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ABSTRACT

A back titration technique has been used to follow up
the effect of change in the conposition of the propan-1-ol/
wat er solvent on the kinetics of the deacylation of egg yol k

| ecithin under second order conditions in alkaline nedia.

The lecithin was enployed at a concentration of
1.5 x 102 nolar and the alkali concentration was doubl e that
of the lipid. The reaction was investigated in concentrations

of propan-1-ol ranging from10 % v/v to 97 % v/v in water.

The work involved the withdrawal of aliquots of 1 cn?
fromthe reaction sol vent which was naintained at a tenperature
of 30°C under nitrogen reflux and magnetic stiringr
Wthdrawn aliquots were titrated to phenol pht hal ein end poi nt
using 3 x 10° nolar hydrochloric acid and a 10 cn? burette.
readable to 0.02 cn¥ Fromthe titre values obtained estimations
of the rate constants for the deacyl ation process in the
vari ous conpositions of the propan-1-ol in v/ater solvents

enpl oyed were obtai ned.

Association of lecithin in the various solvent systens
was exam ned spoctrophotonetrically between 255 and 295 nm
using a Pye Unicam SP 30 digital, spectrophotoneter using
phenol pl rthaleln as a probe. The lecithin existed as nonomners
in 83.33 % v/v propan-1-ol in water while various nol ecul ar

regates were formed in the other solvent systens.

Vi



ABSTRACT (Contd')

The rate constants for the deacylation of lecithin

! to

obtained ranged from 2.86 x 102 dm nole?! s
86.36 x 102 dn? nole! s in the various solvent systens
enpl oyed. However values of the rate constants for the
deacyl ation of |ysolecithin were nuch snaller, ranging

from2. 04 x 10-2 dm? nole-! s-1 to 1.09 x 10-° dn? nole-! st
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CHAPCER  OHE
LHT 0 CTT Ol
INTRODUCTION TO LIPID:

Lipids are 2 clans of organic compeunds which
are very ‘'ridely disurihuted in living forms., All
plants and animalc contein some form of lipid and
they constaitute & very important storage form of
energy in these organisms, They also play an

important role aloi; wiith certain preteins as

structural elements of c=lls,

Though no d2ta-led classification ef lipids
available is universally acceptable, the follawing
classificatian by sSurickland (1963) has: been
adopted, It shoulu however be neted that it is
necessary to impo.c th:e added restriction ef
ElQer (1943) that lipids aust, with a few
esceptions, “e sclu'le in the so called fat solvents

(e.g. ether, chloroicra, benzene etc, ),

Acgevaing i Whis classification lipids are

greuped a5 indicated below =
SIMPLE LIPIDS:=

These are Mainly =st~rs of fatty aclias and alcouols

and incluie -



-

(a)

(p)

(c)

()

(e)

glycerol e:t s Lmono,di and tri-glycerides)

cholesterol =i :2ra

higher alcohui «stiars

glycerel ethers

hydrocarbous,

PHOSPHOGLYCLERIDSS . -~

These are esters ol jhosyo 2le and the free

M-hydroxyl of ~, ,-dirlyceride or X=(vinyl alkane

ether)-?-monOglyuerfce ang include -

(a)

(b)

phosphate mono @ct-rs (phosphatidic acid

esters)

phosphate disiers containing

(i)

(i1)

(iii)

(iv)

chedine, 1% w2 include lecithin,

lysoleci iin =1’ choline plasmalcgen

Ethanolixsine, 1hese include phosphatidyl
echanol . snc, cilanolamine plasmalegen

and kephalin 5,

Serjie, These i clude phosphatidyl serine

and serine placualogen,

Giyceoraly,: These Include phesphatidyl

glycercl .ot cardiolipin,



(v) Inésitul, 7These include phosphatidyl

‘inesitol, di and tri phesphainositides,

(¢) phosphate tricsier: which include complexes
of phesphatidyl 2ilianolamine and

phpsphatidyl serine,
SPHINGOLIPIDS® -

These are sphingocine cerivatives containing the

N=fatty acyl group snd include =

(a; sphingomyelin

(b) cerebrosides

(c) sulphatides

(d) gangliosides (mucclipids and strandin)
DERIVED LIPIDS:=

These include -

(a) fatty acids

(b) cholesterol

(¢) higher alcohols zand

(d) sphingesine.



£) COMPLEX LIFIDS:=-
These include =
(a) lipoproteins
(p) proteclipids aad
(¢) phosphatidopeptides,

Cf the lipids the prnosphoglycerides,
particularly phosphatidyl choline, exhibit a

significant presence in cell membranes,

Cell membrarnes can be viewed either in terms
of their anatomy, ss revealed by the electron
microsqgope jnd other techniques, or in terms of
their physiology and function or in terms of their

chemistry,.

Mest lipids of the cell membrane are based .an
the glycerol molecule
H
1
HeaC =0
!
H=C-OH = glycerol
!
H=C=0OH
1
H
Membrane lipids are usually esterified at the

one and twe positions by long chain fatty acids. The

third pesition iz occupied by a polar group,



Yo

Of recent a Lol of interest has been
sencrated on the ~ucstionn of membrane structure. It
has become necess 'y Lo irvestigate the behaviour
of some amphiphiles rece it in the cell membrané
in various solvent: =sicci-lly in waters Of thé
amphiphiles lecithi~ is tue most empleyed
probably because of its significant presence in
actual membraneseni it's abundant supply in crude

form from cgg yoli and other sources,
INTRODUCTION TO LECITHIN

Phosphatidyl cwlive (lecithin) is the diacyl
compound ef glycervylphosphoryl choline., It shews a
wide distrisutica in living things and in particular
is an integral and wmajor ccnstituent of the
phosphoiipids which are profoundly responsible for
tne'semipermeahle properties of the cell, nuclear

and mitochondrial 2mbranes,

Phosphatidyl cunline on complete hydrolysis
yields two molecule:z of fatty acids, a melecule of
glycerel, a molecile of pnospheric acid and a
molecule eof choline, This led Liakanev
(1867, 128 a, b) ayd Sirotcher (1868) te propese

the tellewing structure {or lecithin,



?120CUR1 where R1 and R2 are alkyl radicals,
OH.
%:HO COR, I/ CH3
H20-0~$02-CH2-CH2-§ —CHB
Ol (31‘13

Jukes (1934) however provesed a zwitterionic
structure for lecithin w':‘ch has been supported by
potentiometric titration evidence (Jukes, 1934,
Fischgold and Chains, 1J35) and by the observed
deilectric activity o thig lipid in water

(Furth, 1923) and ethanol (Kuhn, 'et al’, 1935),

R | OCOHzf,'r‘
R2oc0H? ? CHs
CH =0==0-Clip=CH, -1\[}' ~CHs

| O. CH'5
| Where R1 is saturated and R2 is usually unsaturated
(Hanahan, 1952, 19%4). This statement is howcver
incompatible with ti-e observation that the saturated
fatty acids constitute only 35 % of the fatty acids
in lecithin (Elworthy and :aunders, 1956),
Perhaps the authors intended that the percentage so
indicated should be fzhen on a welght basis and not
on a molar basis, It is however interesting to note
- that the fatty acid coupesition of the natural
lecithins vary since, for ingtance, both of the
alkyl groups in the lecitiins occuring in the lungs ,

are fully saturated,
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REVIEW OF PREVIOUS UCHAK Clv THE DEACYLATION OF
LECITHIN,

Though extensive work has been done to
investigate the solvolysis of the phosphate ester
proup in lecithin (?%ailly and Gaume, 1926, 1934,
1935 etc., Baer and liates, 1948 and other workers)
research on the deacylation of lecithin has
received far less attention, This is probably due
to the fact that the preocess involved is analogous
to that of carboxylic ester hydrolysis for which

the kinetics are fairly well understood,

Being a diacyl compound the study cf the
kinetics of the deacylation of lecithin presents
challenging problems, 1he acyl groups are removed
in stages leading 1« appropriate rate constants,
Also there is facile acyl migration which
complicates the entire problem, There is in
addition the relatively .insignificant but
complicating fact o! the migration of the phosphate
to the 2-position in the 1~acyl intermediate
(Bailly and Gaume, 1934)., lleglecting this last point
such a process can be represented by constants as

indicated helowi



Lysophosphatidyl

s choline 1~ Kk,

Phosphatidyl Gly'erylphosphoryi
choline choline

!
lysophosphatidyl
Choline II
The first workers to investigate the kinetics
of the process of deacylation are Baer and Kates
(1950), Their worlk involved the titrimetric assay
of released fatty acids from synthetic
dipalmitoyl-sn-glycerol~3-phosphorylcholine under
supposed pseudo first order conditions at 3700. The
solvent employed consists of 8 % v/v carbon
tetrachloride, 10 % v/v water and 82 % v/v methanol.
Their precedure involved the withdrawal of aliquots
from the reaction wixture which was 0.2M in sodium
hydroxide and 00,0204 in lipid concentration. This
correspornds to a chan:e of over 20 % in the alkali
concentration over the entire course of reaction.
This large percentage chonge far exceeds the 10 %
limit recommended by Garrett {(1967) for compliance
with pseudo first order conditions. In view of this,
Baer and Kates! c¢onditions can not be said to be
first order. Withdrawn aliguots were mixed with a

solution of sulphuric acid and then extracted twice



with ether. The eiher extract was dried and then
used for titration, Tl.e treatment with sulphuric

acid introduces a =source of error since the acid

can and does act as = Jdeacylating agent, This

would lead to titre valucs higher than expected and
hence lead to overestimated values of the rate constant,.
However this would be opposiie to the effect caused by
that due to the chanuging concentration of the alkali,
Baer and Kates (1950) treated their data as if the
process of deacylation was one step, This can only

be true if the rate of removal of the first fatty

acid is far greater or far less than that for the
removal of the second acyl residue, Under that
condition one of the steps becomes rate limiting,

Even then the process being consecutive the far
portions of the rcaction can not be masked off.

They obtained pseudc lirst order rate constants of

-4 g1 5

2.8 x 10 for deacylation and 1.9 x 10° 1

3-

for decholination,

Marrinetti (1962) studied the methanolysis of
phosphatidylcholine obtained from egg yolk using
sodium methaxide, The sclvent system employed was
67 % v/v chloroform and 3% % v/v methanol. The
mixture was 0,17 molar (1,7 x 107 'M) in methoxide
and 6.4 x 10-3 molar in trhe lipid hence ensuring
pseudo first order conditions. At room temperature,

the reactinn was too fasi to be conveniently followed,



10

At 0% however, it =5 slow enough to enable the
use of a paper chrons:tographic proceJuie to
quantitate the lecithin, the lysccompounds, the
fatty acids and t.» glycerylphespheryl cheline,
kEnploying Marrinecti's results and the activatien
energy for the sapomiilcation ef various
fatty=1=manisgyceridcs as published by Jellinek and
Gordon (1951), a pseudo first order rate constant

T a4y ve calculated at 37°C. This

of 2.4 x 107%s"
constant (2.4 x 107 5“1) refers te that for the
removal of the [ir:t fatty acid residue from
lecithin under pseude iirst order conditicns. In
addition Marrinetti observed a preponderance »f
saturated fatty =acid:s early in the process. This
would imply a preference of methexide ions for
attack at the 1-position of lecithin at which most

of the saturated {1ttty ~cids of lecithin are

esterified.

