 7061 7301 7341 756 7081 6981 8121 7021 7821 748 
IX-100 IFINAL I 7071 800 I 636 1 6271 7201 740 6801 6801 7201 5071 4931 542 

I I I I I I I I I I I I I 
INOITZ 10RIGINALI 28,21 52,21 1121 2191 3091 456 6851 947/1 148/1 533/1 84212 272 

I IF INAL I 27,6 1 48,61 1011 2111 2541 3551 5341 8061 814/1 020/1 089/1 124 

I I I I I I I I I I I I I I I 
ITRITONIORIGINALl1 040/1 0001 972 1 9761 984/1 0861 9701 9801 9761 990/1 0021 966 
IX-100 IFINAL 11 120/1 120/1 040/1 040/1 120/ 9601 880/1 040/1 0001 8401 760 I 558 

I I I I I I I I I I I I I I 
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TA8LE 3 8INDING OF NOITZ TO CHROMED HIDE POWDER AT 25'C 

I I 
I CONCENTRATION OF FREE LIGAND m91e I 

I I I I I I I I I I I I 
NOITZ 10RI GINALI 25,6 1 50,61 1211 2451 339 1 3941 5081 548 1 7651 811 11 55111 6831 

IFIN AL I 22,81 45,0 1 98,71 2121 248 I 2641 383 1 397 1 437 1 468 1 4741 4721 

I I I I I I I I I I I I I I 
TRITON 10RIGINAL I 01 01 01 01 01 01 01 01 01 01 01 01 
X-100 IFINAL I 01 01 01 01 01 01 01 01 01 01 01 01 

I I I I I I I I I I I I I I 
NOITZ 10RI GINALI 25,41 61,1 1 119 I 2361 4081 4521 698 1 92011 02111 27111 517 12 1711 

IFINAL 122,7152,6 1 1011 1991 313 1 366 1 4571 5041 506 1 524 1 486 1 498 1 

I I I I I I I I I I I I I I 
TRITON 10RIGINAL I 1081 92 1 921 921 1041 108 1 1021 104 1 981 1081 1141 1021 
X-IOO IFINAL I 93 1 751 561 521 561 34 1 < 201 < 20 1 < 20 1 < 20 1 < 201 < 201 

I I I I I I I I I I I I I I I 
INOITZ 10RIGINALI 24,01 51,0 1 113 I 2571 36 11 4771 7251 974 1 06611 423 11 93812 429 1 
I IFINAL I 22,01 44 ,01 1161 2091 2691 3921 5371 635 543 1 5411 5351 6141 
I 

I I I I I I I I I I I I I I 
ITRITONIORIGINALI 5261 4921 4861 4761 5221 5441 5001 522 5001 5281 510 I 6321 
IX-100 IFINAL I 5021 4751 4751 3911 390 1 4461 4221 327 158 1 1491 591 591 

I I I I I I I I I I I I I I 
INOITZ 10RIGINALI 28,71 55,01 1191 2471 3501 5231 7061 949 1 16411 555 11 91012 3311 
I IFINAL I 27,8145,31 97,51 1961 2481 3881 5701 761 851 1 6451 743 1 5721 
I 

I I I I I I I I I I I I I I 
ITRITON IOR IGINALI 7821 750 1 940 I 7461 7081 700 I 7601 806 8161 7001 790 1 7161 
IX-IOO IFINAL I 7871 59811 0381 788 I 5661 4721 5821 614 7141 1891 260 I 1181 

I I I I I I I 
I 

I I I I I I I 
INOITZ 10RIGINALI 30,61 58,71 1141 2671 3381 4671 688 1 954 I 15611 37211 825 12 4051 
I IFINAL I 28,41 53,51 1041 2391 3051 3291 4861 793 9101 8631 6781 6621 
I 

I I I I I I I I I I I I I I I 
ITRITONIORIGINALI 9541 976 11 1741 9841 9201 958 1 94011 1321 996 1 954 1 93611 080 I 
IX-I00 IFIN AL I 967 11 01611 2041 9811 892 1 558 1 61911 1151 991 1 7681 2811 2231 
I I I I I I I I I I I I I I I 
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especi ally at the hi gher NOITZ val ues. Th is i ndi cated that both NOITZ 
and the surfactant Triton X-100 were binding simultaneously onto the 
hide powder, possibly in the form of a complex mixed micelle. No drop 
in Triton X-100 concentrat i on in the absence of NO ITZ was measured 
indicating, as has been previously shown (Sukow and Sandberg, 1974; 
Sukow et a1, 1980) that the surfactant Triton X-100 does not bind onto 

--
collagen to any appreciable degree. This drop in the surfactant 

concentration in solution was more apparent in the case of the chromed 
hide powder illustrating the greater affinity of the mixed 
fungicide/surfactant micelle for the chromed hide powder collagen fibres 
than for the untanned co11 agen. Simi 1 ar resu1 ts on the increased 
affinity of certain dyes for chromed hide powder with increase in chrome 
content have a1 so been reported (Atto et ~, 1969; Atto and Nursten, 
1971a; 1971b) 

4.4 Binding Isotherms 

4.4.1 Limed Hide Powder 

The binding isotherms are illustrated in Figures 42 and 43. In Figure 

42 the isotherms are shown using different scales for the x- and y-axes 
for the experiments at different surfactant concentrations in order to 
emphasise the shape of the individual binding isotherm curves. In 
Figure 43 the same five isotherms are drawn to the same scale in order 
to demonstrate any differences between the isotherms . 

Other than at the lower biocide concentration levels, the binding curves 

did not follow the normal mass-action binding type isotherms approaching 
a definite saturation limit, but continued to show increased ligand 
binding with increasing concentration of the biocide. When there was no 
surfactant present or when the surfactant concentration was below the 

CMC of Triton X-100 of between 0,2 and 0,25mM (Yedgar et ~, 1974; 
Masullo et ~ 1986), the concentration of free biocide in solution 
reached a constant value of approximately 2,2mM which was well below its 
pub 1 i shed water sol ubil ity 1 eve1 of 3, 3mM (Levy et ~, 1974) and then 
rema i ned fai r1y constant. Increas i ng the amount of surfactant 

progressively reduced the initial fungicide uptake, thereby increasing 
the quantity of free ligand in solution to beyond the normal solubility 



, 
• 01 
0 
~ 

~ 

0 
0 

• ~ 

0 • "-• • ~ 
0 • 
" 5 
01 ". ~ 
" , 

J 
0 

In 

I > 

96 

250 

200 
e) 0. 00mM Trlten X-100 

! 
150 

.J 100 

50 ./ .-.-.--00 1 2 

250 

/ (0) 0. 80mM Triton X-100 
200 

150 x 

/ 
I 100 x 

50 / 
x_x_x 

00 I 2 3 

150r-----------------------~--~ 

125 (e) 1. 60.101 Triton X-100 

75 

50 

25 .-. . -. ..--

• 

• 
• 

250 

200 
(b) 0. 16mM Triton X-100 / 

+ 

150 J 100 
++ 

50 /-
-+ +.+ 

00 2 

150 
/ 

(d) 1. 20mM Triton X-100 0 

125 

I 100 

75 
0 

50 0/ 

~ 25 
__ 0 

0 0 

1 2 3 4 5 

[LJ COMo.n~rQllo" of Fr •• ligand NOITZ in mM 

6 

FIGURE 42 Individual binding isotherms for NOITZ with limed hide powder at 25'C (Note: 
The scale of the x- and y-axes vary in order to emphasise the shape of each of 
the individual binding isotherms) 
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limit. The binding isotherms were thus markedly dependent on surfactant 
concentrations. Similar curves for cooperative type of binding in the 
presence of surfactants have been reported in the literature . Hiramatsu 

et ~ (1977) in the interaction of BPA attributes the cooperative effect 
to the unfolding of the BPA molecule whereas Kresheck et ~ (1982) 
conc 1 udes that cooperative type curves poi nt to evi dence of the 

formation of mixed surfactant phospholipid micelles after CMC is 
reached. Sato et al (1988) in studies on the multiple binding of 
bilirubin to human serum albumin and cobinding of bilirubin and laurate 
showed that more than two molecules of either ligand can be bound at the 
same time and found that saturation levels were not reached . 

These forms of binding curves however , preclude the use of Klotz -type 

isotherms (Klotz, 1974; 1985), or modifications thereof, as a valid 

6 
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representation of the more common types of binding. In the binding of 

NOITZ t6 collagen in the presence of Triton X-100, this type of binding 

behaviour can be attributed to complexes involving more than one 

molecule binding to anyone site. Although the curves showed an 

increase in binding with increase in fungicide concentration there was a 

sharp increase in the rate of binding at fungicide to surfactant ratios 

of approximately 2,8:1; 2,3:1 and 2,3:1 for Triton X-100 concentrations 

of 0,80; 1,20 and 1,60mM respectively. These ratios corresponded 

closely to those for the increase in viscosity and the decrease in 

turbidity of 3,0:1; 2,3:1 and 2,3:1 at 25°C as reported in the previous 

chapter thus indicating the formation of a large mixed micelle binding 

to the collagen fibre. 

