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ABSTRACT 

Microemulsions are thermodynamically stable, clear, transparent fluid dispersions of oil, water, 
and surfactant, but may include a cosurfactant typically a short chain alcohol. The unique proper-
ties of microemulsions make them suitable candidates as vehicles for improving parenteral drug 
delivery. In the present study, we report of our investigations into the ability of some commercial 
non-ionic surfactants to produce o/w microemulsions with different oils and water or phosphate 
buffered saline (PBS), their physicochemical properties and modulation of haemolytic activity on 
human erythrocytes. The compositions over which clear o/w microemulsion systems formed and 
their areas of existence were dependent on the structure of the non-ionic surfactant and the oil in-
corporated. The clear o/w microemulsion systems remained clear and stable even on dilution with 
water or PBS. The haemolytic activities of the micellar solutions of the non-ionic surfactants were 
dependent on the nature and concentration of the surfactant. Generally, the clear o/w microemul-
sion systems were greatly less haemolytic than their corresponding micellar solutions at equivalent 
concentrations of surfactant. This indicated a high modulation of the haemolytic activity of the 
surfactants by the microemulsion formulations. The modulation of haemolytic activity was greatest 
with microemulsions formulated with the highest possible oil/surfactant ratios. The use of relatively 
longer triglycerides (oils) greatly enhanced the modulation activity of the resultant microemulsions. 
Our findings signified a high level of safety associated with the o/w microemulsions and lent a good 
support and credence to the high potential of microemulsions as suitable and safe vehicles for par-
enteral drug administration. 

Keywords: Oil-in-water (o/w) microemulsions, micellar solutions, non-ionic surfactants, modulation, 
    haemolytic activity, drug delivery, parenteral administration 

43 Journal of Science and Technology, Volume 27 no. 2, August, 2007 

The modulation of haemolytic activity of non-ionic surfactants … Bayor and Lawrence 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



INTRODUCTION 

The poor aqueous solubility of many drugs, low 
stability due to enzymatic hydrolysis and other 
degradation processes, poor absorption, low 
bioavailability profiles as well as the need for 
sustained release and targeted delivery, have all 
raised attention in pharmaceutical research and 
application and have led to the design, develop-
ment and formulation of new dosage forms. In 
recent years emphasis have been laid on the de-
velopment of lipid-based systems especially mi-
croemulsions for improved drug solubilisation, 
protection, stability and delivery as well as ab-
sorption enhancement (Fubini et al., 1989; Mal-
colmson and Lawrence, 1993). 

Our interest is based on exploiting the many ad-
vantages of microemulsions over conventional 
formulations as potential candidates for im-
proved drug delivery. We envisaged that, the 
ease and simplicity of preparation of microemul-
sions can aid their large scale industrial produc-
tion. Their thermodynamic stability even on ad-
dition of medicaments, their relative tolerance to 
changes in temperature and mechanical vibra-
tions in transport and storage indicates that the 
properties of the formulation would not depend 
upon processing and the product would not phase 
separate. Due to their small particle size, they 
can be sterilised by filtration and can easily pass 
through blood vessels. Their transparency offers 
an ease of inspection for undissolved and unde-
served particles, bacteria and other contaminants. 

As such o/w microemulsions can provide a wa-
ter-continuous dosage form which can be used to 
deliver water-insoluble drugs, while w/o microe-
mulsions can provide a means of incorporating, 
protecting and increasing the bioavailability of 
some water soluble molecules such as peptides, 
and could therefore avoid the undesirable effects 
of parenteral administration of suspensions, or 
the need to add cosolvents or to chemically mod-
ify the drug molecule (Bhargava et al., 1987). 

As surfactant systems the haemolytic and other 
membrane effects of these microemulsions need 

to be thoroughly investigated in order to deter-
mine their suitability for parenteral drug deliv-
ery, thence the current study for which we now 
report. 
 