-

Fujiwara 2l a1l  (1967) proceeding with
Marrinetti's work investi ated the deacylation ef
egg yslk phosphaiid, 1l cioline at a concentration ef
o P ¢ 10'3M. They employed various alkexides in the
correspending alcoaol:z at a concentratien ef

6.4 x 10-3n. In addition rujiwara et al employed

laurylamire of no specified concertration but the
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amine was used asa aethonolic selution. All the
reactions were carried out at 07C except those for
the tebutexide and laurylawmine which were at QObC
and 37OC respectivaely. Tre intermediate
lysovhesphatidyly éholine was separated out using
preparative thin layer chromategraphy. Hased on a
gas liquid cheomats roephic analysié sf both the
phosphatidyl choline and the lysephbsphatidyl choliae,
Fujiwara et al observed that n-prepoxide attacked
the 2-position preferentially, Since the Z-~pesitien
contains the unsaturated fatty aclid residues, this
deacylation of thz unsatureted residues by
n-propoxide and n-butexide as compared to the
saturated fatty aciv residues. Though no kinetic
data 1s available Ifrom the work ef Fujiwara et al ,
it is obvious that laurylanine and. t-butoxide must

be relatively poorer deacylating agints since thege
compounds had to e employved at 37%C and 4m°9C

respectively insgtoad of the 09C for the other alkoxides.

Dawsan (1954) repcrted the assay of various
phosphoglycerides pod other phospholipids present in
Piolegical sampleg. The method used was based on '
mild alkaling hydirolysis and subsequent separafign by
paper chromatography of the components of the

hydrolysate. This was then follewed by the determination

Al L TR o
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of the various p.onucts irum the chromatogram. By
piecing the resuliz of Such estimations together,
Lawson (1954) couls ®ell what concentration of
which lipid he n~d - bis starting material or

sample, In coptinuation of this work,

Dawson (;,bﬂ) simolified the earlier precedure te
enab.e quantitative recoveries of the products and
also to enzble tne assay of the alkaline stable *
phospholipids, 'This involved subjecting the sample
to mild agid hydrolysis, 7The treatment with mild
acide leads to a treak down of the alkaline stable
plasmalegens ana appropriate long chain aldehydes
and »hosphediesters are formed, The solvent employed
consisted of 8.7 % v,/v carbon tetrachleride,

9.8 % v/v water and 82 % v/v ethanel. The mixture
was 2.7 X 10~2 molur in sodium hydroxide, These
conditions in concravention of Garrett's rule
(Garrett 1967) do rot lead to pseude first erder
reactions. Though Dawion's solvent appears te be
rather less polar “han thot of Baer and Kates (1950),
his reactien is conniderably faster with a pseude

-o -
first order rate coustint of 2 x 107> g~ at 37'0.

Dawson' (1966} reported the hydrolysis ef
lecithin films by pllosphelipase-~A. Fhosphelipase-A
is specific in causing deacylation only at the

T=pesition cf 2=sn-unospatidyl choline, He ebserved
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that when the lacitiin was converted to lysolecithin,
it was lest from the surface into the underlying
agueows phase wheve it was rapidly degraded further,
Based w1 this fact, Maurer and Dawson *(1967)
investigated the kinetics of the deacylation process
empleying yeast lecithin in the form ef surface films
on water, The lecithin used was labelled with
ph=asphierus-32, Radiocactivity was measuréble from
the film., Onh conversion gf the lecithin to
lysoleci*thin, an amount of radisactivity
corregsponding to the guantity of lysolecithin formed
was gained by the agueous phase. In the aqueeus
Phaseg the lysoéomlbund was degraded further to
glyceryl phosph;rylcholine {Dawson 1966)., Hence
this method could e employed to fellew up the

kinetics of the process,

Under®acidic conditions (1.5M FC1 corresponding
to a pF 0£-0,18), «wo loss in radiocactivity was
observed from the surface films at temperatures
b?low 50°C.,  This correzponds to a failure ef the
aclid as a deacylating agent, These results were
eXplained as due to Llhe relatively lew hyarogen ion
concentratien at e filwm surface. Under such
highly acidic coaditions, the phosphate oxide group
gets protonated and {tlie lecithin molecule has a net

positive charge fruw the quartenary ammenium group,
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lience hydrogen ions ars vepelled from the film
whose pH becomes citnificantly less than that of the

bulk phase as a iuesult,

If complete protonstion of the phesphate ester

group is assumed, the surface pH is given by

W
i
1
4
[
s
{

where K = Boltzuan constant
¢ = electronic charge

T = absolute tenperature

pH = interfacial pH
s

PH = bulk p/! and

.

W’/ = qnter{icial potential.

The assumption of compleie protonation ef the
phssphate oxide pgroup is consistent with the pKa

value ef 3 for this group reported by Banks (1978).

The iaterfacial petential is derivable from the
Guoy equation (Davies and iideal, 1963) and this
leadS- to ng of 2,3, Tre assumption that the
rhesphate “roup is . rotonated at this pH value is
consistent with the worl of Bangham and Dawson [(4958)
whe report21 a sharp change in ure surface potential

af leecithia below pi' J. “he lack of hydrolysis in
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acid can also be atitributed to the poar efficiency

of acids generally for hydrolytic processes.

In alkaline sodium @ ydroxide solution of
strength 0.1 - 0,01 having a pH ef 13 = 13,78, a
slow ilss of radivu ctivity to the bulk phase was
observed, The raie cf such loss was found to vary
linearly with the bulk hydroxyl ion concentration
in consistence witn the equation for reactions in

surface menolayers (Davies and Rideal, 1963).

An activation energy of 14.25 Kcal/mole was
calculated for the auvove saponification. e
Substitutien of sodium hydroxide by either petassium
hydrd;ide er lithium hydroxide produced a slight but
virtually negligible decirease in rate. This was
interpreted as meanrin< that neither the ionic
diameter nor the uydration of the ion associated with
the hydraxide appear to have any significant effect

on rate.

In adc¢ition, . av=er and Dawson (1967) noted
that when "0 = 20 ., wethanol was added to the solvent
system (i.e to Lie water) an increase of upte
30 % in reaction rate -as obtained. Addition of
ethanel to “he tune of 10 % of the solvent system
caused an ircrease bul rot quite as much as that

caused by ar equal amount of methanil. A still



e

lesser effect was observed with octadecanol. The
increasing rate cuucyved with the alcohAls was
attributed to the piccernce of their alkoxides in
equilibrium with hydroxyl ions (Banks, 1978). It

was also felt thut ©.:. siructural organization of

the film was such Liat it presented a barrier te
anions but that such a barrier was less cifective for
the alkeixides than ic¢r tiie hydroxyl ion, This was
attributed to the zZrester lipephilicity wf the
alknxides compared to Lhe hydroxide ion. If this be
correct, then an itcreasiug potentiatry effect on
reaction rate shoulo be expected with increasing chain
length for the alcohol, f1he fact that this wasn't
quite so has beeun attributed to the fellowing

equilibrium by Murto (1962),

EtOH + OH .--5H,0 + B0 K = 0.66 at 25%c
MeOH + Oif- »Me0” + H,0 K = 4,5 at 25°C

The Jack of reaction in acid has Been attributed
to a2 surfzre positive charge (Hauser and Dawson, 1967).
I1f this is zo the lancorzoration of an anionic
surfactant in the zuri-ce film should cause a marked
increase is rate in wzcicic media. On the other hand,
the addit.on of cationic surfactant sHeuld cause "a
decrease in rate in acid, Tn alkaline media effects

opposite teo those l.dic:atad abov2 are to be expected
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as the pesitive ch rgc on the nitrogen should be
rencerec 'neutral® L3 v e atmosphere of hydroxyl and
alkexide ions. T:i: lias infact been found to be the
cagz oy these same workers, On the introduction ef
cetyl trimethylammoniuin bromide a rate enhancement
waeg obgerved wiiile gt of phosphatidie _:id caused
a siginficant decrezse in rate. It was assumed

tha=- on the basis of this and other works

(Pnillips et al , 1972; Lauser et al , 1976) tnat
the film was oriented in such a way that any iens
approaching it would first encounter a region of
high positive charge ard then a region sf high
negative charge. "« rats constants obtained are

BeT X 10'4 s"'1 for the pseude first order constant

and 2.2 x 10™2dm uoie™ 1< for the apparent second

order constant,

It is interesting tc note tha: Alexander and
[lideal (137) workivg on iL:e sapenificatien ef
surface f. ms of esters of long chain fatty acids and
alcohols r:ve reporied a nseudo first order rate
constant ¢ 5,0 » 1074 s~ correspending to an
apparent sz2ond ot er rate constant of . rﬂi

“z‘ ’ 3 l "'1.,."'1 ¥ 3
5.0 x 10 "dm”wole ‘s ., They employed a hydrolytic

solvent wri:h was 1 niclar in the alkali.
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Marriott (1u64%) bos investigated by
titrimetry the relcuce of fatty acids from egg yolk
phosphatidyl cholin: and lysophosphatidyl choline
prepared by the actionm ol phospholipase A. He used
a solvent that was 1.1 % 10™M and 0.8 x 10™°M in
lecithin and lysolecithin respectively and 0,18 molar
in the alkali, The solvents employed showed a
concentration range of 70 - 92 % v/v in methanol,

4 « 26 % v/v in waler aund 4 % v/v in chluroform,

It is worth noting that in view of the
considerawvle variation in the water content, a large
variation in the diclectric constants of the various
hydrolytic solvents in tne range 20 - 40 is expected
in Marriott's reaction systems, He reported rate
constants in the range of 2,04 = 27.34 x 10—3 min-1.
The hydrolysing arents employed were potassium
hydroxide, lithiuu l./droxide, sodium hydroxide
tetramethylammonium hyfroxide and tetraethylammonium
hydroxide, He ohs~irved overall third order kinetics
with all the hydro.ides except for lithium
hydroxide for whichi overall second order kinetics
were observed. Illarriott explained his results by
postulating that lecithin and lysolecithin ia alkaline
solution bind lithiun ions much more strorgly than
other cations. HHe 1.50 claimed that only a

cation/phospholipid cumplex could be attacked by the
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alkalis to release f{=2tiy acids, This covertly
assumes, as a congseou nce, that the rate constant
for the formation oI the catiow/phosphelipid complex
is of the same oruey of mpgnitude as that for the
deacylatisn of thz complex so formed except for the
lithlium hydroxide., Ju addition jt is *rnlied that
the rate constant for the formation of the
lithium/phospho 1i;id complex is far in excess of
that for any of the otlier alkali ions., Marriott
was able to assuwe tois because .he theught that the
ptespholipids were negatively charged in his
reaction system. 7The mixture used fer his study
was 0,17 molar in hydroxide hence giving a*’H of
about 13 . Under theee conditions, a net negative
charge can be developed by the lecithin only either
by ¢a-ordinate bending of hydroxyl ions te the
quarternary ammoniii. “roup or by demethylation., It
is knéwn ihat pure locitlin exieis zwitterionically
between pH 3 and “J ‘Janiis, 1978). Lecithin contains
no labile pretons ..1d ©o z.sume that the quarternary
ammonium group hai its chorge neutralized by
co-ordinate bondiu: to a ydroxyl ien in the largely
metliamclic golvent seems odd, In fact in pure water,
the lithium hydroride solution of highest
concentration employ<d wiil have a pH of 13.6 if

cemplete jonization is assumed, .inwever the solvent
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system used in the case of lithium hydroxide

contained only 9 % water and 87 % methanol, the
balance being of chioroiorm, Bearing in mind that

any ions formed nced to be hydrated, it seems unlikely
that the pH of the sclutions in the case of lithium
hydroxide would be significantly higher than 13
realising that lithium hydroxide is in any case only
about 50 % ionized in pure water (Melloer, 1961).

Hence one can not escape the conclusion that the
phospholipid molecules existed ac zwitterions in

Marriott'. reaction system.