4.4.2 . Chromed Hide Powder 

The binding isotherms are illustrated in Figures 44 and 45. In Figure 

44 the isotherms are again shown using different scales for the x- and 

y-axes to show the shape of the individual curves whereas in Figure 45 

all five isotherms are drawn to the same scale in order to demonstrate 

any differences between the isotherms. 

As found when using limed hide powder the binding curves did not follow 

normal mass-action type isotherms other than at the lower fungicide 

concentration level s. The binding affinity al so continued to increase 

with increase in fungicide concentration. 

Increasing the amount of Triton X-100 increased the level of free ligand 

in sol ut ion as expected. However, after a certai n cri ti ca 1 

concentration there was a sudden increase in binding accompanied by a 

drop in free ligand concentration. As is shown in Table 2, this was 

accompani ed by a drop in the sol ut ion surfactant concentrat ion. Thi s 

drop in free ligand concentration occurred at NOITZ to Triton X-lOO 

ratios of approximately 3,0:1; 2,9:1 and 2,5:1 for Triton X-100 levels 

of 0,80; 1,20 and 1,60mM respectively. Thi s again approximates the 

ratios at which viscosity increases and turbidity decreases and can be 

attri buted to the bi ndi ng of a 1 arge mixed mi ce 11 e complex onto the 

chrome co 11 agen surface. (The exact nature of these mi xed mi ce 11 es 

falls outside the scope of this thesis). 
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4,5 Scatchard Plots 

A Scatchard plot as an alternate method of representing binding data are 
also shown. In Figure 46, the Scatchard plots for the binding of NOITZ 
onto limed hide powder and, in Figure 47, onto lightly chromed hide 
powder are shown. In all cases the plots have positive slopes. 
Although the form of these curves precludes their use as a valid 

representation of the more common types of binding, the positive slopes 
do however indicate an increase in· binding with increase in 
concentration consistent with a co-operative effect (Sukow et~, 1980). 

This is most probably due to the formation of combined 

6 
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fungicide/surfactant micelles with increased hydrophobicity. The 

binding of these mixed micelles results in additional hydrophobic areas 
being formed on the collagen surface and further association of 
addi tiona 1 mi xed mi ce 11 es onto these hydrophobi c areas on the hide 
powder surface . Alternatively it could be due to the binding of larger 
mixed micelles onto the limited number of binding sites. 

The slopes of the binding curves for limed hide powder were slightly 
'less than those for the chromed hide powder indicating that these bonds 
are promoted by the presence of chrome . This 'was especially true at the 
higher surfactant concentrations. 

4.6 Conclusions 

It was thus not possible to obtain anY' detailed information relating to 
the magnitude of the association constants for the interactions between 
NOITZ and skin collagen. The binding capacity of hide powder collagen 
for these fungicide ligands appears to be extremely large. In the case 
of NOITZ when the free 1 i gand concentrat i on was 2, 5mM the number of 
ligand molecules bound to a collagen molecule was approximately 150. 

The implications are that the binding is relative ly non-specific. The 
binding of these ligands to the collagen fibres is not dependent on any 
particul ar amino acid sequence or protein configuration at the binding 
site. It is thus very likely that the binding of these ligands to 
collagen is by hydrophobic bonds involving large possibly rod-shaped 
mixed NOITZ/Triton X-100 micelles in the regions of the apolar side 
chain residues which are present in collagen. 
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CHAPTER 5 

BINDING INTERACTIONS OF 2- (THIOCYA NOMETHYLTHIO) BENZOTHIAZOLE 

WITH COLLAGEN (H IDE POWDERS) 

5. 1 Analysis of Bu1ab 1077 for TCMTB 

Fi ve so 1 ut ions rangi ng from 0,01 to 0,50% of t he commerc i a 1 product 

Bu1ab 1077 were analysed by means of HPLC for TCMTB content by injecting 

directly onto the reverse phase column (Techsil C18) and also by firs t 

extracting into dich10romethane and injecting onto the Waters Radia1 - PAK 

B column . The quantities of TCMTB detected in the sample of Bu1ab 107 7 

are shown in Table 4. 

TABLE 4 % TCMTB IN SAMPLE OF BUlAB 107 7 

% TCMTB Oetec te d 

Original Bulab 1077 % Techsil CI8 Radial-PAK B 

0,010 28,4 36,7 
0,025 36,7 33,B 
0,050 38 ,4 34, B 
0 ,100 37, I 34,4 
0,250 36,3 35,4 
0,500 33,6 35,0 

Mean 35, I 34,9 

Standard Deviation 3,6 I, I 

Although the percentage of TCMTB found for the sample of Bu1ab 1077 was 

sl i ght1y lower after extracti on into dich10romethane and determi nati on 

usi ng the Waters Radi a 1-PAK. B column the standard devi at i on over the 

range measured was less than when using the Techsi1 C18 r everse phase 

column . Previous work has shown that more than 99% of TCMTB is 

extracted from aqueous sol ut ions us i ng di chloromethane (Fowl er et ~, 

1987) . The mean amount of TCMTB in the sample of Bu1ab 1077 using both 

methods was 35,0 ± 2 ,5 . 
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5.2 pH Determinations 

The fi nal pH of all the sol ut ions at the end of the 24 hour bi ndi ng 

period did not vary significantly and no trend with increase in either 

TCMTB or Tri ton X-100 coul d be di scerned. A 11 of the so 1 ut ions had 

final pH values of 4,0 ± 0,2. Due to the difficulty experienced in 

filtering the samples and the small amounts of fi ltrate recovered the 

solutions in these experiments were not analysed for chrome and nitrogen 

content. 

5.3 Variation in Float Residual TCMTB and Triton X-lOa with Time 

For the experiments using limed hide powder, the experiments with 

initial Triton X-lOa concentrations of O,OOmM and O,80mM were sampled 

and analysed after binding for 1/2, 1, 3, 6, 12 and 24 hours. For the 

experiment using limed hide powder and 1,60mM initial Triton X-lOa 

concentrations samples were taken and analysed after binding for 6, 12 

and 24 hours . For the rest of the experiments analyses were only 

carried out on the samples taken after 24 hours of binding . In the case 

of the experiments using chromed hide powder difficul t y was experienced 

during the filtration of the samples. The 24 hour samples were the only 

samp 1 es that had a 1 arge enough volume for di chloromethane extracti on 

and HPLC determination of TCMTB. 

The variation in free ligand (TCMTB) concentration with time for the 

four sets of experiments are depicted in semilog plot (Figure 48) and 

show that: 

i) In the Triton X-lOa free solutions using limed hide powder 

there is an initial, rapid drop in free ligand concentration , 

contrary to the classical type . of binding where a steady 

exponential decrease would be expected. The concentration of 

free ligand was initially lower in the first few hour s , 

followed by a slight increase before finally stabilising at a 

fairly constant equilibrium value. 

1 igand TCMTB concentration was 

experiments on the binding of TCMTB 

A simi 1 ar drop in free 

found when conducting 

in the commercial 
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formulation Busan 30L to hide powders at various temperatures (Fowler et 

~, 1990) and was attributed to the binding of associated molecules to 
the hide powder collagen which subsequently dissociated releasing ligand 
back into the solution. As the Triton X-100 free experiment of the 
binding of TCMTB to chromed hide powder was sampled only after 6 hours 
the above trend was not observed. When Triton X-100 was present in the 
original solution at 0,80mM only the higher concentrations of ligand 
showed a similar trend while at 1,60mM Triton X-100 concentration there 
was regular decrease in free ligand concentration with time . These 
trends seem to indicate that the TCMTB m61ecule is self-associating but 

thi s interaction decreases as the concentration of the surfactant is 
increased. 
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TABLE 5 BINDING OF TCMTB TO LIMED HIDE POWDER AT 25'C 

I I 
I CONCENTRATION OF FREE LIGAND mgle I 

I I I I I I I I I I I I I I 
ITCMTB 10RIGINALI 21,31 35,71 1051 1691 2571 3511 5121 7201 B6211 04311 59Bl1 79BI 
I I FINAL I 2,31 3,31 6,01 9,31 12,31 20,01 26,01 34,81 52,01 6B,61 46,81 46,81 

I I I I I I I I I I I I I I I 
I TRITON I ORIGINAL I 01 01 01 01 01 01 01 01 01 01 01 01 
IX-100 IfINAL I 01 01 01 01 01 01 01 01 01 01 01 01 