MATERIALS AND METHODS 

Materials 
The surfactants used in the study were; Poly-
oxyethylene 10 oleyl ether [(C18-1E10) (i.e. 
C9H18=C9H17(OCH2CH2)10OH) (Brij 96/97)] 
(SIGMA, UK Ltd); Polyoxyethylene 10 lauryl 
ether [(C12E10) (i.e. C12H25(OCH2CH2)10OH)] 
(SIGMA, UK Ltd); N’N’-Dimethyldodecy-
lamine-N-oxide [(C12N-O) (i.e. CH3(CH2)11N
(CH3)2O)] (Fluka, Switzerland) and Epikuron 
200 (Lecithin) (Lucas Meyer, Hamburg). The 
oils (acid esters) were; Ethyl butyrate [CH3(CH2)
2COOC2H5]; Ethyl caprylate [CH3(CH2)
6COOC2H5] and Ethyl oleate [CH3(CH2)
7CH=CH(CH2)7COOC2H5] all from SIGMA, UK 
Ltd. 

The other reagents included; Sodium Chloride 
(NaCl), Potassium Chloride (KC1), Disodium 
hydrogen orthophosphate (Na2HPO4), Potassium 
dihydrogen phosphate (KH2PO4), Calcium Chlo-
ride dihydrate (CaC12.2H2O), Magnesium Chlo-
ride hexahydrate (MgC12.6H2O) all from BDH 
Ltd, Phosphate Buffered Saline (PBS) (Tablets) 
from OXOID, UK Ltd., Drabkin’s Reagent, 
SIGMA, UK Ltd. and Polyoxyethylene 23 lauryl 
ether (Brij.35) (30%w/v), SIGMA, UK Ltd. 
Other materials used included fresh human blood 
(Groups A and AB, Rh-ve) obtained from the Re-
gional Transfusion Centre, Tooting Broadway, 
London. 
 
Methods 

Phosphate Buffered Saline (PBS) pH 7.4 

Dulbecco’s A - Phosphate Buffered Saline con-
sisting of; NaC1 (l0gm/L), KC1 (0.25gm/L), 
NaHPO4 (1.44gm/L), KH2PO4 (0.25gm/L) in 
water and with a pH 7.4 was used throughout. To 
obtain a Complete Phosphate Buffered Saline, 
20m1each of CaC12.2H2O (1gm/L) and 
MgC12.6H2O (1gm/L), were added to l60ml of 
the Dulbecco’s A Phosphate Buffered Saline. 
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Micellar Solutions 

The surfactants were dissolved in water or phos-
phate buffered saline (PBS) at a maximum con-
centration of 1%w/w. They were usually heated 
to 70°C to promote solubilisation and allowed to 
cool to room temperature with constant magnetic 
stirring. The resulting micellar solutions were 
then diluted with water or the PBS as required. 
 

Formation of Microemulsions 

The appropriate proportions of the various com-
ponents (surfactant, oil and water or PBS) were 
accurately weighed into a small conical flask, a 
magnetic flea introduced and the top of the flask 
covered with foil or stopper and the contents 
heated with constant stirring at 70°C in a water 
bath for about 5 to 10 minutes, transferred imme-
diately onto a stirrer and allowed to cool to room 
temperature (21°C) with constant magnetic stir-
ring. The production of an optically clear non-
birefringent fluid system, stable for a month was 
taken as indicative of microemulsion formation. 
 

Phase Diagrams 
The area of existence of the clear o/w microe-
mulsions were determined by preparation of a 
large number of samples containing different 
proportions of non-ionic surfactants, oil and wa-
ter or PBS. Phase diagrams were then drawn by 
plotting the results on triangular co-ordinates. A 
line joining the outermost clear points indicated 
clearly the area of existence of the microemul-
sion system. 
 

Effects of Electrolytes on the Formation and 

Stability of the Microemulsions 

The effects of ions such as Na+, K+, Cl- and 
HP04-, on the formation and area of existence of 
the o/w microemulsions were investigated by 
replacement of the water with Dulbecco’s A 
phosphate buffered saline pH 7.4, in the prepara-
tion of the microemulsions.  
 