As for the demethylation, such a proeess could
occur to pive metiammol. However Nedealkylation
reactiéns involving the gquarternaryammonium group
require relatively drastic conditions
(Tewari 2t al , 1:76). In deed it is hard to see
what kind of specific interactiasn weuld lead to the
loss of the positive cherpe in view of the fact that
it is not counterbalanced by direct honding to an
oppositely charged ion and in view of the
stabilizing effect o the phosphate group.
Consequently one must conclude that the 1lir’? has a
net zero charge within the ph range of interest,
Under this condition it becomes difficult to imagine
what kind of specific cation/phospholipid interaction

Marriott had in mind.
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Marriott.f19n‘}, like Taer and Kates (1950),.
treated the kinetlic dois ;nyguc% a way as to imply
that the process w:ts cne slep. It becomes
particularly difficult to justify this assumption
in view of the fact Tiat ihe t& values obtained
for the lecicthin e.pcrisents are very nearly equal
to those obtai:ed for the lysolecithin runs (the
lysolecithin used wcs ilhe Z-acyl derivative).

This argument migi:t oo countered by saying that
though lysolecithin is an intermeciate in the
hydrolysis of lecit.in, the compound in the
lysolecithin runs is specifically the 2-acyl
derivative rather tium the mixture of the 1 and
2=acyl compounds «3 e-!:ts in the lecithin runs.

This would imply '« t tie rate of removal of the
2=acyl group is muci bisher than that for the
1=pesition, The predwominantly l1=acyl intermediate
from the lecithin t '~n underpgoes facile acyl
migration to give tlwe Z-acyl derivative which is then
hydrolysed at the recordec compartable rate, For
this to happen, the rate of acyl migration from
positien 1 to 2 must “ar exceed that for

deacylation, AlL diese possibilities breakdown in the
light of Fujiwara's worl (i'ujiwara et al , 1967).
Fujiwara and c oworiiers reported a preference of

1

methoxide ions for e 1-position.
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Banks (1978, 198%) rcported a method ef
guantitating lecithia, lysclecithin, glyceryl
phosphoryl choline and Lattyacids. The method is
zased on the linear relstionship between the log ef
spot le@ding and the peal area. The weignt of
substance was found by in situ reflectance
densitometry ef the chromatographic plates after
these had been rendered chromaphoric ey charring in
an oven at 210°C for oune hour after spraying them
with 2 20 % aquecus solution of ammonium sulphate.
Banks (1¢78) employed synthetic rac-1,
Z-diacylglycero1—3mphoaphoryl choline as substrate.
The lysocompound was nprepsred by the action of
phospholipase A, vn egg lecithin. The solvent
mixture used was 50 % v/v propan-i~ol in water, The
mixture was between 6 x 10—aM and 8 x 10-AM in
alkali. In the wost dilute alkali solution, a
change in base concentration of no more than 6 % was
obtained on somplete deacylation hence ensuring
pseudo first order counditions. He employed the
hydroxides of potassium,sodium and lithium for his
kinetic investigation, Banks (1978) observed no
significant differences in the rates of attack of the
three hydroxides on the two lipids in contravention

of Marriett's results., However, he -
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obtained a pseudo Tirst order rate constant of
2,7 % 1072 7! and 3.0 x 107 s77 for the
deacylatior. of lecithin .nd lysoclecithin respectively.
He further obtained - positive dependence of reaction
rate constant on base concentration for the
lecithin but an onposite eifect was noted for the

lysolecithin,

EFFLECT OF SOLVENMT COMPOSTTICN ON MICELLIZATION
AND RATE:

Banks (1978) explained the various results so
far obtained on the hasis of the presence or absence
of micelles. In his opinion, thos¢ reaction systems
in which rate constauts of the order of 107 s~ were
obtained containced mononers of the lipid in solution

=1 contained a

while those of the order of ’JO-A 3
micellar dispersion of the lecithin in solution.

Since Hauser and Dawson (1967) worked on surface
monolayers, it was felt thot Baer and Kates (1948),
Marriott (1969) and alexander and Rideal (1837) all
worked on solutions containing similar forms of the
lipid since the values of their rate constants agree,
Tt is known that Alexender and Rideal (1937) and
Houser and Dawson (1967) worked on surface monolayers.

Surface monolayers, structure wise, exhibit some

similarity to micclles, The effect observed by
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Yarriott (1989) oun employing lithium hydroxide is
hence attributable %o a wigellar catalytic effect

of the type regently revieweg by Fendler (1976), On
this basis, it can e sald that Jellinek and

Gordon {1951), Marrivelti (1962) Dawson (1%66) and
Barks (1978) a1l wourked on mgnomers of the lipid in

solution.

It is neteworthy thet the only results in the
unimolecular dispersion group obtained from natural
lecitin are those of Marrinetti (1962) and
Dauwson (1966). Marrinetti employed a solvent system
that is 33 % v/v in uetharol and 67 % v/v in
chloroform. His conditions were therefans nonmaquecus,
The ion exchange method employed by Perrin and
Saunarrs (1960) fur the depigmentation of commercial
egg yolk lecithin preperations would tend to indicate,
in view of its fasl speed and effectiveness, that
lecithin forms unimoleculsar dispersions er small
aggregates in equilibrium with monomers in methanol.
This is further indcicated hy the observation of
Hauser and Dawson (1967) that molecules ef lecithinm
in a surface film hove a2 very gmall equilihration
constant with those in the underlying medium and viee
versa. Since micelles are similar to surface fiimsg,

an opposite effect, iu terms of Ilow spged and
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depigmentation efiiciency, would have been expected
in the precence o. l:ipge mlcelles from the work of

Terrin and Saunders 19¢0),

Elworthy and .iciztosh (1904) have investigated
e effect of solvent dielectric constant on the
association of e;;; lecitiin molecules by using
various solvent comissitions, In benzene for instancd,;
lecithin exists as inverted wiczlles (Elworthy 1959 a,b,)s
Elworthy (19€0) 1-iur dunmoanstrated. the solubilization of
Certain dyes in tne miculle inteXior. -Elworthy and,
McIntosh (1964) nave reporied that in 93,4 % v/v
¢thanol in water, lecithin forns 2 true Qolution.
In 80 % v/v ethanol in wauei, “h2 lipid forms
aggregates contairing tivree moleécules each. In
€3 % v/v methanol iu .uuter, agrrezates formed contain
four lecithin molec: les cache Tn YO0 % v/v ethansl
in water, micelles cont.ining tveaty-5even monomers
each are formed while ir C4 % v/ metlanol in vater,
the miceller formed cruitzin nine*y monomers per
asggregate, In 79.7 . v/v nethanol in benzene, egg
iecithin forms micellos covtaining eighty molecules
but syntheti: lecithin r-lisis as rionomers en ﬁimers.
flowever in assolut. eéthanol and methanol, the
synthetic conpounud {oris a true =oluirtion, Mereover
sanks (1978) repor o (h-i synthetic lecithin and #hQ

Z=acvl lysolrcithiv oblained from egg yolk exist as
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monomers in his U & v,/v propane1-vl in water
solvent, He went 'n Lo indicate the p3issible
presence of pentai:icic o repgutes in his reaction
system on the basis ol iz gel permeation
experiments, If <onsecwenitly becomes obvious that
natural lecithin uanaves very differently from the
syrthetic compouad = far as association or
aggregation is concerued - the former being more
susceptible to foriu micelles in both polar and
non=-polar solvents, Where association is ohserved
with the synthetic comvound, it usually containg
far fewer 1lipid moleculés than the natural would

contain under similar circumstances,

Dawson (195%) euployed a solvent consistivg ef
82 % v/v ethanol, U.7 % v,/v carbon tetrachloride wng
9.8 % v/v water, (i be liad employed 90 % v/v
ethanol and 10 % v,v .aicr, the possibility exists
that he would havz cesn working on unimolecular
dispersions of tie lecitnin er small inverted

micelles of the ligid,

Furthermore, refercing to the work ef
Marrinetti (1962, one may conclude that micelles
were probabiy prescints It is known that lecithin
forms micelles in bonzene (llarrinetti 1964), In

chleroferm /hich is dielectrically similar to benzene,
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a similar effect 18 cxpected. Since it is also
krniown that in 79,7 % v/v methannsl in benzene,
lecithin forms mice.les with an aggregation number
of 12, one would expect that in Marrinetit!s:isdlvent
consisting of 67 % v/v chicroform and 33 % v/v
methanol, inverted wmicelles of aggregation number
higher than twelve would be formed since this
solvent is less polar than the 79.7 % methanol in
benzene Jsolvent, 1hiis conclusfon is consistent with
that of Perrin and Saunders (196Q) who found that Wn
a resin column, concentrations af lecithin higher
than 2.5 % w/v in methansl l4ad to a nullification
of the ion exchanse process, This seems to imply

a significant assoclation of the lipid above sush

a concentration in methancl, Both Marrinetti (1962)
and Dawson (1966 have employed the model for a two
step reaction and have come up with apparent second

Irele Vs, Tnis

order rate constants of about 10” 'dm
result makes itfngrd to ciplain Marrinetti's results
olong witl thesz oF f~zr ond Kates (1950}« Baer and
Kates assvmed in c¢ffccet that these reactions were one
step and they employed o solvent not much different
from that of Marrinetti but they obtained a pseudo
firsterder constant of 2,8 x 10"4 g™ and an apparent

- 3 -1 =1
second ordsr rate constant of 1.9 x 10 3 dp’mole” 's” .,
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With reactions ¢ tiis nature, it is easily
prssible to have « micellar catalytic effect in the
first part of the roaciion and then préceed to an
ichibitory effect »r vice versa. In the
ziternative the reacition could start in a solution
and terminate in auouer phase, Consequently, it
is sometimes pogéigln to have a very slow second
phase of the reactiioun, Since Baer and Kates 11950)
and Marriett (196G5) assumed that the reaction was
one step, it is Jdifficult to draw any rigid
conclusions'since various possibilities exist.
Banks (1978) concluded that Alexander and
Rideal (1937), Bac: .nd Kates (1950), Hauser and
Dawson (1967) and !larriott (1969) all werked on -
micellar systems, !owever if synthetic lecithin
ex.sts as menomer: iu methanol and is as water
tolerant as to exist as moncmers in 50 % v/v
prﬂpnn—1nnl.in water, it becomes difficult to
explairn why it should undergo association to form

micelles in systei.s in oetween these,

Since Marriot:c {1969) worked on natural
lecithin as did liauser and Dawson (1967) one must
infer that they vorlked on micellar systems,
Elworthy ani McIntosh (1964) have reperted an
aggregatior number of sixty-eight for a similar
solvent mixture, disregarding the small percentage

of chloroform,
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Banks (1978) also worlcd on
a system that most likely contained the lipid as
monomers but the wc/) rugicdues of the lipid he used
are net indicated., Frum e behavicur of natural
lecithin visavis the syoiiretic, one sees what
difference a chan e iu locse residues can make to
the physicochemica! properties of the lipid, Hence
it must be that baer aud Kates were working on some

form of associated lecithin,

The impressin. uevelops as one reviews these
works that apart <{rom solvent effect, differences
in the anions employed wu the hydrolysing agent are
significant. Usioy codium methoxide, Marrinetti (1962)
reports a prefereirce ¢U methoxide ion for attack at
he 1=pnsition, '.is is consistent with his
observation of a i her rate of release of palmitic
acid methyl ester i. eurl!ier aliquots compared to
later aliquets., danks in addition has reported a
preference of n-pironorice for the 2-pesition in the
dipalmitoyl comp.uvid wiich is consistent with the
results of Fujiwara <=t al (1967). Fujiwara however
observed na positioirl specificity on employing
laurylanir 2 in methunol a:-d the reported preference
for the 2-pisition car ouly be attributed to the

alkexide em leyed,

’