I I I I I I I I I I I I I I I 
ITCMTB 10RIGINALI 17,21 64,11 95,21 1681 2351 37BI 5571 7671 89211 01Bl1 39011 7731 
I IFINAL I 3,71*26,21 20,2151,41 7B,51 7B,51 *25BI 91,61 *3111 90,81 1061 3611 

I I I I I I I I I I I I I I I 
ITRITONIORIGINALI 961 *1921 1241 921 1021 961 *2241 1001 *2621 9BI 1141 1041 
IX-100 IfINAL I 961 1911 - I 911 1061 911 2341 951 1501 911 - I - I 

I I I I I I I I I I I I I I I 
ITCMTB 10RIGINALI 14,71 45,21 99,11 1951 2551 3261 5291 7221 90B 1 06411 41411 775 
I IFINAL I 9,81 15,41 41,51 95,01 96,31 1851 1041 3141 313 3331 5491 885 

I I I I I I I I I I I I I 
ITRITONIORIGINALI 5521 4981 5141 4911 5101 4981 5101 5311 518 5101 5111 471 
I X-100 I FINAL I 4151 2151 250 I 2811 4371 350 I - I - I - I - I 

I I I I I I I I I I I I I 
ITCMTB 10RIGINAL 11,11 37,51 1011 2071 1881 3811 5171 5981 877 1 04511 37111 715 
I IFINAL 19,81 33,31 77,11 1391 2501 2561 3181 4881 451 4321 82311 150 

I I I I I I I I I I I I 
ITRITONIORIGINAL 7401 8021 7341 7341 7721 7751 7601 7581 746 7451 7701 744 
IX-100 IFINAL 7131 7501 5631 5631 7121 6751 - I - I - I - I 

I I I I I I I I I I I I I 
ITCMTB 10RIGINAL 17,71 37,81 93,51 1951 3151 4081 5521 6901 877 1 10411 39411 8191 
I IFINAL 5,01 10,0145,41 93,91 2361 2911 4571 5861 7B71 00511 19211 3261 

I I I I I I I I I I I I I 
ITRITONIORIGINAL 99211 17011 01211 01411 11811 18011 00411 02811 00011 20411 08411 0641 
IX-100 IfINAL 77011 20911 0501 3851 - I - I - I - I - I - I - I - I 

I I I I I I I I I I I I I I 
* Due to the high concentration of Triton X-lOa in these samples they were discarded when 

plotting the binding isotherms. 
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TABLE 6 BINDIN G OF TGMTB TD GHROMED HIDE POWDER AT 15°C 

I I 
I CDN CEN TRATID N OF FREE LI GAND og/I I 

I I I I I I I I I I I I I I I 
ITGMTB 10RIGINA LI 17 , 11 33 ,81 77,71 1771 1511 341 1 511 1 715 1 833 11 040 11 38511 7111 
I IFI NAL 111,01 24,6 1 1g,8 1 32 ,81 34,71 30 ,BI 31, 11 43,5 1 77, 1181,2 177, 1 1 1401 

I I I I I I I I I I I I I I I 
ITRITDN IORIGINA LI 01 01 01 01 01 01 01 01 01 01 01 01 
IX-l00 IFINAL I 01 01 01 01 DI 01 01 01 01 01 01 01 

I I I I I I I I I I I I I I I 
IT GM T8 10R I GINALI 17,11 36,4 1 98,01 1551 2451 3871 550 1 6971 840 11 D7611 358 11 76 91 
I I FINAL I 7,41 13,11 31,31 16,61 45,6 1 31 , 31 40,7 1 40 ,91 *75,5 1 52,3 1 56, 31 143 

I I I I I I I I I I I I I I 
ITRITON IORI GIN ALI 981 1001 1141 1201 1141 · 100 1 98 1 94 1 *1581 1381 961 124 
I X-l00 I FINAL I 511 511 261 - I - I - I - I - I - I - I - I 

I I I I I I I I I I I I I I 
ITGHT8 10RIGINALI 18,21 35,71 97,31 1541 2911 391 1 539 1 7001 85 111 11511 40711 7B2 
I I FINAL I 6,31 17,31 38,61 58,01 1081 1481 1211 1811 2121 3111 306 1 474 

I I I I I I I I I I I I I I 
ITRITONIORIGINALI 5161 5021 5101 4741 496 1 5261 500 1 484 1 4701 560 1 5081 558 
IX-l00 IFINAL I 3851 3321 2301 1531 - I - I - I - I - I - I - I 

I I I I I I I I I I I I I I I 
IT GM T8 10RIGINAL I 19,6 1 38,9 1 102 1 1831 252 1 3651 565 1 7261 83611 06811 41111 728 1 
I I FINAL I 5,81 19,3161,5187,91 1841 1081 3801 398 1 3891 3681 452 1 5461 

I I I I I I I I I I I I I I I 
ITRITONIORIGINALI 7501 7641 7401 7641 7461 7561 750 1 7761 7681 7761 768 1 7821 
I X-l00 I FINAL I 5391 5781 3851 - I - I - I - I - I - I - I - I - I 

I I I I I I I I I I I I I I I 
IT GH T8 10R IGINA LI 15,41 50 ,41 85, 11 1621 245 1 403 1 5301 6661 892 11 0361 1 368 11 7401 
I I FINAL I 4, 71 34,11 55,61 96,31 1501 174 1 367 1 3971 6541 7851 8141 9121 

I I I I I I I I I I I I I I I 
ITRITONIORIGI NA LII 00611 04811 01Bll 00611 1941 99211 00611 0691 996 11 0121 99211 0241 
I X-l00 I FINAL I 770 I 9241 5391 - I - I - I - I - I - I - I - I - I 
I I I I I I I I I I I I I I I 

* Due to the high concen tr ation of Tri ton X-lOO in these samp l es they were discarded when 
plotting the binding isotherms. 
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ii) In most of the experiments equilibrium was established within 
six hours. Thus most of the binding takes pl ace within a 
relatively short period. However, due to the role played by 
the surfactant, especially in the higher concentration range, 
equi 1 i bri urn is on 1 y reached after several hours . Although 
there was still a small variation in the concentration of the 
free 1 igand measured between the twelve and twenty four hour 
binding samples, the differences in most cases were within 
the 1 imits of accuracy for the analytical procedure. Thus, 
for all the binding isotherms in this study, the 
concentration of the free 1 igand TCMTB after twenty four 
hours was assumed to be an accurate indication of the 
equilibrium value. Consequently the concentration of free 
ligand TCMTB was only measured after twenty four hours in the 
remainder of the experiments. 

The original and final concentrations of both TCMTB and Triton X-100 are 

given (Tables 5 and 6). The tables show that not on]y was there a 
decrease in the TCMTB concentration, but also in that of Triton X-100. 
This indicates that Triton X-100 and TCMTB bind simultaneously to hide 
powder collagen, possibly in the form of a mixed micelle. At the higher 
TCMTB concentrations the TCMTB interfered with the analyses of Triton 
X-100. As is illustrated (Table 7) Triton X-100 in the absence of TCMTB 
did not bind to the hide collagen. 

TABLE 7 DROP IN TRITON X- lOO CONCENTRATION IN THE ABSENCE OF TCHTB DURING BINDING STUD IES 
TO HIDE POWDERS 

Concentration of free Triton X- lDO mglt 

Limed Hide Original 0 124 492 722 1008 

Powder Final 0 124 450 800 1106 

Chromed Hide Origin al D 96 472 766 1020 

Powder Final 0 96 410 654 1001 
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As was the case for NOITZ the drop in the surfactant and TCMTB 
concentrations was more apparent in the presence of chromed hide powder 

than with limed hide powder. This illustrates the greater affinity of 
the mixed fungicide/surfactant micelle for the more highly charged 
tanned hide powder collagen than for the untanned collagen . 

5.4 Binding Isotherms 

5.4.l. limed Hide Powder 

The binding isotherms are illustrated (Figures 49 and 50). In Figure 49 
the isotherms are shown using different scales for the x- and y-axes for 
each of the experiments at different surfactant concentrations in order 
to emphasise the shape of the individual binding curves whereas in 
Fi gure 50 all fi ve isotherms are drawn on the same scale in order to 
demonstrate any differences between the isotherms. 

