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3. RESULTS AND DISCUSSION 

3.1. Results from extraction of phosphat idyl choline from fresh egg yolk (2.2.1) 
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Figure 3.1. TLC plate comparing crude egg yolk PC to commercial Pc. 
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Figure 3.2. TLC plates showing every second fraction collected from the alumina 

column. 
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Figure 3.3. Comparison of crude egg PC purified on alumina column with a sample of 

egg yolk PC purchased from Sigma using TLC. 
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Figure 3.4. MALDI-TOF spectra for commercial PC from egg yolk 
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Figure 3.5. MALDI-TOF spectra obtained for PC purified from egg yolk. 
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MALDI- TOF confirmed that the phosphatidylcholine purified from fresh egg yolk was 

pure when compared to the standard purchased from Sigma. Results obtained show that 

the extracted PC consisted of four species with different acyl chains attached to the 

backbone of the molecule. Major monomeric peaks were observed at m1z of 762.60, 

784.58 and 808.62 with a ratio of 5.25: 1.5: 1, and dimer peaks were observed at 1521.43, 
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at 1521.43, 1547.46 and 1573.53. Molecular mass of purified PC ranged between 762 

and 808 g mOrl. Identical peaks were observed for purified PC and the commercial 

standard analysed. The following hydrocarbon chain combinations would account for 

the major species observed: C I6 :0 : C 16:0 (peak at 762 m/z), C I8 :1, C 18.2 (peak at 784 mlz) 

and C 181 , C20:4 (peak at 808 m/z). 

Natural lecithin is reported to consist mainly of palmitic acid (C1 !>:[I ) and stearic acid 

(C I80), oleic acid (CI S: I) linoleic acid (C 18 2) and arachidonic (C20 4) [37J. The results 

are in agreement with the results from the MALDI- TOF spectra obtained for the 

purified Pc. PC is reported to have an average molecular mass of 770 grnor l [38]. 

Molecular mass obtained from MALDI spectra for purified PC ranged between 762 

and 808 grnorl. The ratio of the peak heights from the spectra obtai ned indicates thaI 

the purified PC consist mainly of dipalmitoylphosphatidylcholinc (e :(l' C I Il ) 

commonly abbreviated to DPPC. 

3.2 Standardisation of techniques 
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Figure 3.6. Calibration of fluorescence of calcein concentrations 
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Figure 3.7. Separation of excess calcein from liposomes using a Sephadex GSa 

column. 

The bar = 300run 

Figure 3.8. Transmission electron micrograph ofiiposomes. The magnification used 

was 45 000 times . 

Electron microscopy confirmed the presence of liposomes in the preparation . 

Liposomal diameters have been reported to range from 25 run to many micrometers, 

their size being determined by the maximum possible crowding that the hydrophilic 

headgroups will tolerate as the curvature in the inner layer increases with dec reasing 
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radius . Liposomes have been categorised according to their size and are known as 

small unilamellar vesicles (SUVs), multilamellar vesicles (ML Vs) and large 

unilamellar vesicles (LUV s) [48]. 

A significant variation in liposomal diameter was evident from the electron 

micrograph. Smaller liposomes photographed had an average diameter approximately 

80 nm while the larger liposomes shown had a diameter approximately 200 nm. 

Guiot and Baudhuin (1984) [49J state that "in suspensions of monolamellar 

liposomes, standard deviations of the particle radius between 30 and 100 % are not 

unusual, hence measurements of bulk properties in liposome suspensions may give 

estimates reflecting essentially the occurrence of a small proportion of large 

particles". 

Liposomes consisting of egg phosphatidy1choline Iphosphatidylserine (PClPS) 

extruded through a 200 nm pore filter have previously been shown to have an average 

diameter of 89 ± 6 nm [44]. By careful control of solvent removal it is possible to 

produce liposomes by reverse phase evaporation as small as 60 nm [48] while large 

unilamellar vesicles are reported to have average diameters of around 100 nm [SOl 

Using the distribution of the mean radius (140 nm) of liposomes obse rved under 

electron microscopy, the encapsulation efficiency of SO mM calcein was calcul ated 

and was found to be 1.06 ± 0.18 %. 

A disadvantage of producing small unilamellar liposomes is that their encapsulation 

of an aqueous phase is low, usually 0.2 % to I % per mole of lipid, with an effi Ciency 

of 0.1 to 1 % of the required material entrapped. This is due to soni catl oll during the 

preparation rendering small vesicles thermodynamically unstable [51 j . 
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Figure 3.9. Detennination of the optimum concentration of Triton-X- I 00 required to 

lyse Iiposomes. 
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Figure 3.10. Decrease of fluorescence ofcalcein with time after release from 

Iiposomes after the addition ofTriton-X-100. 
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Figure 3.11. Decrease in fluorescence with time of a solution of calcein with and 

without Triton and fluorescence of PBS with and without Triton. 
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The results showed an increase in fluorescence of the calcein in PBS after the addition 

of Triton-X-1 00. Since no fluorescence was observed when Triton-X-l 00 was added 

to PBS alone, this increase in fluorescence was therefore not due to fluorescing 

properties of Triton-X-1 00, but may be due to a changed environment decreasing the 

quenching of calcein. As fluorescence decreased with time and the addition of Triton-

X-lOa resulted in the spontaneous loss of liposome integrity, it was decided that the 

fluorescence of lysed liposomes would be read 10 seconds after the addition of Triton. 