30

In view of the preater nucleophilicity of the
higher alkoxides comparat to the methoxide and
hydroxide derivatives, one should expect a rate
difference with change in the alkoxide. This seems
to have heen born out by Barks (1978) who reported a

higher rate of attack for the Z-positicn,

The present work is intended to reconcile these
two groups of results by investigating the kinetics
of the hydrelysis ‘n varying solvent compositions.
Alse in view of the fact that virtually all the past
works in this field had beean done under pseudo first
order conditions, with the accompanying fact that
much of the information becomes masked, the present

work has been done under second order conditions,

In view of the many rate constants involved, as
garlier indicated, and the fact that the rate of
acyl migration in the 1 or 2-acyl intermediate is
most probably less than the rate of deacylaticn of
the intermediate {Rarks 1978), a simplified medel has
been employed, This has become necessary since in
view of the above factors and the fact that the
intermediate lysolecithinsg can not be easily
separated out and analyped for fatty acid compesition,

ne independent rate cougiants for deacylaticon at
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the 1 and 2 positiong 2ve determinable, As a
consequence the v sien consecutive model
represented below .5 bLeon empléyed,

Lecitnin._mﬁi,Lan*ucithin.____-£5+ Glycernyphesphoryl

(both iLie 1 and 2 cheline
derivatives)

The scheme assuwes that the intermediate
lyselecithins behave iuentically with regard to
their kinetics.
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CHAPYER TWO

MATERTALS AND MeETHOD

INTRODUCTTON

Frior to tho wrk of Sanks (1978) no in depth
study had been doae on the Xinetics of the solvolysis
of these lipids. It anpe.rs that previous workers
only gave an avera e ci the first and second stage
constants., It is possible to calculate a rate
constant for the iirst stare of the reaction from
the werk of Marrinctti (1962). The design of
Marrinetti's work indic:tes that a calculation of
the second stage constant from his data was
possible but this w715 however not done, The
analysis of the experimentzal data to yield a rate
constant for such consecutive second ordgr.processes
beccmés very involving and & computer programme-may be
necessary (Banks, 1978). Using such a programme,
Banks succeeded in his estimation of the constants
for the twe .stages oi Llhe process = deacylatian from
lecithin and lysOliccitiin respectively., His constant
shows consideraocle apgreement with that of other
workers in the ficld especially with thnse eof

Marrinetti (1962) = L rzon (1966).

Since it was 710U easy to obtain lysolecithin for
the present work and ihe fact that even the

purificaticn of the commercial egg yeik lecithin is
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yery ivvsolving, thic worlk was restricted to the
estimation of the rate constant for the

deacylation of lecithin, Uhere possible the rate
constant f2r the deacylation of lysoleclthin has
been estimated. In view of the fact that most
works except that of Marrinetti had been done

under pseudo first order conditions, it was
decided that the prezent study be carried out under

second order conditions,

CHOICE OF TECHNIQUE ZOR FCLLOWING UP THE REACTION

There, are a wide variety of techniques
avallable for;following up the progress of
hydralytic reactions. 1The most convenient methods
usually depend on s guantitation of the hydroxyl
or hydregen ion coucentration as the reagtion
progregsses. Other metheds include in situ
densitometry from curomatographic plates;

(Banks, 1983) radiouctivity measurements from
labelled lipids, {(Hauser and Dawson, 1967) and !
recovery frem paper chromatograms {Dawssn 195&1. In
addition spretrophotonetry can be employed for the
estimation of lecitih:in on the basis of an
absorptiénnmximHMit shows at 235 nm (Banks, 1978).

Since lecithin is an unsaturated compeund, 2ach
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melecule containing ¢n tue average two to three
double bonds, it is reasonable to expect it to
absorb light in the ultrn viclet region, However
since the released fatty ncids and some of the
lysolecithins woeul. shiow more or less absorpiion
around the same pealr, s determination of lecithin
by spectroscopy woild be useless for follewing up

the kinetics of tlie process,

In view of tihe requirement for eguipment,
solvents and the length of time required for
chromatographic procedures, a sigpple btack titration

technique was decided upon,
CHOICE OF SQLVENT 5 TTEN

Much work had been done on the deacylation ef
phcspho;ipids employing various alcohols and their
water mixtures. ocst of the works had however been
done in methanol or methanclic mixtures with egher
solvents. From the work of Elﬁorthy and
McIntosh (1964), it is obvious that a solution
containing nonomers of the lipid is net easily
obtainable in methanel, These same workers reported
a solution of egy lecithin containing monomers in.
34 % v/v ethanol in water solvent system.

Banks (1973} has indicaled that lysolecithin obtained

by the actien of pliosuholipase A, on egg yolk
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lecithin and synthetic lecithin mrst probably
existed as monomeirs in his 50 % v/v propan=1=o0l

in water solvent zyatew, 1t therefore appears that
there is a tendeucy to form a solution containing
mon.-mers of lecitnin in ethanol and propan-l-=ol,
However, higher alcchols hove the disavantﬂgg oF
exhibiting relatively high viscosities an; @5 a
consequence tnorough mixing of the reaction system,

especially at the initiil stapes would be hampered,

Consequently mixtures of n-propanol and water
were chosen as the bydrolytic solvents, The weight
of opinion from the previous works is that lecithin
forms a solution oi won mirs in n--proparol. As the
water content of the propan-1-0l solvent is varied,
one would expect = clian;e in the solution form of
the lecithin and this in turn should be evidenced

by change in the lliccilics of the reaction,

In addition, piropsn-1-ol/water solvent systems,
like most hydro alcoholic colvent systems, have the
advantage that tieys have been quite extensively
investigated (Gerrard and Macklen, 19593 Franks and
Iveg, 1966: Charlot anc¢ Tremillion, 1969 and
Levitt and Levitt, 1971). In additior the o.ganic
and inorganic salts involved in the hydrolysis
exhibit a reasona.ly high solubility in
hydropropanolic solvente and the lipid itself is

highly soluble in neropanol.
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SMATERLALS
LLECITHIN

Two samples of egg lecithin were purchased
from tne Sigma* and BDH companies. However these
samples were imprre acd had to be purified. Also
in view of the croccieu degradatirn of lecithin beth
during transportation wui storage due to the high
thermelability oi imis !ipia, the actual purity ef

the commercial s:uwplce vas much less than that

indicated by the wunacacturers,

Fer 1€ puri..coiion ,rocess, a column
crs vmatographic procedurc was employed using alumina.
However, cemmercis’ e; lecithin contains some
pigments that ar: ol resovived from the lecithin
fraction on column cluuoctography. Consequently the
initial stage of the purification process invelved
depigmentation of cie pheosphatide sample using ion
exchange resins, Porrin and Saunders (1960) have
reported that the .igweuts are very rapidly removed
on a column of Dowex 1 x 4 resin, <Zince this resin
was not availaole, it's enuivalent, amberlite
IKA 401 C17 (BD: catalogue 1981), was used in its
place after conversion to the bicarbonate form. The

conversion of tiie amberlite. te the bicarbenate form

+ Sigma Cher ical Company, F,C,Box 14508, Saint Louis
Missouri €3178, lisA,

* BDH Chemicals Lud., Fool: England,
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was achieved by iumnia . 2.0 cw,j of a concentrated
solution of sodiw: vicorbonazte down a column
containini: 20 g ol ¢ resing The rate of flow
was kept at a fasc diip. The column was then
washed many times over with distilled water until
the eluate was nc iocrer alkaline as indicated by
use of a pH indiealor paper, The water was then
washed off the coluun using 100 cm3 of redistilled
A colum oi methancl abeut an inch in

methanol.
length was left above the ion exchange resin column,

1 g of the cruic e;,7 lecithin was weighed out -

3 portions of

in a small beaker, Using three 10cm
acetone, the lipi’ .us defatted, The remainder ef
the 1ipid was dissolved in 4Ocm’ of methanol to

pive a 2.5 % w/v solutivi, This solution was then
run down the ion exchanise cclumm at a fast rate gince
depigmentation vas veiry rapid. It was impossible

to regenerate th2 re:in contrary to the observation

of Perrin =nd 3aunders (1900) with Dewex 1 x & resin.-

The effluate cellccced from the c¢olumn was
evaporated to dryness using a rotary evapeuratop
connected to 2 nign powerad vacuum pugp. This
ensured tharc the temperature did not exceed 0% for

at least 920 % of Lz evaporation time. This luw
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temperature was neceziary because of the instability
of lecithin and particularly because of it's

susceptibility to autoxidation,

The lipid exirzce 50 obtained was dissolved jn
2Obm3 of chlorofori to give a solution approximately
5 % w/v in the crude lipid, Then accordiag to the
method of Singleton et al (1965), 25 g of alumina
was weighed out a2nd made into a slurry using 28 cm?
of chloroform, The slurry was carefully poured
into the column, ‘he colunn was washed using a
further 12cm3 of chloroform, The chloroform was run
off the column to about 1 cm. off the alumina surface,
The egg phosphatides were poured into the column
and the beaker rinsed into the column using 20 cm3
of chloroform. e chloroform was allowed to run
off the column tc 1 cm above the surface of alumina,
The column was then cliuted using ‘)'Ocm3 of a solvent
system made up of chlorofform: methanol, 9:1,

Fractions were colleclted from the chiromatograpnic
column and their purit  tested using TLC plates of
silica gel G. It suc usually conveniert to collect
fractions of abhoul hcm3 each, From the TLC plates,
fractions containiu; cnuly pure lecithin were combined
and evaporated to dryness on a rotary evaporator

under high vacuuns The dry lipid was immediately

taken up in propan=1-0l znd stored as such. At
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loadings of over ZuU up the lecithin travelled as
a single spot -n Jiiln layer chromatographic plates
of silica gel G wvaa it rewsined thus fer over

three months.

The concentraiion of the propanoliC iccicnin
solution was deteriincd by evaporating a krown
volume of the solution to uryness in a previously
weighed bottle, 1he bolile ard content were weighed
after the drying anc the weight of the lecithin
found by differe ce. 7To confirm the accuracy of
this procedure the lecithin stock solution was also
determined by the method of saponification., To 1 cu3
of 1n1;sodium hydroxfide in a conical flask 5cm3 of
degassed redistilled prepan=1-0l and 1cln3 of the
propanolic solution of lecithin were added and
stoppered. After a period of eight hours, the entire
content of the ccuical {lask was titrated to
phenolphthalein end rcini using 5 x 410™2 Me
hydrochloric acid, These {wo estimation procedures
were in agreement wicu the molecular weight of 800

as indicated by Elwvorthy and Saunders (1956) was
utilised.

The initial test runs were done using the sample
obtained from the “igma Company but for the

experimental runs L san.ie from BDH laboratories
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weighed bottle., 7The boltle ard content were weighed
after the drying and the weight of the lecithin
found by differe.ce. To confirm the accuracy of
this procedure the lecithin stock solution was also

3

determined by the method of saponification. Te 1 cm

3

of 1n1;sodium hydroxide in a conical flask 3em” of
degassed redistillied propan-1-ol and 1cm3 of the
propanolic solution of lecithin were added and
stoppered. After a period of eight hours, the entire
content of the conical [lltask was titrated to
phenelphthalein end point using 5 X 10"21m,
hydrochleoric acid. These {two estimation procedures
were in agreement wicu the molecular weight of 800

as indicated by Ilworthy and Saunders (1956) was

utilised,

The initial test runs were done using the sample
obtained from the Sigma Couwpany but for the

experirental rung e sansle from BDH laboratories
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was employed, Th=: two lipids behaved similarly with
respect to their kinetics but the BDH product

appeared more susceptible to autoxidation,

Typically tue propanclic stock solution contained
3 x 10"& moles of Tiie lecithin pex-cm3 and hence
1¢ﬂ13 of the stock solution was enough for a kinetic

run,
PROPAN=-1=0UL

BDH Labecratory reagent grade. It was redistilled
at 97% on a fractionating column and degassed by
exposure to vacuum viior to use. It was stored in

glass bettles,
CHLOROFORM

BDH Analar qriﬁw. It was first dried by shaKing
with Caleium ehlovide znd then redistilled at a
temperature of 50™. « 62°C and stored in glass

containers prior to use.
METHAHOL
BDH Ajalar grade, 7t was redistilled at

. ; .
64%c - 66% en a Troctionating column and stored in

glass contiiners niior to use,
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ETHANOL

+Shermond Couusny Absolute grade. It was used
as obtained after eg;aszsing by exposure to a high

vacuum,
2,246  ACETONE

BDH analar grade. It was used as obtained.