Other than in the lower concentration range the binding isotherms do not 
follow the normal mass-action binding type isotherm approaching a 
definite saturation limit but show a sudden increase in the binding or 
an inflexion in the binding curve. When there is no surfactant present 
or when the surfactant level is below its aqueous CMC of between 0,2 and 

0,25mM the binding seems to simulate the classical binding situation up 
to approximately 0, 25mM free 1 igand concentration . At hi gher 
concentrations a dramatic increase in binding takes place. This is 
especially the case in the absence of Triton X-lOa when the free ligand 
concentration appears to decrease in solution with possible ligand self 
association and binding of TCMTB micelles onto the collagen hide fibres. 
At higher Triton X-lOa concentrations more of the TCMTB is solubilized 
within the surfactant micelle, however, the same pattern is followed . 
At a particular free ligand concentration there is a sudden increase in 
binding. This sudden increase is usually coupled with a decrease in 
soluti~n surfactant level indicating that the now self associating 
ligand is possibly a complex mixed fungicide/surfactant micelle. The 
concentration of free ligand at which this sudden increase -in binding 

occurs is higher the greater the Triton X"lOO level which could indicate 

that only after the hydrocarbon i nteri or of the Triton X -1 00 becomes 

saturated with TCMTB does the self association mechanism come into play. 
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A phenomena not observed in previous work (Fowler et ~, 1990) with 

TCMTB in the commercial formulation Busan 30L, and in the binding of 

NOITZ as described in the .previous chapter is that after a certain 

extreme level the hide powder appeared to become saturated and the level 

of free ligand TCMTB in solution increased. This phenomena was observed 

when the initial Triton X-100 concentration was 0,16 and 1,20mM . 

Unfortunately at these concentrations of TCMTB in sol ution the amount of 

free Triton X-100 in solution could not be measured. A simultaneous 
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increase in Triton X-100 concentration would have indicated a 

disintergration of part of the fungicide / surfactant micelle bound to the 
hide powder coll agen fibres with the release of both TCMTB and Triton 
X-100 into solution. 

These forms of binding curves preclude the use of Klotz-type plots or 

modifications thereof as a valid representation of the more common type 
of binding . In the binding of TCMTB to hide powder collagen this type 
of binding behaviour could be attributed to complexes involving the 
binding of more than one molecule to anyone site. The role of the 
surfactant however has a major effect on the shape of the curves. 

The mol ar rati os of TCMTB to the surfactant Tri ton X-100 where these 
sudden increases take place are approximately 1,9:1; 1,8:1; 1,7:1 and 

2,6:1 for original Triton X-100 concentrations of O,16mM; O,80mM; 1,20mM 
and 1,60mM respectively. Although these ratios do not correspond to 
those found for the sudden increase in viscosity of 2,8:1 for 0,8mM and 
1,9 for 1,60mM Triton X-100 they nevertheless are still an indication of 
the complex nature of the binding of both TCMTB and Triton X-100 
complexes to hide powder collagen fibres . 

5.4 . 2. Chromed Hide Powder 

The binding isotherms are illustrated in Figure 51 and 52. In Figure 51 
the isotherms are again shown using different scales for the x- and 
y-axes in order to highlight the shape of the individual curves whereas 
in Fi gure 52 the same scale is used for all fi ve isotherms in order to 
demonstrate the difference between the isotherms. 

Figure 51 shows that other than at the lower concentration range in the 
presence of Triton X-100 above its CMC, the binding isotherms do not 
follow the general shape as experienced in the classical binding 
situation. As was the case when binding to limed hide powder th·ey 
demonstrate that at certain free ligand concentrations there is a sudden 
increase in binding. This increase takes place at lower free ligand 

concentrations than for the corresponding curves for the binding on 
Timed hide powder collagen, indicating that any mixed 

fungicide/surfactant micelle present has a higher affinity for the more 
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hig hly charged chrome collagen fibres than for the untanned collagen. 

The molar ratios of TCMTB to. surfactant where these sudden increases in 

bi nding take place are approximately 1,25 : 1; 1,7:1; 1,4: 1 and 2,0 :1 for 
original Triton X-100 concentrations of 0,16mM; 0,80mM; 1,20mM and 
1 ,60mM respectively. The latter ratio of 2,0:1 for 1,60mM Triton X-100 
corresponding to the ratio found for the increase in viscosity. 
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5.5 Scatchard Plots 

The Scatchard plots for the bi ndi ng of TCMTB to 1 imed hi de powder are 

illustrated in Figure 53, whereas those for lightly chromed hide powder 
are shown in Figure 54. In all cases, except at the highest Triton 
X-100 concentration when binding to 1 imed hide powder, the plots are 
unusual. In contrast to the more familiar linear plots or hyperbol ae 

with negative slopes, when binding involves more than a single class of 
bi ndi ng site, the plots for these fungi ci de collagen i nteracti ons tend 
to be hyperbolae with positive slopes. Due to their positive slopes 
these Scatchard plots, which usually provide initial estimates of the 
binding parameters for subsequent least squares refinement are not very 
informative. 

Scatchard plots with positve slopes ar~ not 

reported by Shen and Gibaldi (1974), 

unprecedented and have been 

and by Judis (1980) for 
alkaloid-albumin interactions, by Sukow et al (1980) for Triton 
X-100/BSA interactions, and by Sparrow (1982) for monomolecular phenols 
- soluble collagen interactions. Protein-ligand systems which exhibit 
positive slopes in the Scatchard transformation of the binding isotherms 
have been revi ewed by Bowmer and L i ndup (1978), and a vari ety of 
expl anations have been proposed to account for the phenomenon. These 
explanations have invoked both cooperatively and ligand induced 
self-association of the protein. Steiner (1980) reviewed a variety of 
mode 1 systems whi ch report on the i nfl uence of the 1 i gand on 
self-association of the protein, while Cann (1978) generated curves to 
simulate · protein-ligand interactions for a series of protein 
monomer-dimer systems . 

Although it is possible to account for the positive curvature of the 
Scatchard plot by means of model systems invoking ligand mediated 
dimerization of the protein Sparrow (1982) showed that errors in 
measurement at low ligand concentrations can lead to the same results . 
Care must therefore be exercised in the extraction of binding mechanisms 
from the form of the Scatchard plot. 
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5.6 CDnclusiDns 

It was thus nDt pDssible tD .obtain any detailed infDrmatiDn relating tD 

the magnitude .of the assDciatiDn cDnstants fDr these interactiDns. The 

binding capacity .of hide pDwder cDllagen fDr these fungicide ligands 

dDes hDwever appear tD be extreme 1 y 1 arge. In the case .of TCMTB when 

the free ligand cDncentratiDn is 0,25mM the number .of l igand mD1e cu1es 

bDund tD a CD 11 agen mD 1 ecu1 e is abDut 100. In cDntrast SparrDw (1982) 

>fDund that in the case .of catechin .only at the higher free ligand 

cDncentratiDn .of 2,5mM was the number .of ligand mD1ecu1es bDund tD 

sD1ub1e cDllagen 100. This cDmpares with abDut six phenD1 red mD1ecu1es 

tD BSA at the same ligand cDncentratiDn. CD11agen thus appeared tD have 

an extremely high capacity fDr these fungicide mD1ecu1es. 

The imp1icati.ons are that the binding >is relatively nDn specific. The 

binding .of these ligands tD the cD11agen fibres is nDt dependent .on any 

particular amin.o acid sequence Dr prDtein cDnfiguratiDn at the binding 

site. It is thus very likely that the binding .of these ligands tD 

cDllagen is by hydrDphDbic bDnds invD1ving large mixed 

fungicide/surfactant micelles in the regiDn .of the apD1 ar side-chain 

residues which are present in cD11agen. 
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CHAPTER 6 

BINDING INTERACTIONS OF A COMMERCIAL FORMULAT ION OF NOITZ 
WITH WET-BLUE LEATHER AND THE RESULTING ANTIFUNGAL ACTIVITY 

6.1 Binding Interactions of NOITZ with wet-blue leather from float 
ana1ysi s 

The binding interaction between the active ingredient NOITZ in the 
commercial fungicidal formulation Kathan LP and wet-blue leather was 
determi ned by float di fference ana lyses from the concentrati on of free 
ligand remaining in solution after two hours (Table 8). The table shows 
that the decrease in free ligand concentration is greater at the higher 
temperatures at all original float concentration offers . 

TABLE B CONCENTRATION OF FREE NOITl IN .g/e IN SOLUTION AFTER TWO HOURS TREATMENT 

Treatment Kathon LP Offer in Float (%) 

Temp 'C 0,01 0,025 0,05 0,10 0,25 0,50 1,00 2,50 

- - - -- -
10 3,04 7,21 13,8 28,9 67,1 172 7.75 736 
25 1,69 5,19 11,5 19,2 44,0 72,5 121 320 
40 1,01 2,59 5,64 11,3 34,9 57,1 130 296 

The decrease in the free ligand concentration at the different 

temperatures is depicted more clearly on a log scale (Figure 55). 