Dilution of the Micellar Solutions and Microe-

mulsions 

The micellar solutions and the o/w microemul-

sion systems were diluted with the aqueous 
phase (distilled water or phosphate buffered sa-
line pH 7.4) to obtain solutions of various con-
centrations of surfactant. The micellar solutions 
were diluted serially from initial concentrations 
of 1%w/w to as low as 0.01%w/v of surfactant. 
The microemulsions were however diluted from 
various concentrations such as; 15%, 20%, 25%
w/w, etc. to 1%w/v surfactant and further down 
to 0.01%w/v surfactant. 
 

Preparation of Drabkin’s Reagent Solution 

Each pre-weighed vial of Drabkin’s reagent 
(1.25gm) was dissolved in, and made up to 1 litre 
with distilled water. A 0.5m1 of 30%w/v Brij.35, 
was then added and mixed thoroughly. The pre-
pared solutions were stored in amber coloured 
bottles in a dark cupboard until required for use. 
 
Preparation of Test Samples 

The micellar solutions and microemulsions used 
in the haemolytic studies were prepared as de-
tailed in the earlier sections. However, only 
Du1becco’ A, phosphate buffered saline (PBS) 
pH 7.4, was used as the aqueous phase. Both 
micelles and microemulsions were serially di-
luted with the PBS, to obtain test samples with 
varying concentrations ranging from 0.01%w/v 
to1.0%w/v of surfactant, although with the mi-
cellar solutions, sample concentrations ranging 
from 0.01%w/v to 0.1%w/v surfactant were 
mostly used. 
 
Determination of Haemolytic Activity 

The blood was obtained already heparinised. 
About 3g samples of the blood were weighed 
into pre-weighed centrifuge tubes and centri-
fuged at 3300rpm for 10 minutes. The plasma 
and buffy coat were removed and discarded. The 
erythrocytes were then washed three times with 
about five times their volume of phosphate buff-
ered saline (PBS) pH 7.4, each time removing 
the buffy coat after spinning for 10 minutes at 
3300rpm. The erythrocytes were resuspended in 
the PBS solution to give a 12% haematocrit. 
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Samples of 0.2ml each of the erythrocyte suspen-
sion were carefully added to 0.2m1 portions of 
appropriate tests solutions (PBS, micellar or mi-
croemulsion), in microcentrifuge (Eppendorf) 
tubes, and incubated in a shaking water bath at 
20°C for 30 minutes. The samples were then 
spun in a microcentrifuge for 15 seconds and 
0.2m1 samples of the supernatant of each tube 
transferred into 3ml of Drabkin’s reagent solu-
tion. These were then allowed to stand for 15 
minutes and the absorbance of the samples meas-
ured at 540nm on a UV/VIS Spectrophotometer 
(PERKIN-ELMER Lambda 5 UV/VIS Spectro-
photometer). 

The test samples run in PBS, served as controls. 
Centrifuged control samples were assayed to 
provide values of possible spontaneous haemoly-
sis, while, the content of uncentrifuged controls 
were thoroughly mixed after incubation and 
0.2m1 samples transferred into 3ml Drabkin’s 
reagent and assayed as described to obtain values 
for complete or 100% haemolysis. 

The absorbance of the test samples were then 
expressed as a percentage of the 100% haemo-
lytic value. From the results the concentration of 
surfactant that produced 50% haemolysis (C50) in 
each system were determined by linear regres-
sion analysis. All the samples were prepared and 
assayed in triplicate, and the entire experimental 
procedure repeated at least twice for each system 
examined. 
 

RESULTS AND DISCUSSION 

Characterisation of the Microemulsions 

The investigations revealed variations in the abil-
ity of the commercial non-ionic surfactants (C18-
1E10, C12E10 and C12N-O) and the oils (ethyl bu-
tyrate, ethyl caprylate and ethyl oleate) to form 
oil-in-water (o/w) microemulsions with water or 
phosphate buffered saline (PBS). For each for-
mulation the production of an optically clear, 
transparent and non-birefringent fluid system 
stable for a month was taken as indicative of 
microemulsion formation. Formulations that de-

viated from these were either turbid, cloudy or 
formed a gel.  