2,247 WATER

This was distilled irom an all glass still
and stored in glas: containers prier to use. Just
before use it was degassed by boiling and allowed to

COOlc
2.2,8 HYDROCHLORIC ACID

BDH laboratory reagcnt grade. Using a small
beaker a quantity oi the concentrated acid was
weighed out. The cuantity was used to prepare a
solution 0,125 molar in sirength. This secondary
stock was standardized using standard sodium
hydroxide, From tie s=tuck so prepared, a dilution
of strength 3 x 10" was prepared and this was

empleyed fov the titration,

DR I

+Shermend Company, GSussex, England,
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<ODIUM HYDROXIJDZ

Volucon ampoules ¢f this alkali were obtained
from theqhay and BKer Conuany. A volucon ampoule
was used to preparc : litre volume eof a stock of
sodium hydroxide u:. stroagth 1 molar. The stock se.
prepared was standarilzed using a solution of
succinic acid of streugth 5 x 1072 molar using both
phenolphthalein and methyl red indicators. The
standardized sodium hydro:ide solution was stored

in a tightly seale¢d volunetric flask,
SUCCINIC ACID

BDH analytical reagent, It was used as

obtained.

ALUMINA

BDH laborertory reapents aluminium oxide for
chromatographic acsorption analysis., It was labelled
as of Brockman aclivity II, It was used as obtained
though in yiew of the slow rate of flow of solvent
experienced with early ruas, later samples had to
be sieved. The sieves were of sizes 1501Pm, 125 pm
and 106 prj, The iractions of sizes greater than er
ecual to 725 pym were combined and used for

chromatogrzphy.

...........

*May and Baker Ltd., Dagenham, England.
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2.2.12 SILICA GEL G
BDH laboratory reagents grade, It was labelled
as intended for chiowntographic adsorption analysis
and has a mesh sice distribution of 60 - 120, It

was used as obta . ned,
2.,2413  AMBERLITE IRA 401 (C1”) RESIN
This was BUH laboratory reagent grade, It

had te be cenverted to ihe bicarbonate form prior

to use as descrined earlier,
2.2,14 VACUUM PUMP

This was model ED2 Edwards High Vacuum Pump.,
It was indicated as able to produce vacuums ef, a

few millimeters of uercury,
202615  SPECTROPHOTOMETE
This was a pye Lnicam SP30 digital
spectrephotometer reading upto 0,001,
243 METHOD
2:341 HYDROLYTIC EXPIRILENTS
In this sericu of experiments no allewance was
made for ¥ie diiiorence in the drainage properties

of propan-l-ol a1d water since the experimentally

tested de Livered volumes by pipette were at least
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99,9 % of those indicated on the pipettes:s This
error #f 0,1 % v/v iz acceptable when compared with
the error limit of U,1 % indicated on the

pipettes,

A 1cm§ stancard bulb pipette was used for
measuring alliquoty of 1ij from the stock solution
of lecithin of strenpgth ¥ x 10" "M. TInto a flat
bottomed test-tube {vrepared %,cally) were
measured the required volume of propan-1=-o0l, 1cm3
of the propanolic soiution of lecithin and the
required volume of cegassed distilled water.
Enough ef an aguecus solution of sodium hydroxide
of appropriate strength woas added both to a betal

volume of Zﬂcm? aud a hydroxide ion concentration

of 3 x 1072 molar.

As an example Jor the 50 % v/v propan=i-ol/water
solvent system, into the clean dry testtube was
pipetted 9‘“9' ol redistilled degassed prupaﬁ—1-ol.
To this was added 1 mf o0&’ the propanclic solution o
of the lecithin avd 9w of distilled degassed water.
The mixture was Crrked by means of a rubber bung
and put on a water bHath at BOOC. Propan-1-el/water
saﬁurataﬂ nitrogen gos was admitted into the test
tube via c delivery tube, This was to flush carbon

dioxide out of the reaction system. The tube and
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its contents were then allowed to equilibrate

with the water bath, Stirring was ensured by

means of a magnelic stirrer whose setting had been
standardized. After cquilibration, 1cm5 of an
agucous solution of sodium hydroxide of strength

6 x 107 molar was added to the mixture over a
period of time not exceeding 7 seconcé and the clock
startcd half way throuvgh the addition., Aliquots ef
1cm§ were withdrawn irom the reaction container at
the earliest possible time after thorough mixing

had set in. The 1cm3

? ox

aliquot was immediately
mixed with 7.5 cu degassed ethansal. The dilution
factor of 8.5 mecni a very significant decrease in
the rate of reactiion lcading to a decrease of

72,25 times in reasctlion rate. Hence the time eof
addition of the ethanol was taken in practice as

the time of withdrsawal of the aliquot. To this
mixture as added 2 drops of whenolphthalein
indicator, The mixture was then titrated to a

3

colourless endpoint using 3 x 10 M hydrechloric

scid, A 10 cmj burrette readable to 0,02 cm3 was
employed'ﬂwrough oul tie work. Further aliquots
were aubsequently withdrawn and titrated at

conveniernt time intervels, Twe other runs were

carried out.
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From the tiire values obtained, a graph of
the concentration of tihe hiydroxide against time
was plotted (Fie 1), From the graphs, using
readings in the tﬂjglquon, where it can be assumed
that no significant ccnversion of the intermediate
lysclecithin to glycerylphosphorylcholine nad
occurred, a graph oi Jop of the racio of che
hydroxide to the lecithin was plotted against time,
From the slope of such a graph, the rate constant
for the removal oy the first acyl residue from

lecithin was calculated,

Using oth=r compositions of the propan-=i-ol
water solvent(table 2:1) other sets of titrations

were carried oul,

Table 2.1 Fercentage of propan-i-ol in the various solvents

employed
97 86,67 81.67 60 30
90 85 80 50 20
©8e33 834,33 i 40 10

In some cases, the graph of the concentration
of hydroxide ion agcinst time ebtained could not be
used to obtain ~ccurasie readings in the t1Q% region
due to a high rate of resction., In such cu-es, it
became necessary Lo prepare magnifications of the

original graphs in the srea around the t10 % region.
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SPECTROPHOTOMETIRIS XPERIMENTS

From the kinetic experiments varying rates
were obtained. 3ince constant concentrations of
the hydroxide and lecithin were used through out,
and in view of the amphiphilic nature of lecithin,
it was felt that any chonpges in the kinetics of
the reaction in terms of reaction rate and order
should be attributable to changes in the solution
form of the lipid, Hencce it became necessary to

investigate the association form of the lecithin.

In view of the amphipbilic nature of the
lecithin, the most likely cause of change in
kinetic behaviour iz change in the soclution form
cf the lipid leading to the formation of micelles

and various lipid aggrerates.

Osipov (1962; has shown that some compounds are
solubilized by micviles. Other workers
(Elworthy, 1960; Martin et al', 1975 and
Rawlins, 1979) have nlso given evidence of micellar
solubilization ol dyes, Since phencolphthalein was
used through out the kinetic study as an indicator,
it was decided to use it ng a probe into the nature
of the lipid aggrcrates that were formed,
Phenolphtalein also has bcen reported as insoluble

in water but it shows fair sgolubility in ethanol
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and ether (Martind:-ie, 1977), The formation of
micelles would Llead to zclective partitioning of the
phenolphthalein bel.een the micellar phase and the

solvent phase,

Solutions o! lecitnin in the various solvent
compositicas cmployed were prepared gt a
concentration of lecithin equivalent to those used
in the hydrolytic experiments, However, sodium
hydroxide was le:©. out in view of its hydrol¥ysing

property.

Blank and test solutions were prepared in
exactly the same way. However since the
phenolphthalein wus peing used as a probe, it was
unnecassary to incorpor-ote it in the »lank, The
phenolphthalein vas ecuployed as a propanolic
solution and its {inal concentration in the
experiments was HC'Pg/C“?o The absorption spectrum
was determined, :rom thc spectrum, graphs of
absorbances against Liie wavelength for the various

solvent compositions employed were prepared,

It was impossible to work on propan=1=-ol/water
systems with propan-1-0l content higher than

97 % v/v due to tlie insolubility of the alkali.
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(HAPTER THAEL

RESULTS
EYDHGELYLTC E/ZPERIMENTS
From the titre vo'ues obtained in the kineticz
experiments, valucs oi the concentration of sodium
hydroxide against time wore obtained (see the

appendix). Tigure 1 is a graph of the concentration
of the alkali a;ninant time for selected solvent
compositions (97,83,33,85,81.67, €0 and 10 % v/v

propan=1=0l in waier),

Fop second orier reactions of the type being

investigated,

2,303  bla-x) . 1
K=xEm0) 18 zra'-i% ¢ o & Ja
where K = the seco .« orcer rate constunt for the

deacylation of lecithin,

t = time nfter Lhe start of the reaction

a = 1initisl concentration ol the alkali

o'
L}

W :; " " 1i pid
X = chanfe in ihe concentration of the

alkali,

Hence a-x gives Lhe concentration of the alkali
remaining at any particular point in time and b-x
similarly corresponds to the concentration of the

lipid remaining at time t,
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From figure 1, it is obvious that the reaction
is very fast initially but shows a slow second
stage. For instunce, the solvent composition at
which the reaction is fastest is 85 % v/v
propanai-ol and oo t% vatue fer the first phase of the
reaction in thi: solveat is five minutes, Hewevenr
in view of the glov rrté observed in the «,g .
second phase of the reaction, it can be assumed'
that ne significant proportion of the intermediate
lysolecithin formed s converted to
glycerylphosphoryl choline within the t10 % region, .
Hence within the tag % region, the concentration
of the lecithin can be approximated, with
reasonable accuracy, to half that of the alkali.

As the reaction progressed beyond this region, it
became impossible o estimate the concentration
of the lecithin and nence readings ocutside the
t1o o region have not been used for the estimation

of the first stage rate constant.

Equdtion 1 rearranges to

log -;1—_‘_*;{": = 2"‘58.%_ Kt = 108 0.5 o o o 3 =2
Graphs of log é:i% against time were plettpd. For
solvent compositions 97 %, 85 % and 60 % v/v
propan~1-c¢l in water, the plots are shown in

figures £, 3 and 4 vespectively.
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Where it was impossiple to obtain readings in
the t,10 s region from tie experimentally obtained
results presented graphically, magnifications of
the concentration of zsodium hydroxide versus time
plot were made in che t1u 5 region se that
accurate readings in that region could be ¢btained,
For instance, Fige 5 shows a plot of hydroxyl ion
concentration against time in minutes for 81,67 %
propan-1-0l in woter solvent. However readings in
the t10 % region of this graph can't be taken
accurately and as a consequence readings in the
tao % region have been reproduced on an enlarged
scale (Fig. 6). Fiz, 7 shows a similar enlargement

of readings in the t,, g Portion based on Fig. 6.

Using this method the rate constant was
similarly determined for every solvent composition
employed. 'Table %1 shows the rate constants obtained

in the iecdicated solvent compositions.