The percentage of NOITZ bound to the wet-blue 1 eather is gi ven (Table 
9) . This shows that in all the treatments carried out at 40°C between 
82% and 90% of the NOITZ was bound, whereas at the lower treatment 
temperature of 10°C only between 62% and 72% was bound. 



en 
lSI -X 

~ 
E 

..., 
" o .-. 

4-

t: ... 
t: 
o ... ..., 
" l. ..., 
t: 
QI 
o 
t: 
o o 

.-. 
" :J 

"'0 .... 
e 
QI 
l. 

4-
o 

&' ....J 

123 

4~------------------------------------------~ 

3 
* x 

x 
2 

1 + 

el~--------....J2~--------~3----------L4---------.....I5 

Log of initial oonoentration of NOITZ in floQt ( mM Xle
3 

) 

FIGURE 55 L09 of concentration of free NOITZ after two hours treatment at different 
temperatures and float offer 

TABLE 9 PERCENTAGE OF NOITZ BOUND WITH WET-BLUE LEATHER AFTER TWO HOURS TREATMENT 

Treatment Kathon LP Offer in Float (%) 

Temp °C 0,01 0.025 0.05 0.10 . 0,25 0.50 1.00 2,50 

- - -- - ----
10 66 71 71 72 71 62 70 67 
25 B2 78 74 79 80 83 83 84 
40 89 90 87 88 83 85 82 86 
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The amount of NOIlZ bound to the wet-blue 1 eather on an area basi sis 
shown (Table 10). These amounts are deri ved from the free 1 i gand in 
solution, the total NOIlZ originally present in the float, the final 
mass of the wet-blue leather pieces, and the average mass and moisture 
content of the individual 38mm diameter plugs cut from the wet-blue 
leather pieces. Surface area rather than mass was used to determine the 
binding curves due to the variations in mass between the individual 
pieces of wet-blue leather (210g to 313g) arising from differences in 
hide substance (thickness). Using surface area in this fashion assumes 
that all the biocide is bound to the surface and does not penetrate 
throughout the wet-blue leather. This table also shows greater binding 
of the fungicide to the wet-blue leather at the higher temperature. 

TABLE 10 AMOUNT OF NOITZ BOUND IN '9/.1 BOUND WITH WET-BLUE LEATHER SURFACE AFTER TWO 
HOURS TREATMENT 

Treat-ent Kathon LP Offer in Float (~) 

re.p ·C 0,01 0.OZ5 0,05 0,10 0,25 0,50 1. 00 2,50 

- - - - -
10 19,1 45,2 97,4 203 444 988 1945 4908 
25 23,9 55,1 133 248 571 911 1837 5136 
40 23,0 58,6 130 230 644 1038 1955 6032 

The bindi ng isotherms for NOIlZ with wet-blue 1 eat her are illustrated 
(Figures 56 and 57). Figure 56 shows the binding isotherm over the full 
range of NOITZ concentrations whereas Figure 57 limits the curve to the 
concentration range usually used for production appl ications. These 
binding curves show a linear increase in binding indicating that at no 
stage is a saturation level reached. There is however a marked increase 
in binding with increase in temperature. 

The increase in binding at the higher temperature could be due to:-

i) An increased binding· rate. The solutions were sampled after 
two hours and equil i bri urn conditions mi ght not have been 
reached in the experiments at the lower temperatures. 
Equilibrium was, however, rapidly achieved during the binding 
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ii) 

of NOITZ to hide powders . It is therefore reasonable to 

assume that after two hours a state of equilibrium existed 

between the free ligand and the ligand bound to the wet-b l ue 

1 eather surface . 

Greater binding affinity as 

more binding sites at 

alternatively the binding 

a result of the availability of 

the higher temperatures or 

of larger biocide/surfactant 

micelles to the fixed number of available 

surfactant concentration at a product (Kathon 

sites . The 

LP) offer of 

2,5% is O,40mM which is almost double the aqueous CMC of 

Triton X-100. At the same Kathan LP concentration there was 

lO,6mM NOITZ in solution. The formation of large mixed 

micelles could thus be expected . 
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6.2 Recoveries of NOI TZ from treated wet-blue leather by solvent 

extraction 

The mean percent recovery values of the NOITZ extracted from the four 
plugs in each of the treatments are given (Table 11). The results show 

that for most treatments a similar amount was extracted from the pieces 
for the different temperatures. However, at the higher concentrations 
less NOITZ was extracted. 

The NOITZ extractabil ity thus decreased progressively with binding. 

This is consistent with irreversible fixation of an increasing 

proportion of the fungicide uptake due to the possible formation of 



chrome complexes. The 

(Fowler et aI, 1987). 
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extract i on results 

Thi s coul d be due 

were lower than for TCMTB 

to the combined effects of 

factors such as vari ab 1 e extraction effi ci ency due to the hi gh moi sture 

content of the wet-blue leather, greater penetration of the fungicide 

into the wet-blue leather matrix, and complexation causing a proportion 

of the NOITZ to be irreversibly bound to the fixed chrome. 

TABLE II PERCENTAGES OF BOUND NOlTZ EXTRACTED FROM WET-BLUE LEATHER BY DlCHLOROMETHANE 

Treatment Kathon LP Offer in Float (%) 

Temp 'C 0.01 0.025 0.05 0.10 0.25 0.50 1. 00 2.50 

- - - --- - -
10 B4 79 3B 42 37 13 2B 29 
25 84 70 30 28 28 25 19 24 
40 100 69 56 24 26 36 29 32 

6.3 Storage-dosage response in wet-blue leather testing 

Anti-fungal activity in terms of storage period versus fungicidal offer 

at various treatment temperatures as determined by the two storage 

assessment methods are shown in bar type format for treated wet-blue 

1 eather (Fi gure 58) and for treated and subsequently sol vent extracted 

wet-blue leather (Figure 59). These figures indicate that except for 

the unextracted wet-blue leather pieces using the paper assessment 

method there was 1 ess protection at the hi gher treatment temperatures. 

Thi sis . consi stent wi th the greater surface bi ndi ng of larger 

fungicide/surfactant mixed micelles onto the surface of the wet-blue 

leather at the higher temperatures. In the agar assessment method NOITZ 

could more easily migrate from the surface to the surrounding agar thus 

providing less fungal protection. This surface bound fungicide could 

aho be more easily removed during solvent extraction . If greater 

penetration into the wet-blue leather matrix was the major reason for 

the greater binding at the higher temperatures, better protection at the 

higher treatment temperatures when using the paper assessment method on 

the unextracted pieces would not have been obtained. 
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Minimum inhibitory dosage levels for 8 week fungal -free protection 
(Table 12) showed a tendency to decrease between the lOoC and higher 
temperature treatments in the storage assessment method on the drained 
plugs when using the paper method. This is consistent with the greater 

binding at the higher temperatures. This greater protection at the 
hi gher treatment temperatures was however not observed in any of the 
other assessment methods indicating that the biocide was less 
permanently bound to the surface of the wet-blue leather and could thus 
migrate into the agar and al so be more easily extracted . 

TABLE 12 MINIMUM INHIBITORY DOSAGES OF KATHON LP FOR EIGHT WEEKS PROTECTIVE STORAGE OVER 
A RANGE OF TREATMENT TEMPERATURES 

Treatment Treated wet-blue Treated/sol vent ex t racted 

Temperature Paper Agar Means Paper Agar Means 

10°C 0,50 0,50 0,50 0,50 1,00 0,75 
25°C 0,15 0,50 0,3B 0,50 1,00 0,75 
40°C 0,10 0,50 0,30 1,00 1,00 1. 00 

Means 0,2B 0,50 0,39 0,67 1,00 0,83 

Solvent extraction of interstitial free and physically bound NOITZ 
resulted in a 2 to 4 fold increase in the minimum inh ibitory dosage 
necessary for 8-week protection. Substantial res i dual protection 
remaining after extraction, however, indicated that both the physically 
assoc i ated fungicide component as well as the bound NOITZ within the 

treated wet -blue leather matrix make a substant i al contribution to the 
overall wet-blue leather protection. 

6.3. 1 Storage response in relation to NOITZ uptake 

Storage response relative to the actual surface NOI TZ content, as 
determined by difference analysis of treatment float concentration show 
an inverse relationship between uptake and fungal gr owth and activity . 
Protective storage periods averaged over the treatment temperature range 

for both treated and solvent-extracted wet-blue leather samples are 
shown (Figure 60) depicting the curvilinear increase in storage with 
NOITZ uptake . 
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In both storage tests, no marked difference in storage response versus 
NOITZ content before and after extraction was apparent. Thi s again 
indicated that both the extractable and bound NOITZ components appeared 
to offer comparable protection (or only marginally reduced protection in 
the case of residual bound NOITZ) for a given range of up to 600mg / m2 . 
Storage increased relatively gradually up to the region of 300 to 400mg 
NOITZ/m2 and then at a rapidly increasing rate, exceeding the 
experimenta 1 storage 1 imit (of four month s) in the regi on of 500 to 
600mg NOITZlm2 . 

