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Summary 

Submicronic emulsions of muramyltripeptide-cholesterol (MTP-Chol), diazepam and amphotericin B were prepared using an 

original and simple method. This procedure is based on a spontaneous emulsification process. comprising the following steps: (I) 
dissolving the oil phase containing phospholipid in the alcoholic solution; (2) optionally dissolving the drug into the oily alcoholic 

phase and (3) mixing the product of step (2) with an aqueous preparation of surfactant. forming an oil-in-water emulsion. and 

finally, (4) removing at least most of any co-solvent which is present. The emulsions exhibited a mean droplet size in the range 

200-300 nm. The results indicated that emulsions prepared by this method arc very stable. They can also he sterilized by heat 

sterilisation or by filtration. In the case of MTP-Chol. the emulsion retained biological activity, Taken together. thew results 

suggest that an emulsion obtained by spontaneous emulsification process would be very suitable for use as a drug carrier. 

Introduction 

Intravenous emulsions containing emulsified 
vegetable oils have been in clinical use for nearly 
30 years (Waddell et al., 1957; Schuberth and 
Wretlind, 1961). They were originally used for 
parenteral nutrition. These were only resorted to 
when a patient was unable to obtain sufficient 
nourishment orally. During the past few years, 
such emulsions have been investigated as a vehi- 
cle for parenteral drug delivery (Jeppsson, 1972; 
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Jeppsson and Rossner, 1975; Nakamoto et al., 
1975; Mizushima et al., 1981; Attwood and Flo- 
rence, 1983; Burnham et al., 1983; Mizushima et 
al., 1983; Von Dardel et al., 1983; Singh and 
Ravin, 19861, and for radio-opaque diagnostic 
agents (Kunz et al., 1965: Grimes et al., 1979; 
Laval-Jeantet et al., 1982), and even, if the oil 
phase is a suitable fluorocarbon, as blood substi- 
tutes (Clark et al., 1970; Davis, 1974). Interest has 
also been shown in the use of such emulsions to 
improve the delivery of drug by the oral route 
(Kakemi ct al., 1972; Carrigan and Bates, 1973; 
Noguchi et al., 1975). 

There exist a wide variety of techniques for the 
formation of emulsions. The techniques usually 
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used to prepare such in,jcctable emulsions involve 

the utilization of ultrasound andior two-stage 

homogenization! (Hanarani CI al., I%i3: Hazane 

et al., 10X3: Eberth and Merry. IOX?: Groves. 

10X5; Yalabik-Kas et al.. IWS). and more recently 

with the microtluidizel- (Washington and Davis. 

IINII: Lidgale et al.. 1WO). The objcctivcs of the 

manufacturing stage3 arc to prepare an emulsion 

whose particles mimic both chemically and physi- 

cally the properties of the natural lipid particles. 

I‘hese natural particlex or chylomicra appear af- 

tcr ingestion of ;I fatty meal and arc cleared 

within ;I few hours after ;I meal (Hallbcrg. l9h4). 

Thcsc methods were often difficult to LISC on the 

I;~horatory xxlc‘ and limited the LISC of this form. 

An idcal method for rhc preparation of an in- 

icctable emulsion should bc simple. reproducible. 

rapid and easy to SGIIC-up. 

‘Ilie present paper describes an original and 

simple method for the prepar-ation of injectable 

emulsions. ‘l’he procedure is based on the sponta- 

ncous emulsification procuss of an oil phase con- 

taining phospholipid. when an organic solution i4 

mixed, under modcrate mechanical agitation, with 

an escess v~~ucous phase containing surfactant. 

The organic solvent is removed by evaporation 

under reduced pressure. As examples. ;I fat emul- 

sion and three drug-containing emulsions wcrc 

prepared. The fat emulsion ( IO--XC4 soybean oil 

emulsion) had a mean particle diameter of 300 

nm. The drug-cont~iining emulsions (dia~epam 

Cniulsion. nmphotcricin B emulsion and mu- 

ramyl~ripeptidc-~h~~l~st~r(~l emulsion) had mean 

particle diameters between 200 and 300 nm. I‘hc 

USC of emulsion formulations of diazepam has 

been shown clinically to reduce pain at the site ot’ 

injection (Van Dardel ct al., 19X3). The emulsion 

containing muramyltripeptide-choleatcrol (MTP- 

CIlol) can inhibit the growth of tumours in vitro 

and in Go (Barratt et al.. 1980; Yu et al.. 1901). 

The emulsion containing amphotericin B is less 

toxic to red blood cells than Fungizone ” , which 

consists of ;I solubili~ed formulation of ampho- 

tcricin B in the natural surfactant material sodium 

dcoxycholatc (Davis and Washington, 1988). 