3.3. Maintenance of Iiposome structural integrity during dehydration 

Liposomes, prepared according to section 2.4, were used to determine the potential of 

the polyphenol 3,4,5-tri-O-galloylquinic acid to maintain liposome structural integrity 
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during desiccation, according to the protocol outlined in section 2 .6. In an attempt to 

reproduce results obtained from previous experimental work with liposomes of 

similar lipid composition [39], to establish the authenticity of the liposome 

preparation, liposomes were desiccated overnight in the presence of trehalose before 

being rehydrated and the change in ca1cein fluorescence determined. 

3.3.1 Maintenance by external trehalose. 

Trehalose up to a concentration of 40 Ilg /Ilg phospholipid was added to hydrated 

liposomes, which were then desiccated with a speedy-vac overnight. The internal 

temperature of the sample was monitored with a thermocouple and found to be 

between 28°C and 31 °C throughout the desiccation process. This agreed with data 

reported previously [39]' Desiccated liposomes were then rehydrated and the samples 

analysed for ca1cein leakage to determine the percentage of liposome structural 

integrity maintained (Figure 3.12). 
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Figure 3.12. The effect of trehalose concentration on the maintenance of structural 

integrity ofliposomes desiccated in the presence of external trehalose , Invisible error 

bars are where the deviation of results obtained was smaller than the symbol used, 
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The maXImum structural integrity maintenance of 30 % was observed at a 

concentration of 30 Ilg trehalose per Ilg PC. Above this concentration, maintenance 

of liposome integrity decreased. A comparable maximum structural maintenance of 

26 % was reported by Crowe et al with POPCIPS sonicated liposomes and an external 

trehalose concentration of 3.9 Ilg trehalose Illg phospholipid [47] Although the lipid 

composition differed, the preparative technique was similar to that used in this study. 

Crowe et al [53] reported that, at high concentrations, sugars have a destabilising 

effect on the membrane due to an asymmetric distribution. This might explain the 

decrease in the maintenance of structural integrity observed above 30 Ilg trehalose Illg 

phospholipid. Furthermore, Crowe et al [53] stated that many discrepancies occur 

when comparing the stability of dry Iiposomes. Factors responsible for these 

discrepancies include size, charge, the sugars used and the dry-mass ratio of sugar to 

lipid, buffers and concentration of buffer used. Thus smaller sonicated vesicles are 

comparatively unstable and retain no more than 70 % of trapped solute after drying, 

even with extremely high concentrations of sugars. Very large liposomes are 

similarly unstable. A small amount of charged lipid in the bilayer significantly 

increases the stability. The comparative efficacy of the sugar used varies with the size 

of the vesicles. The dry-mass ratio between the stabilising sugar and the lipid rather 

than the concentration of either the lipid or the sugar in bulk solution is important in 

the preservation during freeze-drying [9]. 

The present results did not agree with those previously obtained where a maximum 

maintenance of 70 % was observed using 15 Ilg trehalose Illg [39]. However, this 

may have been due to the inclusion of the charged lipid stearylamine. Although the 

conditions used in the present study were similar to those used previously [39], the 

results obtained are not in complete agreement. Liposomes used in this study were 
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approximately 80 run in diameter whereas those used previously were I'cponcd to he 

100 run in diameter. This difference in size could account for the differences in the 

maintenance of structural integrity recorded. 

Dehydration and subsequent rehydration of Iiposomes have been found [0 cause 

alterations in the membrane structure, leading to irreparable damage alld complete 

leakage of an entrapped aqueous phase. Liposomes have been successfully 

maintained after desiccation and rehydration in the presence of certain sugars, of 

which trehalose, a non-reducing disaccharide is particul arl y effecti ve [44]. 

Liposomes Iyophilised in the presence of trehalose did not leak their contents ie. the 

membrane integrity was preserved, and under electron microscopy, liposomes were 

seen to exist as vesicles embedded in trehalose [44]. 

Leakage of liposomes desiccated with and without sugars has been used to investigate 

the role of sugar molecules in the protection of cells during dehydration. The "glass 

formation hypothesis" suggests that sugar molecules replace lost water molecules, 

thereby reducing structural degradation and damage that occurs due to a change in 

solute concentrations. Concentrated solutions of sugar characteristically form glasses 

(vitrification) which offer resistance to desiccation since they not only have a lower 

water vapour pressure than crystalline solids, but also a higher viscosity which 

prevents chemical diffusion and promotes metabolic dormancy, thus conferring 

stability [54]. 
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More recently it has been suggested that the formation of a glass together with a 

depression of the phase transition temperature (T m) between the gel and liquid 

crystalline states of the dry lipid is required for membrane stabilisation [4, 55]. It has 

been proposed that trehalose substitutes the water of hydration through interactions 

with the hydrophilic phosphate headgroups [9]. Direct interaction between the sugar 

and the polar headgroup of phosphatidy1choline results in a depression of the 

transition temperature of the lipid and its maintenance in the liquid crystalline state, 

even in the absence of water [4]. Ensuring that the lipids do not pass through the gel 

to liquid crystalline phase transition at any stage is necessary to stabilise the 

phospholipid vesicles [9] (Figure 3.13). 