1
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Table 3.1 Second order rate constants for the deacylation of

" lecithin, K,, in the diiferent solvent systems,

1!

Ferdentage propan-1-ol. Rate constant
: 3 -1 =1 -1
(5% v/v) in water (dm” mole s ') x 10

97 1.129

90 1149

88,33 1.414

86.67 3.538

85 , 8.636

83.33 4,138

81,67 2,022

80 | 1.445

75 14433

60 1432

50 1,036

4o . 0.965

30 0.602

20 0,287

10 ) " 09286

Fig., 8 shows a graphical presentation of these

results in respect of the deacylation of lecithin,

3:2 CALCULATION OF CONSTANY ['OR THE DEACYLATION OF
LYSOLECI THIN

Estimates of ihe rate constants for the removal
of the first acyl residue (either the saturated or
unsaturated acyl residue) from lecithin, K., have
been made from gy log %E§ versus time plotﬁﬂhere

a, b and x are as previcusly definedl Values used
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for the plots wewve restricted to the T,, % regign
to minimize the eiiect of the deacylation of
lysolecithin on uhe estimated constants. DBased on
the determined values of K1, assuming that the
reaction rate constant (K1) remains the same through
out the course of reacticn, the concentration of
lecithin at any soint in time can be calculated frem
the second ordesr ecuation (3.1 page 49) by substituting
for the values of K1 and t and the a=-x value would
be as experimentally determined. Relating the
experimental values of the hydroxide ion
concentration to the calculated values of the
lecithin concentration, the lysolecithin concentration

at any point in tiae can be calculated.

However, tle analysis of the kinetic data for
the estimation of K2, the rate constant for the
deacylation of the lysolecithin becomes very
difficult due to iwo main reasons. One is the second
order nature of tiil runs and the second is the
consecutive nature of the deacylation process. In view
of the consescutive second order nature of the
reactions, . problem arises as to the possible
non-complince of the reaction with this expected
.condition, especially ihe second erder kinetic
behaviour expeclation, due to possible changes in the

solution ferm of the 1lipid,
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Frost and Schwemer (1952) have however
recommended a procedure for calculating the two rate
constants in a congecutive second order reaction,

In addition, they have concluded that the kinetic
data from a consccutive twe step second order
process must comply with the shape in figuré 9
where o 1s the ratio of the concentration of the
alkali at time € ©o tThe initial concentration of the
alkali. From fip. 10 it is obvious that the
kinetic data obkained in 85 ¢ v/v propan-T-ol in
water complies with this congition. From the paper
by Frost and 3Schwemer (1952), the & values were

used to approximate the value of a constant X defined
such that K = ;% where K1 and K2 are the rate
constants for the deacylation of lecithin and |
lysolecithin respectively, However it was impossible
to use the table in the paper by Frest and Schwemer
relatingfyg’ K, K1 and K2 because the value of K
obtained from figure 10 and the accompanying kinetie
data is far outside the range covered in the
aforementioned paper. However the similarity of
fig. 10 to fig. 9 shows that the hydrolysis of
lecithin Urnder the experimental conditions complies
with consecutive second order kinetic behavipur for

the 85 % v, v propan-1-0l in water solvent,
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A different approach has however been employed
to nalculate Kre On ihe basis of the I{.1 values as
obtained fyam the earlier plots, consecutive
estimates of leaithin, lysolecithin and
glycerylphésphorylcholine concentrations were made
at suitable time intervals until the caglculated
lecithin concentration was judged to be practically
and kinetically insigificant. From that pOintnon,
the lecithin concentration was approximated te zero
and the hydroxyl ion and the lyscolecithin |
concentration becane equal as a result, Consequently
the second order cquation applicable when equal
concentrations of two reactants are involved in a

chemical reaction

1 X . ez 3 |
k=t IGE=T 3,3 {0Os0l and Hoover, 1975)

became relevant and was used as a consequence after

the lecithin had been used up. In the above equation,

K = constant for the déacylation of
lysclecitnin

t = *time elapsed after lecithin had been
used up

a = Cconcentration of the lysolecithin =
~concentration of the alkali

x = fraction of lysclecithin reacted in time t.
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A plot of §§3; against time should give a
straight line graph with a slope of Ka. For
examplification, the data for the 85 % v/v propan=1-cl

in water solvent run has been employed.

Recalling equation 5 -~ 1

2,303 . b(a=x
K = —az lopg e s
t(a=b) 8 ""%

where all the parametlers are as previously defined,

five minutes after the start of the experiment,

- 2a303“ ... - g -
0,864 = st Pl ke r_) log -2-5 _H

(K = O.86&chan;r1'olu=3“1:'s"1 b = % and t = 300 seconds),

Substituting for a - x from the experimental data,

X = 1.552 X 'iO'4 M = Conc. of lecithin. Fron

the observed hydroxyl ion concentration,

—2, .
a - x = 1,512 x 10 "M, hence the concentratien of

lysolecithin after five wminutes = 1,481 x 10-2M.

This appreoximation was continued until the lecithin

concentration became kinetically insigificant.

The data obtained irom this calculation has been
used to calculate the second stage constant fsr the
deacylaticn in the 85 % v/v propan-1=ol in water
solvent ria (Fige 11). Similarly figures 12 and 13
represent the data for the 50 % v/v and 20 % v/v

propan=1-¢l in water solvent runs. Estimates of
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Ko valucs have been aade for 86,67, B335, 81467,
75, 60, &0, 30 and 20 % v/v propan=1=0l in water
solvent systems.

Tahle 32 = Second order seccnd stage rate constants

% v/v propan-1-0l K, value (dm3mole'1s'1)

86.67 3,19 x 107
85 1,09 » 1672
83.33% 2.98 x 107
81.67 2,04 x 4OT*
75 2,50 x 107
60 1,70 x 1072
50 1,19 x 107
40 7,79 % 107
30 1,18 x 107
20 1,09 x 1072

It was impossivle to obtain these rate constants
for 97, 90, 88,33 and 80 % v/v propan=1-ol in water
solvent systens. Mis was due to the failure of the
kinetin data obtained to fit into this method of
analysis. In these four cases, the concentration
of the glyceryl shosphorylcholine obtained did not show

a consistent increase with time. In all the four
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K,vvalues have been ade uor 686,67, 85, '83.33, 81.67,
75, 60, 50, 40, 30 . 20 % v/v propan-ol in water

solvent systems,

Table 3.2 - Second ora«r sccond stage rate constants

for the deccylation of lecithin
% v/v propan=1=ol K, value (dm3 mole—1s'1)
86,67 3.19 x 1072
85 1,09 x 107¢
83 .33 2.98 x 107
81.67 2,04 x 1072
75 2.50 x 10
60 1.70 x 1072
50 1419 x 1072
40 7.79 x 107>
30 1418 x 1077
20 1,09 x 107

It was impossible to obtain these rate constants
for 97, 90, 88,33 -ud 80 % v/v propan-1-0l in water
solvent systems, This wns due to the failure of the
kinetic data obstaincd to fit into this method of
analysis, In thuse four cases, the concentration
of the glyceryl puosphorylch®line obtained did not

show a consistent incrense with time. In all the four
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cases decreases in tae colculated concentrations
of glyceryl phosphoryicnoline occurred as time
progressed. for wuire 12 % v/v propan-1-®l in water
solvent however, enoiy iy experimental data was not
cbtained and so . calculution of the second order

second stage constait could not be attempted.

SPECTROSCOPIC EXPERIMENTS

Fig. 14 shows the graph of the absorbdnc@ of a
solution of pheunolphthalein of strength 20 pg/cm3

in propan=1=-0l azainst wavelength,

From the abgsoruance obtained for the solutions
containing 20 pg of phenolphthalein per cm3 and the
kinetic concentrat.cn of the lecithin, 12 mg per cmj,
two peaks are evident {(Fig. 15 and 16) around
258 nm and 290 nm respectively for the various
selvents employed, [ig. 15 shows a graph of abserbance
against wavelength Zor tre 258 nm region and fig. 16
shows the same nlot ror the 290 nm region. From these
two plots (Figse 10 and 16), it is obvious that the
absorbance: chan-e with cliange in solvent composition.
For purpcses ol comparison Figs. 17 and 18 have tecn
prepared to comp.re the sets of absorbances for
88.33, 60 und 50 % v/v propan=1-o0l in water (Fig. 17)
and 83,33. 60 and 40 % v/v propan-1-0l in water
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(Fig. 18). Fige. 19 is a graph of absorbance
agasint solvent couposition in the 288 to 291 nm
region and Fig, 20 represents the absorbance
versus solvent composition plot for the 257 to

259 nm region,
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CHAPYWER Flud
DISCUSSTION
THE SPECTROSCOVITC EXFE:AMENTS

The absarbance of thce solution of
phenolphtnalein of strengti Zodyg/cmj in propan=1~o0l
at 290 nm wavelecugth was Q0,222 and at 28 nm it
was 0.315 (Fig. 14). 1%m¢ absorbances remained at
these values at the resaective wavelengths on
change in solvern. comsosition, Phenolphthalein is
not a surfactant ana it i3 reasonable to assume that
3

in propan-1-ol ul & corncentration of 20 g per cm

it exists as monouers,

The absorbauce of a sclution of phenolphthalein

5 in 83.33 % v/v propan~1-ol

of gtrength 20 1 per cm
in water solvent contaoiring 12 mg of lecithin per

cm3 of sclution, was C.266 at 258 nm (Fig. 15) and
0,220 at 290 nm ("ig. 16). The lecithin was employed
at this Concentr:aiion for all the kinetic
expeeiments,., e tuese runs the absorbances were
measured using a hlank coataining the same
eomeentration of lecithin employed in the kinetic

experimeats bui Lne phenolphthalein was omitted,

Sirce “he abrorbance of the phenolphthalein in
the presesce of lecithin in *he 83,33 % v/v propan=1-o0l

in woter oolveul (figs 15 and 16) is very close to
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Elworthy and McIntosh (1964) in their
investigatisn of the effect of solvent dielectric
constant on the scluticn Torm of the lecithin feported
that monomers of Llecitiin were formed in 93.4 % v/v
ethanol in water corresponding to a dielectric constant
of 29.0. At concencrations of ethanol higher than
93.4 % v/v in water, inverted micelles eof egg lecithin
were reported. They also reported that as the
concentration of ethanol incressed beyond 93.4 % v/v
ethanol in water, the aggregation number of the lipid
in the reversed micelles also progressively increased
and the same trend was observed as the water centent
increased above that of the solvent composition in
which mon~mers were formed., These findings are _
consistent with those of Zlworthy (1959a) whc*reporté&
the exiatence of "little'! inverted micelles of lecithin
in beftzene. Dervichian (1964) however indicated that

the micelles formed in benzene are quite large.

From the work of fpkerlof (1932) the dielectric
constant of the 83,35 % v/v propan-1-o0l in water

solvent is 27. ¢onac
i Consequently -the presence of monomers of
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lecithin at the spsciroscopic peak is consistent
with the results of Tlworthy and McIntosh (1%64).
At propan-1-0l in water solvent compositions lower
than the spectroscupic peak of 83,33 % v/v
propan=1=-dl in waiter; normal micelles in
equilibrium with monomers of lecithin exist, At
propan-~1-nl concentragtions higher than the kinetic
peak, reversed micelles in equilibrium with

monomers of lecitiiiu exist.