Incorporation of amphotcricin B into lips- 

somes has also be found to increase its therapcu- 

tic index. and scvcral formulations of this type 

arc‘ on the market in \ome countries (Lopct- 

Bcrestcin. 19x7: Bradjburg et al.. lCNO: f’isarih c’t 

al.. 101)O: Kalph et al.. IO’)1 ). 

Materials and Methods 

MTf’-C‘hol was supplied by the lnstitut (‘I~o;I~ 

(Francc). Amphotericin B was obtained from 

Sigma (France). The following chemicals uerc 

obtained from commercial sources and used with- 

out further purification: soyabean oil was from 

Bertin (France). Miglyol 812 was from Dyna 

France S.A. (Paris). ethyl oleatc XIS from Aldrich 

Chemical Co. (IJ.S.A.), soyabean lecithin (Epi- 

kuron 170. Epikuron 300) was from Lucas Meycl 

(Germany), and block copolymer of cthylcne ox- 

ide and propylene oxide (Synperonic PE-F7X) was 

from BASF. and glycerol was from L.abt)si 

(f-‘rancc). All other- chemical\ wcrc of reagent 

grade. 

The method of preparation was ;I$ follows: I 

ml of oil (soybean oil, ethyl olcate or Miglyol 

Xl?), 100 mg of soyabean lecithin (Epikuron 170 

or 700) and 0.3 ml of glycerol wc‘rc dissolved in 75 

ml of ethanol or SO ml of methanol (in the case ot 

amphotericin B). 200 mg of the block copolymer 

of ethylene oxide and propylene oxide (Synper- 

cmic) was dissolved in 50 ml of water. The oily 

alcoholic solution was then slowly inicctcd into 

the aqueous phase under modcratc magnetic stir- 

ring. The ayueo~~s phase immediately turned 

milky with bluish opalescence 21s result of the 

formation of an emulsion. The ethanol was then 

removed under reduced pressure at 3.5%50°C. The 

colloidal emulsion w/as conccntraled tr> the dc- 

sired final volume (S-20 ml) by removal of water 

under the same conditions. 

The drug-containing emulsions wcrc made by 

adding the drug to the oily alcoholic phase. 

.~~~~~~,hologic~cri ~~.rumim~tiorl of‘ iwiirlsiori.5 

Morphological examination of emulsion was 

performed using a transmission clcctron micro- 

scope Philips EM 301 following negative staining 



with sodium phosphotungstate solution (2.0%) 

(Du Plessis et al., 1988). 

Measurement of particle size 
The particle size of the emulsion was observed 

with a Coulter Nanosizer (Type N4) by laser light 
scattering. 

Stability of emulsion 

The physical stability of each emulsion was 

monitored by estimation of the particle size dis- 
tribution and the centrifugation technique (Ham- 

ill et al., 1963; Chiang et al., 1978; Pope, 1980a,b; 
Burnham et al., 1983; Kuroda and Kawata, 1985; 
Idson, 1988). 

The influence of 

amined by diluting 
different pH. 
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pH on stability was also ex- 
the emulsions in buffers of 

Biological ersaluation 
In ritro Rat alveolar macrophages were har- 

vested and incubated with the preparations to be 

tested for 24 h as described by Barratt et al., 
(1989). The cells were then washed and fresh 
medium was added, either with or without syn- 

geneic tumour cells and a radioactive DNA pre- 
cursor. Inhibition of tumour cell proliferation due 

to macrophage activation was estimated accord- 
ing to Yu et al. (1991). In the wells without 
tumour cells, nitrite and citrulline levels were 

Fig. 1. Empty emulsion. 



TABLE 1 

Emulsion Size (nm) 

Fat emulsion IO-2Wi soybean oil 708 + 25 

Emulsion A 5”; ethyl oleatc 175+ 2x 

MTP-Chol emulsion 5% ethyl oleate 1x0+ 37 

Diaaepam emulsion 5? Miglyol Xl2 24hk 5Y 

Amphotrricin B 

emulsion 5(‘; Miglyol Xl2 3155 ls?l(xIc;) 

Yox+2lo(IY’i) 

Emulsion A: no drug. 

measured 20 h later by standard spectrophoto- 
metric techniques. Results represent the mean of 
three wells. 

In rlic~ A model of ‘artificial’ liver metastases 
induced by i.v. injection of MSO7h histiocytosar- 
coma cells in C57BL/h mice was used (Yu ct al.. 