Phase transitions offluid lipids (Egg PC, POPC) 
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Figure 3.13. Phase transitions of fluid lipids such as Egg Phosphatidylcholine with 

and without trehalose during desiccation and subsequent rehydration [9] 
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3.3.2 Maintenance by internal and external trehalose. 

It has been shown that incorporation of trehalose both internally and externally 

increased the maintenance of structural integrity of liposomes desiccated and 

rehydrated, compared with the presence of external trehalose alone [39,47, 56]. It 

has been reported that liposomes containing 12 flg trehalose /~lg PC were found to 

show approximately 20 % increase in maintained structural integrity when desiccated 

and rehydrated in the presence of an external concentration of 12 ~lg trehalose /flg PC 

[39], 12 flg trehalose /flg PC was used internally as this concentration was optimum 

when applied externally. As 30 flg trehalose /flg PC provided maximum maintenance 

in the present study, we unsuccessfully attempted to prepare liposomes containing 30 

flg trehalose/ flg Pc. Liposomes containing 3 flg trehalose /~Lg PC were, however, 

successfully prepared. Aliquots of these liposomes were added to increasing 

concentrations of external trehalose, desiccated, and the liposome structural integrity 

maintained was calculated (Figure 3.14). 
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Figure 3.14. Maintenance of structural integri ty of liposomes containing 3 flg 

trehalose / ~g PC with increasing concentrations of external trehalose . 

• .+-- -

Univ
ers

ity
 of

 C
ap

e T
ow

n



The encapsulation of trehalose (3 ~lg lJ..tg PC) decreased maintenance 0 f Ii rosome 

integrity. Maximum maintenance of structural integrity with liposomes containing 3 

J..tg /J..tg PC with external trehalose of 30 J..tg lJ..tg PC was 20.7 ± 1.1 %, while that seen 

with external trehalose alone at 30 J..tg /J..tg PC was 29.2 ± 2.3%. However, in the 

presence of internal trehalose maximum maintenance of structural integrity \\l\S 

observed at a lower external concentration of20 J..tg /J..tg Pc. 

Since it has been suggested that only a small amount of trehalose is required Intemally 

to increase liposome stability [53] a range of lower internal trehalose concentrations 

was investigated. Concentrations ranging from 0.1 mg to 0.8 mg trehalose were 

added to the aqueous phase during the preparation to produce final intemal 

concentrations of 0.004,0.008,0.016,0.024, 0.032 ~lg trehalose lJ..tg PC respectively. 

These liposomes were desiccated overnight using the concentrations of external 

trehalose used previously. After rehydration the % structural maintenance was 

calculated. 

The trend was similar to that seen using an internal trehalose concentration of 3 ~lg 

trehalose /J..tg PC (Fig. 3.3) for all concentrations of internal trehalose used. The 

addition of lower concentrations of internal trehalose had no apparent effect on the 

maintenance of liposomal structural integrity (data not shown). These results were in 

agreement with the data of Crowe and Crowe (1988) where internal trehalose 

concentrations of 0.06M, 0.125M and 0.5M had no additional effect on the 

maintenance of liposome structural integrity by external trehalose [53]. Since 

encapsulation of internal trehalose did not augment liposome structural integrity, 

desiccation in the presence of external trehalose was used as the standard by which 

the possible protective effects of putative protectants was compared. 
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3.3.3 Maintenance by OJigosaccbarides 

Many oligosaccharides have been tested as a putative protectant molecules for 

liposomes against desiccation and rehydration [39, 46]. All have shown some degree 

. of maintenance during desiccation, although none have been reported to be as effective 

as trehalose. We initially detennined the purity of the sugars used, by confinning that 

the melting point for each oligosaccharide was close to published values (Table I). 

Oligosaccharide Experimentally detennined Melting point 
Melting point °C °C 

Trehalose 96 - 98 96.5 - 97.5 [57] 

Sucrose 179 - 181 160 - 186 [57] 

Raffinose 79 - 81 80 [57] 

Maltose 103 - 105 102 - 103 [57] 

Stachyose 167 - 169 170 [58] 

Table 1. Melting points of oligosaccharides used in desiccation experiments . All the 

melting point values were found to be close to published values thereby confinning 

the purity of the oligosaccharides. 

Liposomes were desiccated in the presence of different concentrations of four 

disaccharides. Concentrations were applied externally to 30 ~g trehalose /~g PC 

since above this concentration trehalose (Fig. 3.12) was found lO des lab ili se 

liposomes. Liposome structural integrity maintained was delemlined for all 

oligosaccharides (Fig. 3.15) 
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