From Fig. 19, it is obvious that a number of
peaks appear for thc absorbances observed between
257 and 259 nm in :the various solvents, There is
a peak in 60 % v/v propan=1=ol in water sclvent
system at 257 ma and for the three wavelengths,
peaks are observed in the 83,33 % v/v propan-1-ol
in water sclvent. Hcwever both at 258 and 259 nm,
a peak Is observed in 50 %4 v/v propan-1-ol in water.
A small peak alge sppears in 80 % v/v propan=-i=-ol
in water for 258 and 259 nm. MNoreover in the
288 nm tc 291 nm region, three peaks appear over
the entire range of solvent compesition. (Fig. 20).
Peaks are obssrved foi the four wavelengths in the
50 % v/v propan-1~-cl in water solvent though the
peak in the 60 % v/v propan-t-ol in water salwent

has disappeared (cf, I'ig. 19). A peak is also
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observed in 80 % v/e prupan-1-0l as is the case
for the 83,33 % v,v wropan~1-0l in water solvent
system, A partic:lar problem arises as to how

these peaks should be understood in terms of the

presence or absence of apgregates of lecithin,

From Fig. 15, it is evident that there is a

change of 2 nm uniis in thev‘rmax value between the

60 % v/v and 50 % v/v provan-1-o0l in water solvent,
The red shift can Le attributed to the increasing
polarity of the euvironuent in which the
phenolphatlein is solubilized., Since this

observation is consiatent with that from Fig. 16 where
a slight blue shift exists between 60 % v/v and @ % vf%
propan~1-nl but a slisht red shift exists between

50 % v/v and 40 % v/v propan-1-o0l, it would seem that
the phenolphathlein hes a special orientation on the
micelle surface, Tihis observation is consistent with
that of Burawoy (1930} who in his study ~f the effect
of geclvent polarity on tire absorption of some
aldehydes, ketones anft thioketones noted the presence
of a short wavelength Lish intensity band that changed
to lower wavelengths as the solvent decreassd in
polarity C.F, Fig. 15), In addition, Burawoy {1930)
noted a change of 2 nin for the absorption maximum of
acetone on changing the solvent from methanol to
ethanol, The maximum for abscrption in the 40 %

prepan-1=cl solveut also occured at the same
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wayelength as did the 50 % v/v propan=1-ol solvent
system {Tiz. 15) Lu% ftue absorbance value for the
foruwcr was lower Lt that for the latter., This
is an indicatiorn: thst the phenolphthalein is

beinys partitioned into the micelle interior as

solvent polarit: increasses in this region,

For the lougwavelength short intensity band
(Fig. 16) there is a shift of 3 nm in changing the
solvent composition from 80 % v/v propan~i=-o0l to
40 % v/v propau~i-0l. This blue shift, as well
as the red shift in the 257 to 299 nm region, ls
consistent with the Frank Condon rule (Flening
and Williams 196G) and with the results of
Burawoy (1930). 3trangely however, the absorbance
in 50 % v/v propanei-ol though lower than that in
80 % v/v propao-1-0l ig higher than those in
a7 % v/v, 90 % v/v, 75 % v/v and 60 % v/v propan~-1-ol
(Figs., 15 and 16). Tn view of these observations,
it appears that the lecithin exists as loase
aggregates between 3C % v/v and 60 % v/v propane1-ol,
Below 60 7 v/v propan-i-ol however, the
phenolphtihalein which appeared to have.been
concentrated on the micelle surface between 80 % v/v
and 60 % v/v pronan~-i-ol is desorbed into the bulk
golution gnd the renaining micellar structure
rigidifice as a consecuence, The increase in

i "
absorbance ¢n changing the solvent from 60 % v/v



to 50 % v/v provau-1-0l znd the decrease in
ahsorbance in changing the solvent still further to
L0 % v/v propan-1-0l {(Figs. 15, 16 and 17}, where the
60 % v/v maximum at z57 um (Fig. 19) has been left
out as an aberrativn, are consistent with these
inferences. The lower sbserbances observed in 97 % v/v
and 90 % v/v propan~1-ol would tend to indicate that
the phenolphathalein is highly adsorbed in the

interior of the iaverted mwicelles present in these

solvents.

However wvervy small pezks are observed in 80 % v/v
propan-1-o0l at 258 and 259 nm and between 288 to
291 nm (Figs, 16 and 17}, In view of the existence of
monomers in 83,33 % v/v propan-i-ol, the peak in
30 % v/v propan=1-0l can be attributed to the

formation of a phecolvhathaleinelecithin complex,

In view of the fact that only in the 83,33 % v/v
propan-1~01 in water sclvent were unasscciated
molecules ot the 1inid present, it appears reasonable
to assume that a few molecules of lecithin are
associated with a molecuie of phenolphthalein in the
81.67 % v/v propan-1-0l in water solwvent to form a
spectroscopically leass exictable complex. Fig. 8 in

conjuction vith Figs. 16 and 17 bear out this fact.
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By relating these inferences to the kinetic data
it can be said that ia 8% % v/v propan-1-o0l in water,
lecithin exists az monomers. Reversed micelles of
the lipid are present in propan-1=vl concentrations
higher than 85 % while iv lower compositions

of the propan~1-0l, normal micelles exist.
THE KINETIC EXPERLMANTS

The kinetic behaviour of lecithin under the
experimental conditions 1s divided into four portions
(Fig. 8). There 13 rfirst the portion between 97 % v/v
propan=-1-0l and the regiocn of the kinetic peak,
secondly there is the kinetic peak region, thirdly
there is the porticn ietween 60 % v/v propan-1-ol and
the region of the kineti; peak and lastly there is the
region below 60 % v/v propan=1-0l in water. For the
first portion between 97 % v/v propan-1-ol and 90 % v/v
propan~1~ol, a Tairly constant rate of reaction is
exhibited, 1In cousislence with the observations of
Elworthy arxl McIntosh (1964) and Dervichian (396&}
this portitnm containg reversed or invertedlmicelles
in equilibrium witi monomers. In view of the low
absorbance recorded in this region for the
apectroscopic runs (Figs. 15 and 16), it is reasonable
to assume ihat the wicelles formed in this region are
quite large. This also accounts for the lew rate

constantsrecorded for these two solvent compositioné
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especially since the alkaii would be partitioned into
the bulk solvent, In £5% % v/v propan-1-ol in water
monomers of lecithiu erist. The high rate constant

is consistent with a lack of any hinderancé to the
attack of the lipid by the base. Between 80 % v/v and
85 % v/v propan=1-0l in water small

normal aggregates of lecithin predominate. In view
of the small numbeir of moncmers present in the
aggregates, it is reasconable to infer that the
aggregates occur in ecuilibrium withh a2 high
concentration of monomers. Between 80 % v/v and

GO % v/v propan-1-cl in water loose floccules of
lecithin, normally oriented, exist in equilibrium with
a fairly high conceutration of monomers of the lipid.
Below 60 % v/v propan-1-ol, the flcccules rigidify so
that aggregates with an increasing lipcphilic core

result,

A CONSIDERATION OF TE MODEL WITH RESPECT TO REACTION

ORDER

As is uvvident from Fig, 1, none of the results
show constaitt t%_'values. This implies a clear absence
of first order hehaviour. In addition, it can be
concluded that most of +he graphs show two distinct
portions. However thig distinction is absent in some
of the graphs €.5.1in 97 % v/v, 90 % v/v and 10 % v/v

propan-1-ol in watcer solvent runs, The plots obtained
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for the above solvent coupositicns could not be very
clearly distinguishe into two separate portions,
However it is obvious from a comparison of Fig. 10
with Fig. 9 that tiw dats obtained in 85 % v/v

.
propan-1l-o0l in water clearly complies with consecutive

second order behaviour,

Outside the reglion of the kinetic peak
especially in n-pronanol concentrations from 88.33 % v/v
in water and above, there is reason to assume the lack
of compliance with congecutive second order behaviour.,
The changes in the¢ calculated values of the
concentration of the glycerylphosphorylcholine over
time were inconsisteut. 1n 97 % v/v, S0 % v/v,
88,33 % v/v and 80 % v/v propan-1-0l in water, decreases
in the calculated coucentrstions of the
glycervlphosphorylcnoline were noticed as time
progressed. This is une¥pected in irreversible
consecutive reactious, It would appear that in these
solvents, ths rate of reuction decresses over time.
The decreas¢ 1is mozt probably due to a change in the
aggregation form and number of the lipid as the

reaction precyresses,

For the other solvent systems however, estimates
of both the first stare aud the second stage rate

constants have been made (tables 3:1 and 3:2). Hence the
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model empleyed for the reactionin this work (page 31 )

has been a very useful guide.
SOLVENT EFFECT ON iuiw RIUETICS OF THE REACTION:

On the basis of the work by Murte (1962) as
reported earlier and the slightly higher
nucleophilicity of the propoxide ion relative to the
hydroxyl ion, one would assume that in 50 % v/v
propan-1-ol/water solvent composition, the propoxide
ion concentration is about a thimd that of the hydroxide
ion concentration. ‘he higher nuclecophilicity of the
propoxide ion does not counteract the basic
assumption in the avove statement that the propoxide
and ethoxide ions show similar nuclecphilicity. Hence
on purely theoretical grounds one would on the basis

of the reported data

OH + EtOH.-— -~ H,0 + E0° K

0.66
4.5

2
OH + MeOH. .- ——3 HyO + MeO~ K

i

expect a decreasing reaction rate with increasing water
content of the regction system. However due to the
obvious prenscnce ofl associated structuresg, deviations
arise in view of the differences in the partition
cecefficients of the propoxide and hydroxide icns between

the continuous phase and the dispersed phase.
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This is however not the only fact to consider as
regards solvent composition., There is a change in
dielectric constant as the water content of the solvent
increases. This inecrease in solvent dielectric

constant should result in an increased rate of reaction.

The relatively constart values obtained for the
rate constant in the regions 97 % v/v to 90 % v/v and
80 % v/v to 60 % v/v propan=1-0l in water may be
attributed to the fact that though micellar. sizes
might vary within ihese regions, the variations appear
to be slight., In addition, it appears that micellar
size has no significant efrlect on reaction rate. The
anticipated change in micellar size would be
consistent with the observation of Elworthy and
MeIntosh (1964) which would also explain the various

regions from Fig. 8.

Even though no data is available on the influencé
of the solvent composition on the solutien form of the
lysolecithin, it would ceem, in view of its higher
hydrophilicity, that the peak observedin the 81.67 % v/v
solvert (tatle 3:2) was obteined in a solution
containing mcnom:2is ?f lysolecithin., Abave the:

81.67 % v#v propan-l=ol in w-ter salvept system
invertegd picelles of lysolecithin,predpminate and
beiow this soluwent composition nermal micelles appear
to predominate in.equilibrium with monomers of the

lysolecithin, The lower values of the
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rate constants for tlie lysolecithin appear to be

due to two reasons. First is the ionization of the
seconéary or primary slcohiolic function of lysolecithin
or glycerylphosphorylciwline due to the fairly high
base concentration cuncountered in the Kinetic
experiments, Banuk: (1978) has estimated a pKa value

«f about 13 for the cecondary alcoholic functional

group of lysolecithin, The ionization of the

aleohnlic function would lead to a net negative charge
on the lysolecithin molecules and on the various
inolecular aggregates formed., The net negative charge
would lead to an electrostatic repulsion of the base
from the molecules wivl aggregates resulting in a
decreased rate of reaction, It is interesting to note
that the lesser rate of reaction for the lysolecithin
has been recorded inspite of the fact that the
lysolecithin exhibits a lower aggregation number than -«
the lecithin, This is due to the higher hydrophilicity
of the lysolecithin, anc the fact thata relative

catalytic effect seens to be operative in micellar lecithin,

COMPARISON OF THS SINETLIC DATA FROM THE CURRENT WORK
W1TH THOSE FROM PREVIOUS VOREKS.