6.3. 2 Effect of treatment temperature on storage 

In the lower dosage range up to 0,25% Kathon LP offer, correspondi ng 
with practical application levels, treatment temperature had the effect 
of increasing NOITZ uptake . Thi s increased uptake, only corresponded to 
an increase in protective storage on the drained wet-blue leather 
samples when measured by the paper storage assessment method. The 
samples showed a decrease in protective storage with increase in 
temperature in the case of the potato dextrose agar method of assessment 
(Figure 61). The solvent extracted samples showed only a slight 
increase in protecti on with increase in treatment temperature. Thi s 
agai n i ndi cates that at the hi gher temperature · the fungi ci de is 

deposited in a form that in can easily migrate onto the PDA surface and 
is also more readily extracted . 

Temperature effects on storage margins could not be readi ly compared 
quantitatively at the higher levels of fungicide offer as the resulting 
storage period exceeded the experimental observation limit of four 

months . 

The role of temperature during treatment in influencing uptake and 
storage seemed to be twofold. At the higher temperatures more fungicide 
is bound to the surface of the wet-bl·ue leather leading to enhanced 
storage. This additional fungicide is, however, more · easily removed 
which could negate any beneficial protection effects. 
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6.3.3 Comparison of storage assessment methods 

A qualitatively similar curvilinear storage response in relation to 

NOITZ content was noted in both incubation tests on treated sampl es 

(Figures 60 and 62). 

The paper assessment method, however, took a longer period to establish 

a definite, heavy fungal growth. Parallel storage testing after solvent 

extraction of NOITZ, showed only a slight drop in storage response in 

the case of both test protocols (Figure 59). 

Storage performance testing by the two protocol s thus indi cated that 

while solvent extraction reduced storage response at various ·dosage 

offers, variation in storage margins with actual NOITZ content were only 

slightly lower after extraction. This indicated that both bound and 

extractable NOITZ conferred more or le ss comparable protection to the 

wet-blue leather. 
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CHAPTER 7 

BINDING INTERACTIONS OF A COMMERCIAL FORMULATION OF TCMTB 
WITH WET-BLUE LEATHER AND THE RESULTING ANTIFUNGAL ACTIVITY 

7.1 Binding interactions of TCMTB with Wet-Blue Leather from Float 
Analysis 

The bi ndi ng of TCMTB and wet-blue 1 eather was cal cul ated by float 
difference analysis from the amounts of free ligand remaining in 
solution. (Fowler et ~, 19B7) 

Tab 1 e 13 shows the ana lysi s of the free 1 i gand (TCMTB) concentration. 
Each determination was done in triplicate and from the mean CV 
(coefficient of variation) of only 3,5%, it can be concluded that there 
was good replication of results. The results show that there is not 
much difference in free TCMTB levels between the different temperature 

. treatments at the lower concentration level s. At higher concentrations 
however there is greater binding at the higher temperatures resulting in 
lower free ligand levels. 

TABLE 13 CONCENTRATION OF FREE TCHTB IN mgle IN SOLUTION AFTER TWO HOURS TREATMENT 

Busan 30L Offer in Float (%) 
So lution 
Temp. °C 0,0025 I 0,005 I 0,010 I 0,025 I 0,050 I 0,100 I 0,250 I 0,500 

. . 

10 1, 40 2,76 4, B4 13,2 24,B 77 ,0 269 553 
25 1,04 I,B2 3,23 B,95 I B,6 77., B 254 3gB 
40 1,56 1, B5 3,50 B,95 19,4 32 ,1 IBI 342 
55 1,23 2,61 4,12 10,4 26, B 54,2 IB 3 221 

Mean C.V. = 3,50% Range of C.V.'s 0,0 - 9,49% 

The percentage.TCMTB bound after two hours drumming is also shown (Table 

14) . It is seen that inmost cases over 80% is bound and only at the 
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higher concentration and lower temperatur es is le ss than 75% bound . 

TA BLE 14 PE RCEN TAG E OF TCMTB BOUNO WITH WET · BLU E LEAT HER AFTER TWO HOURS TREATMENT 

Busan 30L Offer in Fl oat (%) 
Solution 

0,0025 I 0 , 005 I 0, 010 I 0 , 025 I 0 , 050 I 0,1 00 I 0,250 I 0 ,500 Temp. °C 

10 82 81 84 83 84 75 71 53 
25 87 88 90 88 88 75 56 75 
40 80 89 88 88 87 90 75 78 
55 83 82 86 85 82 81 75 85 

The amounts of TCMTB bound to the wet-blue 1 eat her on an area bas is 

(Table 15) taking into account the total of grain and flesh surface 

areas are deri ved from the free 1 i gand in sol ut ion, the total amount of 

TCMTB originally present and the average mass of individual 38mm 

diameter plugs cut from the wet-blue pieces. Surface area rather than a 

mass basis was used due to the significant variations in mass between 

the different pieces of wet-blue leather (152g to 257g) arising from the 

differences in hide substance (thickness), As in the case of free 

l i gand , there was very little difference between treatments at various 

temperatures except at the higher concentrations where there was greater 

binding of TCMTS, 

In an earlier experiment, carried out in these laboratori es 

(unpublished), stratigraphic analyses of wet-blue leather split showed 

little or no TCMTB penetration indicating that TCMTS is predominantly 

bound to the surface of the wet-blue , The mean substance of the test 

pieces was 5,5mm, thus the edges of the pieces account for some 6,9% of 

the total area (varying between 5 and 8,7%). As the pieces were 

randomly allocated to the treatments the differences in area would not 

contribute significantly to any observed trends but only affec t 

individual values . 
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TABLE 15 AMOUNT OF TCMTB IN m9/m' BOUND WIT H THE WET-BLU E LE ATHER SURfACE AFTER TWO HOURS 
TREATMENT 

Busan 30L Offer in Float (%) 
Solution 

0,0025 I 0,005 I 0,010 I 0,025 I 0,050 I 0,100 I 0,250 I 0,500 Temp. °C 

10 16,7 36,6 68,6 194 311 604 1 215 2 480 
25 14,7 40,5 71,4 188 304 544 1 380 2 742 
40 17,9 33,3 70,3 1B4 379 525 1 522 3 133 
55 16,2 3B,9 71,5 175 357 714 1 669 3 493 
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The binding isotherms for TCMTB on wet-blue are illustrated (Figures 63 
and 64). Where the concentration of biocide was in the normal 
production application range (Figure 63) the binding of TCMTB followed a 
normal mass-action type curvilinear uptake curve. There was a fair 

amount of scatter about the mean with an increase in binding from lOoC 
to 40°C, but a decrease at 55°C. These differences may not be 
significant. However, when the concentration of TCMTB (and surfactant) 
was increased there was a marked increase in binding with increase in 
temperature (Figure 64). There was also an inflexion in the curve where 
binding suddenly increased rapidly. This inflexion occurred earlier at 

hi gher temperatures and was probab ly due to onset of mi xed mi ce 11 e 
formation where interfacial mechanisms came into play, resulting in 
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enhanced bi nding of TCMTB/ surfactant mi ce 11 es onto the 1 eather fi bres, 

particularly in apolar regions of the fibrils. 

The enhanced uptake at the higher concentrations may be directly related 

to the formation of large mixed fungicide/surfactant micelles. Since 

TCMTB was added in formulated form as Busan 30L containing a fixed 

proport i on of surfactant, both the concentrat i on of TCMTB and the 

.?mount of surfactant increased. At higher concentrations (in excess of 

the critical micelle concentrations) surfactant / fungicide aggregation to 

form 1 arge mi xed mi ce 11 es occurred. Thi sled to bi ndi ng of both 

surt'actant and TCMTB. · Thi s aggregation and mi xed mi ce 11 e format i on 

takes place at lower concentrations with increase in temperature. 

(Masullo et al (1986) 

7.2 Recover.ies of TCMTB from Treated Wet-Bl ue Leather by Sol vent 

Extraction 

The mean percent recovery values of the TCMTB extracted from six plugs 

in each of the treatments is given (Table 16). The results show that 

for most treatments a simi 1 ar amount was extracted from the pi eces for 

all the different binding temperatures. However, for treatments at the 

higher fungicide concentrations less TCMTB was. extracted in the the case 

of the lower temperature treatments. TCMTB extractabil ity i nit i ally 

decreased progressively with binding particularly at the lower treatment 

temperatures, consi stent with i rreversi b 1 e fi xat i on of an i ncreas i ng 

proportion of the fungicide uptake due to formation of chrome complexes . 