All the oils were able to form stable and dilutable 
o/w microemulsions with each of the surfactants 
and water or PBS. The use of PBS, had no effect 
on the formation, stability and area of the clear o/
w microemulsions produced by these non-ionic 
surfactants, which indicated that these microe-
mulsions would not be adversely affected by 
reasonable physiological changes (Aveyard et 
al., 1981; Holtzschere and Candau, 1988). Also 
all the diluted microemulsions and micellar sys-
tems used in these investigations were clear and 
stable at room temperature for at least a month; 
hence the microemulsions were described as 
“dilutable” (Langevin, 1991). However, the com-
positions that formed stable microemulsions 
were dependent on the type of oil and surfactant 
used. 

Generally, the partial phase diagrams showed 
clearly a decrease in the maximum oil incorpo-
rated and the area of existence of the o/w microe-
mulsions as the oil was changed from ethyl bu-
tyrate to ethyl caprylate and to ethyl oleate for 
each particular surfactant (Fig.1a). With the 
C12N-O surfactant systems, the maximum oils 
incorporated were 24%w/w ethyl butyrate, 16%
w/w ethyl caprylate and 6%w/w ethyl oleate 
(Table 1). These indicated that, larger amounts of 
shorter alkyl chain oils were incorporated than 
longer alkyl chain oils (Malcolmson, 1992; Att-
wood, 1993). 

Amongst the surfactants used, there was a gen-
eral increase in the amount of oil incorporated 
and the area of microemulsion existence in the 
order; C18-1E10 < C12E10 < C12N-O, for each oil 
employed (Fig.1b). 

The amount of ethyl butyrate incorporated in-
creased from 8%w/w to15%w/w and 24%w/w 
for C18-1E10 (5-30%w/w), C12E10 (3-34%w/w) 
and C12N-O (2-38%w/w) respectively, with a 
corresponding increase in areas of existence 
(Table 1). 
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Fig. 1:  (a) Areas of existence of C12E10/EB, EC & EO/PBS microemulsions 

 (b) Areas of existence of EB/Brij96, C12E10 & C12N-O/Water microemulsions 

Considering the three non-ionic surfactants, C18-
1E10 and C12E10 have similar polyoxyethylene 
(POE) chain lengths, but C18-1E10 has a longer 
hydrocarbon (alkyl) chain, than C12E10 and C12N-
O. The results therefore indicated that an in-
crease in the alkyl chain length of the surfactant 
decreased the amount of oil incorporated and the 
area of existence of the o/w microemulsions. 
Also, the N-oxide of C12N-O is a larger hydro-
philic head group (Lawrence and Devinsky, 
1988) than the POE chain of C12E10, and that 
appears to support its (C12N-O) ability to incor-
porate more oil. 
 

Haemolytic Studies 
The studies showed clearly the haemolytic activ-
ity of micellar solutions of the non-ionic surfac-

tants (Brij 96, C12E10, C12N-O and a mixture of 
Epikuron 200 and C12N-O in a ratio of 1:2w/w) 
as well as the effects of microemulsions contain-
ing these surfactants and the oils (ethyl oleate 
and ethyl butyrate), in phosphate buffered saline 
(PBS), pH 7 on human erythrocytes. The micel-
lar solutions of all the non-ionic surfactants em-
ployed in these studies exhibited concentration 
dependent haemolytic activity on the human 
erythrocytes which  decreased in the order; Brij 
96 > C12E10 > C12N-O > Epikuron 200:C12N-O 
(Fig. 2), with the surfactant concentrations pro-
ducing 50% haemolysis (C50) as; 0.044, 0.052, 
0.064, and 0.098 %w/v  respectively (Table 2). 
The results showed that, the haemolytic effects 
of these systems were also related to the type and 
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Surfactants & Oils 

Area of o/w microe-

mulsion existence 

(%w/w SAA) in Wa-

ter/PBS 

Maximum oil incor-

porated/Surfactant 

concentration (%w/

w) in Water/PBS 

C18-1E10 
          Ethyl butyrate 
          Ethyl caprylate 
          Ethyl oleate 

  5 – 30 
  10 – 28 
  5 – 27 
  12 – 30 

  
     8/20 
     7/25 
     5/25 

C12E10 
          Ethyl butyrate 
          Ethyl caprylate 
          Ethyl oleate 