The grzph of rate constant against solvent
composition preseuted in Fig, 8 shows a flattening

tetween 50 % v/v and 80 % v/v propan=1-0l in water,
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4 peak is observed in the region between 80 % v/v
and 90 % v/v propmm=1--0l in-water. The values of
the apparent second order rate constants range from

2 5

2.856 x 1072 to 83,50 x 10~2 domole 8™ between

10 % v/v and 97 % v/v propan-i-ol in water.,

Using the data ivom previous works, a calculation
of the apparent second order rate constants has been
done. The results obtained are presented in Table 4i1.

As can be observed from this table the apparent second

. - -1 =1
order rate constanis range from 1.4 x 10 B'demlle 5

to T, 1x 1072 qmPmelels™, From the work of

Elworthy and McIntosh (1964), it is highly likely

that in Dawson's larsely cthanolic solvent (Fig. 8)
monomers in equilibriumn with a very low concentration
of dimers and perhgps trimers would have predominated.
This would be consistent with his rate constant of

THa1 X 10-2'dm3moie-1s"1 a5 compared to the value of
£6.36 x 10 Zdu mole” s™lobtained for 85 % v/v
propan-T1-ol in water €table 3:1) in the present work.,

Hence the results froiw the pregent work are in

reasonable agreement with those from previous works.

Problems arise however, with tne results of Baer
and Kates (1939) and Ferriott (1969), Noting that
Baer and Kates' solvent consisted of 8 % v/v carbon
tetrachloride 10 % v/v water and 82 % v/v methanol,

one would expect that synthetic lecithin would exist
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.wte constants obtained by vrevicus workers
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Relereuce Substrate Tenpe- Base Solvent Pseudo first Lipid concentrat- Apparent second
ray- concentra- composition omamﬂ constant ion {(molar) order rate 3 o
ure tion{molar) % v/v S oommdm:&ga.sowmm
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as monomers and hoence a far higher rate of reaction
would have been expected. The inconsigtence is
worsened by the fact that there was a decrease of

at least 24 % w/v in the base concentration during
the reaction and hunce the reactions did not comply
with pseudo first order conditions. Secondly Baer and
Kates assumed that the reaction occurred in one step.
In view of the largely methanolic solvent employed

by Marriott (1969) (t-btle 4l page 94 ) one would expect
fairly large aggregates ol the natural compound in
his reaction system and hence a rate constant about
three hundred times greater than that reported.
Marriott too, assumed that the reaction was one step.
In view of the rate constant value reported and the
observation that the t% value for the deacylation

of lecithin and lysolicithin were quite close
(Marriott, 1969), it would seem that the author employed

an impure sample of the egg lecithin,

As for the rave constant for the deacylation of
lysolecithin, no datu is available except that of
Banks (1978). He oltained an apparent second order rate

3 1_~1

constant of about 1.588 x 10”1 dm’mele” .s".. From the

present work the rate constant in 50 % v/v propan-1-ol

in water, was 1.19 x 10'2 demole-qﬁ—j

- whigh i about

fourteen times Izss than that rep!rted by Banks whe als®
used the same solvent system, Since Banks employed egg
lysolecithin, it is difficult to understand the lack ef

agreement between thc current work and bis,
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The results ag reportcd by Hauser and
Dawson (1967) and slexancer und Rideal (1937) are
inconsistent wich those vbtained from the present
vork. This is net su.risiia in view of the fact
that no work ha= bLee:- carried out in pure water in

'
this present work.

It is evideat from the results that an
inhibitovy cffect on the rate of reaction appears to
be operative in the lecithin micelles. However from
the present data, it can Le infered that the effect
of the iahibitiem varies from one solvent system to
the otker and the precise wechanisms involved might

difier in the various solvent systems.
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CHAPIIR  FIVE
CONCLUSION

From the kinetics of itlic deacylation »f lecithin and

the spectroscopic experiments, the following conclusions can

be reached =

T

2,

In view of thelspectrum cbtained in the spectroscopic
experiments, lecithin at a concentration of 1.5 x 10-2M
exists as inverted or reversed micelles in propan-1-cl
in water concentrations higher than 85 % v/v. In

85 % v/v propan-=1=ol in water solvent system lecithin
forms a solution containing monomers of the lipid. In
propan-1-0l in water concentrations lower than 85 % v/v,

lecithin forms normal wicelles

Since the solution form of the lipid depends on the
solvent composition and since this itself is closely
related to the dieleciric constant, micellization of
lecithin in propan-1-ol in water systems can be said to

depend on the dieleciric constant of the solvent.

That the rate sonstant for the deacylation of lecithin
varies with the composition of the propan=1=-o0l in water
sqlvent system and heace with the solution form of the
lipid. The rate counstunt for the deacylation process is
maximal in 85 % v/v propan-1-0l for which it's value is
9,6364dMole™ 571 x 107" for the deacylation of lecithin.,

The rate constant then decreases as the percentage of
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propan-1-o0l in the solvent increases. Below 85 % v/v
propan=-1-ol in water zoivent composition, a decrease in

the rate constant is observed,

'he rate constants for the deacylation of lysolecithin
are less than those of lecitnin in the corresponding
lvents., This is inccensistent with the observation of

Banks (1978).

In view of the fact that no work was done on solvent
compositions higher than ©7 % v/v propan=1-0l and less
than 10 % v/v propan=1-0l in water, further investigation

in these solvent regions could be helpful,

Since the spectroscopic experiments show interesting
but inconclusive results in Lhe region of solvent
composition between U ind 51,33 % v/v and 50 - 60 % v/v

prupan-1-ol in water, further spectroscopic work should

be carried out tn investizate these regions,

In view of the amphiphilic nature and complete non-toxicity
of lecithin and the micellization which it undergoes in
various solveats, lecithin aggregates in water and various
other solvents could be useful for
i) The soluvilization ol poorly water soluble drugs

like phenobarbitoue, vitamin A and the oil

soluble wvitamins and many other drugs.



ii)

iii)

iv)

100

stabilization of drugs susceptible to
degradation in wa'er like vitamin A and various
non=water sta le esters and amides due to a
micellar inhibitory effect on the degradation

reaction.

the preparation of artificial membranes for the
invitro study oif varicus biopharmaceutic drug

characteristics,

preparation of sowme emulsions and creams.,
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TARLER SHOWINCG THE CONCENGSRATION OrF SODIUM HYDROXIDE
ACAINST TIME FOR THE VARICUZ SOLVENT SYSTEMS EMPLOYED

FPercentage Tirme in Molar concentration
Propan~1-o0l minuces of hydroxide
v/v w 1072
97 Q 3.00
beb 2.21
10.5 2,02
16 1.90
22 1.89
30433 1.73
40,5 1.67
60 1.56
g0 134
120 1.05
183 0.88
240 0.72
350 0.24

90 Q 3.00

245 2,21 o
6.167 1.78 e
i 1.61 fgv’“: “;qQ
a 1,63 o0
30,75 1.33
45 - 1.20
60,167 0.93
120 0.87
240 0.18

* e e A L
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Tercentage Time in Molar concentration
Propan=1-o0l minutes of hydroxide
KA A * 1072
08.33 G 3.00
4+ 2.50 2.21
5,00 1.85
64167 1«78
11 1.61
14,50 1.58
21 1.43
30475 133
L5 g oL
60,167 0,93
120 0.87
240 0.18
86,67 0 3,00
+ 2,00 193
5.00 1.61
10,00 139
15,00 1.31
20,00 T+25
30,00 1.19
40,00 1.18
61,00 1.14
120,00 0.87
85,00 0 3.00
+2.0 1.69
L33 1.53
10,25 1.43
20433 1.23
25 1.20
30,83 1.18



Percentage
Fropan-1-ol

viv

Time in
minutes

e W

8%.3%

o

81,67

8C.,
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Molar concentration
of hydroxide

% 107%

1,02
1.00
0.85
0.73
0.%4
0,21
0.21

3.00
2.31
171
1,40
1.24
1.14
1.07
1.03
1.01

3.00
2.10
1.66
1427
117
1 85
Ou®1
0,79
Q.77

3.00
2,22
1.61
1,49
1.38
1.27
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Percentage Time iv Molar concentration
Fropan-1-ol minuces of hydroxide
v/v x 10-2
50.42 1.02
GO 1.00
90,42 0,85
183 0,73
185 0.54
240 0.1
360 0,21
83.33 U ‘ 3.00
+ 1.00 2.31
5.00 1.71
10,00 1.40
20,00 1.24
40,00 174
60,00 1.07
80,00 1.03
90,00 1.01
81,67 0o 3.00
4+ 2.00 2,10
4,33 1.66
15,00 1.27
21433 117
31442 1.85
6C,00 Ou®1
128,00 0.79
162,00 0.77
80, 0 3.00
2,00 2,22
5400 1.61
10,00 1449
17420 1.38

22‘30 1'27
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Percentage Time ia Molar concentration
Propan=-1=-o0l minutes of hydroxide
) O %1072
40 0,00 3,00
+ 34,00 ' 2.40
6400 1.9
10,00 - 1.66
154,00 1.48
20,00 1437
30,00 1.22
35,00 1.18
41,10 1.01
60,40 0.82
91,00 0.82
138400 0.75
180, 00 0.71
300,00 .58
420,00 0.37
540,00 0.14
30 0,00 3.00
3400 2,55
7450 1.96
10,00 1.89
15:33 1.61
27.67 1.46
35,00 129
45,00 1.18
50,00 1.3
75400 0,91

100, 00 0,85

et - I L ram——




Time in

Percentage
minutes

Propan=1=-o0l

v/v

S WD N B s —————— —

250 D
32350
49,00
61.10
92 .00

123,00

180,00

240,00

300, U0

360,00

————— -— - s .

75 0,00
4 2,00
4 450
8,50
14,05
20,00
20432
63.17
120,00
200,00
260,00
312,00
380,00
540, 00

-
- - -

. m—-
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Molar concentration
of hydroxide

x 10‘2

1.24
1.23

1.1®
y P L,
0,80
0,64
0.5%-
0.54
0.9
0.26

3.00
2.31

175
1.57
1.24
1,23
1,22
1.11

1.01

0.75
0.69
0.4&
0.35
0,05
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Percentage Time in Molar concentration
Provan=-1-o0l minuies of hydroxide
v/v X 1072
60 0,00 3.00
+ 2,50 2.25
5,00 1.89,
11% 00 1.56
15,00 1.37
20,00 1.25
25,00 1.17
39450 1.08
52,00 0.99
71400 0.92
92,33 0.80
123,00 0.73
180,00 0.37
240,00 0.35
360,00 0.17
420,00 0,08
50 0,00 3.00
2450 2.42
00 2,02
10,00 1.65
15,00 1.48
20,00 137
25,00 1.28
30,C0 122
40,00 1415
60,00 0,78
97 .10 0,74
120,00 0.51
210,00 0.50
376,00 0.22

480,00 0,04

L . - e a—
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Percentage Time in Melar concentration
Yropan=1-el minutes of hydroxide
v/v ® 10-2
20 0,00 3.00
+ 2,00 2.63
10,00 2.43
20,00 2.+20
40,00 1.96
50,00 1.9%
60,00 1.85
80,00 1.77
30,00 1.75
100,00 1.64
150,00 1.46
200,00 1.36
250,00 1.30
300,00 1.25
450,00 1.16
550,00 113
10 0,00 3.00
2.00 2,68
10.(X) 2.66
15,00 2.50
20,00 2.4y
40,00 2,42
60000 2,415

)' \.\ e o - - '
~+ v ey \_f e = Ht\‘L\ AT ":’i».{t. t’t"‘ -*\1‘!'.-\'\ —d.'\f\

Ly M,_\,\L\-anx_ 0 v\ 2 S \
AR Y Vel a2 }:»k_g_t. .
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