TCMTB extractability remained relatively high at the higher fungicide 

offer and treatment temperatures due to the effect of binding of 

TCMTB/surfactant mixed micelles arising under these conditions. These 

larger mixed micelles being more ' readily extractable by dichloromethane 

than bound TCMTB molecules. These results which are lower on average 

than found previously (Fowler et ~, 1987) could be due to the combined 

effects of factors such as vari able extraction efficiency due to the 

high moisture content of the wet-blue, greater binding than found 

previously due to formation of smaller mixed micelles as well as 

complexation causing a proportion of the TCMTB to be irreversibly bound 

to the fixed chrome. 
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TABLE 16 PERCENTAGE OF BOUND TCMTB EXTRACTED FROM WET-BLUE LEATHER BY DICHLOROMETHANE 

Busan 30L Offer in Float (%) 
Solution 

0,0025 I 0,005 I 0,010 I 0,025 I 0,050 10,100 I 0,250 I 0,500 Temp. °C 

10 71 65 44 28 35 25 18 15 
25 74 51 43 47 54 38 35 48 
40 64 38 50 28 35 47 37 37 
55 69 63 54 38 46 43 39 44 

7.3 Storage-Dosage Response in Wet-Blue Leather Testing 

Minimum inhibitory dosage levels for 8-week fungal-free (Table 17) 

protect i on showed a tendency to decrease between the 1 DOC and hi gher 

temperature treatments, particularly in the unextracted wet-blue leather 

samples, reflecting the enhanced uptake due to increasing TCMTB binding 

to the leather fibres with increasing temperature and float 

·concentration. A qualitatively similar temperature response was 

apparent in the paper and agar storage assessment methods although 

hi gher i nhi bitory dosages were necessary in the agar assessment method 

to achieve the same storage response. 

TABLE 17 MINIMUM INHIBITORY DOSAGES OF BUSAN 30L FOR EIGHT WEEKS PROTECTIVE STORAGE OVER 
A RANGE OF TREATMENT TEMPERATURES 

Treatment Treated Wet-Blue Treated Solvent extracted 
Temperature 

I IChamber I Paper I IChamber I Means Paper Agar Means Agar 

10°C I 0,10 I 0,25 I 0, as I 0,25 I 0,25 I 0,50 I 0,25 I 0,33 

25°C I 0,05 I 0,10 I 0, as I 0.07' I 0,25 I 0,50 I 0,25 I 0,33 

40°C I 0,05 I 0,10 I 0,10 I 0,08 I 0,10 I 0,25 I 0,50 I 0,28 

55°C I 0,05 I 0,10 I 0,10 I 0,08 I 0,10 I 0,50 I 0,50 I 0,37 

Means I .0 ,06 I 0,14 I 0,08 I 0,09 I 0,18 I 0,44 I 0,38 I 0,33 
. 
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Solvent extraction of interstitial free and physically bound TCMTB 
resulted in a 3 to 4-fold increase in the minimum inhibitory dosage 

necessary for 8-week protection. Substantial residual protection 
remaining after extraction, however, indicated that both the physically 
associated fungicide component as well as the bound TCMTB within the 
treated wet-blue leather matrix make a substantial contribution to 
overall wet-blue leather protection . 

TCMTB mi nimum i nh i bi tory dosage at 25°C and hi gher treatment 
temperatures (0,05%m/m for 8 weeks storage, paper method) in the present 
study was slightly higher than found in previous laboratory studies 
(Galloway and Cooper, 1974; Russell et ~, 1985; Bugby, 1985) but 
compared favourably with production dosage offers. 

Antifungal activity in terms of storage period versus fungicide offer at 

the various treatment temperatures as determined by the three storage 
tests are shown in bar-type format in Figures 65 (treated wet-blue 
leather) and 66 (treated, extracted wet-blue leather). 

7.3.1 Storage Response in Relation to TCMTB Uptake 

Storage response relative to actual surface TCMTB content, as determined 
by difference analysis of treatment float concentrations, is also 
illustrated in Figures 65 and 66 which show the inverse relationship 
between uptake and fungal growth and activity. Protective storage 
peri ods averaged over the experimental treatment · temperature range for 
both treated and solvent-extracted wet-b 1 ue 1 eather sample seri es are 
shown in Figures 67 and 68, depicting the curvilinear increase in 
storage with surface TCMTB uptake. 

In the moist paper storage test, no marked difference in storage 
response versus TCMTB content before and after extraction was apparent . 
Thi s i ndi cates that both extractable and "bound" TCMTB components 
appeared to offer comparable protection (or only marginally reduced 

protection in the case of residual bound 'TCMTB) for a given uptake in 
the range up to 500 mg /m2

• Storage response increased relatively 
gradually up to the region of 200mg TCMTB/m2 and then at a rapidly 
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increasing rate, exceeding the experimental storage 1 imit for four 

months in the region of 400 to 500mg TCMTB / m2. Extended storage 

protection at these higher TCMTB contents coincided with progressive 

emulsion instability and TCMTB and TCMTB/surfactant mixed micelle 

binding onto the leather fibre as previously noted. 

In the case of the humidity chamber and agar nutrient tests, a 

qualitatively similar uptrend with increasing TCMTB surface content was 

"noted. A lower storage response was, however, observed after solvent 

extraction, particularly in the case of the "agar test. This altered 

response following solvent removal of TCMTB may be attributable to 

absorption of nutrient components by the embedded wet-blue 1 eather 

sample from the surrounding agar in contact with the sample, thereby 

supporting more rapid development of fungal growth. In addition, a 

clear zone of fungal growth inhibition was established immediately 

around the treated sample. This was due to diffusion loss of active 

ingredient from the sample. " Fungal growth occurred on the remaining 

medium surface. Both the agar and chamber methods represent more 

stri ngent tests si nce the " samp 1 es are cont i nuous ly exposed to fungal 

spore contamination during storage. 

7.3.2 Effect of Treatment Temperature on Storage 

In general, in the lower dosage range up to 0,1 % fungicide offer 

corresponding with practical application level s, treatment temperature 

had only a relatively slight effect in increasing TCMTB uptake and the 

associated protective storage period (Figures 65 and 69). 

In the higher dosage range above 0,1 % fungicide offer, temperature 

effects on TCMTB uptake were more marked with a progressive increase in 

storage margi n due to the increased bi ndi ng of TCMTB/mi xed mi ce 11 e 

binding that occurred at elevated temperatures. Temperature effects on 

storage margins could not be readi ly compared quantitatively at the 

higher levels of fungicide offer, however, as resulting storage periods 

exceeded the experimental observation limit of four months. 

The role of temperature in influencing uptake and storage thus appeared 

to be twofold in nature. At moderate dosages, temperature exerted a 
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direct, but small effect in promoting mass-action controlled interaction 
and binding of TCMTB in the chromed collagen fibre. At higher fungicide 
dosage and application temperatures, an indirect effect of temperature 
in promoti ng the format i on of 1 arger mi xed mi ce 11 es whi ch 1 ead to 
increased uptake on the hide fibre surface and improved storage 

protection. 

In the production situation, the importance of ensuring good initial 
emulsion dispersion of TCMTB for uniform distribution in production drum 
loads is underlined by current findings as well as the role of the 
surfactant component present in formulations in maintaining emulsion 
stabil ity at elevated temperatures . Temperatures approachi ng 40°C to 
50°C may arise from frictional heating effects in large production 
drums, particularly when using short floats to promote chrome 
exhaustion. 

Present results indicate that where initial TCMTB 
destabilisation of 

di spersion is 
the ernul sion, adequate, subsequent progressive 

accelerated by heat build-up in the drum, can be beneficial in promoting 
final uptake and exhaustion of TCMTB for enhance · storage protection . 

7.3.3 Comparison of Storage Assessment Methods 

A qualitatively similar curvilinear storage response in relation to 
TCMTB content was noted in all three incubation tests on treated samples 
(Figure 67 and 68). The order of response in terms of storage period to 

establishment of definite, heavy growth on the samples was as follows:-

Paper ) Chamber ) Agar 

Parallel storage testing after solvent extraction of TCMTB, showed a 
sl ight drop in storage response in the case of the paper test, with a 

progressively larger decrease in the case of the chamber and agar tesfs, 
respectively. The order of storage response thus remained the same 
after extraction, but ·with more marked differentiation between the test 
protocols. 
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Storage performance testing by the three protocol s thus indi cated that 

while solvent extraction reduced storage response at various dosage 

offers, variation in storage margins with actual TCMTB content were only 

slightly lower after extraction in the moist paper test. This indicated 

that both bound and extractable TCMTB conferred more or less comparable 

protection. In the case of the chamber and agar tests, however, in 

which the samples are constantly challenged by the presence of fungal 

spores, removal of the extractable TCMTB component by extraction 

appeared to increase the susceptibil ity of the materi al to fungal 

growth. Greater susceptibility of the extracted wet-blue leather in the 

agar test may be attri but ab 1 e to uptake of nutri ents from the agar by 

the embedded sample, thereby further supporting establishment of earlier 

fungal growth. 