IWl). Groups of seven mice were given emul- 
sions either intravenously (tail vein) or orally (in- 
tragastric cannula) on days -2, 2, 6 and 10 with 

respect to tumour cell inoculation. They were 
killed on day 14 and the number of visible liver 
metastases counted. 

Results 

Electmr rtk7mcopic ewmination 
A typical electron microscopic image of an 

emulsion is shown in Fig. I. The method of 
preparation yields a homogeneous emulsion. 

TABLE 3 

Emulsion Ultracentrifugatiorl X ,g 

Fat emulsion 3x + 25 305 + 37 

MTP-C’hol emulsion 17i+ 28 1571 32 

Diarepam cmul\ion 2-w _f 5Y Z-11) + n;,rr(w 

/Imphotcricin 

I3 emulsion iI?+ si(sl’;) Slh+-llo (37’1 1 
Yox+2lo(IY~i~ 3 I IO f 4hO (hi’; ) 

Particle size distribution determination incli- 

cated that the mean diameter siLe or emulsion is 
dependent on the oil used. A list of particle siics 
of different types of emulsion is prescntcd in 
Table 1. 

Three different emulsions were homogeneous 
with only one population. The emulsion prepared 

with soyabean oil had an average size of 208 nm. 
but, with ethyl oleate. the emulsion size was IX0 
nm. Addition of drug did not alter the particle 
size of the emulsion. In the case of amphotcricin 
B, we belicvc that the surfactant system and the 
oil concentration are not suitable for the cmu- 

sion system because the physico-chemical proper- 
ties of the drug arc very different from those of 
MTP-Chol and diazepam (Ashcr ct al., 1077). 
This may explain the presence of two populz 

tions. 

Fat emulsion 

MTP-Chol 

emulsion 

Diazepam 

emulsion 

Amphotericin B 
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Sierilizution 
This emulsion can be sterilized by heat (121°C. 

20 mm). The particle size does not change during 
the heat sterilization process (Table 2), except in 
the case of amphotericin B emulsion, since am- 
photericin B was degraded by heat (Asher et al., 
1977; Davis and Washington, 1988). It was noted 
that some of the amphotericin B was precipitated 
from the emulsion during the sterilisation proce- 
dure in these experiments. Such precipitation may 
result in an overestimate of the amount of am- 
photericin B lost in the sterilization procedure 
and the change in the particle size. 

it is also possible to sterilize the emulsions of 
smaller particle size by filtration. No change was 
found after filtration. 

Stability 
The stability of the emulsion was evaluated by 

ultracentrifugation. Four emulsions (fat emulsion. 
MTP-Chol, diazepam and amphotericin B emul- 

sions) were centrifuged up to 37 000 x g; phase 
separation occurred, but no coalescence, and the 

two phases were readily dispersed by stirring (Ta- 
ble 3). 

There was no marked influence of pH on the 
stability of the emuIsion, Changing the pH (from 
4 to 10) did not alter the particle size (Table 4). 

A stability study for 6 months of the MTP-Chol 
emulsion indicated that no marked difference 
was observed in the mean particle size of the 
emulsion during this period (Table 51. 

Biologicul actir it) 
The immunomodulating activity of MTP-Chol 

emulsions was tested. The oil used was ethyl 
oleate, with 10 mg of drug per ml. Fig. 2 shows 
that the MTP-Chol emulsion could activate 
macrophages for a cytostatic activity against tu- 
mour cells and induce the I,-arginine-dependent 
pathway of nitroxidc production, believed to be 
an effector mechanism (Drapier et al., 1988). In 
contrast. the empty emulsion had no effect. The 
MTP-Chol emulsion induced maximal activation 
at a dose one-tenth of that necessary when a 
soluble form (MDP) was used. 

Fat emulsion 
MTP-Chol emulsion 

Diazepam emulsion 
Amphotericin B emulsion 

ND. not determined. 

0 months 
-.- 

2Y8 i_ 25 
ix0 + 37 

246 :L 5’) 
315 * 83 (81%) 
YOli + 210 (19%) 

0.5 month 

301 30 + 
174+_ 2X 

150 + 33 
ZhX * 70 178%) 

I 050 270 i. (22%) 
- 

1 month 

290 2x f 
1x4+ 23 
‘65 I 40 
30s + I IO (74%) 
7hO + 140 _ (‘6%) 

3 month 

299 24 i 
lxx+34 
257 * 31 
ND 
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Fig. 2. Mxrophage activation in vitro by MTP-Chol cmulsicm 