    3 – 34 
    3 – 33 
    3 – 33 
  13 – 34 

 
    15/30 
      8/25 
      4/25 

C12N-O 
          Ethyl butyrate 
          Ethyl caprylate 
          Ethyl oleate 

    2 – 38 
    3 – 34 
    2 – 34 
    3 – 38 

 
    24/20 
    16/25 
      6/20 

Table 1: The areas of existence of the o/w microemulsions, indicating the 

 amounts of SAA’s and maximum oils incorporated 

nature of the non-ionic surfactant (Lawrence and 
Devinsky, 1988; Martin et al., 1992). 

From these results it seemed clear that the alkyl 
chain length or hydrophobicity of the amphiphile 
played an important role in their interactions 
with biomembranes (Coleman and Holdsworth, 
1975); with the more hydrophobic being more 
damaging morphologically (Coleman et al., 
1980; Ziv et al., 1983). Osborne et al (1991) in 
their studies concluded that, the surfactant con-
centration required to produce a given membrane 
effect was dependent upon the surfactant struc-
ture rather than on the cell investigated. 

Like the micellar solutions, the microemulsions 
also produced some haemolytic activity on the 
human erythrocytes. However, the microemul-
sions were generally much less haemolytic com-
pared with their corresponding micellar solutions 
at similar concentrations of surfactant. This indi-
cated a modulation of the haemolytic activity of 
the surfactants by the microemulsion formula-
tions. 
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Fig. 2: The haemolytic effects of micelles of 

the non-ionic surfactants on human 

erythrocytes 

Figure 3 shows the haemolytic effects of Brij 96 
micelles and its microernulsions at ratios of 20/4 
and 20/6 with ethyl oleate. The microemulsions 
significantly reduced the haemolytic effects of 
the surfactant. The 20/6 microemulsion, regis-
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tered a C50 value of 0.42%w/v as against 0.044%
w/v for the micellar solution (Table 2) represent-
ing close to a 900% modulation of haemolytic 
activity.  

Similarly, Fig. 4 showed the haemolytic effects 
of the micellar solution of a 1:2 w/w mixture of 
Epikuron 200 with C12N-O and its 20/6%w/w 
microemulsion with ethyl oleate in PBS. The 
microemulsions showed a significant reduction 
of haemolytic effects (C50 = 0.160-0.320%w/v) 
compared to the micellar solutions (C50 = 
0.098%w/v) with up to over 200% modulation of 
haemolytic activity. 

The modulation of haemolytic activity of the 
surfactant by formulating into microemulsion 
systems were consistent for all the non-ionic 
surfactants examined (Table 2). It was therefore 
apparent that, the microemulsion systems either 
protected the erythrocytes from the toxic effects 
of the surfactants or reduced their membrane 
interactions. Our findings also indicated as in 
Fig. 5 that, an increase in the proportion of oil 
significantly improved the modulating effects of 
the resultant microemulsions, thus providing a 

Fig. 3: The haemolytic effects of C18-1E10 

micelles and its ethyl oleate/PBS microemul-

sions on human erythrocytes 

greater level of safety for possible parenteral 
administration. 
However, microemulsions formulated with 
longer alkyl chain oils (e.g. ethyl oleate) had far 
greater modulation effects than those formulated 
with shorter alkyl chain oils (e.g. ethyl butyrate) 
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Fig. 4:  The haemolytic effects of micelles of 

1:2%w/w Epicuron 200:C12N-O  and its ethyl 

oleate/PBS microemulsions on human eryth-

rocytes 
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Fig. 5: The haemolytic effects of Brij 96 with 

different ratios of ethyl oleate/PBS microe-

mulsions on human erythrocytes  

(Figs. 6 and 7). Malcolmson (1992) demon-
strated that, non-ionic surfactants formed more 
compacted interfaces with longer triglyceride 
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Fig. 6:  The haemolytic effects of a 1:2%w/w (Epicuron 