Various studies to date (Galloway and Cooper, 1974; Russell et ~, 1985; 

Bugby, 1985) indicate that moist storage with re-inoculation (paper 

method) gives minimum dosage offers which are close to practical 

product ion requi rements. From the present comparat i ve study both the 

. humi dity chamber (30 0 i ncubati on) and agar embeddi ng procedures 

represent accelerated tests giving qualitatively similar storage 

response curves, but higher minimum dosage requirements, particularly 

after solvent extraction in the case of TCMTB. 
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CHAPTER 8 

GENERAL DISCUSSION AND CONCLUSIONS 

The binding of the fungicides NOITZ and TCMTB to insoluble bovine skin 
collagen from solutions containing the non-ionic surfactant Triton X-1 00 

is complex and showed deviations from the normal classical mass-action 
"binding situation. At the hi gher concentrations of surfactant and 
fungicide the surfactant/fungicide mixed micelles also became bound. As 
the two fungicides can be regarded as polar molecules which have the 
potential to behave as surfactants the nature of solutions of Triton 
X-100/fungicide was also complex. The fungicide and surfactants in 
these solutions formed micelles and mixed micelles. At different 
relative concentrations and temperatures transition from one form of 
mi ce 11 e/mi xed mi ce 11 e to other forms took place. Genera lly with both 
increase in temperature and increase in fungi ci de concentrat ions at a 
fixed surfactant concentration the transition from small uniform 
spherical or near spherical micelles to larger rod-shaped micelles 
occurred. The transition was dependent on the fungicide surfactant 
molar ratios . 

"The dynamic nature of the mixed mi celles formed from NOITZ and Triton 
X-100 was illustrated by various shifts in the wavelength of the 

absorbance maxima in the UV range. Sudden changes in both turbidity and 
absolute viscosity indicated that at fixed concentrations of the 
fungicide and surfactant formation of large rod shaped micelle occurred . 
This ·trans i tion point was temperature dependent. 

Due to the nature of the sol ut ions contai ni ng both TCMTB and Triton 
X-100 the shifts in absorbance maxima in the UV range and changes in 

turbidity could not be measured. Solutions or TCMTB without any Tr i ton 
X-100 did, however, show absorbance wavelength shifts illustrating that 
TCMTB can also behave as a surfactant type mol ecu1 e and form mi ce 11 es. 

Viscosity curves which showed sudden increases at inflexion points 
confirmed the formation of large rod"shaped micelles of greater 
hydrodynamic volume in the TCMTB/Triton X-100 solutions . These 
transitions were also highly temperature dependent. 
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As these surface active rod-like mixed micelles became available for 

bi ndi ng with the soli d collagen surface due to hydrophobi c effect s 

changes in binding mechanism were observed. 

The binding of both NOITZ and TCMTB from aqueous emulsion solution, as 
measured by difference analysis of the treatment float with both chromed 
and limed hide powder, was relatively rapid. Most of the fungiCide was 
bound in the fi rst hour, when surfactant concentration was low and, 
equilibrium being established within the first six hours when the 
concentrations were high. 

The fungicidal active ingredients NOITZ and TCMTB uptake failed to 
follow normal mass-action binding type isotherms approaching definite 
saturation limits, but increased continuously, indicating a co-operative 
type interaction. Thi s increased binding was al so accompanied by a drop 
in free surfactant in solution at the higher biocide levels which 
i ndi cated that complex mi xed type mi ce 11 es were formed whi ch bound to 
the collagen fi bres . Thi s was more pronounced in the case of the 
chromed hide powder demonstrating a greater affinity for the more highly 
charged chromed tanned collagen surface. 

The binding was relatively non specific and not readily attributable to 
any particular amino acid sequence or protein configuration at the 
binding site. The binding was probably hydrophobic involving the apolar 
side chain residues present in collagen. 

Wet-b 1 ue 1 eat her was treated with commerc i a 1 formul at ions of the two 
fungicides and the storage response was assessed. NOITZ showed a linear 

increase in binding with wet-blue leather and at no stage was a 
saturation level reached. There was increased binding with increased 

temperature. This was due to the formation and binding of larger mixed 
micelles at the higher temperatures. Although the proportion of solvent 
extractable NOITZ decreased with increased offer, the temperature 
effects on extractability were relatively small. 

Although there was greater binding at the higher temperatures only the 

paper as sessment method showed increased storage protecti on . Thi s was 

due to the presence and greater mobil i ty of fungi ci de from the 1 arge 



155 

mixed micelles which could more easily migrate onto the PDA surface 
leaving the wet-blue leather surface less protected. The larger mixed 
micelles were also more easily removed by solvent extraction resulting 
in less protection of the leather treated at higher temperatures. This 

was the case no matter which assessment method was used. When expressed 
on the actual surface concentration of fungicide, no marked difference 

in storage response before and after solvent extraction was noted. This 
indicated that both the irreversibly bound and the physically associated 
fungicide gave comparable protection. Storage protection increased 
relatively gradually up to a surface area concentration of 300 to 400mg 
NOITZ/m2 and then rapidly thereafter. 

The role of temperature during treatment in influencing uptake and 
storage protection was thus twofold. The higher treatment temperature 

promoted greater uptake of the fungicide by the wet-blue leather surface 
leading to enhanced storage. However the fungicide could be more easily 
removed which could negate any benefici al protection effects . The two 
as sessment methods were found to be qual it at i ve ly simi 1 ar although the 

·paper method took longer to establish definite fungal growth . 

For TCMTB over the lower fungicide concentration range (up to 0,1 % m/m 
fungicide offer in 100% float) uptake followed a normal mass-action type 
binding isotherm increasing progressively with fungicide offer, whil st 
at the same time, the proporti on of solvent extractable TCMTB in the 
wet-blue leather decreased, due in 

irreversible chrome complex formation. 
effects were relatively small. 

part to increasing 

In thi s range 
1 eve 1 s of 

temperature 

At higher fungicide offers a marked increase in TCMTB uptake was 
observed with destabilisation of float dispersion and surface binding of 

TCMTB and TCMTB/surfactant mixed micelles . With increase in temperature 
this occurred at lower concentration and. also resulted in a higher level 
of solvent extractability. Thi s indicated that increased temperature 
promoted the formation of larger mixed fungicide / surfactant micelles. 

Protective storage margins for TCMTB treated wet-blue leathers showed a 

curvilinear increase with dosage offer and surface uptake of TCMTB. No 

marked improvement in storage response due to increased treatment 



156 

temperatures was apparent for fungi ci de offers up to 0,05%. At hi gher 
fungicide offers (0,1 % to 0,5%) a marked improvement in storage response 

was observed with protective periods exceeding the four month 

experimental limit. 

Solvent extraction of the treated wet-blue leather resulted in a general 
reduction in surface TCMTB. The results indicated that both extractable 
and residual bound TCMTB components contri bute to storage protection. 
Solvent extractability of TCMTB and resultant changes in storage 
protection tended to be lower in the 10°C treatments, but increased with 
temperature due to the greater amount of revers i b ly bound TCMTB and 

TCMTB/surfactant mixed micelles on leather fibres. 

Storage response in relation to surface content of TCMTB after treatment 
showed a qualitatively similar curvilinear increase in the three test 
methods, but storage periods at various TCMTB uptakes decreased in the 
order, 

Paper ) Chamber ) Agar 

Storage response in relation to surface content of TCMTB after solvent 

extraction showed a slight decrease in the paper test, but progressively 
1 arger decreases in the chamber and agar tests, probab ly related to 
continuous sample exposure to fungal spores and nutrient diffusion into 
the leather in the agar test. 

Results of these studies suggest that the course of fungicide uptake 
from emulsion dispersion is progressively dominated by interfacial 
phenomena, underl i ni ng the importance of the surfactant component in 
formulations to ensure adequate emulsion stability over the practical 
treatment range. El evated temperatures in the region of 40°C can occur 
during the tanning process, due to frictional heating in large scale 
production drums. These can lead to progressive destabilisation of the 

dispersion before uniform distribution has occurred over the hide 
surface during· production. 

allow for good initial 
Provided emulsion stability is sufficient to 

distribution and uniform uptake however, 
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subsequent slow emulsion destabilisation could be beneficial in 

promoting float exhaustion and further absorption of fungicides by the 

wet-blue leather surfaces. 
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