Rut alveolar macrophages were incubated in the preacnce of 

immunomodulators for 71 h as described in Barrutt et AI, 

C 1091). Their ability to inhibit the growth of syngcneic tum<)ul- 

cell!, ((‘YTOTC~XICITY) and to mrtaholire argininc to nitrite 

and citrullinc was then dtztel-mined, Cytotoxicit’r; i\ exprehhcd 

:t’r ‘; Gil (left-hand scale): Prrcentage growth inhibition of 

tumour ~clis by treated macrophagcs as ccxnparcd with ccrn- 

troi m;~crophapes (CONTROL): nitrite and cltrullinu arc CY- 

pressed as ~~)n~~lltr~~ti~il in culture mtx!ium in p M (ri~ht-il~lnLi 

~alr). MDP. solutions of MDP at 10 ” M: MTP-C‘hol. cmul- 

sion ~(~nt~~inili~ MTP-(‘HOI. at IO ’ M: E. empty cmulsioi, at 

the silmc concentration. 

Table h shows the anti-mctastatic potential 01 
the emulsion in a ~~USC model. A significant 
reduction in the number of liver metastases was 

I.\‘. Oral tintragastricl 

,’ Mice were treated on day\ -2. Z!. 0. IO with respect to 

tumour cell inoculation. Each dohe was given in ii volume 01 

(I.:! ml Ci.v.) or 1 ml (oral). 

” C‘;tlcul;tted according to the formula ‘i I = CC - T),/C’ Y IO0 

where C‘ is the mean numhrr of mrtastase\ in control mice 

and 7‘ the mean number in treated mice: 

’ Each &xc: contained 5 11: (i.v.) or 100 pg (ctr;il) of MTP- 

C‘hril. 

” ‘f‘hc number of metastscs was si~!li~i~~intl~ ~matlrr than 

thut in control mice: P < 0.05. Student‘s two-tsilcd I-teht. 

seen aftcr ~~~~I~linistr~tti~~n of the ~~~~l.l’-~‘h(~l cmul- 
sion both intr~lv~n(~Llsly and intr~~~~i~tri~~llly: how- 
ever. by the oral route larger doses wc’rc’ ~LW~- 
hary to product 3 smaller cffcct. The empty cmul- 
sion had no significant effect. 

Discussion 

lnjectablc emulsions arc trtrmcd easily bk this 

new procedure which is ;L ~i~~/~l~)pn~~ilt of this 
*diffiIsi~~n and strandin g‘ method for ~~~~~~t)~i~~~~~l~ 
preparation (Fessi ct al., 19X7). The mcch;rnism 
probably involves complex interfacial hydrody- 
namic phenomena. Addition of the alcoholic-oil) 
solution results in spontaneous emulsification 01‘ 
the oily solution in the form of very small parti- 
cles, probably due to interface instability arising 
from rapid diffusion of the ethanol or methanol 
across the interface and marked dccrcasc in the 
interfacial tension. The prcsencc of surfactants 
(lecithin + Synp~r~)jli~) is needed for the physic;11 
stability of the emulsion. Acctonc can also IX 
LISC~ in this mcthctd to suhstitute for ethanol OI 
methanol. 

In addition, other oils wcrc succcasfully usud 
>II, core materials. such as hcnzylhenzoate, 
12abrafil, etc. The emulsion size was inl‘lucncod bc 
cot-c materials. The particle size of the emulsion 
with soybean oil is larger than that with ethyl 
olcate. The possible reason is that viscosity tjt 
soyabcan oil is greater than that of ethyl olcatc. 
and so this oil is more difficult to dispt‘rxc during 
the ~rnulsifi~~ti~~n. 

The emulsion proposed is very stahlc. Attcr (1 
months. no marked difforencc was observed in 
the mean particle size of the emulsion. ‘l‘hey can 
also bc stcrilizcd by heat sterilization or filtration. 
The results obtained with MTP-Chol emulsion 
show that thih form rctnined biological activity. 
Since the target cell for this drug is ph:lgocytic 
cells, the colloidal form is particularly apprcrpri- 
ate. Other potential uses of injcctahle emulsions 
as drug carriers arc: diazcp;m (to rcducc pain 
upon in,j~~li~)n): ~lrnptl[~t~ri~in B (to rcducc toxic 
side4fccts and to imprctvc uptake I~> inLcctcd 
rn~~croph~l~~s~. 



The double population observed in the am- 
photericin B emulsion is not ideal, but the system 
is very stable after 6 months. We now need to 
develop a new surfactant system for this drug 
with a higher oil concentration, in order to obtain 
;t single, homogcncous population. 

The method described in this article provides a 
simple and convenient way of preparing stable 
homogeneous emulsions suitable for intravenous 
applications. The procedure can be scaled-up eas- 
ily and can he used with a variety of different 
core materials and active ingredients. 
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