200:C12N-O) microemulsions with the same ratio of dif-

ferent oils [ethyl butyrate (EB) and ethyl oleate (EO)] on 

human erythrocytes 

Fig. 7: The haemolytic effects of Brij 96 microemulsions 

with the same ratio of different oils [ethyl butyrate (EB) 

& ethyl oleate (EO)] on human erythrocytes 

Surfactant/oil  Micellar   Ethyl oleate     Percent Ethyl butyrate       Percent 
ratio(w/w) solutions     microemulsions   modulation    microemulsions   modulation 
  (C50)%w/v٭ (C50)%w/v٭ (%)       (C50)%w/v٭  (%)        

BRIJ 96 0.044±0.001 
25/2   0.060±0.003        36  0.058±0.002       32 
20/2   0.086±0.002        95  0.066±0.004       50 
20/4   0.220±0.010      400  0.054±0.003       23 
20/6   0.420±0.004      855  0.068±0.004       55 
15/2   0.096±0.002      118  0.052±0.001       18 

C12E10   0.052± 0.003       
25/2   0.056±0.003        08  0.054±0.004       04 
20/1   0.058±0.005        12  ---------------       --- 
20/2   0.070±0.001        35  0.056±0.002       08 
20/4   0.110±0.004      112  ---------------       --- 
20/6    ---------------      ----  0.063±0.003       21 
15/2   0.062±0.003         19  ---------------       --- 

C12N-O  0.064±0.001 
25/2   0.064±0.001        00  0.086±0.002       34 
20/2   0.074±0.003        16  0.090±0.006       41 
20/4   0.110±0.005        72  ---------------       --- 
20/6   0.160±0.004      150  0.098±0.003       53 
15/2   0.089±0.002        39  ---------------       --- 

EPIKURON 200: 
C12N-O (1:2w/w)  

  0.098±0.002 
25/2   0.160±0.005        63  0.130±0.005       33 
20/1   0.170±0.004        74  ---------------       --- 
20/2   0.190±0.001        94  0.150±0.006       53 
20/4   0.260±0.003      165  ---------------       --- 
20/6   0.320±0.005      227  0.185±0.003       89 
15/2   0.175±0.004        79  ---------------       --- 

Table 2: The haemolytic effects (C50 values) of micellar solutions of non-ionic surfactants and their  

 microemulsions with ethyl oleate and ethyl butyrate in PBS on human erythrocytes,  

 indicating the percentage modulation of haemolytic activity by the microemulsions 

*C50 value ± SD 
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oils, thereby reducing the availability of free 
surfactant monomers for membrane effects. 
Moni et al (1992) also supported the hypothesis 
that the surfactant monomers are responsible for 
the disruption of plasma membrane integrity. 

Our findings therefore, strongly support reports 
that, the modulation of the toxic biomembrane 
effects of non- ionic surfactants by microemul-
sion systems is due to a significant reduction of 
free surfactant monomers present in these sys-
tems (Atwood and Florence, 1983; Marriott et 
al., 1994) and greatly enhances their suitability 
for parenteral administration. 
 

CONCLUSION 

Generally, the areas of existence of the clear o/w 
microemulsions were dependent on the surfac-
tant structure and the type of oil incorporated. 
The presence of electrolytes consisting mainly of 
monovalent ions had no effect on the formation, 
stability and area of existence of the microemul-
sions. The clear o/w microemulsion systems re-
mained clear and stable even on dilution with 
water or PBS. Our results on the haemolytic ef-
fects of the micellar solutions of these non-ionic 
surfactants indicated that, the surfactant-cell 
membrane interactions (toxicity) were dependent 
on the nature and concentration of the surfactant, 
which agreed with the theory of intercalation of 
the hydrophobic portions of surfactant monomers 
with membrane lipid bilayers. The microemul-
sion systems significantly reduced the haemo-
lytic effects of the surfactants on the human 
erythrocytes. The use of longer triglycerides and 
the highest possible oil/surfactant ratios greatly 
enhanced the modulation activity; thus offering a 
greater level of safety to the resultant microemul-
sions. These results lent good support and cre-
dence to the high potential safety and suitability 
of microemulsion systems as vehicles for im-
proving parenteral drug administration. 
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